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ABSTRACT 

 

This is a study of 346 elementary students (aged 11-12) from five schools in Singapore who 

took part in a two-hour enrichment programme at a science centre. The study aimed to look 

at how an enrichment programme could be used to facilitate and complement the 

understanding of genetic inheritance – a topic in school science that is known to be difficult 

to understand.  

 

The research study used a mixed methods design to study an intervention in a designed 

environment (a science centre). The development of the enrichment programme was based 

on a social constructivist framework that students construct their own understanding of the 

topic built on their prior knowledge and supported by hands-on investigations, competent 

community of educators and teachers, and collaborative learning. 

 

A multi-faceted approach was used to track effectiveness of the programme.  This involved 

participants taking a knowledge test with an added confidence dimension, interviews of 

students and teachers, a stimulated recall post intervention activity and feedback from 

science educators conducting the programme. A cognitive instrument was developed for 

this programme and administered one week before the treatment programme, immediately 

after the programme and as a delayed post-test two-three months later. A feedback form to 

measure any interest stimulated by the programme was also given with the post-test 

 

The results of the study indicate that there was an increase in student scores on the test, 

which was statistically significant from pre-test to post-test and delayed post-test after the 

enrichment programme. The survey recorded high levels of enjoyment of the programme, 

especially for laboratory activities. In post-visit stimulated recall sessions conducted two-

three months later, students were able to recall accurately many details of what they had 

experienced and done during the laboratory programme. Qualitative feedback from a 

sample of 56 students who participated in the enrichment programme also gave insights 

into what helped their understanding of the topic. 
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From this study, the pre-test responses show that elementary school students held ideas that 

were not always correct about inheritance. Increase in correct post-programme responses, 

that was statistically significant and not likely to be explained by chance, suggests that the 

programme has the potential to be an effective resource on this topic for students. The study 

contributes to the body of knowledge in that firstly, there is new knowledge on elementary 

students’ understanding of this topic as this level has also not been extensively studied. The 

cognitive instrument that was developed has the potential, to be used to measure changes in 

the understanding of inheritance concepts in elementary school student and there is a lack 

of such instruments at this level. Secondly, there is no record in the literature of the 

development of an out-of-school enrichment programme focusing on the topic of genetic 

inheritance for elementary students complementing school science. Factors that were found 

to make the programme effective were: appropriate information for the target age, hands-on 

activities on the concepts, clarity of the delivery and a stimulating environment.  
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Chapter 1 

 

INTRODUCTION 

 

This chapter explores what is meant by out-of-school learning, as well as the features 

that characterise the process of learning in such environments. Science-rich 

environments such as science centres are a type of out-of-school setting for learning. 

Such environments are characterised by the non-assessed, learner-centred and relatively 

less structured nature of the learning experiences which can be used to offer schools 

enrichment programmes that build on enjoyment and interest to facilitate learning. In 

this study, it is proposed that out-of-school enrichment programmes can be used to 

complement the teaching and learning of the difficult topic of inheritance in school 

which, to the best of my knowledge, has not been done at elementary level. The reason 

this topic has been selected for study is that a basic level of genetics literacy is 

important and relevant to society and, hence, for education. The study seeks first to 

establish what elementary students (11 years) know and understand about heredity and 

inheritance. It also seeks to explore the potential of an out-of-school enrichment 

programme to promote gains in knowledge and understanding of inheritance as well as 

the factors that contribute to its effectiveness, if any.  A multi-faceted approach which 

involved quantitative data (a cognitive test with confidence measures and feedback 

survey) and qualitative data (interviews of students, teachers and feedback from science 

educators) was used to evaluate the effectiveness of the programme. 

 

1.1 Background of researcher 

I have been involved in conducting and developing enrichment programmes at the 

science centre for more than 30 years, first as a science educator and then subsequently 

in leadership roles in the education department.  

Enrichment programmes have been offered at the science centre since its opening in 

1977. These programmes are offered to schools to complement formal science content. 

They include laboratory workshops, lecture cum demonstrations, talks, exhibition 

worksheets and guided tours, portable planetarium and observatory sessions, 

mathematics and computer-based courses. These programmes are offered to teachers as 
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a resource to facilitate understanding of science concepts and to also stimulate interest 

in science in youth as part of the mission of the science centre.  

 

My academic background is in biology/microbiology and science education. I found it 

difficult to choose between a teaching career and a position in a science centre as I 

believe both fomal and out-of-school education are important for a learner.  I started as 

a science officer in the education programmes division and moved up to positions of 

higher responsibility in the following years. In the years I have conducted programmes 

at the science centre and spoken to teachers and adults who had attended the centre’s 

programmes previously as students on school trips, there is anecdotal evidence that 

students retained positive learning memories of the centre’s programmes. There are few 

studies conducted on out-of-school programmes offered by science-based educational 

institutions in Singapore, and this prompted my interest in studying enrichment 

programes in the science centre particularly on topics that were difficult to teach. As a 

life science educator, I used to teach the topic of genetics to secondary students, among 

other life science topics – students appeared to have a better understanding of the 

concepts when I used science centre resources such as exhibits, models, and hands-on 

activities. I embarked on my course of study to determine if the anecdotal stories I was 

hearing had a basis as well as to contribute to out-of-school science education and how 

it could complement school science. There are at least 50 science and cultural museums 

and zoo attractions in Singapore and studies on learning in out-of-school environments 

could contribute to this sector of education.  I would also like to declare that my 

position in the department did not privilege me to access and I had to join the line to 

request for use of labs, education staff (after their consent) to work with me and conduct 

the programmes. The science educators and resource colleagues who were involved in 

advising on content and delivery as well as conducting the programme did not report to 

me.  

1.2  Learning outside of school 

1.2.1 Features of learning 

Some key characteristics of learning are highlighted in the description of learning by the 

NARST Informal Science Education Ad-Hoc committee in 2003 (Dierking, Falk, 

Rennie, Anderson, & Ellenbogen, 2003) and especially useful for thinking about 

learning in any environment or setting. Firstly, learning is a very personal process, as it 
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depends on prior knowledge and experiences – learning is making connections to and 

building on what is already known using mental structures and patterns of learning 

specific to the individual. Connected to this personal space is the motivation of the 

learner and what drives him or her to want to learn or what to pay attention to and learn. 

Another important characteristic of learning is that it is contextualised and does not 

operate in a vacuum. Learning is dependent on social interactions such as conversations, 

social networks and interactions with individuals and groups because much learning is 

social, acknowledging sociocultural theories of learning (Schauble, Leinhardt, & 

Martin, 1997; Vygotsky, 1978). Contextualised learning is also dependent on the 

physical spaces where learning takes place. The settings can be very rich learning 

environments such as natural settings (park and, nature reserves), zoological gardens, 

science and natural history museums, a scientist’s laboratory, etc. The context of the 

setting can contribute to the authenticity of the experience and learning (Braund & 

Reiss, 2006). Physical factors relating to comfort such as presence of resting places, 

comfortable environmental temperatures and presence of orienting features like labels, 

directional signage, amount of novelty, have all been shown to play a part in creating 

comfort and facilitating learning (Falk & Dierking, 2000). The third characteristic that 

was identified by the Committee was that learning is cumulative, taking place over time 

and with an accumulation of experiences in school, work, social settings and home to 

name a few.   

 

Falk and Dierking (1992) describe how people learn from a museum visit, that with 

time, people “assimilate events and observations in mental categories of personal 

significance and character determined by the events in their lives before and after the 

museum visit” (p. 123). Falk and Dierking (2000) proposed a Contextual Model of 

Learning which is a framewok for thinking about learning in settings outside of school 

and describes factors in three contexts that affect learning – Personal, Physical and 

Sociocultural which considers all the factors described earlier and which will be covered 

again in Chapter 2. 

 

Learning in out-of-school situations and settings is not qualitatively different from 

learning in schools as the processes involved in learning content are the same.  Dierking  

(1991) points out  ‘learning is learning, and it is strongly influenced by setting, social 

interaction, and individual beliefs, knowledge, and attitudes’ (p. 4). However the 
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environments and contexts under which learning takes place are important as they can 

contribute to or detract from the learning experience (Falk & Dierking, 1992, 2000). In 

this study I make reference to the term ‘out-of-school’ which describes the environment 

of the learning rather than ‘informal learning’ which seems to imply that informal 

learning is different from formal learning. 

 

The term, ‘out-of-school learning’ is used to describe learning that takes place outside 

of a formal environment such as a school or educational institution. Such learning is 

estimated to take up most of a person’s life as it can take place over a lifetime, in many 

everyday situations such as walks, discussions, surfing the web, reading, hobbies, etc 

(Gerber, Cavallo & Marek, 2001). Falk and Dierking (2010) calculated that an average 

American spends less than five percent of his or her life in classrooms, and most science 

learned by Americans appeared to take place outside of school. This is one suggested 

reason for their better general science knowledge in comparison to counterparts in other 

countries despite lower performance in school science (Falk & Dieking, 2010; Martin et 

al., 2012; National Science Board, 2012). It is thought that the access to museums, 

aquariums, zoos, hobbyist clubs, media and other sources of science exposure, 

contributed to valuable sources of public information of science out of school (Falk & 

Dierking, 2010). Crane, Nicholson, Chen, and Bitgood (1994) offer a definition of this 

type of learning which they termed informal science learning years ago: 

 

“Informal science learning refers to activities that occur outside the school setting, are 

not developed primarily for school use, are not developed to be part of an ongoing 

school curriculum and are characterised as voluntary as opposed to mandatory 

participation as part of a credited school experience.” (p. 3) 

 

Current thinking holds that there is no difference in learning wherever it happens and 

reference should more appropriately be made to the types of settings that learning 

occurs. It can happen in settings such as everyday situations as mentioned earlier, 

schools and through participation in programmes such as after-school care, camps, 

volunteers or citizen science groups and organised groups such as scouts. Programmes 

offered by science museums such as lecture demonstrations and laboratory-based 

activities with a higher degree of structure are also part of the menu of programmes in 

out-of-school settings offered to schools. Activities in such settings try to engage in 
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terms of learning new knowledge and new skills, and, at the same time, appealing to the 

learner’s aesthetics or emotions while using social and collaborative interactions. These 

programmes can “serve as a supplement to formal learning or even be used in schools 

by teachers, but the distinguishing chracteristic is that they are developed for out-of-

school learning in competition with other less challenging uses of time ...” (Crane, 

Nicholson, Chen, & Bitgood, 1994, p. 3). A key factor is that the learner has some 

choice over how and what he or she wishes to learn and this participation is not assessed 

like in school. 

 

One type of out-of-school setting which includes institutions such as museums, science 

centres, botanical gardens, aquariums  and environmental centres is termed the designed 

setting or environment (National Research Council, 2009). They are called ‘designed 

environments’ because they are intentionally designed for learning about science and 

the physical and natural world (National Research Council, 2009, p. 27). In such 

settings, the experiences are curated by staff using exhibits, demonstrations or activities, 

which help visitors gain knowledge and understanding of the phenomenon observed.  A 

designed setting, such as a museum, could offer a variety of experiences ranging from 

interactive exhibits, artefacts and specimens, demonstrations, interactions with museum 

staff, activity stations, enrichment programmes, events and competitions. Such visits 

expose the participant (visitor or student) to authentic, original and even unique 

artefacts as well as phenomena on a scale not easily experienced elsewhere. Examples 

of exhibits include an original meteorite or fossil, a human cadaver, historical 

prototypes of an engine, or demonstration of a giant Tesla Coil generator.  

 

1.2.2 Importance of learning in out-of-school environments 

Much of what we know about science is often acquired after we leave school or outside 

of school. In a study of residents in Los Angeles, Falk, Brooks, and Amin (2001) 

interviewed individuals who were asked the sources they referred to in order to get 

current science information. Participants reported that they referred to books and 

popular media such as television as well as places such as science centres, zoos, 

aquariums, etc. as a source of science information. The public’s general science 

knowledge varies depending on the topics and domain knowledge areas of science 

(Christensen, 2001; Science and Engineering Indicators, 2012). There is more recall of 

words such as gene and DNA, which has been suggested to be due to media coverage of 
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the human genome project, and television series such as CSI and highly publicised 

murders involving DNA evidence such as the O.J Simpson trial (Christensen, 2001). 

Surveys conducted at science centres and natural history museums indicated that 

visitors there demonstrated a higher level of correct knowledge, for example about the 

genome being an organism’s complete set of hereditary information or, that genes were 

made of DNA (Harris Interactive, 2001). Similar findings of better public science 

knowledge among science centre visitors come from St Louis Science Center and 

Franklin Institute Science Museum (Borun & Chambers, 1994; Luke, Coles, & Falk, 

1998). Although it can be argued that only educated members of the public visit science 

centres and hence account for their better science knowledge, studies do show that 

science centres contribute to higher levels of science knowledge and understanding in 

their communities (Bitgood, Serrel & Thompson, 1994; Falk & Needham, 2011; Garnet, 

2002). 

 

Content covered in out-of-school settings can contribute to knowledge and 

understanding of science and technology issues through interest and personal relevance 

to the visitor or student (Falk & Dierking, 2000). We would normally pay close 

attention to what interests us and what we feel is relevant. Interest in a subject acts as a 

filter to select for relevant information among the large amounts of information that we 

encounter each day and that is directly related to positive learning experience (Falk & 

Dierking, 2000; Koran, Foster, & Koran, 1989). Learning experiences in such places 

have been viewed as non-assessed, learner-centred, with multiple outcomes and with a 

strong focus on the social aspect of learning, in relation to a classroom lesson (Dierking 

& Martin, 1997; Falk & Dierking, 1992; Hein, 1998; Wellington, 1990). Out-of-school 

science programmes have been shown to spark curiosity and inquiry, improve the level 

of interest in science and increase the rate of success in students’ science education 

(Davidson, Passmore, & Anderson, 2009; Eccles & Barber, 1999; Pell & Jarvis, 2001). 

Gilman, Meyers, and Perez (2004) found that structured extracurricular activities are 

associated with positive student learning outcomes. Tran (2010) found that students 

who were able to make connections between science learnt in classroom and 

experiences of out-of-school science also showed significant positive attributes for areas 

like interest in science, interest in pursuing science careers, self efficacy and 

perseverance in working through challenging science problems. Learning outside of the 

classroom encourages a change in the learning environment, improves the level of 
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interest in science and increases the rate of success in students’ science education (Dori 

& Tal, 2000). Feher and Rice (1988) suggest that paying a visit to an out-of-school 

setting such as a science centre provides immersive experience of phenomena. This 

provides a conducive environment for learning to occur. Science taught within a 

classroom can sometimes be limiting in making the subject relevant and engaging for 

students and schools have been cited as not being helpful to students understanding 

science concepts or developing critical thinking skills (Christensen, 2001; Gambro & 

Switzky, 1996; Wellington, 1990). Learning experiences outside of class should be seen 

as complements to the school curriculum (Hofstein & Rosenfield, 1996, Semper, 1990) 

and serve as a bridge between in-class and out-of-school science (Braund & Reiss, 

2006). 

 

1.2.3 Out-of-school science enrichment programmes 

School groups are an important category of visitors that regularly utilise museums and 

science centres. More than 70% of science centres and museums in the United States 

cater for this group, and offer and conduct programmes with a variety of in-built 

structures (Phillips, Finklestein, & Wever-Frerichs, 2007). These enrichment 

programmes, which are a type of learning that is out-of-school, provide experiences that 

are ‘above and beyond’ as well as not aligned strictly with the formal school curriculum 

(Renzulli, 1977, p. 13). Such enrichment programmes are selected in advance by their 

teachers and the programmes are often delivered by science centre/museum staff. 

Enrichment programmes build on the whole experience of a new environment, change 

of educator and participation in interactive activities, so as to enable higher learner 

receptivity, interest and rate of success in students’ education (Dori & Tal, 2000; 

NSTA, 1998). Programmes can take a variety of forms, such as holiday workshops, 

science camps, science lectures, laboratory sessions, maker or computer classes to name 

a few. Often there may be an overlap between content covered in these programmes and 

what is studied in school. Such programmes often have a defined structure with 

objectives to impart content knowledge or skills. These types of enrichment are 

sometimes called semi-formal because of the relatively higher level of structure (Lin & 

Schunn, 2016). Other soft skills such as teamwork, problem solving, as well as attitudes 

and even values can also be infused (Fenichel & Schweingruber, 2010). In this study, 

the enrichment programme that was adopted for study was a laboratory-based lesson 

that was conducted in a specialised laboratory at a science centre. The enrichment 
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programme is described in more detail in Chapter 3 under choice of Enrichment 

Programmes, Section 3.1.2.  

 

1.2.4 Need for genetics literacy 

The topic of life science is increasingly pertinent in a world faced with issues relating to 

ensuring populations receive sufficient, nutritious food and that they live in a stable and 

healthy environment where there is sustainable use of energy and natural resources. 

These are global issues which have roots in biology. Solutions for alternative clean 

energy, purification of critical resources such as water, and new bio-based materials 

mean that life science has the potential to contribute tools and solutions for dealing with 

problems, integrated with other disciplines. 

 

Advances or information in biology and, in particular, genetics, health and the 

environment, directly impact personal, social and political decisions. If a specific illness 

or disease is found to be increasing in society (as for example, myopia, cancers such as 

colorectal cancer and naso-pharyngeal cancer, diabetes, thallasemia and kidney-related 

disorders), these become important for national budgets, subsidies, preventive 

education, etc. Choices at the supermarket are also impacted – whether food should be 

pre-cooked with enzymes or if we can safely consume genetically engineered varieties 

of fruits and vegetables or cereals, whether ‘nutraceuticals’ are able to deliver on the 

proclaimed health benefits (Klymkowsky, Garvin-Doxas, & Zeilik. 2003, p. 155; 

Wanjeck, 2002) and so on. Although decisions related to life, health and disease would 

benefit from an understanding of life science, the general public’s level of literacy or 

fluency in biology may not be high. For example, more than half of the American public 

tend to hold the view that apparent changes in global temperatures are caused by natural 

rather than man-made causes (National Science Foundation Science and Engineering 

Indicators, 2014). There is also lack of understanding of the process of how 

immunisation works in the public’s rejection of vaccination (Friedlander, 2001). Closer 

to home, a survey found Singaporeans very concerned about genetically modified (GM) 

foods, but there was less concern among respondents with higher levels of education 

(Subrahmanyan & Cheng, 2000). In a later survey on public knowledge and attitudes to 

GM foods, some misconceptions were found to exist among 34% of the 600 

respondents such as the human body cannot digest DNA or genes and 20% wrongly 

thought that eating genetically modified food could change a person’s genes (GMAC, 
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2007). The understanding of genetics as an area of life science is particularly 

significant.  

 

Within the past hundred years, an explosive growth has occurred in our current 

knowledge of the biological basis of heredity and the genetics of human traits (Collins 

& McKusick, 2001). Such growth has been made possible through discoveries from the 

completion of the Human Genome Project. It has been predicted that by 2030, 

healthcare that is based on genomics will be the norm, as will be the existence of 

genetic applications in preventive medicine (Collins, 1999, 2000). However, this means 

that the public needs to understand what genetics is about so as to be able to provide 

informed consent for appropriate healthcare. Patients seeking healthcare have prior 

understandings of what genetics and inheriting traits mean and these need to be 

addressed for them to accept treatment (Emery, Kumar, & Smith, 1998; Richards & 

Ponder, 1996). Other studies have focused on how patients understand genetics 

principles and genetic risks, and most of these have demonstrated some degree of 

misunderstanding, even about basic concepts of inheritance (Emery, Kumar, & Smith, 

1998). Emery et al. (1998) found that patients’ understanding of genetics was quite 

different from the scientific explanation of the mechanism of action. For example, when 

given information on cancer risk, patients reinterpreted according to their personal and 

family experience of cancer, which was inaccurate. Such inaccurate risk assessment can 

affect healthcare decisions over treatment (d’Agincourt-Canning 2005; deVries, 

Mesters, van de Steeg, & Honing, 2005; Sivell et al., 2008). Genetics may also be 

factored in when deciding on genetic testing for disorders such as PKU 

(phenylketonuria), and dwarfism. Early treatment through specific diets or hormone 

treatment, can contribute to a new lease of life for sufferers (Trumbo, 2000; Venville, 

Gribble, & Donovan, 2005). Hence, a basic level of understanding of genetics would 

help the public when faced with such health issues.  

 

Although genetics has only surfaced relatively recently in the public media, certain 

genetic terms such as ‘genes’ and ‘DNA’ have rapidly been assimilated into everyday 

vocabulary  Such use of the terms appears to stem from popular culture, media, movies 

(X-men, Superman, Spiderman), etc rather than a scientific understanding of genetics 

and heredity (Nelkin & Lindee, 1995). Nelkin and Lindee (1995) suggest popular usage 

of the gene as an icon and social symbol, conferring identity. Studies indicate that lay 
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understandings of genetic science that are present in the general public may be in 

conflict with scientific conceptions, and suggest the need for improved genetic literacy 

and understanding (Lanie et al., 2004). For example, a survey in the United Kingdom on 

public attitudes and knowledge of genetically modified products and biotechnology 

found that one third of the general public in the United Kingdom believe that only 

genetically modified tomatoes contained genes, and that ordinary tomatoes did not 

(Pardo et al., 2002; Voss, 2000). It is not clear if these incorrect notions of genes and 

inheritance have any effect in shaping children’s ideas of biological inheritance before 

they receive formal instruction (Donovan & Venville, 2012, 2014).  

 

An understanding of inheritance helps students and the general public to appreciate 

issues-based questions that are raised in the media and be better informed about 

evaluating information and making major decisions (Lewis & Wood-Robinson, 2000; 

Thomas, 2000; Trumbo, 2000), so it is important that we teach students to make 

connections between what they learn in the classroom and what they encounter in 

everyday life. In Singapore mainstream schools, as in most schools internationally, 

genetics is taught at secondary (grades 9-10) level, as part of the biology syllabus for 

the GCE (Ordinary) level examination. The topic of inheritance has a brief introduction, 

both in the upper primary (grades 5-6) science syllabus under the theme of ‘Cycles’ as 

well as in the lower secondary (grades 7-8) science syllabus under ‘Sexual 

Reproduction’. The coverage in schools may not prepare them adequately to understand 

processes of inheritance in a way they can be better informed when making decisions 

about health, medicine, food and their environment. Out-of-school environments could 

help facilitate communication of such content knowledge and understanding to students 

with the appropriate enrichment programme.  

 

1.3 Topic of inheritance in primary schools in Singapore 

The programme in this study covers content that complements the science syllabus that 

is taught in school. In elementary schools in Singapore, the theme of Diversity is 

covered at Primary 4 (grade 4, aged 10 years), while the topic of inheritance is touched 

minimally in primary 5 (Grade 5, aged 11 years) under Cycles and Systems. Students at 

elementary level are exposed to the concept of the basic unit of life – the cell and its 

internal structures, with the nucleus housing genetic material (DNA).  They also learn 

that living things reproduce as part of a cycle and that children share traits inherited 
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from parents. These ideas are introduced briefly in the Diversity, Cycles and Systems 

strands. It has been suggested that as inheritance is a topic children think about, and 

likely to have varying ideas about, it could be developed for use in elementary schools 

(Kargbo, Hobbs, & Erikson, 1980). Studies also suggest that elementary school children 

are capable of learning about an abstract topic such as genetics when given the 

opportunity to learn and provided with the right quality of instruction (Donovan & 

Venville, 2005; Duschl, Schweingruber, & Shouse, 2007; Venville, & Donovan, 2005). 

 

The use of enrichment programmes offered by out-of-school science learning 

institutions to aid in the teaching and learning of inheritance at elementary school level 

has not been studied. Studies show that there are better learning outcomes when 

students experience an out-of-school programme that is linked to what is being covered 

in class (Anderson, Lucas, & Ginns, 2003; Anderson, Lucas, Ginns, & Dierking, 2000; 

Falk & Dierking, 2000; National Research Council, 2009; Rennie & McClafferty, 1995; 

Tal & Morag, 2007). The topic could be introduced by focusing more on situations that 

are familiar to most students, for example, focusing on physical traits like tongue 

rolling, colour blindness and even thallasaemia, a blood disorder that is carried in 4% of 

the Singapore population. A local study by Chin and Teou (2010) on using concept 

cartoons for formative assessment showed that students had ideas about how heredity 

works, and it was a topic of interest to them. An enrichment programme would build on 

this interest to provide an introduction to genetics pegged at the primary level. A 

programme at elementary school level would also ensure that students would have the 

opportunity to receive a basic level of understanding of the topic rather than just the 

secondary students (grades 9-10) studying biology. 

 

1.4 Objectives of the study 

The literature review shows that there is great interest in learning that takes place in out-

of-school environments such as science centres, and there is much potential to harness 

the non-formal elements for complementing science teaching that is part of the school 

science curriculum. Areas that have been researched quite extensively in science centres 

are interactive exhibits and their use for teaching science concepts, guided tours in the 

exhibition galleries and the use of worksheets for school groups, as well as the type of 

learning that accompanies these experiences. Enrichment programmes of longer 

durations such as camps and after school programmes have been researched and shown 
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to have positive outcomes for students. One area that is under-researched is the short 

enrichment programme as it might be considered too brief to have any appreciable 

cognitive outcomes. However, this type of programme is the most popular programme 

booked by teachers for their classes on field trips as many more students benefit from 

the programme, unlike a camp which is more intensive and participants may need to be 

selected.  

 

In this study a two-hour enrichment programme is used to communicate some basic 

concepts of inheritance (heredity). This has not been done before both as an out-of-

school enrichment programme and also as a topic at the elementary school level.  

Learning in out-of-school environments can be challenging to assess as participants are 

in a novel setting and each participant comes with varying prior experiences and 

knowledge. However, the activities in these environments have common goals: 

engaging participants in multiple ways (physically, emotionally and cognitively), 

encouraging direct interactions with phenomena, providing authentic portrayals of 

science, building on participants’ prior knowledge and interests, and allowing extensive 

choice and control over what they wish to learn (Fenichel & Schweingruber, 2010). 

These goals were used to develop the structure of the programme that the participants 

experienced, for example, the programme used video, animations, laboratory 

investigations, collaborative work, etc. The laboratory activities were also authentic in 

terms of what scientific experiments could be conducted within the specialised lab. As 

this was a designed programme, it was not possible in this instance to give extensive 

choice to students, although all group and laboratory work was left to the participants 

with guided instruction. The goals were matched to a ‘strands of science learning’ 

framework in out-of-school learning environments, which aims to articulate how out-of-

school programming could facilitate learning (Fenichel & Schweingruber, 2010). The 

framework would be elaborated on in Chapter 2.  

 

The principal research objectives of this study are: 

a) to determine what elementary students know about inheritance and the transmission 

of genetic traits in living things before attending the enrichment programme. 

Genetics is an important and relevant topic in this age of genomics and the new biology 

for both school science as well as public science literacy (Lewis & Wood-Robinson, 

2000; Venville, Gribble, & Donovan, 2005; Duncan & Reiser, 2007; Tsui & Treagust, 
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2007). The need for a basic understanding and literacy in genetics has earlier been 

described in section 1.2.4.  

 

The grade five level (age 11 years) was identified as a suitable level to introduce this 

topic by complementing what is briefly introduced in class, with an enrichment 

programme that can aid understanding of the topic with hands-on activities. Extensive 

research has been conducted on high school level students (14 years and above), (Banet 

& Ayuso, 2000; Lewis & Kattman, 2004; Tsui & Treagust, 2004, Venville & Treagust, 

1998) as well as children in early childhood (Springer, 1999) while the elementary and 

middle school age group is under-researched (Venville et al., 2005). One study of 

children in middle school years (9-15 years) demonstrated that they were familiar with 

terms like DNA and genes, and those who had heard of such terms, did not have correct 

understandings about the physical relationship between DNA and genes (Venville et al., 

2005). Although students do not often have exposure to genetics instruction until about 

15 years of age at high school level, the study revealed that children were developing 

ideas about genetics through exposure to media and television programmes (Venville et 

al., 2005). To determine students’ prior knowledge of this topic, a pre-test was 

administered before they attended the enrichment programme.  

 

b) to refine an enrichment programme to facilitate learning about the topic of 

inheritance. 

At the Primary 5 (Grade 5) school level, the concepts of inheritance are briefly covered 

under the themes of Diversity and Cycles in local schools. Students are required to only 

understand that living things reproduce to ensure survival and that characteristics of an 

organism are passed from parents to their offspring through this cycle. An enrichment 

programme would be identified and developed, with reference to informal science 

literature, with activities to facilitate understanding of this topic. Such a programme 

would be useful as an educational aid to schools if it is found to be effective and they 

become part of the suite of education programmes schools can book at the science 

centre. Out-of-school enrichment programmes at science centres to complement 

classroom content have been minimally studied, in particular, on this topic and at the 

elementary school level.  
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c) to study the impact of the programme on upper elementary students in terms of gains 

in knowledge on the topic of inheritance as well as via other measures used in the 

educational psychology literature. 

 

A cognitive instrument would be developed with reference to relevant content on 

misconceptions in genetics in the literature and administered as a pre and post-test to 

measure changes in scores and responses. The instrument would be based on the 

programme under study. Such tests, which are related to the learning experience of the 

programme, are considered to be more likely to detect learning in out-of-school settings 

as compared to general achievement tests (Rennie & McClafferty, 1996). The pre-test 

would give information on student knowledge of the topic before the programme, 

including intuitive ideas about inheritance. The change in scores after the treatment 

programme, if these are statistically significant, would indicate the potential 

effectiveness of the programme in aiding participants’ gain in content and 

understanding. The test would be repeated two months later to gauge if the gains in 

learning, if there were any, were stable and if the students could still recollect what they 

had learnt. The multiple choice question format would be used as the format as it is a 

familiar format to the students and can be completed quickly, used across a range of 

abilities and is neutral for males and females (Dimitrov 1999; Soyibo & Rainford, 

1988). In addition, a confidence scale would be included to help shed light on whether 

students were guessing when making their choices of answers. Hence correct answers 

with low degree of confidence would suggest students are guessing. Changes in 

confidence accompanying test responses could also give more information about the 

students’ confidence in the accuracy of their answers. 

 

d) to ascertain the helpfulness of the post visit stimulated recall in eliciting students’ 

recollection of the concepts learnt during the enrichment programme.  

 

Although some of the experiences of students and visitors to out-of-school settings  

such as science centres may be considered short, studies demonstrate that visitors retain 

memories of these visits for a long time (Falk & Dierking, 1992; Stevenson, 1991; 

Wolins, Jensen, & Ulzheimer, 1992). A variety of techniques have been used in the 

literature to elicit memories such as face to face or telephone interviews and 

questionnaires while stimulated recall using video or audio recordings is more recent in 
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out-of-school science research. This method utilises photographs and/or video 

recordings of the subjects/participants taken during an event under study. Segments of 

the recordings are played back to the participants who are then asked about their 

thoughts at the point when the recordings were taken. In this study, an adaptation of the 

method was used to trigger the recall through photographs.   

 

e) to study if the impact of the enrichment programme is different for boys and girls in 

terms of gains in knowledege, confidence and feedback 

 

Studies on gender issues appear to demonstrate a gender gap in the uptake of STEM 

careers between men and women and it is linked to a difference in uptake of STEM 

subjects in secondary and tertiary levels (Reinking & Martin, 2018).  This situation 

seems very different from younger boys and girls who are similarly interested in science 

and do equally well (Reinking & Martin, 2018). Schools as well as out-of-school 

settings such as science centres, zoos and museums offer youth opportunities for 

engaging in science related activities. Gender differences do not seem to be recorded as 

often in participation in programmes at science centres. In this enrichment programme, 

the students’ test scores, confidence and feedback would be compared for any 

differences between boys and girls in the study. 

 

f) to study the contribution of the programme design elements, namely, hands-on 

activities, science centre staff instruction, audio-visuals and student collaboration, to 

student learning.  

 

Based on out-of-school science learning research, the programme would utilise various 

strategies for communicating the content. It is also of interest to know which 

components are effective for helping elementary level students understand the topic of 

inheritance. A feedback form for accompanying teachers to complete after the 

programme and interviews with these teachers, would be used as secondary sources of 

input to solicit information on elements that were helpful to the students. In addition, 

small group interviews with a sample of students would be conducted to understand 

what contributed to learning and enjoyment from the student’s perspective. 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

16 

 

g) to study the impact of the programme on students in terms of interest stimulated in 

the topic of inheritance. 

 

An important feature of out-of-school programmes is the ability to allow participants to 

experience excitement, interest and motivation when learning about the topic. 

Enjoyment of the experience is considered to be important to learning because positive 

emotions associated with interest help people learn and remember (National Research 

Council, 2009). Although cognitive gains are considered to be an important justification 

for out-of-school excursions and programmes, there are also suggestions that the 

affective components of such experiences are also significant outcomes (Hooper-

Greenhill, 1991; Meredith, Fortner, & Mullins, 1997; Rennie, 1994; Rix & McSorley, 

1999; Wellington, 1990). Affective gains have been suggested as a more reasonable 

outcome especially in half day or single session out-of-school learning experiences, 

where major gains in science concept and understanding might be difficult to attain 

(DeWitt & Storksdieck, 2008; Rennie, 1994). Even a short out-of-school programme 

can evoke strong positive or negative emotional responses and memories, and studies 

suggest a relationship between positive affective outcomes such as enjoyment, interest 

and curiosity, and participation in such programmes (Falk & Dierking, 1992; Flexer & 

Borun, 1984; Finson & Enochs, 1987; Jarvis & Pell, 2002; Knapp, 2000; Sibthorpe & 

Knapp, 1998). Positive memories can also be retained over longer periods (Jarvis & 

Pell, 2002; Stevenson, 1991; Wolins, Jensen, & Ulzheimer, 1992), which suggest that 

they can be drawn upon for referencing in future experiences with the potential to 

influence long-term learning. 

 

In similar vein, Rennie (1994) suggested that fragments of information learnt by 

students on out-of-school visits to interactive science centres can be integrated later in 

class or with further instruction, but that for this to happen, the student needs to be 

receptive. If the visit experience was enjoyable, it is likely that students would be open 

to further instruction back in school. Hence, Rennie argues that “an enjoyable and 

successful visit experience is an important outcome because it can predispose the 

learner to engage in further cognitive learning” (Rennie, 1994, p. 263). Important 

affective outcomes would be motivation or interest to know more and the willingness to 

engage in further learning. Hence it suggests that for an optimal learning experience, the 

programme or visit must be able to have components that the students find enjoyable or 
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memorable. Outcomes that could reflect the positive experience could be students’ 

feedback on acquiring certain skills or competencies during the programme, their 

enjoyment of the experience and whether they found it helped them in their learning or 

understanding of the topic (Rennie, 1994). To detect levels of enjoyment and interest, a 

survey tool would be administered to the students after the programme to solicit 

feedback on the effectiveness of the programme to help them understand the content 

and whether it had been enjoyable. The instrument would consist of a series of Likert 

scale statements relating to educational effectiveness, learning environment and 

enjoyment. In addition, student interviews would be conducted with small groups to 

hear the student voices and understand what contributed to their understanding of the 

topic and experience of the programme.  

 

h) to ascertain the role of the science educator in the programme experience.  

Science educators responsible for delivering the programme to the students are 

important under the sociocultural setting of out-of-school learning environments. The 

science educator has interactions with the students in the enrichment programme and the 

significance of that encounter depends on how the science educator sees his or her role 

in creating a memorable learning experience. Studies of museum educators are much 

less extensive and focus on their role as museum exhibit guides. The studies reveal 

mixed findings – that such museum educators practise didactic approaches very similar 

to classroom teaching (Cox-Peterson, Marsh, Kiesel, & Melber, 2003; Tal, Bamberger 

& Morag 2005), while others showed that such educators were adaptive and motivated 

to stimulate interest in science (Tran, 2007, 2008). Reflections of the science educators 

who conduct this programme would also be helpful in understanding their motivations, 

perceptions of the learners and preparation for their role in facilitating the programme 

for the students. 

 

The following are the research questions for this study: 

1. Research Question 1: What do upper elementary students (11 years) know about the 

concepts of heredity and genetic inheritance?  

 

2. Research Question 2: To what extent can a two-hour out-of-school enrichment 

programme facilitate gains in knowledge and understanding of heredity and genetic 

inheritance? In this context what do the confidence related measures convey?  
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Null Hypothesis: A two-hour out-of-school enrichment programme does not facilitate 

gains in knowledge and understanding of heredity and genetic inheritance with no 

associated increase in level of confidence. 

Alternative hypothesis: A two-hour out-of-school enrichment programme facilitates 

gains in knowledge and understanding of heredity and genetic inheritance with an 

associated increase in level of confidence. 

 

3. Research Question 3: Which are the aspects of the enrichment programme that are 

helpful for learning? What do the student interviews reveal about the programme that 

they experienced? 

 

4. Research Question 4: To what extent does the enrichment programme promote 

interest in the students in the topic of heredity and genetic inheritance? 

 

5. Research Question 5: How helpful is the post visit stimulated recall in facilitating 

students’ recollection of the concepts learnt during the enrichment programme? 

 

6. Research Question 6: What is the impact of the enrichment programme on boys and 

girls in terms of gains in knowledge and promoting interest?  

Null Hypothesis: There is no statistically significant difference between boys and girls 

on the impact of the enrichment programme. 

Alternative Hypothesis: There is a statistically significant difference between boys and 

girls on the impact of the enrichment programme. 

 

7. Research Question 7: What is the teacher’s perspective on the effectiveness of the 

enrichment programme in presenting the content and successful elements in the 

programme? 

 

8. Research Question 8: What role does the science educator play in creating an 

effective programme for students? What were the goals of the science educators in 

teaching these programmes and what specific strategies were used to communicate the 

content, given the complexity of the topic and grade level of students? 
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1.5 Significance of the study 

This study is a step in establishing what elementary level students know about 

inheritance and heredity. Studies show that children carry ideas about biology, kinship 

and inheritance from a very young age (Inagaki & Hatano, 2004; Solomon, Johnson, 

Zaitchik, & Carey, 1996; Springer, 1999). There have been calls to introduce this topic 

earlier in school, so as to address students’ early ideas about inheritance. Such ideas, 

some of which could be incorrect, can persist even with formal instruction (Clough & 

Wood-Robinson, 1985; Wood-Robinson, 1994). There is also extensive research on 

undergraduates, and secondary students’ understanding of genetics as a school subject 

(Banet & Ayuso, 2000; Lewis & Kattmann, 2004; Tsui & Treagust, 2003a, 2003b; 

Venville & Treagust, 1998). The elementary years of schooling are under-researched as 

compared to other levels in terms of students’ prior knowledge and understanding of 

this topic (Smith & Williams, 2007; Venville, Gribble, & Donovan, 2005). All the 

foregoing studies involving students have surveyed students after classroom instruction 

over a period of time. To date, one study on using concept cartoons as a means of 

formative assessment that was conducted on a primary school class in Singapore 

showed that students did harbour misconceptions about hereditary traits (Chin & Teou, 

2010). There does not appear to be any other local studies that have been conducted 

with elementary school students, to assess their ideas about heredity, hence it would be 

of interest to the local education community. 

 

Out-of-school programmes do not appear to have been developed to introduce the topic 

at upper primary level. Feedback from teachers showed that students participating in 

out-of-school science programmes performed at a higher level, were eager to study 

science and viewed science as being a useful tool in solving community problems 

(Yager & Penick, 1986). Feedback from elementary school teachers who brought their 

students to a science centre in Singapore indicated that they liked the hands-on 

activities, exhibits and facilities such as laboratories that the schools did not have 

(Anthony, 2008). Many studies in out-of-school settings such as science museums have 

focused primarily on the use of exhibitions and related activities in the visits. Such 

studies have focused on factors such as the structure of the visit (ranging from no-

choice for students and completely guided, to intermediate structure and to completely 

open and free-choice), and whether this had any bearing on the learning experience 
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(Bamberger & Tal, 2008a, 2008b, 2007; Cox-Peterson et al., 2003; Griffin, 1994; 

Griffin & Symington, 1997).  

 

The use of worksheets has also been well studied and what appears to come through is 

that the teachers’ agendas for the learning outcome shape the structure of the visit 

(Griffin & Symington, 1997; Kiesel, 2003, 2007; Mortenson & Smart, 2007; Stavrova 

& Urhahne, 2010). The use of museum guides to provide guided tours for school groups 

(Bamberger & Tal, 2007; Cox-Peterson et al., 2003; Tal, Bamberger, & Morag, 2005; 

Tal & Morag, 2007) has also been investigated as well as the use of narratives through 

storytelling and role-play (Bedford, 2001; Henrikson & Jorde, 2001; Metz, 2005). All 

these components have been found to play a part in the visit structure and positive 

experience of the school group visit. In addition, characteristics of exhibits that could 

help conceptualise understanding for students have also been studied (Anderson & 

Lucas, 1997; Anderson, Lucas, Ginns, & Dierking, 2000; Bamberger & Tal, 2008; 

Gilbert & Priest, 2004; Rix & McSorley, 1999; Yoon, Elinich, Wang, Steinmeier, & 

Tucker, 2012). Such studies suggest that exhibit features such as conspicuousness, 

interactivity, good visualisation, opportunity for exploration and collaboration as well as 

allowing for discussion, contributed to meaningful engagement of students (Bamberger 

& Tal, 2008; DeWitt & Osborne, 2010). Exhibitions featuring genetics have been 

previously featured in science museums such as the Exploratorium in San Francisco, 

The Tech Museum in San Jose and American Museum of Natural History, New York, 

to name a few. However, no evaluations of enrichment activities that were conducted 

on-site in these exhibitions were published. One finding on exhibit research was that as 

students interact with exhibits they can take away other unintended ideas especially if 

the exhibits are complex (or attempt to explain complex ideas) and may require prior 

knowledge of students (Anderson et al., 2000; Henrikson & Jorde, 2001; Rix & 

McSorley, 1999). This is one reason for focusing on a laboratory enrichment 

programme, where there is potential to have more scaffolded facilitation and hands-on 

activities.  

 

In contrast to studies on exhibitions, studies focusing on enrichment programmes such 

as laboratory programmes at science centres are few. There have been studies focusing 

on university outreach student laboratories (Luehmann, 2009; Scharfenberg, Bogner, & 

Klautke, 2007). Longer duration programmes such as summer internships and camps 
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are also usually the subject of evaluation for learning outcomes (Knox, Moynihan, & 

Markowitz, 2003; Markowitz, 2004; Khanaposhtani, Liu, Gottesman, Shepardson, & 

Pijanowski, 2018; Singh, 2014; Stover & Saunders, 2000). Single or half day 

enrichment programmes are considered short duration experiences with less likelihood 

of producing major learning gains, and are hence under-researched (Rennie, 1993). One 

example of this half day programme is the laboratory-based enrichment programme. 

The laboratory-based enrichment typically has a higher degree of structure and 

facilitation, compared to a visit to the exhibitions. A laboratory programme includes 

individual student exploration in manipulating specialised equipment, opportunities for 

hands-on investigations and collaborative work, which are reflective of investigative 

work in the real world. The few local out-of-school studies on enrichment programmes 

have shown positive gains after students experienced an interactive lecture 

demonstration in low temperature physics (Caleon & Subramaniam, 2005), laboratory 

enrichment in DNA science (Dairianathan & Subramaniam, 2011), and general science 

(Lam-Kan, 1985). Enrichment programmes can be valuable in addressing difficult 

topics and also when there may not be much classroom time to focus on this specific 

topic. Such programmes also have the potential to stimulate and sustain interest in 

science (National Research Council, 2009). A science centre’s enrichment programmes 

routinely incorporate hands-on laboratory activities which can help address student 

difficulties, introduce correct genetics concepts and make the learning of these concepts 

fun for students in an out-of-school learning environment. This authentic science 

investigation in a genetics lab outside of a classroom is proposed as a resource for the 

teaching and understanding of a difficult topic.  

 

This study would contribute to the field as currently, there is little information on 

pupils’ understanding (pupils aged 11 years) of this topic, in Singapore and 

internationally as well as the use of out-of-school enrichment for students of that age. 

Instruction on this topic could be facilitated through a laboratory enrichment 

programme which builds on non-assessed elements of experiential, contextual and 

enjoyable learning.  

 

The results of this study would be useful to: 

a) science teachers teaching this topic in school as a resource to facilitate learning and 

understanding. This topic is known to be challenging to teach and understand, and 
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currently there is little information on students’ existing knowledge of this topic at 

primary level (Chin & Teou, 2010; Venville et al., 2005).  

b) science centres as a contribution to the value of enrichment programmes. This study 

would contribute to the body of knowledge on the impact of programmes outside of 

school on learning. The impact of short duration (2 hour) programmes, in particular, 

is under researched (Rennie, 1993).  

c) out-of-school science educators in developing robust content and programmes. 

Educators working on education programmes outside of school would benefit from 

understanding features of enjoyable and effective educational activities. Informal 

and out-of-school environments cater to a wide range of ages and abilities, ranging 

from pre-school to tertiary, including special needs children and adults, and each 

type of programme would need to cater for its audience’s learning needs.  

d) out-of-school science educators’ facilitation practices. Museum educators are not as 

well reseached as other segments of the out-of-school learning environments, 

especially for enrichment programmes (Ash, Lombana & Alcala, 2012; Bailey, 

2006; Tran, 2007) and science educators’ feedback would provide insights on the 

development of expertise. 

e) the education fraternity as a contribution to formal-out-of-school collaborative 

programmes for students. The out-of-school programme would have potential to 

contribute to elementary school science instruction and serve as one example of how 

enrichment programmes can complement in-school content.  

 

In summary, studies of out-of-school enrichment programmes suggest that they are 

valuable as a complement to school science and students can benefit from participation 

in such activities both cognitively and affectively. Major cognitive gains tend to be seen 

in programmes of longer durations such as summer camps or attachments. Short 

programmes are under-researched and are a potential topic for study. It is important to 

study these programmes because such programmes tend to be more popular with 

schools. More students can benefit from attending these programmes as they are easier 

to arrange as a field trip and a whole class can participate in the experience, while 

camps and attachments have more resource limitations and participation is often 

restricted. In this study, the potential of the enrichment programme in being able to 

facilitate understanding of the topic of genetic inheritance (heredity) is explored because 

it is a topic that is abstract and difficult for students to understand.  
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1.6 Definition of Terms 

In this study, the main treatment and independent variable is the enrichment programme 

at the Science Centre. The dependent variables are gain in cognitive knowledge and 

affective outcomes. The terms used in the study are defined as follows: 

Firstly the use of the terms Formal and Out-of-school refers to: ‘a description of 

settings and the presence or absence of a formal curriculum’ (Hein, 1998, p. 7). The 

terms do not refer to formal and informal learning as there is no difference. “Learning is 

an organic, dynamic, never-ending and holistic phenomenon of constructing personal 

meaning....... within a diversity of appropriate physical and social contexts.” (Dierking 

et al., 2003, p. 109). 

 

Formal Education: activities or experiences with the objective of acquisition of 

knowledge from recognised and certified learning institutions such as schools, colleges, 

polytechnics, vocational institutes and universities. Such instruction is generally 

considered to be compulsory, structured and sequenced and teacher-led, subject to 

assessment and certification of learning gained (based on Maarschalk, 1988; Hofstein & 

Rosenfield, 1996; Wellington, 1990) 

 

Learning in out-of-school environments: refers to out-of-school contexts, to activities 

that occur outside the school setting, are not developed primarily for school use, are not 

developed to be part of an ongoing school curriculum, and are characterised by 

voluntary as opposed to mandatory participation as part of a credited school experience 

(Crane, Nicholson, & Chen, 1994). It is also characterised by being unstructured, open 

with many outcomes, learner-centred and depending significantly on social interaction 

(Hofstein & Rosenfield, 1996; McManus, 1992; Wellington, 1990). In this study this is 

referred to as out-of-school learning or learning in out-of-school environments. 

 

Science centre: a science centre is generally an institution open to the general public. It 

is a place which makes complex science ideas more understandable, with interactive 

exhibits that demonstrate various scientific principles. Science centres emphasise a 

participatory approach to learning science. Such places are considered out-of-school 

learning spaces and encourage exploration and interest including choices of science 

careers. 
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Science Enrichment Programmes: these refer to activities that are conducted outside 

the formal school science curriculum. Such programmes attempt to complement the 

formal curriculum and stimulate the interest and curiosity of students (based on 

Renzulli, 1977; Lam-Kan, 1985). Enrichment programmes are generally planned and 

booked in advance as an organised visit by the school teacher or Head of Department 

(Science). 

 

Pre-test: a test that measures initial knowledge on learning of inheritance-related 

concepts prior to the study treatment. The pre-test is planned to be given one week 

before the students participate in the test programme at the Science Centre. 

 

Post-test: the second test that the students took after the pre test, with the content being 

the same as the pre test. In this study, the post test would be administered immediately 

after the programme ended. 

 

Delayed post-test: The post test is planned to be taken by students, after a period of at 

least two weeks after participating in the treatment programme. The content of the test 

would be similar to the pre test and post test. 

 

Confidence score (CF): The mean confidence score of students when they select a 

choice, no matter if the choice is correct or not. 

 

CFC: Mean confidence of students who answered correctly 

 

CFW: Mean confidence of students who answered incorrectly 

 

CAQ: Mean confidence accuracy quotient, which is the difference between CFC and 

CFW, divided by the standard deviation of the students who answered that question. It 

is a measure of the students’ ability to confidently discriminate between what they know 

and do not know (Stankow & Crawford, 1997).  

 

Confidence bias (CB): Confidence bias which determines the balance between high 

and low confidence. In a perfect situation CB is zero, positive in a situation of 

overconfidence and negative when the student is not confident.   
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Chapter 2 

 

LITERATURE REVIEW 

 

In this chapter, we look at environments that promote learning in less formal settings 

out of school and some of the studies that point to the impact of such environments for 

learning. We examine features of constructivism which is proposed as the theoretical 

framework for this study. We also examine research on school groups and examples of 

such studies with school groups, with emphasis on the topic of genetics and inheritance. 

Some ways of assessing student understanding are also discussed with regards to this 

area of school science. 

 

2.1 Literature Search 

A list of databases and possible resources on science learning in out-of-school 

environments and genetics education was made. Examples of informal resources that 

were searched were databases such as Education Resources Information Center (ERIC) 

and EBSCO Information Services (Elton B. Stephens Co.) which host very large 

resources of peer-reviewed publications. ERIC’s database is focused on education 

research. Other relevant databases were ProQuest, JSTOR (Journal Storage), 

ScienceDirect and PLOS One (Public Library of Science). Most of these resources were 

accessed through the university library service together with the university library’s 

resources such as the physical and e-journals. The database of theses and dissertations 

deposited with the university were also accessed to check for relevant studies that had 

been carried out in the local context. Electronic journals that were frequently accessed 

were education journals relating to science education (most frequently accessed were 

Journal of Research in Science Teaching, International Journal of Science Education, 

Part A, International Journal of Science Education Part B: Communication and Public 

Engagement, Science Education, International Journal of Science and Mathematics 

Education), as well as research publications in journals relating to teaching and learning 

of genetics as in Journal of Biological Education, Genetics and CBE: Life Science 

Education. Research journals on out-of-school science learning that were accessed more 

frequently were Visitor Studies, Curator and Journal of Museum Education. The 
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National Acadamies Press (NAP) was also accessed for publications on out-of-school 

learning and science education.  

Other databases that were accessed were freely accessible for informal science research 

literature such as the Center for the Advancement of Informal Science Education 

(CAISE), the Center for Informal Learning and Schools (CILS) and Center for Learning 

in Out of School Environments, University of Pittsburgh (UPCLOSE). These databases 

drew from peer-reviewed journals and so were reliable and creditable sources of 

information.  

 

Other sources of information came from grey literature on Google Scholar as well as 

Conference Proceedings on Science Education organised by the university 

(International Science Education Conference)  and by the Singapore Ministry of 

Education (Singapore International Science Teachers Conference). The Google Scholar 

links did yield interesting and relevant links to different publications, e.g. links to early 

childhood and psychology journals on theories of kinship in pre-school children as well 

as learning that were linked to the study of biological inheritance in my study.  

 

Frequently used keywords for searches in these databases were: Theories of learning, 

informal science education, constructivism, sociocultural, knowledge construction, 

science learning, enrichment activities, field trips, science museum, science centre 

programs, stimulated recall, genetics, learning and teaching difficulties in genetics, 

biological inheritance, understanding of biological inheritance, students understandings 

of biological inheritance/genetics, genetics concept assessment/methods. two-tier 

diagnostic assessment and museum educators. The keywords were not all used at the 

same time, but at various phases as the review progressed and the area of focus became 

clearer. Literature that was selected as relevant for the study were those focusing on 

school groups as a target audience visiting museums on field trips, the learning of 

science concepts on such trips, strategies of teaching and assessing genetics concepts 

and learning difficulties associated with teaching and learning genetics/biological 

inheritance. Areas where there was minimal literature were laboratory programmes 

based in science museums and almost none on genetics-based enrichment in science 

museums.  
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2.2 Out-of-school learning environments  

It is generally thought that science can only be learnt and studied in a formal setting 

such as a school or university. However, evidence points to the fact that individuals of 

varying ages can learn science across many settings and not just in school (National 

Research Council, 2009).  

 

The National Research Council (2009) and the follow-up publication on learning 

science in informal environments (Fenichel & Schweingruber, 2010), identified four 

broad settings where individuals are able to learn science and in situations apart from 

formal settings such as schools with set curricula: 

a) everyday situations and experiences, where science about the natural world can be 

learnt by young children all the way up to senior adults, in a systematic and reliable 

way,  

 

b) designed environments which are curated to create experiences that are sensory and 

content-rich, enable people to learn at their own pace, engage in deeper learning and 

reflection and pursue their interests. Such environments include science centres, 

museums, zoos, botanical gardens, aquaria, etc., 

 

c) science focused programmes which could take place in any setting - schools, 

designed spaces, or even community spaces. Such programmes may be structured but 

not part of school and could include special interest groups or hobbyists where a group 

develops science interests and skills. Adults continue to learn science when they attend 

lectures, talks or movies, 

 

d) science media where radio, educational television, the Internet, etc provide easy 

access of science information to people across any type of setting and venue, enabling 

anyone to be able to learn. 

 

School groups are more likely to participate in programmes in designed environments 

and in science focused programmes which cater for such groups.  
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2.2.1 Impact on learning 

Much of the science that is learnt in our lives comes from out-of-school sources (Falk & 

Dierking, 2010). Besides what we learn from school, other sources of science 

information come from the media, the Internet, books and magazines, hobbies, visits to 

science centres, work and life experiences, among many sources (National Research 

Council, 2009). In a 2000 survey of adults in the U.S., museums (including science 

centres) were cited as a source of information by nearly 60% of the respondents (Falk, 

Storksdieck, & Dierking, 2007). 

 

Science centres as designed environments 

Museums, zoos, aquaria, botanical gardens including science centres, are a special type 

of setting called designed environments, where out-of-school learning takes place. 

Learning is a process that is dependent on many factors that come into play over a 

person’s lifetime. Garnet’s (2002) review of reports on the impact of science centres on 

their surrounding communities, shows high personal learning and educational impact in 

87% of these reports, mostly in the areas of the learning of science knowledge (54%) as 

well as in positive attitudes (18%), enjoyment (14%) and choice of career (7%). Other 

reviews also show strong evidence; science centres and other designed environments are 

places where science content is being actively learnt; there is postive emotional 

engagement; and that the science is being connected to practice in personal lives, 

including interest in science careers (Frontier Economics, 2009; National Research 

Council, 2009; Stocklmayer, Rennie & Gilbert, 2010). In a large scale survey of about 

1,800 Los Angeles residents, respondents reported that visits to the California Science 

Center significantly shaped their understanding of science and technology, attitudes and 

behaviours, (Falk & Needham, 2011). Visits to science centres are memorable as 

students and visitors can recall exhibits and information learnt from the visit, many 

months later (Bamberger & Tal, 2008; Falk & Dierking, 1992; Stevenson, 1991) and 

even made connections to their daily life (Medved & Oakley, 2000).  Studies of science 

learning in out-of-school environments support evidence of the value of such 

environments for learning (Ecsite-uk, 2006; National Research Council, 2009; Rennie 

& McClafferty, 1996). 

 

Science centres appear to be a positive influence in their community, being regarded as 

a reliable source of scientific information to the community and students (Falk & 
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Needham, 2011; Falk & Dierking, 1997) and science centre visits were memorable 

enough to evoke long lasting memories of the visit (Falk & Dierking, 1992; Stevenson, 

1991; Wolins et al., 1992). Science centres were also able to help its visitors make links 

from the science presented, to school science and their everyday lives (Stevenson, 

1991). Such out-of-school environments also play a significant role in stimulating 

interest in childhood and influencing take-up in science related careers (Garnett, 2002; 

Salmi, 2003; Woolnough, 1994). Such out-of-school environments support student 

learning and have strong potential to increase positive attitudes to science (Şentürk & 

Özdemir, 2014). An international study involving 17 science centres around the world 

(includng Singapore) and 6,089 participants (youth and adults) revealed that visits to a 

science centre correlated to increased science and technology literacy as well as interest 

in science as a school subject (for youth). There was more involvement in STEM 

activities, personal identity and confidence in science and technology (Falk et al., 2017). 

 

Such learning takes place over a lifetime, and includes learning from formal instruction 

in schools, learning within settings that are less formalised (out-of-school) such as 

parks, zoos, gardens, museums, as well as learning in informal, everyday situations at 

home or the media (Falk & Dierking, 1992; National Research Council, 2009). Out-of-

school settings such as science centres are considered designed settings as they are 

designed to promote learning about science and phenomena in the natural world 

(National Research Council, 2009). These typically have rich environments of exhibits, 

phenomena and programmes and invite social interaction - and these spaces influence 

the learning process (National Research Council, 2009). When students are allowed to 

immerse themselves in such an environment of interactive and unique exhibits, 

understand the cultural context of artefacts, experience an authentic research setting in a 

lab programme or engage with science experts, they encounter multiple representations 

of science within a visit that may be difficult to replicate in a classroom (Braund & 

Reiss, 2006; Leinhardt & Crowley, 2002). Students’ exposure to a more contextualised, 

social way of communicating science would also differ from what they would 

experience within a classroom (Bevan et al., 2010).  

 

Enjoyment and interest 

An important feature of out-of-school visits to a science centre is the experience to 

stimulate interest, enjoyment, curiosity and desire for further learning (Falk, Dierking, 
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& Holland, 1995; National Research Council, 2009). Visitors and students regard 

learning and entertainment/enjoyment in such environments as complementary and not 

exclusive (Packer, 2006; Packer & Ballantyne, 2002). Hidi and Renninger (2006) define 

interest as: “a psychological state that, in later phases of development, is also a 

predisposition to reengage content that applies to in-school and out-of-school learning 

and to young and old alike” (p. 111). They suggest that there are four phases in the 

development of interest; triggered situational, maintained situational, emerging 

individual and well developed individual (Hidi & Reninger, 2006). The first type arises 

from short term activities that impact the individual affectively and cognitively, and in 

this phase, the student needs scaffolds or support from competent facilitators and 

instruction. This short term interest may give rise to a focused level of attention to the 

topic and reengages the student in the content (in class or later in time). In this phase the 

student grows in content knowledge, feels positive about the subject and can practise 

skills and knowledge acquired with prior experience. This situational interest may 

develop into individual interest when it becomes more stable and persistent and the 

student stays focused on his or her inquiry or quest for knowledge. Out-of-school 

enrichment programmes have the potential to stimulate situational interest through the 

various components of the learning environment, presentation of content and 

instructional strategy (Subramaniam, 2009). Triggering such interest and positive 

feelings are important in helping to hold attention especially when the topic may be 

more abstract like inheritance. 

Out-of-school science learning experiences “lead to further inquiry, enjoyment, and a 

sense that science learning can be personally relevant and rewarding” (National 

Research Council, 2009, p.12).  

 

Experiences in out-of-school settings such as science centres have also been reported as 

having an influence in shaping interest in science (Maltese & Tai, 2009; Sladek, 1998). 

Americans in science and engineering careers who were surveyed, recalled highly 

memorable experiences in science centres in their childhood (Sladek, 1998). This was 

reported by between 85-93% of interviewees, and 51% reported that they found science 

centres to be a source of ideas when they were young. Educational activities in science 

centres were among memorable experiences that helped make connections with school 

science (Sladek, 1998). Studies by Packer (2006) and Packer and Ballantyne (2004) 

through interviewing visitors in six out-of-school leisure attractions, found that visitors 
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did not distinguish between education and entertainment as separate experiences, but 

rather experienced as a composite whole, the idea of ‘learning for fun’ (Packer, 2006, p. 

329). They sought out experiences that allowed discovery, exploration, mental 

stimulation and excitement which contributed to the enjoyment. Factors that made 

visitors find learning fun were choice in making explorations, learning new information 

with very little effort, and having multi-sensory stimulation (Packer, 2006). Such 

enjoyment is a precursor to the development of interest and motivation (Hidi & 

Renninger, 2006). Visitors find the idea of ‘learning for fun’ to be potentially 

transformative as it could affect change in knowledge or perception, create appreciation 

of science or art, and even alter their views of the world around them (Packer & 

Ballantyne, 2002).   

 

Out-of-school environments are usually designed to allow exploration of materials and 

phenomena, social interaction and to be free from assessments (Nasir, Rosebery, 

Warren, & Lee, 2006). Learning in such settings allows students (and visitors) to 

experience positive feelings, and find meaning and become interested in what they are 

learning (National Research Council, 2007). Participants experience excitement, 

wonder, surprise and the knowledge and values that make the experience relevant and 

meaningful. Research on the relationship between affective outcomes and learning 

shows that the emotions associated with interest contribute to helping people learn, in 

particular with what is stored in memory and whether these are short or long term 

memories (National Research Council, 2000). Interest helps learners to select and focus 

on relevant information in a complex environment (Falk & Dierking, 2000).  Research 

suggests that visiting stimulating learning environments can generate the interest that 

leads to participation (Falk et al., 2007). People with an interest in science are also 

likely to be motivated learners in science; they are more likely to seek out challenge, use 

effective learning strategies and make use of feedback (Csikszentmihalyi & Hermanson, 

1995; Lipstein & Renninger, 2006; Renninger & Hidi, 2002). These outcomes help 

learners continue to develop interest, further engaging in activities that promote 

enjoyment and learning. Personal interest and enthusiasm appear to be important as well 

for supporting children’s participation in learning science (Jolly, Campbell, & Perlman, 

2004). 
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Such enjoyable educational experiences apply in student learning as well. Salmi’s study 

on intrinsic motivation in school groups visiting Heureka, the Finnish Science Centre, 

found that students of all age groups, in particular elementary students, were positively 

affected by their visits and those showing higher intrinsic motivation also showed 

higher cognitive gains.  Interest and motivation had an effect on students of varying 

abilities, even gifted and those with learning difficulties (Salmi, 2003). Another study 

carried out in Perth, Australia also showed a positive correlation between visits to 

science centres by university students and choice of science careers (Coventry, 1997). 

Studies in Singapore have also shown gains in cognitive achievement and interest in the 

topic for cryogenics programmes (Caleon & Subramaniam, 2005), general science 

(Lam-Kan, 1985) and high-tech exhibits (Anthony, 2008).   

 

Out-of-school science enrichment programmes that span over a long period of time 

(such as camps, summer programmes, or course module at a university) are also 

accompanied by measurable changes in students’ attitudes to science and technology 

and careers in science. As attitudes are a stable construct and cannot usually be changed 

over a short period of treatment, the measurement of attitudinal changes after a short 

enrichment programme may not be productive. Studies that tried to measure science 

attitudes after a visit or field trip did not show any changes (Finson & Enochs, 1987; 

Fortner & Lahm, 1990). This is not unexpected given the short duration of time. 

However, there is a significant change in enjoyment and positive memories of the visit 

(Falk & Dierking, 1992; Flexer & Borun, 1984; Wolins et al., 1992). This affective 

component is considered to contribute to overall learning in out-of-school settings (Falk 

& Dierking, 1992; Koran et al., 1984; Roberts, 1991). The enjoyment and interest 

generated by the programme would then be an important outcome in addition to the 

gains in learning, as it facilitates further subsequent learning. Evaluation studies in out-

of-school settings should then take into account the affective components in addition to 

assessments of knowledge and understanding of science content. A common goal in 

out-of-school settings is for participants to experience pleasure while working on 

activities that allow explorations at an appropriate level for the student (Allen, 2004; 

Martin, 2004). The focus is less on expert knowledge gained but rather experiencing 

science in various settings, such as in a research lab, having fun exploring, and having 

conversations with peers. If there is enjoyment, it is anticipated that there could be 
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interest in learning more about the subject (Renninger, 2007). Hence in this study, a 

feedback survey would be seeking evidence of such affective components. 

 

2.2.2 Enrichment Programmes in out-of-school settings 

What is enrichment?  

Enrichment programmes form one component of the out-of-school experience. They are 

a staple of most out-of-school learning science institutions, especially for school groups 

who form a major part of their visitors. These are held outside of the classroom setting 

and not confined to the curriculum. Such enrichment is seen to provide experiences 

‘above and beyond’ the formal school (Renzulli, 1977, p. 13). It can be a learning 

experience that goes beyond the textbook and classroom to give a deeper and broader 

understanding of concepts as well as real-world connections to daily life (Clendening & 

Davies, 1983). Such programmes when used as complements to the class content, can 

enhance and diversify the learning experience for students. Enrichment does not need to 

take place within the confines of a classroom or school. Rather than just target talented 

or special needs students, teachers can also introduce the whole class to a programme 

with content that updates or integrates with the school curriculum (Thomas, 1991). Such 

extended planning covers educational field trips, talks by experts, and could take any 

form or take place in many out-of-school environments. Hence the term ‘enrichment’ 

covers a broad range of activities which could also be conducted out-of-school. 

Enrichment can describe different situations – it could refer to an exhibit facilitated 

programme, holiday camp, outdoor nature trails, university outreach, shows or 

demonstrations and practical investigations in labs with research grade equipment.  

 

Multi-dimensional enrichment 

Research on science enrichment in out-of-school settings has focused on two main 

types. The first type of enrichment programme that is often referred to is multi-

dimensional and describes programmes of longer durations stretching over a length of 

time, such as science camps, mentorships, youth programmes and participation in 

special interest groups or hobbyist clubs. Because of the duration of such programmes 

which could last from one week to months, there are higher observable changes in 

learning gains and attitudes to science and interest in science careers (Bleicher, 1996; 

Dori & Tal, 2000; Eccles & Barber, 1999; Gilman, Meyers, & Perez, 2004, 

Khanaposhtani, Liu, Gottesman, Shepardson, & Pijanowski, 2018; Knox, Moynihan, & 
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Markowitz, 2003; Luehmann, 2009; Maoz & Rishpon, 1990; Markowitz, 2004; Stover 

& Saunders, 2000). These types of enrichment have value in improving the level of 

interest in science and increasing the rate of success in students’ science education 

(Davidson, Passmore, & Anderson, 2009; Eccles & Barber, 1999; Pell & Jarvis, 2001; 

Tran, 2010). Such enrichment programmes are also considered helpful in contributing to 

improving interest among females in science (Chang, 1974; Gibson & Chase, 2002; 

Jarvis & Pell, 2002; Kelly, 1991; Moore, 2001; Stake & Mares, 2001) and promoting 

positive attributes like self-efficacy and perseverance in working through challenging 

science problems (Tran, 2010). Most of the research on enrichment programmes is 

based on studies of these types of programmes. Such programmes are valued by 

teachers in local schools as well. However, it is challenging for all students in a class to 

benefit from such intensive enrichment. Only a few are selected for participation and so 

the benefits are felt only by the students who experience the full programme.   

 

One-dimensional, short duration enrichment 

The second type of enrichment programme, one-dimensional, refers to programmes of 

shorter duration, typically lasting for half a day or a day. Such enrichment programmes 

are more popular with schools as they are easier to plan for the whole class or level, and 

thousands of students from all ages (pre-school to secondary) can visit places of interest 

around the island, as part of out-of-school excursions and trips. Typically schools would 

plan an excursion to a science centre, zoo or aquarium (to name a few) to view the 

exhibits on display, usually with a worksheet or an assigned guide. There are many 

studies on school visits to science centre exhibitions - to learn from observing 

phenomena, unique specimens/artefacts, guided tours and watching demonstrations in 

the gallery; generally these show that such programmes have positive outcomes on the 

learning of facts and concepts (Anderson & Lucas, 1997; Anderson et al., 2000; 

Boisvert & Slez, 1995; Dohn, 2011; Borun et al., 1983; Feher, 1990; Feher & Rice, 

1985; Flexer & Borun, 1984; Jarvis & Pell, 2005; Knapp, 1996; Orion & Hofstein, 

1994; Stronck, 1983). The gains are usually not as large as compared to gains from 

multi-dimensional enrichments such as in camps, but such visits still build on social 

aspects that help stimulate interest in the topic and enjoyment which can be leveraged 

back in class to discuss further content.  
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An important type of the single day trip to out-of-school settings is the laboratory 

enrichment programme that is situated within a laboratory at the institution. This type of 

enrichment exposes students to new science information, technical laboratory skills and 

hands-on laboratory investigations. The hands-on component is valued highly by 

teachers who frequently cite it in their feedback after a programme as they see the 

positive effects of these labs on their students’ understanding, knowledge and interest. 

By exposing students to new topics, the learning experience is greatly enhanced, as it 

could spark their interest, improve learning and increase enjoyment which adds to the 

dimension of the classroom instruction they receive in school (Lam-Kan, 1985; 

Renzulli, 1977). Resnick (1987) contends that enrichment activities organised in out-of-

school settings allow for aspects of shared cognition, contextualised learning, use of 

equipment (tools) of science and situation-specific competencies to be promoted. 

Participation in such activities also helps broaden students’ perspectives of science 

careers and can have a positive impact on attitudes to science and scientists (Eastwell & 

Rennie, 2002). As mentioned, this type of enrichment programme involves investigative 

or hands-on components that schools find very appealing, also the time and duration is 

more flexible for schools as teachers can decide to book a specific day and time of the 

school’s convenience. However, such laboratory-based enrichment programmes in out-

of-school settings have been minimally studied in science education learning literature. 

One reason for this could be that because of the duration of the visit (about two hours), 

the amount of learning cannot be compared with an enrichment that spans over days, 

weeks or even months. Learning gains would be expectedly smaller, with time being an 

important consideration that determines exposure to treatment (Rennie, 1993). DeWitt 

and Storksdieck (2011) in their review of school field trips find that studies show 

positive impacts even cognitive (Anderson et al., 2000; Bamberger & Tal, 2006; Beiers 

& McRobbie, 1992; Morell, 2003). Most gains that are documented are small given the 

duration of the visit which is one-off in nature as well. Affective outcomes such as 

increased interest in content or to pursue a science career and motivation or increased 

positive attitudes (Jarvis & Pell, 2005; Rix & McSorley; Senturk & Ozemir, 2014) have 

also been suggested as meaningful outcomes (Meredith, Fortner, & Mullins, 1997).  

 

In summary, out-of-school learning environments such as science centres can be seen to 

be a positive influence in their community, being regarded as a reliable source of 

scientific information to the community and students (Falk & Needham, 2011, Falk & 
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Dierking, 1997). Visits to science centres were memorable enough to evoke long lasting 

memories of the visit (Falk & Dierking, 1992; Wolins et al., 1992). Science centres 

were also able to communicate information that allowed its visitors to make links from 

the science presented, to school science and their everyday lives (Stevenson, 1991). 

Such out-of-school environments support student learning best when seen by educators 

as complements to school science or as a bridge between in-school and out-of-school 

science. The benefits are both in the cognitive and affective domains as the students 

learn content, specific technical skills and enjoy socialising and working together 

(Hofstein & Rosenfield, 1996; Ramey-Gassert, 1997). Programmes in such 

environments expose students to content beyond the textbook as well as make links to 

real world situations and science phenomena. Longer multi-dimensional enrichments 

have been studied more extensively compared to single trip enrichment because gains in 

learning may not be so immediately apparent in the latter. Nevertheless, studies show 

that single day programmes, especially if it is activity-based in a laboratory can still 

result in cognitive gains as well as increased interest in science. 

 

2.2.3 Effect of Gender 

The issue of a gender gap in science is not clear, with some studies showing gender gap 

for biology, with girls having more positive attitudes towards biology laboratory 

compared to boys (Schibeci, 1984; Weinburgh & Englehard, 1994).  Weinburgh and 

Engelhard (1994) also found a strong correlation between positive attitudes and belief in 

the beneficial value of laboratory work. Science attitudes are considered important as a 

positive attitude contributes to student science achievement (Bennett, Lubben, & 

Hogarth, 2007). Osborne, Simon, and Collins (2003) suggest that lower performance in 

the Trends in International Mathematics and Science Study (TIMSS) and PISA 

assessments are linked to attitude and lack of interest.  A study by Hofstein, Ben-Zvi, 

Samuel, and Tamir (1977) with secondary school students showed a significant 

difference between girls’ and boys’ attitudes towards learning chemistry with girls 

being more positive. A study of grade 8 student scores, who had participated in the 

TIMSS between 1995 and 2003, was also conducted to see if the gender gap had 

changed over the 8 years in relation to science achievement.  The results showed that 

the gap in science scores has narrowed in particular in subjects like chemistry and 

physics which are often over represented by males (Neuschmidt, Barth, & Hastedt, 

2008). Dimitrov (2010) studied TIMSS science achievement scores in grade 5 students. 
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No gender difference was detected in topics like nature of science, earth sciences and 

life sciences among low and medium ability students. A gender difference did show up 

in the high ability students with the boys doing better than girls in the physical sciences 

open format questions. Other studies also demonstrated a gender effect - Nyamba and 

Mwajombe (2012) showed female students slightly less positive while Can (2012) 

found the opposite results. 

 

On the other hand, there are studies that do not show statistically significant differences 

between boys and girls, as reported in Ngila and Makewa’s study of 211 Kenyan 

students (aged mainly between 15-18 years) in attitude to chemistry, study skills and 

exam preparedness (Ngila & Makewa, 2014).  Sakariyau, Taiwo, and Ajagbe (2016) 

also found no significant difference between boys and girls in the positive attitudes to 

science in their study of 200 senior secondary Nigerian students as did Dhindsa and 

Chung (2009) who studied Brunei students. Cheung’s (2009) study of 954 secondary 4-

7 students in Hong Kong showed slightly more positive (but not significant) attitudes 

for male students towards chemistry unlike Chua and Karpudewan (2015) who found 

significant effects on gender and grade level in Malaysian students in grades 9-11.  

Boys had less positive attitudes to chemistry laboratory work but liked theory lessons 

more (Chua & Karpudewan, 2015). The authors suggest it could be the cookbook style 

of chemistry experiments that is not appreciated by a younger generation of learners. A 

study of 4466 Malaysian and 4599 Singaporean grade 8 students who had taken part in 

TIMSS 2007 (Ng, Lay, Shaljan, Treagust, & Chandrasegaran, 2012) showed no 

statistically significant differences for gender and science achievement. They found a 

significant correlation between positive affect and achievement for both Malaysian and 

Singaporean students, namely that students who reported high levels of positive affect 

towards science did significantly better in science. In a meta analysis of 227 studies 

covering 820,158 female and 826,629 male students, O’Dea, Lagisz, Jennions, and 

Nakagawa (2018) found that the magnitude of difference between boys’ and girls’ 

academic grades in STEM subjects was not significant. Girls generally had higher 

average scores and less variation among girls as compared to boys where there was 

higher variation. However, this equivalence of boys’ and girls’ performance in STEM 

subjects in school did not appear to translate into similar levels of participation in 

STEM careers, which are over-represented by males (O’Dea et al., 2018).  
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In science centres, Greenfield (1995) studied interactions by boys and girls at interactive 

exhibits and found that both boys and girls tried all the exhibits. There were some 

preferences, with girls more likely to try out puzzles and exhibits that featured the 

human body, whereas boys had a higher likelihood of using computers and physical 

science exhibits. This pattern was more obvious in school groups rather than in family 

groups, where parents may have directed some of the interaction. In a study of science 

attitude and achievement, Shepardson and Pizzini (1994) found that there were no 

gender differences for positive perceptions of activity-based science programmes. These 

findings were also supported by other researchers where practical hands-on learning 

experiences were enjoyed equally by both boys and girls (Greenfield, 1995; Jarvis & 

Pell, 2002). In a meta-analysis of 1800 secondary pupils, Kelly (1988) observed that, 

generally, girls and boys liked and disliked the same features of science. She suggested 

that the way science was presented to the pupils could cause differences as girls liked 

connections to real life and practical work. Kahle (1990) observed that the potential for 

similar outcomes for both sexes in terms of attitude and achievement lay with inquiry-

oriented instruction. Other studies showed no significant gender differences in interest 

in biology topics such as applied biology, zoology, sexuality and evolution (Uitto, Juuti, 

Lavonen, & Meisaio, 2006) or human biology (Osborne et al., 2003).  

 

In a study on sources of out-of-school information and learning, Tunnicliffe and Reiss 

(2000) presented 36 students from two state schools in the U.K., ranging in age from 5-

14 years, with six plant specimens as part of semi-structured interviews. No significant 

gender differences were found,  Both boys and girls derived most of their information 

from direct observations as well as experiences at home rather than from school, 

television, videos or books. Boys however did get more information from these latter 

sources compared to girls. In an earlier study by Tunnicliffe (1998) a total of 1288 small 

group conversations among primary level students and accompanying adults were 

studied at three locations in the U.K., focusing on animals. The conversations were at a 

zoo (459 conversations), natural history museum preserved animal displays (407) and a 

robotic dinosaur exhibition in the same natural history museum (422 conversations). 

Conversation content between mixed gender, all-boys and all-girls groups were very 

similar at the three locations (live animals, preserved animals, animatronic dinosaur 

exhibits), evoking interest from both boys and girls. A gender-specific response was 

observed in some situations, namely, that boys focused on getting facts while girls were 
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more tuned to emotions and feelings. The study supported the practice of teachers and 

museum educators in providing similar content for boys and girls in schools and other 

places, and suggested they could address gender specific differences by helping boys to 

think about the affective components of the animals/exhibits while the girls could be 

prompted to focus on more content.  

 

Salmi et al. (2017a; 2017b) studied school groups in Heureka, the science centre in 

Finland, firstly at a robotic dinosaur exhibition (366 12-13 year old students from seven 

schools) and secondly at five augmented reality (AR) exhibits (146 students average age 

12.3 years from seven schools visiting the science centre). In both studies, boys had 

higher science knowledge scores before the visits to the exhibits. However, in the post-

tests, there was no significant statistical difference as the boys and girls learned equally 

as much. In the second study on AR exhibits, although all students gained from the 

interaction in knowledge and exhibited situational motivation, the lowest achieving 

students (as categorised by their school scores) made the most gains, pointing to the 

potential of AR exhibits as a pedagogical tool to help students who are below average in 

traditional school achievement.  

 

In summary, studies showing difference in gender appear to be mixed – some studies, 

especially performance on school based assessments appear to show some difference 

with boys achieving higher achievement scores compared to girls, while others do not 

show any differences. A local study of 4,300 secondary students (15 years old) of mixed 

ability, showed a gender gap in academic performance and suggested this could be due 

to learning styles: boys being more active in discussions and exhibiting more 

confidence and risk taking behaviours (Lim, 1986). Girls enjoy social interaction in 

group work and affective experiences (Baker & Piburn, 1997; Ryan, 2000; Tunnicliffe, 

1998). Many studies on out-of-school programmes do not reveal marked gender gaps in 

achievement or interest. One reason offered for the observed apparent levelling of the 

field for both boys and girls is that learning in out-of-school environments is connected 

to enjoyment, interest and motivation in learning (Falk & Dierking, 1992; Fenichel & 

Schweingruber, 2010; Osborne & Dillon, 2008; Salmi, 2003, Tan & Subramaniam, 

2003) and hence there are recommendations to consider out-of-school education as a 

pedagogical complement to formal education (Rennie, 2014; Stocklmayer et al., 2010; 

Tan & Subramaniam, 2003).  
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2.3  Learning in out-of-school environments 

For most people, the idea of learning and education is connected strongly to schools or 

institutions of learning, whereas significant learning also takes place out-of-school or in 

informal situations (Falk & Dierking, 1992). The concept of lifelong, life-wide and life-

deep learning was derived from trying to develop a broad spectrum view of learning 

throughout one’s whole life, (Banks et al. 2007). Formal schooling, from kindergarten 

to university and even post-graduate took up about 30% of an individual’s life span 

(Banks et al., 2007).  Banks et al. (2007) defined lifelong learning as referring to a 

person’s acquisition of competencies and skills over the course of a lifetime. This 

learning is generally sought out by motivated individuals because of their interest, 

curiosity and needs. Life-wide learning refers to learning by an individual as he or she 

moves across many settings and programmes – school, after-school, online, home, etc. 

Individuals encounter different information and ways of thinking across the varied 

settings they experience. The life-deep learning refers to deep seated beliefs, moral 

values, cultural and religious leanings that have been imbibed by the individual through 

life. Life-deep learning tends to influence learning.  

 

There is now much more interest in science learning in out-of-school environments and 

because it can take place in many diverse settings such as aquaria, zoos, parks and 

science museums the pace of development has not been even (National Science 

Council, 2009). Science learning is understood to be multi-faceted, more than learning 

just the facts, involving developing a holistic set of attitudes, interests and competencies 

together with an increase in knowledge. This may differ from how science is presented 

and experienced in school as a body of facts and set of step-wise experimental protocols 

(Nasir et al., 2006). Student learning outcomes in such settings may not be so clear and 

can be challenged if measures of learning were different at out-of-school environments 

and if the learning setting is not as strictly controlled as in a class or laboratory.  

 

2.3.1 Theoretical frameworks  

Constructivism 

There are a diverse number of learning theories postulated to explain how we grow in 

knowledge and understanding, but the one that in recent years has become most widely  

discussed in science education is the ‘constructivist view’.  Constructivism refers to the 
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idea that “learners construct knowledge for themselves – each learner individually (and 

socially) constructs meaning – as he or she learns” (Hein, 1991, p. 1) 

 

Constructivism in itself is not completely new as core ideas have been expressed much 

earlier by others such as Dewey, Piaget and Vygotsky. Constructivism's central idea is 

that human learning is constructed, that learners build new knowledge upon the 

foundation of previous learning and that knowledge is best gained through a process of 

reflection and active construction in the mind (Mascolo & Fischer, 2005). This view of 

learning is in contrast with previously held ideas that learning is one-directional, 

involving the passive transmission of information from one individual to another. In 

those views, information was transmitted and received, not constructed (Hmelo-Silver, 

Duncan, & Chinn, 2007). 

 

There are two important aspects of the idea of constructed knowledge. The first is that 

learners construct new understandings using what they already know. Learners enter 

new learning situations, not as clean slates, but with knowledge already gained from 

previous experience, and this prior knowledge influences what new or modified 

knowledge they will construct from the new learning experience. The second aspect is 

that learning actively engages the mind rather than being a passive activity. Learners 

face their new learning situation with their prior knowledge and understanding and, if 

what learners encounter is inconsistent with their current understanding, this may 

change to accommodate the new experience. This learning process is an active one as 

learners apply their current understanding to the new experience. They notice relevant 

elements, evaluate the consistency of prior and new incoming knowledge, and based on 

that evaluation, they can modify knowledge. What is important is that learners construct 

their own meanings for the information they acquire – understanding of a topic expands 

by linking the new knowledge to existing mental patterns or networks that connect 

discrete bits of knowledge for the learner (Ausubel, 1968; Ausubel, Novak, & Hanesian, 

1978; Gunstone & White, 1992; Valisner & Leung, 1994). Driver and Bell (1986) in 

their work with students, suggest similar principles of constructivism - that learning 

outcomes depend on what the learner already knows; learning involves constructing 

meanings actively; learning is a continuous and active process; meanings are evaluated, 

then accepted or rejected, depending on whether there is a fit between new knowledge 

learnt and existing mental frameworks; learners have responsibility for their learning. 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

42 

 

 

Although learners in the same programme or experience learn the same content 

knowledge and they may have similar frameworks to understand this information, they 

do not share identical cognitive or mental learning structures – each person has a unique 

network (or cognitive framework) of accessing the information, based on their past 

individual experiences.  In this view of learning an important factor is the richness of 

the pre-existing cognitive framework the learner has. If the learner already has in place 

a well connected existing cognitive framework, new information is easily assimilated 

and integrated. This is why prior knowledge is important to the learner’s ability to learn 

new information (Ausubel, 1968; Ausubel et al., 1978; Driver & Bell, 1986; von 

Glasersfeld, 1995; Roschelle, 1995). This assimilation and integration of new 

information into the learner’s cognitive framework may result in changes in the 

framework which is learning.   

 

Constructivism is viewed as having two main variations: radical and social (Staver, 

1998). The first form radical (also called cognitive) constructivism (von Glasersfeld, 

1995) is characterised by certain features: firstly that knowledge is actively built up 

from within an individual; secondly that knowledge does not exist outside of the 

individual who has constructed it; thirdly, social interaction is important for the 

construction of knowledge; fourthly that the process of thinking and constructing 

knowledge (cognition) is adaptive and that it serves to help organise the information and 

experiences of the individual so that he or she can make sense of the world around 

him/her.  

 

The second form, namely, social constructivism suggests that knowledge is constructed 

through social interaction with others. What is central to this interaction and in making 

meaning and sense of the world is the use of language (Driver, 1983; Vygotsky, 1978). 

Connections and links between language and cultural and historical events may be 

specific to local situations and hence contextualised (Gergen, 1995). 

 

Roschelle (1995) suggests that prior knowledge plays a large part in what we learn from 

our experiences as it influences how and what we learn and learners construct concepts 

from prior knowledge (Resnick, 1983; von Glasersfeld, 1984). In young learners such as 

in school children, misconceptions arise when there is difficulty for the learners in 
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understanding scientific concepts relating to topics e.g. heat and temperature, 

mathematics, electricity, mechanics, etc, with their prior knowledge. Prior knowledge in 

fact, has an effect on learning, not only in school children but in professionals, adults 

and low to high ability students (Roschelle, 1995). Learners are more likely to construct 

an interpretation that agrees with prior knowledge and may be in conflict with what is 

being taught in class. The change of thinking requires time – students can learn many 

different kinds of information but will only integrate these over time. A change of 

knowledge that impacts prior knowledge and existing mental framework requires 

conceptual change which is a slow transformative process (Roschelle, 1995). Rather 

than reject prior knowledge outright and replace with what is being taught, there is more 

likelihood of success if learners gradually refine and restructure their prior knowledge. 

Importantly, as mentioned earlier, learning depends on social interaction. Although 

specialised and technical information can exist in a learner as knowledge databases, 

most learning that is constructed comes from conversations and discourse with the 

community (Roschelle, 1995). 

 

Dewey, Piaget and Vygotsky have common ground in thinking of the learner as actively 

constructing meaning and understanding through purposeful interaction with his or her 

environment – a constructivist framework.  Piaget’s theory involves the development of 

increasingly complex phases of understanding or schemata from childhood to 

adulthood.  The learner combines prior schemata with experience obtained from the 

environment, from teachers, direct involvement with objects and the surroundings. 

Children’s knowledge is characterised into four stages of increasingly advanced 

biological maturation and cognitive development: from sensorimotor, preoperational, 

concrete operational and formal operational, and the process of thinking differs 

qualitatively between the stages. Conceptual change is effected by signature processes 

called assimilation, accommodation and equilibration. Assimilation increases 

knowledge and integrates new information into the existing cognitive structure while 

accommodation increases knowledge by modifying the structure to account for the new 

experience. When a new experience creates tension between assimilation and 

accommodation, equilibration helps to mediate between the two processes to create a 

new more coherent structure that accommodates prior knowledge. Hence prior 

knowledge is not replaced rather reformulated. Piaget (1926), also viewed social 

interaction as important for the emergence of cognitive conflicts which could give rise 
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to cognitive development as learners construct meaning (Lehtinen, 2003). Piaget 

designed many innovative task settings for children to understand how they learnt.  

 

Dewey advocated the experiential side of learning (Dewey, 1938). He viewed 

experience as active and dynamic interactions with the outside world which help to 

increase one’s knowledge and understanding of the world. There are times when the 

experiences may be in conflict with our prior knowledge and ways of interactions, and 

learners could then engage in reflective action which he called inquiry, (Dewey, 1938). 

The process of inquiry involved reflecting on the experience, identifying the problem or 

issue from the point of view of the learner and then moving to solutions. Through 

experimentation and reflection, and with time, and the right tools, perceptions are 

changed to restore coherence and meaning into the experiences. Language is also 

considered an important tool for students as they collaborate, discuss and explain their 

ideas to each other or to an educator (Lehtinen, 2003; Roschelle, 1995). Under 

appropriate conditions a problem-based experience can result in transformation of prior 

knowledge and restructuring of thought into a more integrated whole. Over time, the 

sum of many localised transformations helps the learner to understand subject domain 

matter. Dewey suggested that children’s knowledge was yet unformed, fluid and 

flexible but with the right experiences provided by the educator, would result in growth 

in the child’s interest and capabilities.  

Vygotsky (1986) emphasised the role of social interaction in acquisition of knowledge 

for learners and its role in transforming prior knowledge. He examined prior knowledge 

in science learning and argued that children already have spontaneous concepts before 

any formal instruction. When children are introduced to scientific concepts through 

instruction in schools, etc it results in restructuring what the learner knows. This process 

of teaching and transforming prior knowledge is mediated by social interaction and sign 

systems like drawings and language.  

 

While Piaget focused on creating situations of disequilibrium to achieve transformation, 

and Dewey on problematic experiences, Vygotsky’s focus was on the zone of proximal 

development (ZPD) (Vygotsky, 1978; Werstsch, 1985). The ZPD is formed by the 

difference between what a child can do without help and what is possible in interaction 

with a more knowledgeable other be it through instruction or coaching from a scientist, 
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educator, parent or through peer collaboration. The social nature of the ZPD means that 

the restructuring of knowledge starts externally in social discourse and other people-

mediated modes such as scaffolding and modelling before it is internalised in the 

learner. In this way, learners are introduced into and become part of a specialised 

community and society (Roschelle, 1995).  

 

Constructivism is not without its critics. Some limitations pointed out are that firstly, 

beginners or new learners probably need more guidance or scaffolding, (Jonassen, 

1992). Learners need basic information to start learning any content and the basic levels 

of knowledge are recall and comprehension, under Bloom’s Taxonomy. Without proper 

instruction at the beginning, learners would find it harder to move to higher levels such 

as application or synthesis. Researchers (Brown & Campione, 1994; Hardiman, 

Pollatsek, & Weil, 1986; Moreno, 2004; Tuovinen & Sweller, 1999) have concerns that 

when students learn with minimally guided instructions as advocated in constructivist-

based teaching, they become “lost and frustrated” (Kirschner, Sweller, & Clark, 2006, p. 

6). Kirschner et al. (2006) indicate that unguided instructions are not effective in 

learning environments. Another concern raised is that learners need to make their 

knowledge and understanding visible - cognitive learning is not sufficient and that the 

learning needs to be demonstrated e.g. perhaps by making artefacts (Papert & Harel, 

1991).  

 

It has also been pointed out that with social and collaborative learning, learners may be 

susceptible to groupthink (Ruggie, 1998). The activity can also be dominated by some 

members leaving those who do not subscribe to the same view to disengage.  

 

Another criticism about constructivist approaches is that the focus is mainly on 

cognitive factors, overlooking other contributing environmental and technological 

factors such as facilitators, artefacts, media and resources that contribute to the learning 

experience, including learners’ preferences and thinking (Ackermann, 2001). 

 

One other claim is that in a constructivist classroom, the curriculum is tailored to each 

learner who sees the world differently from others (Jonassen, 1991). This is an 

ineffective way of teaching as curricula in schools are based on a common approach to 
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teach all types of learners. The use of common curricula in constructivist classrooms 

would then be ineffective and inefficient (Carlson, Lundy, & Schneider, 1992). 

 

In summary, constructivism is a theory of learning that affirms that the process of 

learning is actively constructed by each individual through a learning framework that is 

unique to the learner, and that critically, one must take into account prior knowledge 

which influences the learning of new concepts and knowledge. All three theorists 

covered in the section acknowledge the importance of prior knowledge and social 

interaction in learning. Piaget focuses on the interaction of experiences and ideas in the 

creation of new knowledge. Vygotsky explores the importance of learning mediated by 

knowledgeable others and peers and how culture and society contextualise the learning. 

Dewey emphasises inquiry, time for reflectivity and the integration of real world and 

classroom activities. The constructivist framework relies on the learners to be in control 

of their own acquisition of knowledge and encourages the instructor to serve as a 

facilitator. Constructivism has its critics, although these appear to be mainly in the 

limitations encountered in practice rather than the limitations of the theory.  

 

Constructivist approach in science centres 

Research in science museums often use a constructivist approach for the learning 

process in such spaces (Borun, Massey, & Lutter, 1993; Feher, 1990; Hein, 1999). This 

view of learning is often the basis for many interactive exhibits within science centres, 

where visitors and students experiencing phenomena or an activity will build on what he 

or she knows and may even have to revise that knowledege if presented with other 

compelling evidence. Science museum learning research has focused extensively on 

exhibit interactions, but it does demonstrate some important aspects of learning in such 

spaces: 

a) Structuring science knowledge. Visitors have been shown to gain from museum 

visits in terms of knowledge and conceptual understanding from studies on both 

structured (guided) and unstructured (unguided exploration) museum visits (Allen, 

1997; Anderson et al., 2003; Falk & Dierking, 1997).  

b) Role of social interaction. Visits in out-of-school environments are most often done 

in groups especially family groups, and studies show that groups with adults and 

children engage in conversations to encourage understanding. The studies often 

involve observation of group interactions to infer about evidence of learning (Borun 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

47 

 

et al., 1997; Crowley et al., 2001; Ellenbogen, 2002). Recorded conversations 

among students in school groups also show a high degree of science related talk in 

their conversations (Cox-Peterson, Marsh, Kiesel, & Melber, 2003; Griffin, 1999, 

2004).  

c) Resources that enhance or complement visitor learning. Resources at out-of-school 

places include activities, manipulation of exhibits or materials that help learning and 

these are evidenced in post-visit discussion and student concept mapping (Anderson 

et al., 2000; Leinhardt & Crowley, 2002). 

 

The studies mentioned demonstrate that learning can be detected in such out-of-school 

environments and depending on many factors, such as nature of the exhibits, social 

support, pre- and post-visit instruction, to name a few. Different degrees of engagement 

and learning could be detected. Students experiencing an enrichment programme can be 

exposed to demonstrations and experiments that they may conduct themselves, and this 

experiential activity helps them build their knowledge from first hand experience. More 

recent efforts have children use modelling as a tool for scientific thinking (Lehrer, 

Schauble, Strom, & Pligge, 2001) and to connect activities with real world issues such 

as the water crisis or climate change (Roth & Barton, 2004; Roth, 2009). Such 

components of linking content with real world situations or with everyday situations 

familiar to the student, help create context and facilitate learning and are features of 

science centre enrichment programmes. In the constructivist environment, the teacher 

not so much instructs but facilitates the learning of the student who engages in the 

learning through active manipulation and discovery of resources and asking questions.  

 

The Contextual Model of Learning proposed by Falk and Dierking (1992, 2000) has 

been proposed to understand and draw together the many complex factors that influence 

the process of learning in out-of-school learning environments. This Model draws from 

constructivist, cognitive and sociocultural theories of learning and attempts to take into 

account factors that are likely to influence learning in such learning environments. This 

Model emphasises three overlapping contexts for out-of-school settings, namely the 

personal, sociocultural and physical contexts. The personal context emphasises that a 

person’s prior knowledge and experience, his or her prior interests and the expectations 

of making the visit, play a part in determining what is absorbed or learnt in the 

experience. The sociocultural context refers to interactions with people such as within a 
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social group like the family, as well as encounters outside of the social group such as 

explainers, volunteers, performers, and the influences that come from personal cultural 

background and social upbringing. The physical context refers to the orientation to 

physical spaces, resting spaces, exhibits and their text labels and good orienting devices 

such as signage and maps. Visitor learning is directly influencd by how confidently he 

or she navigates through the spaces and items like advance organisers to make 

navigation easier, have an effect. Each visitor’s or student’s learning would be impacted 

by the interaction of these contexts (Falk & Dierking, 2000; Falk & Storksdieck, 2005).  

 

A more recent framework of ‘strands of science learning’ articulates the specific 

competencies in science that can be facilitated in learning environments, both in-school 

and out-of-school (National Research Council, 2009). These are categorised as six 

strands, namely: Strand 1: Sparking interest and excitement, Strand 2: Understanding 

scientific content and knowledge, Strand 3: Engaging in scientific reasoning, Strand 4: 

Reflecting on science, Strand 5: Using the tools and language of science and Strand 6: 

Identifying with the scientific enterprise (Fenichel & Schweingruber, 2010; National 

Research Council, 2009). Strands 2-5 are strongly focused on and emphasise science 

related skills and competencies and these can be developed both within a school setting 

as well as out-of-school. Strands 1 and 6 make reference to emotional states  that are 

critical to learning such as sustained interest and engagement and role identity, and out-

of-school settings can help facilitate these particular competencies. This framework is 

relevant when planning and developing exhibits, enrichment programmes and events for 

students coming in school groups, for families and the public.  

 

In summary, the constructivist model is a relevant learning framework to explore 

learning and understanding in out-of-school settings and informs this study. It views 

learning as an individual process constructed personally by the learner from interactions 

through active experiences and experimentation as well as through social interaction 

with science-competent facilitators and their peers. In the constructivist environment the 

teacher facilitates the learning of the student who learns through experimentation and 

discovery of the outcomes from the activities as well as asking questions. These aspects 

are part of the laboratory enrichment programme at the science centre, in addition to the 

social aspects of learning collaboratively. The importance of the facilitator to guide 

novice participants through their ZPDs is especially relevant in such an environment 
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where the programme is short and intense with a relatively higher cognitive load and 

activity than what would be normally experienced in class. Prior knowledge that the 

students bring to the programme is also an important factor and affects the instruction – 

hence the usefulness of a pre-assessment to understand what students know about the 

topic of inheritance before the programme. The Contextual Model of Learning which 

attempts to describe the various factors that affect learning within an out-of-school 

setting as well as the Strands of Learning model, which articulate specific science 

competencies that can develop through participation in out-of-school programming, 

highlight many factors that are at work within an out-of-school environment such as the 

science centre.  

 

2.4  Evaluation studies on school groups in out-of-school settings 

Methods of evaluation with visitors in out-of-school settings as well as with school 

groups are varied. One major challenge in assessing learning is the nature of the setting 

and environment. For example, Falk and Dierking (2000) highlight different factors that 

can influence the outcome of a visit to an out-of-school learning environment, under the 

earlier described Contextual Model of Learning. The situation in a science centre, for 

example, is different from a classroom, where there is more control of the environment 

in the latter. A range of learning outcomes can happen in a relatively unstructured 

learning environment such as in a science centre’s exhibition galleries. Science learning 

in such environments can be very varied, lasting from very short episodes to significant 

time periods. Such visits to a science centre can be casual, unguided visits to the 

exhibitions with friends or family, or they could be planned as a school programme or 

camp, and facilitated by a science centre staff. Outcomes from learning programmes at 

out-of-school settings may not only be cognitive (gains in knowledge and 

understanding), but can also be in the affective domain (attitudes, interest, emotional 

states), social domain (feelings of empathy and improved communication skills) and in 

motor skills or behaviour (Rickinson et al., 2004). 

 

A major challenge with studies in such settings is the use of an appropriate and 

meaningful control. The content and delivery is not the same as what is covered in class 

instruction, and the purpose of such evaluations is not to prove that out-of-school 

programmes are superior to in-class instruction but rather, to be viewed as complements 

to teaching the curriculum in school (Rennie & McClafferty, 1995). These are then 
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supported with other forms of analysis especially if the processes involved in learning 

are also being studied. Evaluation in out-of-school environments such as science 

centres, have typically studied the effectiveness of exhibits or exhibition programmes 

and to measure learning outcomes deriving from experiencing them (Brody, Bangert, & 

Dillon, 2008). Research studies based in out-of-school settings range from quantitative, 

to qualitative as well as mixed methods approaches depending on the objectives of the 

research. In the next few pages some examples of research in out-of-school 

environments are described, especially the ones connected to school classes and groups.  

 

2.4.1 Quantitative methods research in out-of-school settings 

Surveys are a common quantitative method for collecting data as in this study by Lin 

and Schunn (2016). The authors conducted their study in a school district in Pittsburgh, 

Pennsylvania, U.S. A total of 2,943 grade 6 and grade 8 students from 6 public schools 

participated in the study which was to understand the influence of out-of-school 

learning experiences on these students’ attitudes and science competency beliefs. A 

survey consisting of more than 60 items in seven areas of informal experiences was the 

instrument. The study used a large data set from public schools which made the findings 

more generalisable. It showed that among other things, visits to science centres and zoos 

and informal home-based activities were positively linked to grade 6 students’ positive 

belief in their science competency, while for grade 8 students, competency self-belief 

was linked to participation in semi-formal activities like science camps and 

science/hobbyist clubs. Salmi, Thuneberg, and Vainikainen (2017a, 2017b) used a 

quantitative methods approach to study cognitive and motivational effects on students 

aged between 11-13 years who were visiting exhibitions at a science centre in Finland. 

In two separate studies, a group of 366 students were studied with a visit to a dinosaur 

exhibition (Salmi et al., 2017a), while the other group (n=146) focused on high tech 

Augmented Reality (AR) exhibits on students’ interest and knowledge gained from the 

visit (Salmi et al., 2017b). Both research designs employed pre- and post-test design 

with no control. The studies revealed that students learnt from visiting science centre 

exhibitions as evidenced by gains in knowledge scores at post- and delayed post-tests. 

There was also high situational interest reported by the students, both boys and girls, in 

visiting the exhibits. The authors were analysing learning using a speciifc type of 

technology (AR), and testing its effectiveness in an out-of-school setting, hence there 

was no comparison with a control.   
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An outdoor learning study (Morell, 2003) using pre-, post-, and delayed post-test design 

with no control was conducted to ascertain the cognitive impact of a field trip on about 

700 Grade 3-4 students in Oregon, U.S. The objective of the trip was to increase 

students’ knowledge on forestry and wood products. The programme was conducted on 

the campus of Oregon State University and faculty staff guided and conducted the 

session which consisted of displays, demonstrations and activities around forestry and 

wood products. The teachers were also given a prepared set of 14 lesson plans that they 

could use before or after the visit as well as a set of activities and materials they could 

use back in class after the field trip. There was a statistically significant gain in scores 

from pre- to post-test. Delayed post-test scores showed only a half point drop in mean 

scores from post-test scores.  Reasons offered for the success of the programme were 

effective pre-trip instruction that was closely linked to curriculum, active involvement 

during the field trip and follow-up by teachers after the trip. This was a tightly 

integrated programme with teachers being provided extensive resources for pre-visit and 

follow-up in school.  

 

Anderson et al. (1997) studied pre-orientation to the physical setting of the exhibition as 

well as the variables that made an exhibit memorable (the first part had a control while 

the second part did not). The participants were 75 year 8 students from a representative 

school in Brisbane visiting the Queensland Sciencentre. The study used a control group 

post-test design. The experimental group (n=38) received a detailed briefing before the 

visit to the museum by an education staff of the science centre, on the history, floor 

plan, arrival procedures, activities and the gallery to be visited, while the control group 

(n=37) watched an interesting but unrelated 40 minute video on a technology centre in 

Canberra. After exploring the exhibits, the students filled out a 19 item cognitive test. 

The study showed that the students who were familiar with the science centre (had 

visited before) and had the pre-orientation did best – the difference was statistically 

significant, demonstrating the value of reducing novelty and being familiar with the 

environment, to focus on the exhibits. There was no difference by gender. Students 

were also asked to recall the most interesting and puzzling exhibits they had seen. The 

responses suggested that exhibits that attracted attention were physically large, occupied 

prominent places in the gallery and engaged through multi-sensory modalities. This 

study also demonstrated some of the factors that are important in the physical context of 
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the Contextual Model of Learning, such as location of exhibits and pre-orientation (Falk 

& Dierking, 2000).  

 

Stronck (1983) studied 816 students, grades 5-7 on 31 tours at the Natural History 

Gallery in the British Columbia Provincial Museum in Canada. The study, a post-test 

only control design, compared the effect of a structured (treatment) versus an 

unstructured (control) tour on cognitive and affective impact on the students. 622 

students (23 tours) went on the docent guided tours, while 194 students (8 tours) were 

led by their own class teacher. The teacher guided tour was much more flexible 

compared to the docent tour which followed a highly scripted lesson plan to focus the 

students’ attention on concepts, and lasted an hour. The teachers minimally directed 

the students and allowed them to gain the information from the film loops, audio tapes 

and exhibits. The students were given a post-test immediately after the tour which 

consisted of a 10-item questionnaire based on the exhibition. A questionnaire for 

attitude was also given pre- and post-tour to both groups. The students on the 

structured tour did significantly better on the cognitive test compared to the students 

on the unstructured tour, although the students on the unstructured tour had higher 

positive attitudes compared to pre-tour and also with the students on the structured 

tour. Both groups had similar attitude scores before the gallery visit.  

 

The advantages of collecting data using a quantitative research approach are that 

generally, larger data sets are collected and that data is objective, with no personal bias. 

The research is carried out with a representative sample group of participants and can be 

conducted in relatively less time compared to qualitative methods. However, whole 

group numerical data are useful for assessing outcomes of an intervention but not the 

process of learning or the factors that may have contributed to the outcomes. Another 

drawback in earlier quantitative studies on school groups conducted in the 80s and 

earlier, was that they tended to be based on a design that incorporated a control situated 

in a classroom setting and compared instruction between school and out-of-school 

approaches, for example Borun et al. (1985). This approach compared learning about 

simple machines from exhibits and a lecture demonstration (class)  which has been 

argued to be not equivalent in terms of length of exposure to instruction, setting and 

content, and that both approaches are important and to be viewed as complementary 

(Falk & Dierking, 1992; Rennie & McClafferty, 1995). Subsequently, comparative 
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studies were more likely to be situated within the out-of-school setting using variables 

such as approaches to instruction, the use of different worksheets or advance organisers 

to test the effectiveness of one approach over the other for student learning. Quantitative 

studies using simple multiple choice format questions or open responses give limited 

information – one can surmise that one approach or method is better than another but 

not what factors contributed to its success. 

 

2.4.2 Qualitative methods in out-of-school settings 

Exhibit related studies 

Studies on visitors in out-of-school learning institutions such as science centres and 

museums have utilised qualitative approaches when observing features of exhibits that 

facilitate learning or learning behaviours which are unique to the setting, These focused 

on the impact of factors such as exhibit design or interactive elements on acquisition of 

facts or concepts by visitors. Allen (1997) interviewed 392 visitors aged 7 years to adult 

to the Exploratorium in San Francisco to study how 7 different inquiry-based activities 

would impact visitors' understanding of the science behind an interactive exhibit called 

‘colored shadows’. The objective was to study the effectiveness of inquiry activities. 

The activities were to: generate an explanation, interpret an explanation, troubleshoot an 

explanation, choose between two explanations, choose and design an experiment, 

choose and make and test a related prediction, and make a prediction before 

experiencing the phenomenon. The most effective inquiry activity appeared to be the 

interpretation of an explanation. This study demonstrated in great detail how visitors 

interpreted exhibit information and those who did better were those with college level 

education pointing to the advantage of relevant prior information. 

 

Another visitor focused study was by Boisvert and Slez (1995) who observed 154 

visitors in Boston Museum of Science’s Human Body Discovery Space as they 

interacted with various human body exhibits which were categorised under high or low 

attraction, high or low interaction, concrete or abstract presentation and simple or 

complex information. The visitors were divided into seven categories by age (3–5; 6–8; 

9–21; 12–24; 15–28; 19–24; and over 25 yrs). The researchers had a comprehensive 

system of categorisation  and it is very instructive how much information can be 

gleaned from observational studies. Exhibits with high interaction and concrete 
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presentations had highest visitor holding power, which also reflected on the need to 

communicate clear concepts and the enjoyment that comes with ‘hands-on’ experiences.  

 

Research studies focusing on school groups in science centres have also adopted 

qualitative approaches to gain a deeper understanding of how students learn in the out-

of-school setting. Increasingly, researchers are interested in how students are learning in 

the out-of-school space and not what they are learning and qualitative methods do help 

to provide fine grained analysis. Examples of such studies of school groups are learning 

science concepts from exhibits connected with electricity and magnetism (Anderson, 

Lucas, & Ginns, 1997) and learning from exhibits on optics and light (Feher, 1990; 

Feher & Rice, 1985). Feher and Rice conducted a series of studies on students’ 

understanding of light and shadows (Feher, 1990; Feher & Rice, 1985; Feher & Rice, 

1988; Rice & Feher, 1987). The studies were conducted at the Reuben H. Fleet Science 

Center in San Diego and used Piaget’s clinical interview approach where students were 

probed for their thinking as they interacted with the exhibits. In the first study (Feher & 

Rice, 1985) the participants were school students visiting the science center (age 11-13 

years). The exhibits in this study were a stroboscopic exhibit and a phenakistoscope 

exhibit. The moving images that were produced in the exhibits were blur but became 

distinct with the inclusion of a strobe light or moving perforated slit disc. The ‘trigger 

model’ exhibits produced results that were unexpected to the students who had to 

provide predictions and explanations of the phenomena before, during and after the 

interaction.  The students’ explanations were compared against a model answer 

scientific explanation involving the light source, the interaction of the light with the 

objects as well as the light receptor (eyes and the brain). Feher and Rice (1988) also 

studied students’ (age 8-14 years) understanding of light and shadows in another 

exhibit. Shadows cast on a screen by a cross shaped light through a sphere (either 20 cm 

ball or a 1 cm bead). The students were asked questions as they were instructed to 

perform certain tasks – predict before the task what would happen and to explain the 

observation during and after the task as in the earlier study. In a later study, Feher 

(1990), asked students (age 8-14 years) to manipulate various light sources on different 

objects and then predict and explain their observations. These insights into the students’ 

explanations uncovered ideas they held about light and shadow, e.g. that the shadow 

‘belongs’ to the object that blocks the light and moves from the object to the screen. The 

studies showed how an interactive exhibit could be used to research on students’ 
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understanding of science concepts and also as ‘a powerful instructional tool’ (Feher & 

Rice, 1987, p. 646) to aid understanding.  The exhibit allowed visitors to explore and 

interact, helping them to move from previously held ideas to new understanding.  

 

Case studies  

Gilbert and Priest (1997) used observational methods and interviews in a case study of 

30 students aged 8-9 years, from a state primary school east of England, visiting the 

Science Museum in London, U.K. The visit was part of a school curriculum topic on 

healthy eating. The students had a whole group activity conducted by a museum staff 

and then as small groups, had exploration time at six exhibits linked to the topic, with 

each group accompanied by an adult. The study shed light on improving school-

designed programmes, namely linking school curriculum with the exhibits being 

studied, students working in small social groups, having some degree of freedom to map 

out their exploration, and also that the students are accompanied by knowledgeable 

adults. The visit and analysis of all the conversations were part of understanding the 

mental model structures of the students who were learning about the topic. 

 

In a descriptive interpretive study, Anderson et al. (2000) followed a class (28 students 

aged between 11-12 years) who were visiting the Sciencentre in Queensland, Australia 

as part of a school visit. The study was a description of two case studies and interpreted 

the implications of the findings for students, teachers and museum educators. The 

overall study followed 12 students each of whom was a case study and the paper 

focused specifically on two case studies. Although the whole class participated in the 

activities, these two students were observed in great detail and fitted with microphones 

so that every aspect of their visit could be recorded. Interviews were recorded at three 

phases of the visit; before, during and after the museum visit. The post-visit involved 

activities in class. Students’ knowledge of electricity and magnetism was tested after the 

visit and after the post-visit activity phases through concept maps and semi-structured 

interviews. The findings showed that the visit to the museum to learn about electricity 

and magnetism allowed the students to actively construct knowledge and understanding 

of these concepts in both correct and alternate ways compared to the accepted view of 

science. Hence there was a need to have pre- and post-visit activities, to detect and 

respond to alternative conceptions that might be produced or strengthened during the 

visit.  
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Davidson, Passmore, and Anderson (2010) reported on a study described as an 

interpretive qualitative approach. It investigated the interaction of students, teachers, 

and zoo educators during a class field trip to a zoo. The study analysed two classes of 

Year 7 (11-12 years) students from two schools in New Zealand, and their perceptions 

of their learning experiences during the field trip. Each class was analysed as a case 

study. The objective was to understand various stakeholders’ (teacher, student, and zoo 

educator) perspectives and what they felt constituted learning on the field trip. Data 

collected was on class observations, surveys, student work as well as interviews with 

students, their teachers and zoo educators. The detailed study of the two classes showed 

that firstly, the learning in the classes was strongly influenced by the teacher’s agenda, 

pedagogical approach and views on learning; secondly, that the zoo educators’ 

interaction did not impact the learning very much; and  thirdly that the students valued 

the social context of the trip.  

 

In other school group studies, Cox-Peterson et al. (2003) studied 30 school groups 

comprising 12-32 students per tour from Grades 2-8. The study was conducted in a 

large natural history museum in Southern California as a naturalistic inquiry to 

determine how content was delivered and what students learnt from the tours. 

Observations of the school groups on guided tours by museum docents were conducted 

as well as interviews with teachers (n-30) before and after the museum tours as well as 

students (n=85) and four museum educators. Students showed high satisfaction with the 

tours as the docents gave them information which they did not know previously. The 

observations also showed that tours were conducted in a didactic manner and did not 

connect to school content, students’ prior knowledge or interests, hence not optimising 

the museum visit. The authors made suggestions for an inquiry-oriented tour for school 

groups. Bamberger and Tal (2008a) studied six classes of year 6-8 students from public 

schools in Israel. The school groups visited four different museums (1 class to a zoo, 2 

to a natural history museum, 2 to a science museum and 1 to a rural museum exhibiting 

rare natural history and archaeological specimens). The visits were videotaped and a 

sample of students from each class were also interviewed through semi-structured 

interviews (n=50). The zoo visit was led by a guide while the programmes in the other 

museums although also led by a guide, included more interactive activities. The 

findings of the visits showed that scientific knowledge is only one outcome (level was 
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low to medium for the majority) – other outcomes were personal and social outcomes. 

Students had a high level of being able to connect knowledge between school science 

and what they learned in the museum – this was generated by the students as the guides 

did not make any connections to school science. Interestingly, the students felt that the 

zoo gave rich and meaningful experience, even though this visit had no hands-on 

activities unlike all the other museums. Live animals appeared to engage the students 

emotionally (minds-on). The authors’ recommendations from the study were that 

students should be given the opportunity to ask questions or be provided with 

facilitation from a guide or worksheet to link the content learnt at the museum to school 

science. Exhibits and graphic labels should also facilitate group discussions and to 

ensure that there is follow up in school for further discussion.  

 

Griffin and Symington (1997) also studied school groups but focused on teachers’ 

strategies employed on field trips with the classes they brought into two museums in 

Sydney: the Australian Museum and CSIRO Science Education Centre. A total of 735 

students in 30 classes from 12 schools ranging from grades 5-10 with their 

accompanying teachers (n=29) were studied through observations at the museums, 

interviews with students and teachers before, during and 2-3 weeks after the visit. The 

results showed that most of the teachers used task-oriented strategies on such visits with 

little effort to link science at the museum with school science. The authors 

recommended a framework for teachers with suggestions to use e.g. learner centred 

strategies where students looked for answers to their own questions and sought further 

questions to follow up in school, and to leverage on social interaction.  

 

Mortenson and Smart (2007) also took a qualitative approach  to compare school groups 

at the North Carolina Museum of Natural History in North Carolina, U.S, using a 

Chaperone’s Guide (worksheet) and those who did not. They tracked student groups 

around five displays and recorded conversations of both types of groups of elementary 

students (Grades 3-5) to assess curriculum related talk. There were 23 control and 24 

intervention groups in the study (average of 2-9 students/group).  There was 

significantly more (19.5 times more) content-related talk in the intervention groups that 

used the Chaperone’s Guide. The study showed that carefully designed worksheets 

could connect out-of-school content with the curriculum and also meet the teachers’ 

agendas for arranging the visit. Hauan, DeWitt and Kolsto (2017) followed students 
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engaging in tasks related to the concept of energy in the museum. It was considered a 

design experiment, as it studied an intervention that had been designed specifically for 

use in the science centre exhibition and focused on the learning process rather than 

outcomes. The participants were 148 11-13 year old students from four schools in 

Bergen, Norway visiting a science centre, VilVite. The students worked in small groups 

on five selected exhibits on energy with an exhibit interaction sheet and concept flow 

chart which were used to facilitate learning at each exhibit. At the end, a teacher or staff 

would support the groups in a task that would connect all the concepts from the various 

exhibits together. Besides group video recordings, two students from each class were 

fitted with head/chest mounted recorders and the data was recorded, transcribed and 

coded for evidence of engagement in the environment as well as deep engagement for 

learning.  

 

DeWitt and Osborne (2010) conducted an exploratory study to investigate primary 

school students’ interactions with science centre exhibits to understand what meaning 

they made of their interactions. The students were aged 9-11 (n=129) and 63 small 

group interviews were conducted in addition to recordings of video clips and 

photographs of the students in the galleries. These were used in stimulated recall 

interviews with the students after the exhibition visit. The interviews revealed that the 

students were stimulated to reflect on the clips and photographs and these provided an 

important mediating role to engage the students cognitively and affectively.  

 

As can be seen from the aforementioned examples many research studies in science 

museums employ qualitative methods to obtain detailed understanding of a 

phenomenon where variables are not known and there is a need for exploration.  

Observations of and interviews with visitors, students and teachers are critical to 

understanding their behaviours and experiences. Qualitative methods take up a lot more 

time and focus on a small set of individuals to derive deep insights which may limit 

generalisability. Large scale studies (Bamberger & Tal, 2008a; Cox-Peterson et al., 

2003) do cover a larger sample but would need much more resources and span over a 

longer period of time, for example the Israeli study spread over 3 years. 
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2.4.3 Mixed methods design in out-of-school settings 

Studies in science museums and other out-of-school settings involving school groups 

have increasingly used a mixed methods approach to focus on the unique environment 

of the science centre and how it complements what is being learnt in school, rather than 

as a comparative method of instruction with class instruction. Such studies on 

interactions of school groups in museums have used both quantitative and qualitative 

methods of gathering data, combining numerical analysis (surveys, tests, feedback) with 

in-depth information (open-ended feedback, observations, interviews of the 

participants).  

 

Kubota and Olstad (1991) used a post-test control group design to test for the effects of 

novelty and exploratory behaviour on cognitive learning. It involved sixty-four grade 6 

students from a public school in Seattle, who visited the Pacific Science Center’s 

Science Playground exhibition. The experimental group viewed a slide show providing 

relevant information about the museum, designed to reduce novelty, while the control 

received a slide show not connected to the visit. The students were videotaped as they 

visited the exhibits and evidence of exploration and learning were qualitatively 

assessed. Exploratory behaviour and learning were positively correlated. The study 

showed gender differences: boys had significantly higher on-task behaviour and 

cognitive learning while there was no effect for the girls between control and 

experimental groups. Stavrova and Urhahne (2010) studied what would make an exhibit 

visit more effective for students. The design had experimental and control groups and 

used a mixed methods approach. Students (n=96) were from grades 7-9 from 4 schools 

in Munich and the study was conducted in the Deutsches Museum on the topic of 

‘Energy forms and their use’. A Personal Meaning Mapping (PMM) activity and 

multiple-choice test were given pre- and post-test. The classes were grouped as control 

and treatment. The control group went through the original guided tour programme that 

was offered to all schools, while the treatment was a tour that had been modified to 

include recommendations for student learning in the literature (providing more multi 

sensory activities, allowing discussion time, providing more variety in instructional 

strategies, etc). The cognitive gains in both control and treatment were similar, although 

the treatment group expressed significantly higher intrinsic motivation and perceived 

competence compared to the control group. The study’s findings helped to support 

instructional approaches advocated in research literature. Such learner-centred 
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approaches increased positive attitudes and motivation in students which could lead to 

more museum visits and interest in learning of science.  

 

Storksdieck, Ellenbogen, and Heimlich (2005) used a mixed methods approach to study 

learning impacts of three case studies of out-of-school programmes and to establish 

guidelines for designing learning experiences. The three programmes studied were a 

travelling exhibition on biodiversity called Biodiversity 911: Saving Life on Earth; a 

water conservation programme with hotels called Water CHAMP, and a nature centre–

school partnership to offer environmental education (Natural Connections) for 

secondary students to peer-teach elementary students. The results revealed that each 

programme reached different learners, for example, the exhibition reached visitors who 

were strongly pro conservation. Data was gathered through pre and post visit 

interviews, followed by a call or email 6-8 weeks later. A total of 62 pre- and post-visit 

interviews were conducted while 22 completed a Personal Meaning Mapping (PMM), 

which is a variation of concept mapping developed by John Falk, of the Institute for 

Learning Innovation, Maryland, USA (Falk, 2003). Visitors significantly increased in 

their willingness to take responsibility for their actions from pre-visit (41%) to post-visit 

(70%), while knowledge about stewardship doubled from 22% to 44% after the visit. 

The hotel water conservation programme reached the general public, who were guests at 

the 16 hotels surveyed. A total of 200 visitor response cards were collected for data to 

ascertain guests’ perceived value of the hotels’ water conservation message sand 

measures, their customer satisfaction, learning and affective outcomes. The response 

was very positive, for e.g. 100% of the guests participated in the bed linen reuse while 

81% participated in the towel reuse. The third public school programme conducted in 

Baltimore, U.S., between Irvine Nature Center and the city’s public schools reached 

middle and high school students who were trained on environmental and outdoors 

education in a schoolyard and also to mentor Grade 3-4 students. Sixteen schools 

participated with 416 students completing a pre/post questionnaire to capture 

knowledge gains though closed and open-ended questions. The findings showed that the 

students’ gain in knowledge about the environment was not statistically significant 

although they reported immense satisfaction in other areas related to teaching the 

elementary students, which respondents considered problematic. The situation in this 

case study shared similarities with the novelty effect identified in science museums 

where participants do not focus on the programme content because they are distracted 
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by other issues (Falk et al., 1978; Falk, 1983; Kubota & Olstad, 1991). In this case the 

high school students did not focus on the environmental content but rather on the issues 

of teaching the elementary students. Hence each programme had successful outcomes 

although in different ways depending on the attitudes and motivations of the 

participants. Ayar (2016) also used mixed methods to study the effect of a large 

exhibition at a science centre in Turkey on 346 students ranging in age from 9-15 years. 

Data was collected from a survey, observations and interviews with a student sample to 

understand motivations for visiting the exhibit and to return, as well as the factors that 

made exhibits interesting and easily understood by students. This study had no control 

as the objective was to measure the impact of the science centre visit and its exhibits on 

the students. 

 

A study by Beiers and McRobbie (1992) at the Queensland Sciencentre in Australia 

used pre- and post-visit assessment of student understanding on the topic of sound. 

Twenty-seven students took part in a structured interview and drew concept maps 

before and after the visit. The students’ conceptions were then categorised into different 

levels based on their description and understanding of the production and transmission 

of sound, and these were examined to see if there was any change after the visit. The 

study showed that although most students’ level of knowledge changed after the visit, it 

was the students who already had some understanding of the concept of sound as a 

vibration or a wave from prior knowledge, who made significant changes in their 

understanding of wavelength and amplitude to a correct scientific view. By analysing 

the interviews and categorising the knowledge levels for comparison, the study helped 

to shed light on changes in knowledge after the science centre visit and showed that 

students do construct new knowledge from such visits.  

 

Student knowledge and science interest and attitudes were the areas of focus for the 

following two studies (Saidi & Sigauke, 2017; Zeren-Ozer & Gungor, 2017). Zeren-

Ozer and Gungor (2017) studied the views of students on science centres as out-of-

school learning environments. Participants were 195 middle school students (grades 5-

8) from two primary schools in Turkey (Bursa Province) and their interactions with 

exhibits and experimental set-ups at Bursa Science and Technology Centre, Turkey. 

Student groups visited the science centre, with science centre instructors to facilitate at 

first, and then with time on their own. The students filled out an opinion survey 
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consisting of ten open-ended items, for their views and impressions of the exhibits, 

which were then coded and quantified for analysis. The study was designed as a cross-

sectional study, to see if there was a difference in views and learning at different ages. 

The students in all age groups found the science centre exhibits and experimental set-

ups an enjoyable way of learning (Zeren-Ozer & Gungor, 2017). Saidi and Sigauke 

(2017) also adopted a mixed methods approach focusing on an exhibition on 

nanotechnology at the Sci-Bono discovery centre in Johannesburg, South Africa as a 

case study to study if students could learn about the topic from an exhibition. The 

students were Grade 7 (11-13 years) in the last year of primary school. The sample 

studied consisted of 100 students and 6 teachers. The students were divided into 2 

groups of 50 – experimental (who visited the exhibition) and control who did not visit 

the exhibition. Both groups had similar prior low exposure to nanotechnology concepts. 

The students were given a 20 question knowledge quiz based on facts on the exhibition 

three months after the science centre visit. There was a statistically significant 

difference in the quiz scores with the students who visited the exhibition achieving 

higher scores. The quantitative quiz was also complemented by teacher interviews and 

student focus discussions with the group who visited the exhibition. The study 

concluded that primary students could be exposed to abstract concepts of nanoscience 

and nanotechnology through a science centre exhibition. The exhibition exposure 

inspired and stimulated interest in the students to find out more about the subject or visit 

the exhibition again on their own.   

 

Bamberger and Tal’s study (2007) of students (grades 6-8) was part of a larger study 

spanning three years.  This particular study focused on students’ experiencing different 

amounts of structure of their tours at four natural history musems in Israel. The tour 

structure variable was not planned as part of the original research design, but came out 

through observations and video recordings. One type of tour was completely controlled 

by the guide with ‘no choice’ and little connection made to the curriculum or to 

students’ prior knowledge. In a second ‘limited choice’ tour, students had an 

introduction before being assigned tasks. In tours which were ‘free choice’, students 

were free to explore as they wished. Although students in free choice groups were 

excited and socialised, there was no purpose of the programme as viewed by the 

students, leading to some frustration. The limited choice groups engaged in the most 

content related talk, teacher student interactions and made connections to school and 
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out-of-school content. In a subsequent study using the limited choice tour format, 

Bamberger et al. (2008b) found that about one third of the students could recall and 

make connections to school content and the exhibitions 16 months after the museum 

visit, supporting the view that providing some degree of structure to a visit has good 

potential to support an enjoyable and social learning experience. Those visits were 

observed, videotaped and transcribed and student worksheets were collected. Semi-

structured interviews were also conducted with a sample of students from each class.  

 

Morentin and Guisasola (2014) looked at the impact of a preparatory teaching unit for 

pre-service teachers on their teaching strategies in field trips to science museums. The 

study was situated in The Eureka Science Museum in San Sebastian, Spain. The pre-

service teachers were on a Master’s Programme – 38 participated in the teaching unit 

while 42 who were on the same master’s Programme did not take the unit. All 

participants visited the museum. The treatment group completed a pre and post-visit 

questionnaire, and also a report on how to design the field trip, activities and instruction 

for a Primary 6 class. The control group only completed the post-visit questionnaire. 

The results showed that the students who went through the teaching unit improved in 

teaching strategies for museum  field trips with more than a third citing the need for pre 

and post activities for students to optimise learning and more than half who said that the 

experiential and entertaining aspects of the visit contribute to learning. This result is 

probably expected considering that the treatment group had completed a module while 

the control did not have the background to appreciate what went into building the 

student activities. The sample is also very small (n=38). 

 

2.4.4 Longitudinal studies in out-of-school settings 

Longitudinal studies have also been conducted with museum visitors over a period of 

time (Stevenson, 1991; Wolins et al., 1992) to ascertain if what is learnt or experienced 

in science museums is retained over the long term. For example, Falk and Dierking 

(1997) conducted a survey consisting of seven questions to elicit recall of past school 

trips in elementary school by students aged 9, 13 and 20 years. Recollections were very 

similar in what was recalled, suggesting that the out-of-school visit for students results 

in memories that leave deep impressions, regardless of subject matter or type of lesson.  

Stevenson (1991) interviewed 79 individuals in family groups who visited the London 

Science Museum six months after their visit. He found that a significant number 
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demonstrated that they had learnt (cognitive processing) from having interacted with the 

exhibits, captured in their memories of the experiences. A longitudinal study was 

conducted over almost a decade apart, to assess the impact of the California Science 

Center, Los Angeles, in supporting the community’s science literacy. Falk and 

Needham (2011) conducted telephone interviews with adult residents first in 2000 

(n=832) and again in 2009 (n=1008). The results of the survey showed that visitors to 

the science centre were representative of the population around Los Angeles and more 

than half had visited the science centre. These respondents felt that the science centre 

had influenced their science and technology knowledge, understanding and attitudes. 

Much of the data was self reported, however, the researchers used one iconic exhibit, a 

giant animatronic model called Tess, to ask questions about homeostatis, which is an 

abstract concept but is explained through this exhibit. This exhibit was in effect a 

marker where the researchers could check if the survey respondents had learnt about 

this concept from the exhibit as survey respondents were asked to provide a definition 

of homeostatis.  

 

2.4.5 Studies on enrichment programmes in out-of-school settings 

The studies above have mainly focused on learning from exhibits and not from 

enrichment programmes as such studies are minimally covered in the literature. Studies 

on specialised labs conducted in out-of-school settings such as university outreach have 

also reported gains in learning, interest and enjoyment. These programmes are 

conducted as a partnership between the university and school or as part of a programme 

for access to underserved students and cover a period of a few months (Knox et al., 

2009; Markovitz, 2004). Half day enrichment can contribute to learning gains and are 

worthy of study. Knox et al. (2003) evaluated the outcome of an outreach summer 

science academy programme with the University of Rochester’s School of Rochester’s 

Life Sciences Learning Center. The summer programme would typically last 2-4 weeks 

for students from grades 6-12 and provide them the opportunity to participate in hands-

on inquiry in an authentic setting. The programme ran over a few years, and each batch 

of students filled out a pre- and post- survey, together with interviews after their 

programme. About 39 participants were contacted 18 months after their participation to 

seek information for longer term impact. The information is self reported and shows 

that the students (n=112) felt they gained significantly both in skills, content, 

opportunity to meet scientists and also in their attitudes to science. Participation in the 
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programme had contributed to their performance in science and their interest in a 

science career. The ‘graduates’ from this programme often signed up for advanced 

placement courses at the University and also signed up as laboratory assistants with the 

university. The authors acknowledge that the research is not very rigorous and there are 

many limitations such as getting participants’ information to contact for long term 

impact. They suggest that such outreach could be made more available to the general 

school population given its positive impact on participants.  Judson (2011) studied 38 

children (9-12 years) who were enrolled in two 1-week summer camps at Arizona 

Science Center, U.S. to determine if children’s knowledge and comprehension of bones 

changed as a result of participating in the Busy Bones Lab and if prior knowledge or 

ceiling effect had any impact on these results. The qualitative data collection method 

was PMM concept mapping which has proved to be a useful tool in out-of-school 

settings, being advocated by Rennie (2003) as a relevant method to capture a holistic 

picture of learning in the galleries without the restriction of traditional experimental 

research design needing a control group.  

 

There have also been self-report gains from a study in an Australian science centre, 

Scitech Discovery Centre in Perth, in which the CSIRO Science Education Centre is 

situated. The participants were students from nine classes (grades 9-11) from seven high 

schools attending activities in a laboratory (Rennie, 1993). The CSIRO Education 

Centre offered school groups various hands-on activities to investigate during a two-

hour visit. Each student could select his or her own set of about three activities from a 

range of 15, which made the use of a pre-/post-test and control design not feasible. 

Rennie used a post-test questionnaire and with open responses asking students which 

activities they had chosen to study and what they learnt. The responses were categorised 

in a hierarchical framework to measure the depth of the answers. Together with 

observations of students and interviews with two teachers, a good picture of how 

students were interacting in the centre was also built up. The study showed that students 

enjoyed their visit, on-task behaviour was high and there was high evidence of co-

operative work among students. The self-report questionnaire was simple to administer 

and allowed the students to respond in the context of the activities they selected. The 

drawback was the validity of using the self reports as the main instrument to measure 

learning and that students may also not report fully what they do understand well.  
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A study by Luehmann (2009) looked at a different outreach programme under the 

University of Rochester’s Life Sciences Learning Center and the impact on 292 students 

aged 11-18 (middle or high school) who participated in a 2.5 or 4 hour university 

laboratory programme after completing life science topics in the school curriculum. The 

students participated in one of about five different programmes. The study was part of a 

year-long collaboration between the university and under-resourced schools in 

Rochester, U.S., and included school-based sessions, lab programmes in the university 

and professional development for school teachers. It used qualitative data from field 

notes, class observations, an open-ended student exit survey as well as teacher 

interviews of the impact of the programme. Three factors were attributed to the success 

of this programme meant for underserved students – the opportunity to engage in 

authentic science, the access into such science environments through the partnership of 

the university and schools, otherwise these students would never have had such 

experiences, and the links to school curriculum, and at the same time, opportunity to go 

beyond the curriculum for project work in an out-of-school lab. Scharfenberg, Bogner, 

and Klautke (2007) reported significant gains in learning with 12
th

 grade students 

(n=337) on a full day molecular biology lab workshop held as part of university 

outreach, involving genetic engineering techniques.  The research design was quite 

rigorous, quasi-experimental, with one experimental group, two control groups that 

were taught content but with no hands-on (one group at the outreach lab and one group 

in school), and one in the school with no intervention. Students were tested with a set of 

MCQ questions as pre-, post- and retention six weeks later. All intervention groups 

gained in knowledge to different degrees. The experimental group did the best, followed 

by the group that had lab instruction but with no hands-on and then by the group having 

no hands-on in school. The group with no intervention made no gains in knowledge. 

The authors were comparing instructional approaches as well as factors such as prior 

experience and cognitive load of the full day workshop. Hence there is evidence that 

even single day workshops or programmes can be beneficial – it must be noted though 

that in all these studies the intervention was a hands-on programme whether half or 

single day or spread over a longer period of time.  

 

Local studies that have focused on the impact of enrichment programmes indicate that 

this type of half-day enrichment is beneficial, showing gains in knowledge that are 

statistically significant compared to control groups (Caleon & Subramaniam, 2005; 
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Dairianathan & Subramaniam, 2011; Lam-Kan, 1985). Lam-Kan’s study was an 

investigation to determine the effect of structured out-of-school enrichment activities on 

thirteen year olds’ science achievement in test scores as well as development of interest 

in science.  The study involved 180 students from an all girls’ school who were 

assigned to experimental, control and Hawthorne control groups. The experimental 

group (2 classes) participated in science enrichment activities while the two types of 

control (3 classes) did not participate in these activities. The Hawthorne control group 

(1 class) went out on field trips unrelated to the science lessons. The students in the 

experimental groups showed significantly greater improvement in science achievement 

(being measured through school science examination results). The study showed that 

participation in such activities that were related to topics in school, contributed to 

science interest and science achievement among the students. A study of a two-hour 

enrichment programme on DNA and genes at the science centre involving upper 

primary students (n=395) showed that the participants made statistically significant 

gains in knowledge, comprehension and application of information learnt in the 

laboratory lesson compared to a control group that experienced a laboratory programme 

on an unrelated topic on plants (Dairianathan & Subramaniam, 2010).   

 

Caleon and Subramaniam (2005) studied a low temperature physics enrichment 

programme that was located at the Snow City attraction in Singapore, and was 

conducted with 531 grade 5-6 students from six schools in Singapore using a cognitive 

test and an attitude questionnaire administered before, immediately after the programme 

and two weeks after the visit. The treatment was a lecture demonstration which 

illustrated the effect of liquid nitrogen on properties of materials such as a banana, 

rubber, balloon and flower, as well as variation of pressure and volume with 

temperature, snow formation and liquefaction of air. The treatment and control groups 

were fairly even in numbers as each intact class was split into control and treatment 

groups on arrival at the Snow City. The control group completed the post-test before 

experiencing the programme, while the treatment group took the post-test immediately 

after the programme. Both control and treatment groups took the delayed post-test two 

weeks later after the field trip. The control was not situated in school as the low 

temperature physics concepts were not explicitly covered in class. The study 

demonstrated that there were cognitive and affective gains after experiencing the 
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programme on the physics concepts as well as increased levels of enjoyment of science 

and motivation to pursue a science career.  

 

Another study followed students from grades 5-6 and grades 7-8 as they learnt science 

concepts using high tech exhibits (Anthony, 2008). The study was conducted at the 

exhibition galleries in the Science Centre in Singapore and the teaching approach 

utilised technology to visualise the topics of water crystals, the structure of the cell and 

the constellations in Singapore’s night sky which are not covered in class. Such 

technology included Cave Automated Virtual Environments (CAVE), a supercomputer-

based multimedia system, Digistar, a computer graphics based projection system and 

the Virtual Cell, a 3-dimensional immersive programme through a human cell as 

visualisation resources. Each student experienced one of the programmes.  Students 

showed cognitive and affective gains after experiencing the programmes through pre-, 

post-tests and survey, and showed great enjoyment of the experience. There was no 

control in this study which was exploring the use of high tech visualisation tools for 

teaching and learning of science concepts.  

 

In summary, from the literature, there are much fewer studies on half-day enrichment 

programmes as compared to the extensive data on school groups learning from 

exhibition visits or through longer enrichment such as camps and summer programmes. 

The studies demonstrate that the participants made gains in knowledge and 

comprehension. Lam-Kan’s study (1985) showed that exposure to enrichment activities 

at the science centre that were linked to classroom science was positively related to 

improved understanding of science concepts covered in class and the enrichment 

programmes. The other two local examples (Anthony, 2008; Caleon & Subramaniam, 

2005) that studied short duration programmes did show potential of learning science 

concepts from exhibits and lecture demonstrations respectively. Both quantitative and 

qualitative methods are used to study enrichment programmes. As mentioned earlier, 

data from quantitative methods are objective and accurate, and can usually be carried 

out in a shorter period of time compared to qualitative methods. However qualitative 

methods are also frequently used for studies in out-of-school settings as the data allows 

in-depth analysis and exploration of factors relating to the phenomenon or intervention 

under study. Mixed methods design combines the breadth and depth of a study of a 
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programme or setting to give a more comprehensive picture than what could be 

obtained by either method alone.  

 

2.5  Science (Museum) Educator – facilitating learning 

Most of the studies on school trips to out-of-school environments such as science 

centres, tend to focus on teacher and student interactions (Anderson & Zhang, 2003; 

Griffin & Symington, 1997; Kiesel, 2003). However, the educator in the science centre 

or museum who facilitates the programme can have an influence as he or she interacts 

directly with the students in the programme and contributes to the experience. When 

students are brought to an out-of-school environment like the science centre for an 

enrichment programme, the experience is a break from the normal class routine and has 

the potential to leave an impression on the learner (National Research Council, 2009). 

The science educator’s contribution is significant as part of the whole programme.  

 

Studies in out-of-school learning institutions have focused more on impact of exhibits 

(Anderson & Lucas, 1997; Anderson & Zhang, 2003; Anderson et al., 2000; Boisvert & 

Slez, 1995, Beiers & McRobbie, 1992), student learning and teacher agendas (Cox-

Peterson et al., 2003; DeWitt & Osborne, 2007; Griffin & Symington,1997; Kiesel, 

2003), pre-orientation, advance organisers and worksheets (McManus, 1992) and post-

visit resources (Anderson et al., 2000).  The study of educators in out-of-school learning 

institutions is comparatively less extensive. The museum educator (called science 

educator in this study) is a term that could describe full time staff, part time paid staff or 

explainers (including unpaid volunteer docents) who are involved mainly because of 

their passion and often high degree of knowledge about the subject or collections which 

they are keen to share with others (Allen & Crowley, 2014; Cox-Peterson et al., 2003; 

Grenier, 2006, 2009). A definition of a museum educator by the American Association 

of Museums (2005) provides a guideline: 

“Museum educators are specialists who help museums fulfil their educational mission. 

They recognize that many factors affect the personal, voluntary learning that occurs in 

museums. They seek to promote the process of individual and group discovery and to 

document its effect. On museum teams, museum educators serve as audience advocates 

and work to provide meaningful and lasting learning experiences for a diverse public” 

(p. 6). 
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They are generally seen to be staff (paid or volunteer), who have responsibilities 

connected with education in direct and frequent contact with the public including 

students and school groups (Foreman-Peck & Travers, 2013; Tran, 2007). Museum 

educators often have a broad range of duties. Examples of such duties include planning, 

developing and conducting programmes for schools, families and adults, visitor 

interaction in gallery programmes, planning and organising school and community 

events, working with partners, contributing input for exhibitions and coordinating 

volunteers or mentoring youth (Bailey, 2006; Dragotto, Minerva, & Nichols, 2006; 

Hein, 2006; Tran, 2008). Hence the educator role is varied and dynamic depending on 

the needs of the museum (Hein, 2006). Together with this range of duties, museum 

educators may also not have access to training suitable for building capacity needed for 

the museum’s unique educational roles. A framework for educational practice among 

museum educators has not been formalised unlike that for school educators (Greiner, 

2006; Tran, 2006). In comparison, school teachers are required to undergo professional 

certification and a course of study from an institution of higher learning with in-service 

training available (Bailey, 2006; Dragotto & Nichols, 2006; Tran & King, 2007). 

 

Museum educators are often the only point of contact when a programme is delivered 

and this is particularly so in the case of school groups visiting out-of-school 

environments like science centres, art and natural history museums, zoos and parks 

(Cox-Peterson et al., 2003; Tal & Morag, 2007; Tal, Bamberger, & Morag, 2005). 

There are many possible ways of using out-of-school environments for education 

(Bevan et al., 2010; National Research Council, 2009; Stocklmayer et al., 2010) but 

without a specific pedagogical approach for museum educators, the tendency is to adopt 

practices that are familiar and often drawn from instruction in schools or other formal 

learning environments (Castle, 2006; Cox-Peterson et al., 2003). Studies show that 

museum educators tend to adopt strategies from classroom practice and observations of 

such educators indicate that they use didactic approaches that are more similar to 

traditional classroom teaching practices where the educator delivers a lecture to the 

students (Cox-Peterson et al., 2003; DeWitt & Storksdieck, 2008; Kiesel, 2005; Tal, 

Bamberger & Morag 2005). In her study of museum educators conducting school tours 

in two museums in the eastern United States, Tran (2007) found that such educators 

interacted by checking on students’ prior knowledge, took effort to make real world 

links and took pains to provide a positive experience for students to revisit the museum. 
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However, these same educators use a limited suite of strategies to engage students 

which were often based on formal classroom approaches. Other researchers found 

museum educators needed to learn a different set of skills to engage students in inquiry-

based student-centred learning (Allen & Crowley, 2014; Bevan & Xanthoudaki, 2008; 

Castle, 2006; Grenier, 2005, 2006, 2009, 2010; Grenier & Sheckley, 2008). Although 

museum educators appear to have very similar duties as school teachers in that a major 

part of their duties involves conducting programmes for school groups, the context, 

environment and resources for delivering and interacting with students are different (Tal 

& Morag, 2007). Compared to teachers in schools who interact with groups of students 

of about similar age, over an extended period of time, museum educators have much 

shorter contact time with any group of students and the students can also come from a 

more diverse range from pre-school to upper secondary levels. Because of this range of 

students, the educator in the museum has to be able to adapt strategies and activities to 

suit whichever audience he or she is working with at that point in time (Tran, 2007). 

The non-assessed nature of the programme can sometimes work against the programme 

as well in that a student may not take it seriously or choose to be inattentive. It is thus a 

challenge for the museum educator to establish some degree of rapport with a group 

within a relatively short period of interaction (Tran, 2007).  

 

While some studies describe the museum educator as transplanting formal educational 

practice from schools into the museum setting (Cox-Peterson et al., 2003; Tal & Morag, 

2007; Tal, Bamberger, & Morag, 2005), other studies portray these educators as having 

a strong belief in their work to ‘make a difference’, working collaboratively, interacting 

with people and enjoying creative and challenging opportunities (Bailey, 2006). 

Similarly, in her study of museum educators, Tran (2006; 2007) found that such 

educators practised creativity, adapting a standard programme or tour to suit various 

groups and were motivated to stimulate interest in science and learning. Museum 

educators choose their occupation as they feel deep fulfilment in carrying out their jobs, 

pursuing their interests and feeling a sense of belonging with a like-minded fraternity 

(Bailey, 2006; Duff, Cherry & Sheffield, 2010). Although as mentioned earlier, 

museum educators appeared to use classroom teaching practices in their interactions 

with students, other studies point to the community as a passionate group, who have a 

strong sense of identity as educators, and leverage on affective engagement to stimulate 

curiosity and interest in the students they touch (Bailey, 2006; Tran, 2007). Museum 
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educators are found to gauge student performance from experience with prior classes 

and used these to assess student levels of ability in incoming classes they teach in out-

of-school learning institutions. This is possible because the practice is to teach a menu 

of programmes to different student groups throughout the year. Educators also use very 

similar teaching approaches to teachers in schools in terms of adaptive teaching, lesson 

design and interaction (Tran, 2007). They made use of the one-time teaching 

programme to promote interest in science and learning in the students to encourage 

future visits to the museum.  

 

Museum educators responsible for delivering the experience of the students are an 

important factor under the sociocultural framework (Vygotsky, 1978) that is adopted by 

out-of-school environments such as science centres. The environment of the teaching 

space in the science centre, such as the laboratory, is collaborative and allows social 

interaction, and the science educator is present as a facilitator (more knowledgeable 

other) to help knowledge construction, thus enabling students move through the zone of 

proximal development (ZPD) and  finding the learning an enjoyable experience (Ash et 

al., 2012). There are different aspects of an out-of-school enrichment programme that 

can have an impact on student learning such as the appropriate content, structure and 

pacing of the programme, novel environment as well as the delivery of the facilitator. 

The facilitator may often not seem a very visible factor as compared to for example, 

iconic exhibits or signature and dynamic show performances, but is still pivotal in the 

social constructivist environment in helping students and other groups arrive at their 

own understandings of the phenomena and ideas portrayed at the science centre (Ash et 

al., 2012).  

 

In this science centre, where the present study took place, museum educators are 

referred to as ‘science educators’, and this term would be used in reference to the 

educators in this study. Although the focus in this study is on the students and the 

enrichment programme that was developed to help their understanding of inheritance, 

the strategies utilised by the science educators to facilitate understanding and interaction 

are worth studying. Although they are one part of a whole experience involving 

interactive exhibits, activities and entertaining shows, they have the potential to 

contribute to the student’s meaningful engagement in the subject or topic. The nature of 

their jobs requires them to spend most of their time interacting with students in 
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enrichment programmes as well as visitors who visit the science centre over the 

weekends and during school vacations. They have an important role in conducting the 

institution’s education programmes for students as they can influence the whole tone of 

the programme and participant’s overall experience. The feedback and observations 

would help confirm if this was also the case in the current study. 

 

Another reason offered for the importance of the educator in the out-of-school setting is 

that the programme takes place in a relatively unfamiliar environment for the class 

teacher as compared to the science educator at the science centre. In this out-of-school 

setting, the teacher is the ‘novice’, while the science educator is more knowledgeable 

about using the resources at hand to create an effective learning experience for the 

students (Tran, 2007; Griffin, 2004).  

 

In summary, learning in out-of-school settings is acknowledged to be complex, 

dependent on many factors that are personal to the learner, social and societal 

considerations and even physical aspects of the learning spaces. This is especially 

challenging within an out-of-school setting such as a science centre, where experiences 

are open to many influences and are less structured and assessed compared to school-

based experiences. This is also connected to the use of evaluation methods to identify 

and study the factors influencing learning, interest or enjoyment. A wide range of 

methods for collecting data are used in out-of-school environments depending on 

whether the outcome or process of learning is being studied. Learning in out-of-school 

science emphasises experiential, hands-on, collaborative learning, that help each learner 

personally build knowledge and understanding, as well as builds on the social and 

constructivist framework of learning. With no external extrinsic motivations, a critical 

consideration in out-of-school programmes is the ability of the experience to stimulate 

interest, enjoyment and the motivation to learn in students (Csikszentmihalyi & 

Hermanson, 1995; Wellington, 1990).  As enrichment programmes are utilised by out-

of-school learning institutions to communicate information on many different topics, 

connected to the school curriculum (e.g. science, geography, health and nutrition) it is 

important also that the content is made relevant and connected to what has been or will 

be covered in school.  This has been shown to contribute to student gains in science 

knowledge and interest (Anderson et al., 2000; DeWitt & Storksdieck, 2008; Griffin & 

Symington, 1997; Rennie & McClafferty, 1995; Tofield, Coll, Vyle, & Bolstad, 2003).  
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This is especially relevant for science topics which may be more challenging for student 

understanding such as heat, magnetism, forces and genetics. The role of the science 

educator is thus not insignificant as the facilitator who helps guide students through a 

topic or content that may seemingly be beyond their understanding.  

 

2.6 Topic of genetics and genetic inheritance  

With the advent of the genomic revolution since the elucidation of the DNA structure as 

well as advances leading to the decoding of the Human Genome Project in 2001, 

genetics is an area where many interdisciplinary discoveries and research breakthroughs 

are being made. The life sciences field in the 21
st
 century makes references to the New 

Biology because this field has the capability with integrated inputs from other science 

disciplines, to provide solutions to many current medical, environmental, food crop and 

energy issues (National Research Council, 2009). Many of these applications and 

advances involve manipulation of genes as in stem cells to grow new organs, applying 

personalised medicine, repairing genetic diseases and producing genetically enhanced 

crops to withstand high-salt or drought conditions, deliver vitamins and even provide 

green energy alternatives. Life sciences, in particular, molecular biology and genetics, 

has the potential to make significant impacts on society in the 21
st
 century. With 

genetics poised to have an increasing importance in daily life, it is important that 

students should be equipped with at least a good foundation for the public 

understanding of genetics in order to appreciate genetic risks and diseases, (Hott et al., 

2002; Kampourakis, Reydon, Patrinos, & Strasser, 2014; Kung & Gelbart, 2012).  

 

Studies in genetics education have focused on three main areas: firstly, checks for 

conceptual difficulties among students through use of assessment probes; secondly, 

classroom-based strategies to address misconceptions in the target student age group; 

and thirdly, development of learning progressions as a key strategy to overcoming 

student learning difficulties. Learning progressions have not been covered in this review 

as they are more relevant for policy and curriculum development, requiring 

implementation across school levels.  

 

2.6.1 Research studies on the learning of genetics  

Learning difficulties in genetics 
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On the education front, the topic of genetics in biology is part of the school biology 

curriculum at high school or secondary level in many countries. It is often taught 

together with evolution and natural selection as it is seen to be an important 

foundational concept of biology and the key mechanism of how the diversity of life is 

created and evolves (Wood-Robinson, 1994). This is a topic that has significance in the 

biology curriculum. Research, with students and in schools, shows that although it is an 

important topic, genetics is difficult both to teach and to learn (Bahar, Johnstone & 

Hansell, 1999; Brumby, 1984; Hackling & Treagust, 1984; Johnstone and Mahmoud, 

1980; Kibuka-Sebitosi, 2007; Stewart, 1982). Student difficulties in learning and 

understanding concepts in genetics have been documented over many years (Deadman 

& Kelly, 1978; Johnstone & Mahmoud, 1980; Mills Shaw, Van Horne, Zhang, & 

Boughman, 2008; Longden, 1982).  Poor understanding can be present even at 

secondary and undergraduate levels (Banet & Ayuso, 2000; Duncan & Reiser, 2005; 

Duncan, Rogat, & Yarden, 2009; Lewis & Kattman, 2004; Tsui & Treagust, 2007).  

From a public understanding point of view, studies indicate that inheritance is also 

poorly understood by adults (Richards & Ponder, 1996). Secondary students and adults 

find it difficult to follow how these mechanisms operate at the cellular and organismal 

levels. Much research has been done in trying to identify these issues (Dreyfus & 

Jungwirth 1989; Lanie et al., 2004; Lewis, Leach, & Wood-Robinson, 2000a, 2000b, 

2000c; Lewis & Wood-Robinson 2000; Lewis & Kattmann, 2004, Lock, Miles, & 

Hughes, 1995; Marbach-Ad, 2001; Marbach-Ad & Stavy, 2000; Michie et al., 1995, 

Wood-Robinson, 1994, 1995; Wood-Robinson et al., 2000). 

 

Some reasons have been put forward to account for the learning difficulties of 

secondary students and even older undergraduates. The topic is presented in schools 

with the concepts being taught as discrete units which may not seem connected 

(Allchin, 2000; Bahar, Johnstone & Hansell, 1999; Marbach-Ad, 2001). This topic also 

spreads over very different levels of understanding: from the visual, observable and 

macro level, where the expression of genes can be seen in physical traits, to a micro, 

invisible level of cells, zooming further down to biochemical molecular structure and 

genetic information (Bahar et al., 1999; Marbach-Ad & Stavy, 2000). It also involves 

reasoning about phenomena across levels of organisation from cell to the full organism 

(Duncan & Reiser 2007). Technical vocabulary and the mathematical nature of 

Mendelian genetics are also cited as contributing factors to the subject difficulty 
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(Knippels, Waaarlo, & Boersma, 2005). Newman, Catavaro, and Wright (2012) found 

that their college-level biology students had difficulty ‘transferring’ mental models and 

did not consciously link their knowledge of chromosome structure with the complex 

cell division processes or DNA. Another area that compounds the issue is that students 

think of molecular models as replicas of the actual molecule, rather than as a conceptual 

structure (National Research Council, 2005). The researchers postulated that such 

difficulty in learning genetics requires that the topic needs to be contextualised before 

the content can be meaningfully learnt. In fact, some researchers have suggested that 

many incorrect student ideas expressed about genetics may not be true misconceptions 

or alternative conceptions, but rather an inability to link the concepts at different levels 

together into a broader conceptual framework (Lewis & Wood Robinson, 2000; Lewis 

et al., 2000; Knippels, 2002; Marbach-Ad & Stavy, 2000). 

 

From the above studies, there is agreement that genetics is considered a topic that 

requires a higher cognitive level of understanding and comprehension (Marbach-Ad & 

Stavy, 2000; Seymour & Longden, 1991; Simpson & Marek, 1988). When students 

cannot understand they tend to memorise isolated bits of information without seeing the 

relationship between the concepts and the information. Without understanding and 

learning meaningfully students can be prone to misunderstand content (Cavallo, 1996; 

Cavallo & Schafer, 1994). Hence, it is also important that students learn the content in a 

way that makes sense and facilitates their learning. The focus should not be on learning 

more facts but on being able to make coherent sense of the information (Wandersee & 

Fisher, 2000). 

 

Student conceptions of inheritance 

Younger children have also been investigated for their ideas of kinship and inheritance 

(Solomon et al., 1996; Springer, 1999). The elementary or primary (Grades 5-6) years 

and lower secondary/middle years (Grades 7-8) of schooling have not been studied as 

extensively as the other levels (Smith & Williams, 2007; Venville, Gribble, & Donovan, 

2005). There is a significant research gap on how children in these levels view 

biological inheritance (Smith & Williams, 2007). Venville et al. (2005) studied a sample 

of 90 9-15 years olds through extensive interviews on basic inheritance and molecular 

genetics concepts such as gene and DNA. They found children carry with them concepts 

of kinship and inheritance formed from cultural and media influences that shape their 
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ideas and not all of these are accurate but still seen in further studies (Donovan & 

Venville, 2012; 2014). The study by Smith and Williams (2007) was a cross sectional 

and longitudinal study of 164 children in four age groups (4-5, 7-8, 10-11 and 14-15 

years of age). Generally the children formed their ideas about inheritance from their 

experience of heredity within their families and formed ideas that could potentially 

interfere with understanding and learning formal genetics. The studies suggest that 

children conceptualise a framework of inheritance through the lens of everyday family 

and social relationships (Richards, 2000; Smith & Williams, 2007; Venville et al., 

2005). Later in secondary/high school, students study formal genetics in biology and 

acquire a second framework which is more abstract and where genetic terms are learnt. 

The abstract information makes it difficult for older students to connect and link to their 

everyday experiences of inheritance, so the two are kept in separate domains of thought 

(Da Rosa & Solomon, 1998). This has implications for understanding and developing 

instructional materials for students at both elementary and high school levels. Students 

would carry basic notions of inheritance from childhood, until they study genetics at 

about the age of 14-15 years. Some of these ideas may be difficult to change and 

students may cope by having two different explanatory frameworks, as suggested by the 

above studies. 

 

Research on students who study genetics in school reveals different conceptions about 

inheritance. In many countries, genetics is taught as a topic from grades 8 onwards (14-

15 years) and students already may hold some ideas about how hereditary information is 

located and passed on. Students’ incorrect ideas on hereditary information include that 

plants do not have genes, chromosomes or DNA (Banet & Ayuso, 2000; Venville & 

Donovan, 1995; Wood-Robinson et al., 1998) and that genetic information is only found 

in sex cells such as sperm and the egg (Banet & Ayuso, 1995). There is also poor 

understanding of the way genetic information is stored, and students do not connect 

gene, chromosome or even the nucleus – students have incorrect ideas, that 

chromosomes are not found in the nucleus, genes are not found in chromosomes and 

that a person can have genes but not chromosomes (Banet & Ayuso, 2000; Lewis et al., 

2000a) and that each type of cell contains different genetic information according to its 

function - for example, a nerve cell carries different hereditary information from a skin 

cell and new cells are produced according to the cell function rather than the genetic 

information they carry (Banet, 2000; Lewis et al., 2000b). Alternative ideas are also 
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present about the transmission of hereditary information and appearance of new 

features, for example, students wrongly think that the influence of parental genes is not 

equal: one parent has greater influence, and that the sex of an individual is determined 

through sperm, blood or by chance (rather than by sex chromosomes in the sperm and 

egg) (Ramagoro & Wood-Robinson, 1995). The origin of genetic variation is 

incorrectly attributed partly to environmental reasons and that mutations occurring in 

any cell can be passed to the next generation (Ramagoro & Wood-Robinson, 1995) 

whereas only mutations in the sex cells can be passed to offspring. Interviews with 

students ranging from 9-15 years found that incorrect ideas about genes and DNA were 

found across different age groups (Venville & Donovan, 1995). Less than a third of the 

100 students interviewed were clear about basic hereditary concepts such as what 

constituted living and non-living and if all living things contained genes. Muela and 

Abril (2014) found incorrect ideas that were resistant to change even after instruction in 

secondary year 4 students (14-15 years, n=225) in Spain. Such incorrect ideas that came 

out through a 17-item MCQ questionnaire was that the X chromosome is considered 

female while the Y chromosome is considered male, that mutations do not occur in 

healthy human but cause disease and that trees do not have cells with DNA. There was 

no statistically significant improvement in correct scores after genetics instruction in 

school for 14 of the 17 items that were assessed.  In Singapore, one study was carried 

out in a grade five classroom, which used concept cartoons as formative assessment of 

students’ ideas about biological inheritance. The recorded conversations of the pupils 

did surface alternative conceptions about how inheritance works (Chin & Teou, 2010). 

Some of these incorrect ideas were: a baby will be a girl or boy depending on whether it 

gets more male or female genes; that the number of genes increases as a person gets 

older; that children’s genes from parents were transmitted independently of their 

grandparents and an individual’s behaviour was inherited from his or her parents.  

 

Some alternative conceptions that have been found in students include ideas such as: 

characteristics acquired during the life of a person can be passed down to the next 

generation, the belief that parental contributions are unequal (i.e., girls will inherit their 

mother’s traits and boys will inherit their father’s characteristics) and a lack of 

awareness that there are physical cells and genetic information being transferred 

through reproduction. The idea of dominance is not always correct - if a dominant allele 

for a trait or feature is present in one of the parents, the trait will always be expressed in 
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the children. Students are able to work out the genetic mathematical probability but are 

not so clear how it links to inheritance (Lewis & Robinson, 2000). Other ideas of 

students include that size and shape of cells correspond to the size of organism – 

elephant cells are larger than mouse cells, males of all species are larger and stronger 

than females and (in rural communities), that the sex of the baby is determined by the 

mother (Dreyfus & Jungwirth 1989; Lanie et al., 2004; Lewis et al., 2000; Lewis & 

Kattmann, 2004; Lewis & Wood-Robinson 2000; Mbajiorgu, Ezechi, & Odoko, 2007). 

Strategies that have been used to help classroom teaching of genetics include 

technology-based instruction and computer-based multimedia and simulation programs 

(Law & Lee, 2004; Songer, 2006a, b; Tsui & Treagust, 2003a, 2003b, 2007; Williams et 

al., 2012). Models and analogies have also been found to help student understanding 

(Rotbain, Marbach-Ad, & Stavy, 2005, 2006; Tsui & Treagust, 2003a, 2003b; Venvile 

& Treagust, 2002; Venville & Donovan, 2007); as well as metaphors (Martins & 

Ogborn, 2007). All these strategies have been conducted for older students learning 

formal genetics (16-18 years) and conducted over a period of time in classroom 

instruction.  

 

2.6.2 Assessment probes  

Probes of conceptual difficulties include a mix of multiple-choice questions with written 

explanations (Chattopadhyay, 2005; Lewis & Wood-Robinson, 2000a, 2000b; Kilic & 

Saglam, 2009), written short answers to structured questions (Boujemma et al., 2010; 

Mills Shaw et al., 2008) and verbalise-thinking or think-aloud interviews (Lewis & 

Kattman, 2004). Such tests which were designed for upper secondary (16 years) 

students can serve as an indicator of student knowledge on the tested concepts. Each 

strategy has its advantages - written responses to questions and think-aloud interviews 

can provide valuable input into student thinking and understanding, but are not always 

practical to administer in a large student group. Other methods of assessment include 

semi-structured interviews especially with young children (Marbach-Ad, 2001; 

Solomon et al., 1996; Smith & Williams, 2007; Venville & Donovan, 2005), drawings 

(Reiss et al., 2002; Rotbain et al., 2005), concept maps (Wandersee et al., 2000) and 

word association (Bahar et al., 1999). Face-to-face interviews yield rich data but are 

also a heavy investment of resources as the interviews need post interview time for 

transcribing, coding and interpreting (Wood-Robinson et al., 2000). Concept mapping is 
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also a useful method to understand student thinking although it can be more time-

consuming for use in the class; the analysis of concept maps also requires proper 

training to interpret (Wandersee et al., 2000). Such strategies would be challenging to 

adopt within a science centre setting where the students’ presence is temporary. 

 

Multiple Choice Questions (MCQ) 

Assessment tests in multiple choice format are also a common instrument and MCQ 

format probes that have been developed include the Biology Concept Inventory 

(Klymkowsky & Garvin-Doxas. 2008), Genetics Concepts Assessment (GCA) (Smith, 

et al., 2008), Genetics Literacy Assessment Instrument (GLAI) (Bowling et al., 2008; 

Knight, 2010) and Molecular and Cell Biology diagnostic assessment (Shi et al., 2010). 

These have been designed for use in large undergraduate courses and consist of 

multiple-choice questions, pre and post courses.  

Multiple choice questions (MCQ) is an assessment that is more efficient although it 

does not help us to understand why students had selected an item of choice, and whether 

the selection was based on correct or incorrect reasoning (Caleon & Subramaniam, 

2010; Tan, Goh, Chia, & Treagust, 2002). In answering MCQs, students can sometimes 

get an answer correct through guesswork. With many studies in informal science 

education using MCQs for tracking gains in student understanding, it is clear that this is 

a limitation of such studies (Tamir, 1990; Treagust, 1988). Tamir (1990) suggests that 

single tier MCQs tend to overestimate students’ knowledge as they may not be able to 

explain the choice of their answers and there is guesswork. The probability of this 

occurring is greater for traditional MCQs. By justifying answers through a justification 

or reason tier, more information can be obtained on students’ ideas and knowledge 

while incorrect justifications can shed light on students’ misconceptions (Tamir, 1990). 

Two-tier questions do help to address this weakness.  

The use of justifications in answering MCQs was pioneered by Treagust (1986) who 

found it to be an effective way of assessing student learning and addressed to some 

extent the limitation of traditional MCQs. He proposed the use of response items that 

contained known student alternative conceptions and for students to justify the choice of 

answer. Two-tier tests can be given in different ways: both content and reason tiers are 

multiple choice and students choose from a range of answer options, or where the 
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content tier is multiple choice but the reason tier is open-ended (Treagust, 1988, Voska 

& Heikkinen, 2000). The open format for the reason tier can be helpful when there is 

little information from research literature on student conceptions on the topic although 

one disadvantage is that the teachers need to be trained to interpret the free responses 

(Voska & Heikkinen, 2000). Students’ free responses together with interviews can help 

shed some light on their reasoning. However, a two-tier format with MCQ options in 

both content and reason tiers has the advantage of being convenient and not time-

consuming to administer and mark. This is especially useful when the MCQ options for 

the reason tier are known student alternative conceptions (Treagust, 1988, 2006). 

Research studies have also now applied two-tier diagnostic tests for a range of science 

topics and tests for genetics for secondary students have been reported to have a good 

measure of success in unearthing misconceptions as students need to justify the choice 

of their answer (Kilic & Salam, 2012; Sesli & Kara, 2012; Tsui & Treagust, 2003a, 

2003b; Tsui & Treagust, 2010). Mann and Treagust (1998) used a two-tier diagnostic 

instrument which included true/false type questions rather than multiple choice options 

on the topic of breathing and respiration. 

 

Confidence measures 

Confidence ratings have been used in psychological testing since the 1930s, so it is not 

a new concept. In such tests, students are asked to rate their own cognitive performance 

in vocabulary and perceptual tasks (Stankov & Crawford, 1997, Stankov & Dolph, 

2000). It can be considered to be the ‘internal, estimated belief’ of an individual in his 

or her self accuracy (Renner & Renner, 2001, p. 23). However, its use in science 

education is more recent. It was first used together with traditional MCQs as an 

additional tier, called a two dimensional MCQ (2DMC). Students are asked to indicate 

their level of confidence that their answer to the multiple choice question is correct 

(Klymkowsky, Taylor, Spindler, & Garvin-Doxas, 2006). Two dimensional multiple 

choice tests were first used by Clement, Brown and Zietsman (1989) and Hasan, 

Bagayoko and Kelley (1999) to investigate alternative conceptions in science. Clement 

et al. (1989) used a 2DMC diagnostic test, to test high school students on the topic of 

forces. The test was used to identify preconceptions, that is, what students knew before 

formal instruction so teachers could plan effective teaching strategies. Hasan et al.’s 

study was to determine misconceptions in college physics students on the topic of 

mechanics.  
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The confidence tier helped to distinguish between incorrect answers due to lack of 

knowledge and hence guessing (confidence level is low) and those with misconceptions 

(confidence level is high). Hasan, et al. (1999) called it a ‘certainty of response index’ 

where students had to indicate if they were certain or uncertain about the correctness of 

their answers. Both Clement et al. (1989) and Hasan et al. (1999) planned separate 

scoring schemes apart from the MCQ scores, ranging from 0 (guessing) to 3 or 5 (‘I’m 

sure I‘m right’ or ‘certain’, respectively). Confidence rating has been proposed as a 

valid evaluation tool as it is related to cognitive performance (Stankov & Crawford, 

1997, Stankov, Lee, Luo & Hogan, 2012, Stankov, Morony, & Lee, 2014). Ideally 

students with high confidence are those who achieved high correct scores while those 

who had low achievement would express low confidence. There are students who have 

high confidence which is not positively correlated to their scores (Lundeburg et al., 

1994). The addition of the confidence scale in the cognitive instrument can determine if 

a correct answer was the result of guessing, lack of understanding and hence low 

confidence or if an incorrect answer was due to lack of knowledge or the result of 

alternative conceptions. The confidence rating also provides an added dimension to the 

students’ responses. Studies involving comprehension of language show a correlation 

between confidence and academic performance (Stankov & Crawford, 1997; Zakay & 

Glicksohn, 1992). Confidence also is positively related to easy recall of the concepts 

(Morris, 1990), greater familiarity with the content (Glenberg, Sanocki, Epstein, & 

Morris, 1987), and provision of feedback on prior testing (Glenberg & Epstein, 1985).  

 

Confidence ratings are also varied depending on the response scales as they could be 

presented as percentages from 0-100% (Stankov & Crawford, 1997), or have discrete 

values (for example starting at 20% for a MCQ with five answer options). This format 

of scale has been used by Kleitman and Stankov (2001) and Koku and Qureshi (2004). 

Likert-type scales have also been used where confidence level ranges from lowest to 

highest levels of confidence (Clement et al., 1989; Hasan et al., 1999; Kulhavy, 

Yekovic, & Dyer, 1976). The confidence scale can range from four levels (Clement et 

al., 1989), five levels (Kulhavy, Yekovic, & Dyer, 1976), six levels (Hasan et al., 1999) 

and even up to ten levels (Taylor & Kowalski, 2004). A scale of five or six levels is 

suggested (McKelvie, 1978) for better discrimination and reliability. Each question, 

whether two-dimensional multiple choice (2DMC) or three-tier multiple choice 
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(3TMC), would contain a confidence tier. The tier would have its own scale with scores 

for the student’s response. The ratings for confidence values are calculated separately 

from the marked responses to the questions. From the confidence values for each 

question, it was also possible to derive the following, guided by previous work (Caleon 

& Subramaniam, 2010; Lundeberg et al., 2000; Stankov & Crawford, 1997): mean 

confidence of students when they select a choice, no matter if it is correct or incorrect 

(CF), mean confidence of students who answered correctly (CFC) and those who 

answered incorrectly (CFW). From these values, a mean confidence accuracy quotient 

(CAQ) can be derived, which is calculated based on the difference between CFC and 

CFW, divided by the standard deviation of confidence of students who responded to 

that question. The CAQ is a measure of the discriminating confidence value of the 

students, that is, whether they are able to discriminate between what they know and 

what they do not know (Stankow & Crawford, 1997). Another value that can be 

calculated from the confidence values is confidence bias (CB), which is zero in a perfect 

calibration situation – positive when there is overconfidence and negative when low in 

confidence. Generally, studies show the presence of overconfidence in bias scores 

(Stankov et al., 2014), although this can also be related to ability of the students and 

difficulty of the test. Females are found to be better calibrated, that is, they have lower 

bias scores compared to males (Pallier et al., 2002), and that secondary students in 

Singapore appear to have good calibration with bias scores closer to zero as compared 

to similar students in Western countries, (Stankov et al., 2014). The use of confidence 

scales in addition to the cognitive questions can provide further indication of the 

veracity of the student responses and allow for better discrimination on whether student 

answers to MCQs and two-tier MCQs are due to guessing, content proficiency or other 

reasons. At the same time, the various confidence measures can provide further 

indication of other aspects of students’ metacognition.  

 

Interest and enjoyment scale 

As outlined in section 2.1.1, enjoyment (and interest) is an outcome planned for in out-

of-school programming because it reinforces the experience with emotional engagement 

and the anticipation that interest to learn more about the subject would follow 

(Renninger, 2007).  Self-report surveys are often used to collect data on affective 

components because these are subjective outcomes experienced only by the student or 

participant. Such self-reports could be in the form of questionnaires or interviews 
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targetting beliefs, attitudes or interests (Pell & Jarvis, 2001; Rennie, 1994; Renninger, 

2003). Such self-report surveys have been used to evaluate changes in visitors’ and 

students’ interest in various science or conservation topics at zoos, science centres, 

nature parks and environmental field trips (Falk & Dierking, 1997; Falk & Needham, 

2001; Knapp, 2000; Orion & Hofstein, 1994; Salmi, 2003; Tofield et al., 2003). Studies 

involving students in out-of-school science learning have used scales, where 

participants rate their enjoyment and interest (Caleon & Subramaniam, 2005; Lam-Kan, 

1995; Markowitz, 2004; Pell & Jarvis, 2001).  Interviews with participants have also 

been used to obtain more in-depth understandings of their affective experiences and 

memories of such visits (Falk & Dierking, 1992; Packer & Ballantyne, 2002, 2006; 

Stevenson, 1991; Wolins et al., 1992).  

 

2.6.3 Stimulated recall – group activity  

Recollections of visit  

Although documenting long term impacts of out-of-school programmes is a challenge, 

there appears to be evidence of retention of memories of the experiences of students and 

visitors even months after a visit (Falk & Dierking , 1992, 1997; Jarvis & Pell, 2002, 

2005; Knapp, 2000;  Stevenson, 1991; Wolins et al., 1992). Most of these have been 

through questionnaires (Tuckey, 1992), interviews (Falk & Dierking, 1992; Falk, Scott, 

Dierking, Rennie, & Cohen Jones 2004; Jarvis & Pell, 2004), telephone interviews 

(Falk, & Needham, 2011) and stimulated recall (Tofield et al., 2003; DeWitt & 

Osborne, 2010; Stevenson, 1991).   

 

The origin of the term ‘stimulated recall’ has been attributed to Benjamin Bloom, who 

used to audiotape his lectures at the University of Chicago and used them as a 

springboard to stimulate his students to recall behavioural gestures and activities that 

were part of the lecture (Bloom, 1953; Slough, 2001).  He found that the students 

exhibited a very high degree of accurate recall of such activities, as high as 95%, when 

conducted within two days of the lecture. Bloom described this as “a method of reviving 

memories” (p. 162), as well as the thinking of students during his lectures.  

 

Stimulated recall is a reflective research method that allows participants to recall their 

thinking and share thoughts prompted by a video sequence (Lyle, 1993, 2003). It 

belongs to a group of techniques called verbal reports (Bowles, 2010). Some of these 
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methodologies occur concurrently as the event, such as “think aloud” protocol. The 

stimulated recall however elicits recall after the event (Mackey & Gass, 2016). 

Variations of this approach have been used without issues especially in training. It is a 

technique used frequently for educational and psychological research in the teaching, 

nursing, medical and counselling fields. The techniques of stimulated recall were 

developed as an option to “think aloud” protocols often used in cognitive science 

research, where the participant is asked to verbalise his or her thoughts as much as 

possible in carrying out tasks so as to understand the process of thinking of that 

participant (Strough, 2001). Stimulated recall protocol provides an alternative in 

accessing thought processes of participants where thinking aloud was inappropriate and 

not possible, such as in more naturalistic settings, for example, a teacher in a classroom 

or trainees in counselling. In this method, participants were videotaped or audiotaped 

while conducting their activity. The stimulated recall would take place after these 

sessions where the participants would be asked to report on what they were thinking 

when they were played back the recordings of their activity. It gives the researchers 

useful data as to why participants chose a specific course of action when they explain 

their decision or thought process in the recall (Marland & Osborne, 1990). It has been a 

popular research tool in teaching (Chittenden, 2002; Marland & Osborne, 1990; 

Zanting, Verloop, & Vermunt, 2001). One adaptation of this protocol has been in 

having young students (6-7 years and 10-11 years) take their own photographs with 

disposable cameras and these are used as the basis for the stimulated recall in semi-

structured interviews (Fox-Turnbull, 2015).  Stough, Palmer and Leyva (1998) found 

that stimulated recall increased self reflection of teachers and even expert educators who 

might tend to operate on ‘auto-mode’ once they had perfected teaching practice methods 

(Stough, 2001).  In the usual method of stimulated recall, a series of structured but 

open-ended questions are posed to guide the recall and elicit the thinking of the 

participants as they explain what they were doing on video or audio. The stimulated 

recall interviews are normally arranged as soon as possible after the recording “to 

maximise the subject’s use of short term working memory” (Lyle, 2003, p 862). Studies 

comparing free recall with stimulated recall of participants’ personal experience, show 

that the methodology to stimulate recall significantly improves the degree and volume 

of experience that can be recalled (Gaier, 1954).  Lyle (2003) also reported that the use 

of stimulated recall is generally accepted although there have been some concerns raised 

that during recall, some participants may add on to their narrative in the stimulated 
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recall sessions (Lee, Landin, & Carter, 1992) and that participants may be responding to 

the recorded video or audio rather than the actual event itself (Tjeerdsma, 1997). 

Teachers who were videotaped as part of the stimulated recall, experienced tension and 

this interfered with their self confidence and performance (Fernandez & Ruiz, 1996). 

However, such experiences can be ameliorated when the participant becomes familiar 

with the methodology, and rapport and trust are built up between the researcher and 

participant (Calderhead, 1981). In summary, the stimulated recall as a research tool is 

considered to be a useful one (Lyle, 2003; Stough, 2001).  

 

Such recall studies have used questionnaires (Tuckey, 1992), while the most common 

method has been through face to face interviews (Falk & Dierking, 1992; Falk et al., 

2004; Jarvis & Pell, 2004) or telephone interviews (Falk & Needham, 2011).  

Interviews using stimulated recall have also been used by Tofield et al. (2003), DeWitt 

and Osborne (2010) and Stevenson (1991). Most recall studies have been conducted not 

long after a visit to a science centre or zoo, although there have been more studies 

eliciting recollections after much longer periods in longitudinal studies (Falk & 

Needham, 2011; Falk et al., 2004; Stevenson, 1991). 

 

Stimulated recall has also been used in studies of visitors at out-of-school learning 

institutions. For example, Tofield et al. (2003) used the technique with zoo visitors 

while Stevenson (1991) interviewed science museum visitors. Both used photos of 

exhibits to elicit recall during interviews. Falcao and Gilbert (2005) used digital 

photographs to replace the videos in a study in two science museums in Portugal. Such 

recall techniques have been found to be helpful for participants in recalling events or 

information at the time of the visit. In Stevenson’s study the interviews were conducted 

about 6 months after the science museum visit. DeWitt and Osborne (2010) used photos 

and videos to conduct stimulated recall interviews with upper primary students after a 

visit to a science centre in the U.K.  In the aforementioned studies, the stimulated recall 

was carried out to elicit memories of visits to exhibits and what had happened during 

the visit (focus on processes of learning), the premise being that understanding how 

students make sense of the exhibits would also shed light on ways to enhance learning 

(DeWitt & Osborne, 2010). DeWitt and Osborne (2010) used both photographs and 

videos of exhibits in post visit interviews with primary school children aged 9-11 years 

and although there was little difference between responses stimulated by video and 
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photographs, the recall showed potential to deepen learning from the visit to the science 

centre.  

 

In summary, the topic of inheritance and genetics is one that is difficult to teach and 

learn due to the abstract and ‘invisible’ nature of the processes involved in this area. 

Students even at advanced levels (16-18 years or undergraduate) can still be confused 

about the mechanism of how heredity works. By exposing students at an earlier age to 

concepts of genetic inheritance (elementary level), it may make it easier for young 

people to reconcile their everyday ideas of heredity with correct information. Such 

exposure can include hands-on investigations or activities, that help students learn step 

by step to aid learning, and one very good resource are science enrichment programmes 

which can be sited in-school or out-of-school. Programmes based in out-of-school 

environments do carry advantages in providing a change of pace, instructor and 

instructional strategies that can leverage on resources and social interaction found in 

those environments. Enjoyment and interest derived from participation in such 

experiences are integral to the learning in such spaces and so should also be measured 

together with cognitive gains by the participants.  

 

Summarising from the chapter review of the literature, we refer to out-of-school 

learning as the activities organised outside of the school setting that are not designed to 

be part of the school syllabus and are a potential resource for helping students learn 

through a non-assessed, experiential, activity-based approach. In such environments, the 

social nature of learning is also emphasised in learning from more knowledgeable 

facilitators and in collaborating with peers. The hands-on approach of enrichment 

programmes in such environments, particularly science centres, can help students learn 

by active experimentation and constructing their knowledge as they experience the 

programme. Studies on out-of-school learning do appear to indicate that they can help 

spark enjoyment and situational interest in the short term, which can develop into 

individual interest in the subject and interest in a science career. These elements of out-

of-school programming have potential to complement school science in teaching topics 

in science that are difficult to understand such as genetics. It is a topic that students even 

at elementary level think about because they see aspects of inheritance in shared traits in 

their everyday family situations. This presents an opportunity for the use of enrichment 

programmes to be developed for use with elementary students. Assessments of student 
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understanding of genetics have been with older students (14 years and above, up to 

undergraduate), using a variety of in-class assessments. Children’s knowledge of 

inheritance at the elementary age (11-12 years) and on the use of out-of-school 

programmes for instruction is under researched.  

 

2.7 Rationale for study 

Genetics is an important subject to understand human health and nutrition 

As mentioned earlier in section 2.5, genetics is the new biology of the 21
st
 century. 

Mills Shaw et al. (2008) state that: 

“The rapid advances in genetic research, the popularity of the topic in the news and in 

current popular television shows (e.g. CSI: Crime Scene Investigation), and the direct 

role that genetics plays in human health and reproduction make it a scientific discipline 

that everyone needs to understand.” (p. 1157)  

 

However at the same time, genetics is a topic that is abstract and not easy to understand. 

Mills Shaw et al. (2008) identified misconceptions in genetics related essays written by 

students in grades 9-12 across the U.S. The essays were part of a competition under 

National DNA Day organised by the American Society of Human Genetics (ASHG). 

Some misconceptions that were common were related to basic Mendelian inheritance, 

with students wrongly indicating that bacteria and fungi do not carry DNA. Some 

students also confused the terms DNA, genes and chromosomes, thinking of genes and 

DNA as separate substances when genes were composed of DNA strands. Others 

indicated that HIV-1 was an inherited disorder or suggested that a gene from one 

species genetically engineered into another species would express that trait exactly the 

same way as in the original species (Mills Shaw et al., 2008).  

 

Genetics information is pervasive but it may be not be correct 

Although Mills Shaw et al. (2008) were critical of classroom teaching of genetics in the 

U.S., they also alluded to public or media information that was often summarised or 

written inaccurately, for example, scientists communicating in media should be more 

explicit, and refer to ‘mutation in the gene leading to the cystic fibrosis disease’ rather 

than ‘cystic fibrosis gene’. Misconceptions about genes were also reported across other 

countries (Lewis & Wood-Robinson, 2000; Knippels et al., 2005; Marbach-Ad & Stavy, 
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2000; Mbajiorgu et al., 2007). These misconceptions were identified in secondary or 

university level students who had completed post-secondary education in these 

countries and who would have had instruction in school on genetics. Studies suggest 

that students develop everyday conceptions of inheritance at an early age which they 

may use to explain observations of inheritance around them and which they retain until 

school instruction (Kargbo et al., 1980, Clough & Wood-Robinson, 1985, Kibuka-

Sebitosi, 2007). If these ideas conflict with concepts learnt at upper secondary level, 

students tend to revert to ideas they are more familiar with even if these may be 

incorrect (Lewis & Kattmann, 2004).  

 

Donovan and Venville (2014) suggest that the topic of genetics may be introduced too 

late in the school curriculum as children are already being exposed to information on 

DNA from the media and form ideas based on the information they receive, e.g. ideas 

from the popular C.S.I series which may not be correct as they do not have the correct 

background information. A study of 1027 jurors (Shelton, Kim, & Barack, 2007) 

showed that they expected more scientific evidence such as DNA to be presented at all 

trials. These members of the public believed that they learnt more about science and 

technology from watching television than in school (Shelton, 2008). Similarly, studies 

with students indicate that with the influence of media they may also feel they develop 

proficiency in genetics by watching television, which could be misleading as the media 

communicates some wrong ideas (Brewer & Ley, 2010; McSharry, 2002). For example, 

the idea conveyed by the films regarding the location of DNA (hair or drop of blood) is 

that plants and lower organisms (with no hair or blood) do not contain DNA. And again 

that radiation can cause mutations in the body but omitting information that mutations 

must affect sex cells for them to be inherited (Muela & Abril, 2014). Donovan and 

Venville’s study with 10-12 year old Australian children showed that they watched a 

daily average of 5 hours of television much of which had genetics content. The content 

from these children’s conversations as recorded by the researchers in their study, was 

similar to what was being covered on the media such as genes associated with disease, 

DNA with solving crimes, establishing family relationships and personal identification 

(Donovan & Venville, 2014). Their study also showed that after this exposure, almost a 

quarter of the study sample (24%) were interested enough to do their own research on 

the Internet and in the school library on DNA. Even with the public, although awareness 

of genes, GM foods and crops, or genetic diseases may be high the same cannot be said 
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of their correct understanding of these concepts. For example, a survey of the general 

public (n=600) in Singapore, found that 20% of the respondents thought that eating GM 

foods could change a person’s genes, while 34% thought that DNA or genes cannot be 

digested by the human body (GMAC, 2007).  

 

Genetics and inheritance need to be communicated appropriately for different levels 

like other abstract topics 

In many countries, including Singapore, genetics is only taught at the upper secondary 

levels, as it is considered conceptually challenging and not suitable for younger students 

especially the more complex aspects of molecular genetics which are usually taught at 

grades 11-12 or higher. However, Donovan and Venville (2014) point out that other 

topics on abstract phenomena such as magnetism, forces and energy are also taught at 

earlier ages of 10-12 years (Grades 5-6). Such topics are also considered abstract with 

misconceptions documented in literature over the years (Allen, 2010; Osborne & 

Gilbert, 1980) and some of these concepts are likely to be more difficult to teach using 

models in comparison to demonstrating a model of genes made of DNA (Venville & 

Donovan, 2007, 2008). The authors made reference to the Australian curriculum where 

all genetics is introduced when students are 15 years (Year 10). In Singapore, genetics 

as a topic is taught at age 15 years old as well, while simple concepts of shared traits 

among families and components of a cell, are taught in elementary school. It is thus 

important that students learn correct concepts early on rather than develop their own 

conceptions which could be incorrect and prove to be a barrier when introduced to 

genetics much later in upper secondary school. It must also be pointed out that genetics 

is taught within the subject of biology which is studied by a smaller proportion of the 

secondary level students. Such students, who may study physics and chemistry, will 

then not be exposed to any genetics concepts.  

 

Willingham (2008) makes a case for students to be exposed to background knowledge 

from an early age. This prior knowledge gives students context in order for them to 

make sense of the information from the world around them. He also points out that 

more recent developmental psychological research shows child development does not 

strictly follow discrete Piagetian stages (Willingham, 2008). Bruner also had suggested 

the idea that any subject could be taught to any child at any stage: 
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“We begin with the hypothesis that any subject can be taught effectively in some 

intellectually honest form to any child at any stage of development. It is a bold 

hypothesis and an essential one in thinking about the nature of the curriculum. No 

evidence exists to contradict it; considerable evidence is being amassed that supports 

it.” 

(Bruner 1960, p. 33) 

Out-of-school enrichment 

This is where science enrichment programmes situated in science centres can play a part 

in complementing school science. Science centre-based programmes are in keeping with 

Vygotsky’s sociocultural learning such as learning leads development, where 

appropriate facilitation in the zone of proximal development (ZPD) by knowledgeable 

adults or peers enables students to learn beyond what they are considered capable of 

learning without any help (Vygotsky, 1978) In this way, what may be considered too 

abstract for elementary students can be presented suitably in an enrichment programme. 

When learners are assisted in particular tasks, they can learn at higher levels. In 

Venville and Donovan’s study of Australian students, 89% of the students had heard of 

DNA, 60% have heard about genes and 19% have heard about chromosomes without 

any instruction in school. Hence students at this age are interested and ready to learn 

about inheritance in developmentally appropriate ways as well as understand the 

relationship between DNA, gene, allele and chromosome as evidenced by their earlier 

work on creating wool models to explain these genetic concepts (Venville & Donovan, 

2006; 2007). Smith & Williams (2007) in their cross sectional study of students from 7-

14 years observed that students do not change their ideas of inheritance between 10 to 

14 years of age as they hold on to ideas of kinship derived from family relationships 

which can interfere in learning scientific concepts in school. The authors advocate some 

early instruction after 10 years of age (Smith & Williams, 2007). Students then are 

likely to understand correct ideas of genetics as they progress to secondary school and 

more complex concepts. An enrichment programme, like the one under study, would be 

relevant in introducing inheritance concepts to elementary students.  

 

 

 

Minimal studies of science centre enrichment programmes on inheritance 
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Enrichment programmes at science centres have been minimally studied unlike exhibits, 

camps, after-school youth programmes and clubs. Single trip enrichment programmes 

are under-researched because gains in learning are relatively not as high as the 

experience may be too short to have any impact (DeWitt & Storksdieck, 2008). This 

does not mean however that there are no documented learning gains (Anthony, 2008; 

Caleon & Subramaniam, 2005; Dairianathan & Subramaniam 2011). At the same time, 

there appears no literature on enrichment programmes at science centres on the topic of 

genetic inheritance for elementary level, hence the rationale for this study. Intervention 

programmes for genetics in previous studies have mainly been sited in schools or 

university labs, and targetted at secondary students and older (14 years and above). 

These interventions also were conducted over extended periods in school over weeks. 

One exception is a study by Venville et al. (2006, 2007), which conducted an 

intervention programme for elementary students in school on building a wool model of 

DNA.  

 

In summary, the topic of genetics is one that the public should have a good 

understanding of as it impacts many decisions they could be making on future health 

and reproductive issues. There appears to be unclear understanding of genes and DNA 

supported by inaccurate information from media and popular culture that children and 

the public are exposed to. This exposure contributes to inaccurate ideas which are 

carried by children for a long time and appear to be resistant to change even with 

instruction later at upper secondary level. Appropriate instruction on the topic of 

inheritance at an earlier stage, such as in elementary school, has the potential to correct 

such ideas early on. An out-of-school enrichment programme is a very relevant option. 

Such programmes at science centres have been minimally studied and none on 

inheritance at elementary level.   
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Chapter 3 

 

METHODOLOGY 

 

In this chapter we outline the context of the study, the rationale for choice of 

participants and enrichment programme for the study that was carried out at a science 

centre. The study consisted of 346 students (Grade 5) from five primary/elementary 

schools. A laboratory programme was selected and refined for use in this study. A 

cognitive instrument consisting of 15 questions and a survey instrument were developed 

for the study. The purpose of the study was to obtain baseline data of students’ ideas 

about inheritance through a pre-test as well as the effect of the enrichment programme 

intervention on their knowledge and understanding of the concepts covered in the 

programme through a post-test and delayed post-test. The survey instrument of 19 

statements was developed to gauge interest and enjoyment stimulated by the 

programme. In addition, a list of questions for interviews was developed for use with a 

sample of students for further insights into their reasoning and impressions of the 

components of the programme. Interview questions were also developed for use with 

accompanying class teachers as well as for science educators to obtain triangulation on 

the effectiveness of the programme.  

 

3.1 Context of study  

3.1.1 Focus on Elementary School students 

Elementary school students’ understanding of genetic inheritance 

Elementary or primary school students were often viewed at the concrete operational 

thinking stage of Piaget’s theory of cognitive development. More recent evidence 

indicates however that the cognitive processes of children at this age have been 

underestimated (Gilbert, Osborne, & Fensham, 1982; Inagaki & Hatano, 2004; Medin & 

Atran, 2004; Reiss & Tunnicliffe, 2001; Simons & Keil, 1995; Toyoma, 2000; 

Tunnicliffe & Reiss, 1999). Venville, Gribble, and Donovan (2005) interviewed 9-15 

year old students and found that most children by age 9 had developed an informal 

‘theory of inheritance’, a term from Solomon & Johnson (2000). However, this is not a 

theory of genetics (Springer, 1999). Some challenges identified in the study were that 

these students start formal learning of genetics at Grades 9-10 (15-16 years) with prior 
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conceptions which could prove to be barriers for understanding if not modified by 

instruction. Also, the understandings were piecemeal and proper connections needed to 

be made between inheritance and living things in biology. Without the 

interconnectedness, it would be a challenge for students to learn the concepts.  

 

Currently in the Singapore school science curriculum the topic of genetics is taught in 

schools to students aged 15 years as part of the GCE Ordinary level biology syllabus. 

There are views that because of the abstract nature of the topic, instruction is best left to 

a higher level, when students have developed cognitive maturity and are able to think in 

formal operational terms (Kibuka-Sebitosi, 2007; Marbach-Ad & Stavy, 2000; Shayer, 

1974). There are however, also suggestions to introduce the topic earlier to clarify prior 

conceptions which are difficult to change in older students (Clough & Wood-Robinson, 

1985). Smith and Williams (2007) also found that ideas about kinship in children from 

4-10 years change significantly - so older children can understand basic inheritance, for 

example, ideas that children inherit their genes from parents and that genes not only 

make them similar to their families but also make them individuals. Their cross 

sectional study showed minimal change in conceptual understanding between the 10 

and 14 year old students. This means that students carried ideas about heredity, correct 

or otherwise, into their teens, before studying genetics in school. Smith and Sims (1992) 

found that children at the concrete operational cognitive level were still cognitively 

ready to solve the genetics problems that formed a part of the content and suggested that 

they would be able to understand the concepts with the appropriate instructional 

techniques, namely, ‘perceptual props that provide as much hands-on, direct, concrete 

knowledge of genetics as possible’, (Smith & Sims, 1992, p. 708) and ‘challenging 

tasks may be provided as long as they are in the zone of proximal development of the 

individual’ and introduced without overwhelming the students, (Smith & Sims, 1992, p. 

708). Hence, elementary school children may be receptive to learn about the topic of 

inheritance, with the right instructional programme to aid conceptual understanding. 

Such programmes could be conducted within class or as an out-of-school enrichment 

programme. In addition, grade five (11 year olds) participants have been shown to be 

able to participate meaningfully in science enrichment activities. Caleon and 

Subramaniam (2005) and Anthony (2008) found that grade five students in Singapore, 

were able to comprehend and complete surveys on enrichment programmes related to 

cryogenics and highly specialised technology exhibits respectively. Theng (2005) 
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developed a questionnaire for use in assessing the usefulness of demonstrations to teach 

levers and pulleys, and found that primary five students have the requisite language 

skills and comprehension ability to answer the questions. 

 

Relevant links to the school syllabus 

It is important that the enrichment programme is seen to be linked to classroom science, 

as this makes the programme meaningful and connected to what the students are 

learning. As mentioned earlier, this has been shown to contribute to student gains in 

science knowledge and interest (Anderson et al., 2000; DeWitt & Storksdieck, 2008; 

Griffin & Symington, 1997; Rennie & McClafferty, 1995; Tofield et al., 2003). The 

programme in this study covers content that complements the science syllabus that is 

covered in school. The primary school science syllabus has five main strands: Diversity, 

Cycles, Systems, Interactions and Energy. Students at primary level are exposed to the 

concept of the basic unit of life – the cell and its internal structures, with the nucleus 

housing genetic material (DNA).  They also learn that living things reproduce as part of 

a cycle and that children inherited traits from parents. These ideas are introduced briefly 

in the Diversity, Cycles and Systems strands. An enrichment programme would help 

make stronger links to genes and heredity. The topic of inheritance (or heredity) is often 

taught through pictures and illustrations. It is unusual for these topics to be taught using 

the full spectrum of resources such as animations, models, hands-on activities and 

related exhibits such as are found in a science centre setting. It would thus be of interest 

to evaluate the effect of the informal science programmes on this group of students as 

they begin to learn about inheritance, before they study biology at upper secondary level 

(15-16 years), when they encounter genetics. 

 

Science interest 

The elementary years of schooling are formative in developing interest and attitudes to 

science (Hodson & Freeman, 1983; Pell & Jarvis, 2001). Although attitudes form during 

this period of schooling years, it is a stable construct that is unlikely to change after a 

brief intervention such as a field trip or out-of-school lesson. Hence this study would 

not be looking for changes in science attitudes. However, students’ recollections of their 

out-of-school experiences are related to affective aspects, be it social, emotional or 

cognitive (Falk & Dierking, 1992, Wollins et al., 1992). Increasingly it appears that the 

aspects relating to enjoyment are significant to state of mind, receptivity to learn and 
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motivation to learn (Roberts, 1992). Children’s interest in science declines in the middle 

school years (11-14 years) although their interest in human biology increases (Kelly, 

1988; Osborne, Simon, & Collins, 2003). Exposing elementary students in this age 

group to the enrichment programme could build on this interest to facilitate 

understanding of a topic that is also covered in school science.  

 

In addition, the interest strand of science learning is identified by the National Research 

Council (2009) as strand 1 which identifies excitement, interest, and motivation to learn 

science.  “Individuals who are intrinsically motivated do activities for their own sake 

and out of interest in the activities” (National Research Council, 2009, p. 199). Students 

and people in general participate actively in learning because of interest (National 

Research Council, 2007). Hidi and Renninger (2006) state that, “interest is a 

psychological state that, in later phases of development, is also a predisposition to re-

engage content that applies to in-school and out-of-school learning and to young and old 

alike” (p. 111). Interest influences ability to focus on something, desire to learn and 

levels of learning.  Interest can be situational, meaning it is aroused from specific 

events, activities or programmes, or it could be individual and connected more to a 

person’s interest in a specific domain or content area. Situational interest may be 

temporary and the degree of interest can vary depending on the activity that stimulated 

the interest, whereas individual interest is more robust, remaining stable over a long 

period of time and developing further. However both types of interest do influence 

learning, and interest in science in the middle school years was positively related to the 

take up of college degrees and careers in science (Tai et al., 2006). Bulunuz and Jarrett 

(2010) found that informal science experiences appear to have a larger influence on a 

person’s interest in science than formal science experiences in middle and high school. 

Hence, the significance of activities that can stimulate interest and enjoyment should not 

be underestimated. Out-of-school environments are suitable places where students can 

develop situational and individual interests in science (National Research Council, 

2009). In this study, the student survey instrument attempts to capture student’s 

enjoyment and situational interest stimulated by participation in the enrichment 

programme.  
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3.1.2 Choice of enrichment programme 

The enrichment programme that was identified and evaluated in this study was strongly 

connected with learning about genes, chromosomes and links to physical traits and 

closely matched the objectivs of the study. It was called Genes and our Traits. Content 

on shared family traits, the cell and reproduction is covered in the Diversity, Cycles and 

Systems strands of the primary science syllabus to varying degrees. The programme 

covered much more than what would be taught in the classroom in school for that level 

as it is enrichment and aims to provide a holistic treatment of the topic appropriate to 

that level. In previous years about 400 elementary grade 5-6 students would attend this 

programme annually, and in the last 3 years, the annual participation had doubled 

pointing to interest from primary schools as there is a link with the topic of cells taught 

in school. It is also important that out-of-school programmes are linked back to school-

based science content to facilitate learning (Anderson et al., 2000; Griffin & Symington, 

1997). This present programme is a laboratory programme with hands-on activities 

conducted in a specialised laboratory setting. The programme covers concepts of 

inheritance and basic genetics as well as the effects of inheritance, namely the physical 

features, that is, the unique set of genetic instructions inherited by each person that 

directs gender, colour of the iris in the eye and some inherited traits (dimples, colour 

blindness, etc). The programme went through several iterations especially in the way the 

content would be presented to the students and the type of activities that were designed. 

The original lesson design had more dry lab or paper exercises, such as pasta genetics 

[adapted from University of Washington’s Genome Sciences Education Outreach that in 

turn adapted this from the Biological Sciences Curriculum Study (BSCS)]. Other 

exercises were an activity that used a local game called Paper, Scissors, Stone to show 

the random nature of the assortment of gametes in sexual reproduction, and also the 

introduction of a wet lab activity extracting DNA from wheatgerm. During the 

laboratory programme, students worked in groups of four and, in some parts of the 

lesson, in pairs. The activities and content were designed to teach a few basic concepts:  

a) genes are inherited from parents and passed down from generation to 

generation  

b) genes occur in pairs and there are two copies of each gene  

c) a child receives one copy of each gene from each parent and these are 

inherited randomly 
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d) brothers and sisters do not look exactly alike because they have inherited 

different genes from their parents   

e) only identical twins look alike because they have the same genes 

The topic of cells formed the link between school science and the enrichment 

programme on inheritance (Genes and our Traits). This is summarised in Fig 3.1. 

 

Fig 3.1: Overview of content covered in class (school) and enrichment (science 

centre) 

 

    

 

  

 

   

                                              

  

 

 

 

 

 

 

 

 

 

 

 

 

key 

* Concepts learnt in school under Cells 

^ Concepts learnt in Genes and our Traits at the 

science centre 

CELLS *^ 

(A cell contains many parts. The nucleus is one 

part which controls the cell activities and contains 

DNA and genes 

 

Gametes^ 

(sex cells involved in reproduction) 
Somatic*^ 

(normal body cells) 

reduction division (half the genes)^ 
cell division* 

sperm, egg^ Different body cells*^ 

All cells contain chromosomes*^ 

(1 chromosome is one long strand of 

DNA, with many genes.) ^ 

 

Genes^ 

A gene is a DNA sequence with 

information to produce a trait 

 

Different forms of genes (alleles)^ 

   inherited from parental genes 

 

Recessive (d) allele^ 

Only expressed when present as dd 

alleles 

Dominant (D) allele^ 

Expressed when present as DD or  

Dd alleles 
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These concepts are covered in the lesson plan, lesson slides and worksheet (Appendix 

A). With a 2 hour laboratory programme only about 4 hands-on activities were possible 

and different activities were tested for ability to help students understand, stimulate 

interest and link to everyday life. Table 3.1 summarises the iterative revisions that went 

into this programme over a period of months. The main area of difficulty was making 

the concept of alleles (dominant and recessive) understandable and involved about 4 

revisions of activities before the current activity used in the study. 

 

Table 3.1 Genes and our Traits Lesson activities 

First lesson 2
nd

 revision 3
rd

 revision 

 define traits  

 identify a number of 

contrasting traits 

 recognise that they share 

some common traits but are 

unique because of a unique 

combination of traits 

 

Individual and Class Activity 

Trait Tree or Trait Wheel 

 

Activity helps students 

understand how the class can be 

differentiated on the basis of 

using just 5 traits. This activity is 

also engaging for the students 

 

 define traits  

 identify a number of 

contrasting traits 

 recognise that they share 

some common traits but are 

unique because of a unique 

combination of traits 

 

Individual and Class Activity 

Trait Tree or Trait Wheel 

 

Class takes home their class 

genetic tree (addition) 

 define traits  

 identify a number of 

contrasting traits 

 recognise that they share 

some common traits but are 

unique because of a unique 

combination of traits 

 

Individual, pair  and Class 

Activity 

Trait Tree or Trait Wheel 

 

Class takes home their class 

genetic tree (addition) 

 DNA is responsible for 

many traits and that they 

code for proteins 

 Cells contain DNA 

 DNA is coiled up to form 

chromosomes 

 DNA codes for proteins 

 

View Video 

Heredity Movie (DVD) 

(15 min) 

 

Although the video had relevant 

content, the video was old and 

dated, and took a long portion of 

the lesson, causing some students 

to become inattentive. 

 

 

 

Video removed 

 

 DNA is found in the cells of 

living things (such as wheat 

germ) 

 

Wheatgerm DNA Extraction 

(Individual and pair activity)  

Activity that is one of the 

highlights for the students and 

helps them visualise DNA. 

 

 DNA is found in the cells of 

living things (such as wheat 

germ) 

 

Wheatgerm DNA Extraction 

(Individual and pair activity) 

 DNA is found in the cells of 

living things (such as wheat 

germ) 

 

Wheatgerm DNA Extraction 

(Individual and pair activity) 

 demonstrate the randomness 

of getting a boy or a girl 

baby 

 demonstrate the randomness 

of getting a boy or a girl 

baby 

 demonstrate the randomness 

of getting a boy or a girl 

baby 
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 demonstrate that the sperm 

determines the gender of the 

baby 

 

Activity 

-Worksheet Page 4 

-Ice cream sticks XY activity, 

girl or boy 

 

View video 

Video clip boy or girl 

(2 min) 

 

 demonstrate that the sperm 

determines the gender of the 

baby 

 

Activity 

-Worksheet Page 4 

-Ice cream sticks XY activity, 

girl or boy 

 

Boy or girl activity helps student 

understanding which they grasp 

quickly and correctly. Video is 

optional to give more time for 

the hands-on activity and is also 

a repetition of the activity. The 

video can be played for students 

who need more examples for 

understanding 

 

 demonstrate that the sperm 

determines the gender of the 

baby 

 

Activity 

-Worksheet Page 4 

-Ice cream sticks XY activity, 

girl or boy 

(Individual and pair activity) 

Video clip optional 

 Concept of dominance and 

recessiveness 

 A person will inherit two 

genes for a particular trait 

(one in the egg of mother 

and the other in the sperm of 

father) 

 genes come in 2 forms –

dominant and recessive 

 

Paper activity 

Paper, Scissors, Stone 

Paper, Scissors, Stone (optional) 

The paper exercise was not 

sufficiently engaging for the 

students 

 

Pasta genetics  

Students look at the pictures of 

the aliens in their worksheet and 

identify the 4 different traits 

 

Finding pasta of many types was 

difficult and spoilt quickly with 

the constant handling and 

humidity.  The alien story was 

not so relatable for the students 

and confused them. Phased out 

pasta genetics. 

 

 

 

Video clip  

-dominant and recessive traits 

 

 Concept of dominance and 

recessiveness 

 A person will inherit two 

genes for a particular trait 

(one in the egg of mother 

and the other in the sperm of 

father) 

 genes come in 2 forms –

dominant and recessive 

 

Paper activity 

Red eye and white eye 

Using paper plates with  

red coloured transparencies to 

simulate eye colour e.g. placing a 

red plate over one eye - red eye 

gene is dominant while white eye 

gene is recessive 

 

Red eye and white eye 

This storyline did not appear to 

interest students who became 

disengaged quickly 

 

 

 

 

 

 

 

 

 

Video clip  

-dominant and recessive traits 

 

 Concept of dominance and 

recessiveness 

 A person will inherit two 

genes for a particular trait 

(one in the egg of mother 

and the other in the sperm of 

father) 

 genes come in 2 forms –

dominant and recessive 

 

Card game with story   

Superman marrying a normal 

woman. What would their baby 

turn out to be? Having 

superpower is a recessive trait. Is 

a Super Baby a possible 

outcome? 

 

The card game was simplified in 

subsequent sessions, to the eye 

colour activity below which the 

students found intuitive to use 

and understand.  

 

Guess the eye colour activity! 

Manipulatives for blue and 

brown eyes, with blue eyes being 

recessive. Students could relate 

to this as they see TV and movie 

characters with these traits. 

(Pair and group activity) 

 

Video clip  

-dominant and recessive traits 

 

 state how genetic diseases 

are passed down to the nest 

generation 

 deduce the term “carrier” 

deduce that the mutated gene 

which causes Tay-Sacs is a 

 state how genetic diseases 

are passed down to the nest 

generation 

 deduce the term “carrier” 

deduce that the mutated gene 

which causes Tay-Sacs is a 

 state how genetic diseases 

are passed down to the next 

generation 

 deduce the term “carrier” 

deduce that the mutated gene 

which causes Tay-Sachs is a 
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recessive gene 

 

View Video  

-One wrong letter (PBS) 

recessive gene 

 

View Video  

-One wrong letter (PBS)’ 

. 

o Is Cameron male or female? 

o How are Alison, Tim and 

Hayden related? 

 

Possible Question(s): 

o Do any of the four parents 

have the disease? 

o How did the two children 

get the disease? 

o Who were “carriers” of the 

disease?  What does this 

term “carrier” mean” 

o What does the word 

“mutated” mean? 

o When the gene or DNA was 

mutated, it affected the 

protein that was made.  

Why? 

o Is this mutated gene 

recessive or dominant?  Why 

do you think so? 

o Would you advise Taylor to 

undergo a test for Tay-Sachs 

before she starts a family 

when she grows up?  Why? 

o What are the genes 

(genotype) of the couple-

Charlie and Blyth?  Do they 

have the disease? 

o What are the possible genes 

(genotype) inherited by 

Taylor?  Does she have the 

disease? 

What is the probability that 

Taylor will have the disease?  Be 

a carrier? 

recessive gene 

 

View Video (optional) 

 

The video of the story of 2 

families with Tay-Sachs is a 

good application but takes time 

for students to understand the 

disease in the characters. It also 

required the introduction and 

understanding of further 

concepts like DNA mutation at 

the base level. The video is used 

for higher ability classes who 

grasp the content quickly rather 

than for all classes  

 

 

This programme was observed, and the components analysed, together with teacher 

feedback on the class. Based on the feedback and discussion with the instructors who 

conducted the programme, the programme was revised for the preliminary study to be 

carried out. Table 3.2 shows how the concepts covered in the enrichment programme 

align with the themes in the upper elementary school syllabus (10-12 years). 
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Table 3.2 Links from the primary science syllabus to concepts covered in the 

enrichment programme at science centre 

 
Topic Elementary (Primary) Science Syllabus Strands Concepts covered in Genes and our Traits 

Enrichment Programme at the science 

centre 

A Diversity 

Characteristics of living things and  

broad groups of living things. which include 

fungi (e.g. mushroom, yeast), bacteria 

 

 

Definition and examples of traits  

Humans (and all living things) share some 

common traits but are unique because of a 

unique combination of traits 

B Cycles 

living things reproduce to ensure continuity  

 

 

 

Many characteristics of an organism are passed 

on from parents to offspring. 

.  

 

 

All living things are made of cells. Cells 

contain DNA. DNA is responsible for many 

traits and that they code for proteins. These 

get passed to the next generation in 

reproduction. 

A person will inherit two forms of a gene 

(one from each parent) for a particular trait  

 

Concept of dominant and recessive traits 

C Systems 

A cell is a basic unit of life. 

The different parts of a typical plant cell and 

animal cell and relate the parts to the functions.  

 

 

 

 

Process of fertilisation in the sexual reproduction 

of humans. 

 

Cells contain the nucleus among other cell 

parts. The nucleus controls the cell 

activities and is involved in cell division.  

The nucleus houses the DNA which is 

coiled up to form chromosomes and codes 

for proteins. 

 

Gender is determined by the sex 

chromosomes, X and Y 

The egg and the sperm cells contain only 

half the number of chromosomes compared 

with the rest of the cells in our body.  

The probability of getting a boy or a girl 

baby 

 

 

Broad concepts covered 

a) Living and Non-Living Things (Shared features of living things and one of 

which is the ability to reproduce). Topics A & B 

b) Cell structure and function (Connection and link from observable processes to 

ones that may not be so easily seen). Topic C 

c) Concept of genetic inheritance (Link between what is inherited from a layman’s 

point of view and the scientific explanation of genetic inheritance). Topics B, C 

d) Link between phenotype and genotype. Topic B, C 

e) Genes (biological and chemical repository that produces proteins and enables 

cellular processes to function). Topic C 
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The Enrichment Programme - Genes and Our Traits 

An outline of how the programme is carried out is attached as a lesson plan, with 

teacher slides and student worksheet in Appendix A. 

This enrichment programme is a two-hour laboratory programme with hands-on 

activities to teach genetic concepts. It was designed and developed to incorporate 

features that help learning in out-of-school spaces. Some of these features were 

incorporated into the programme: 

a) Use of a variety of types of activities in the programme so that the information is 

communicated through more than one sensory mode instead of just listening to 

the instructor (Falk & Dierking, 1992; Price & Hein, 1991). Activities could 

vary from viewing powerpoint slides, watching a video, active experimentation, 

writing down results, group work, etc. 

 

b) Provision of appropriate level of support structure for students (Bamberger & 

Tal, 2006; Stavrova & Urhahne, 2010). This would enable students to quickly 

pick up skills and feel competent to make discoveries on their own. The students 

would generally be coming into an unfamiliar environment and have to quickly 

pick up skills and new information. Hence, the programme is structured to 

provide instructional support for the students to be able to manipulate equipment 

reasonably well within the time of the programme duration.  

 

c) Provide opportunities for group work and social interaction (Borun, Chambers, 

& Cleghorn, 1996; Cox-Peterson et al. 2003; Price & Hein, 1991). 

This feature is important, especially in out-of-school settings where the social 

aspects of learning play a significant part in the experience. The programme 

setting allowed practical work in small groups of four or as pairs.  

 

d) Less focus on completion of worksheets (Griffin & Symington 1997, Price & 

Hein, 1991; Rennie & McClafferty, 1995). Most of the time in the laboratory 

programmes was used in practical work and group interaction, and although 

there were specific points in the class where attention was directed to filling out 

key words and recording observations, these were not the key focus.  
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e) Making reference to relevant examples in everyday life to contextualise content 

(Falk & Dierking, 1992). Helping to draw from situations that the students might 

encounter in their daily lives would make the content relevant - this aids the 

learning process. 

 

f) The programme was based within a laboratory that contained all the equipment 

necessary for life sciences work that would typically be carried out in a research 

or diagnostic laboratory. The students used actual laboratory equipment as part 

of their practical activities.  The emphasis on authentic science investigations is 

important for creating interest and engaging students with the tools and language 

of scientists (Braund & Reiss, 2006; National Research Council, 2009). 

 

Delivery of programme and training of science educators 

The science educators in this study are from the normal teaching pool of science 

graduates and the training they went through is the same for all science educators in this 

science centre when learning how to conduct a new class or designing a new 

programme. At the time of the study, seven science educators conducted DNA 

programmes out of the pool of 19 science educators. I approached these teaching staff to 

seek their consent to be part of the study and if possible to be interviewed as well. There 

were more recent staff and also those who had been with the science centre for at least 5 

years. These science educators agreed without hesitation.   

 

During the programme development phase 1, the programme was observed and checked 

for consistency in content and delivery. The structure of the programme was defined so 

that the instructors (n=7) used the same materials and resources for each class. A lesson 

plan was drawn up, with the development of the concepts and how these were to be 

communicated. This included the use of a common set of slides, specimens for 

demonstrations, videos, etc so that every class would experience the same content. The 

content had been checked internally by a team of educators including teachers teaching 

biology on secondment from schools. The content had also been tested with a class of 

students at that age before being offered as an enrichment programme.  

 

In the same way, the selected instructors (full time staff at the science centre) who teach 

the lesson were trained and certified prior to delivery of the programme. The instructors, 
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called science educators who were selected to deliver the programme were university 

graduates with a relevant background in life science (biology or molecular biology). 

Only one had a professional teaching diploma. This is a background commonly found 

among education staff in other science centres and museums. They were also staff who 

more frequently delivered the DNA programmes and were familiar with managing 

student groups in the labs. This was to ensure some consistency in the instructor’s 

background and delivery and not cause undue variability in the study. The certification 

is not part of any professional accreditation but rather it is an internal quality control 

process implemented within the education department at the science centre to ensure all 

student groups consistently receive a good and enjoyable learning experience. A pool of 

education department heads, managers and master science educators who had teaching 

experience and relevant science academic background were approved certifiers at the 

science centre and any one could be asked to observe a relevant programme. A checklist 

was used to ensure that the programme content met acceptable standards as well as the 

presentation delivery of the instructors, attached as Appendix B and C respectively. For 

example, the rubrics on the checklist to certify the instructor looked for effective 

opening and closing remarks, effective use of questioning, modelling techniques to help 

scientific inquiry, fluency of communicating concepts, coherence in flow of concepts 

during the course of the programme, etc. A lesson content checklist examined if content 

was accurate and appropriate for the target audience, the relevance of demonstrations 

and investigations which are aligned to student understanding of the concepts covered 

in the programme, effective use of a variety of presentation materials and use of 

activities that support inquiry. The instructors were observed by at least 2 members of 

the certifying panel, in a practice session as well as in class, to ensure delivery standards 

were met and were consistent. Students were given the survey and post-test after this 

programme and before they left the science centre.  

 

It is also to be noted that this cycle of planning and development, getting feedback and a 

level of informal certification takes place as a standard practice for all enrichment 

programmes at this science centre. The enrichment programme on genes and our traits 

had more frequent iterations as the topic was abstract. For each revision, the programme 

would be rolled out to all classes attending this programme at the science centre. This 

allowed the staff to observe students in action and gather more feedback on the 

feasibility of the activities. Four of these science educators - the more senior educators 
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with more experience were also consulted in a preliminary discussion of the cognitive 

instruments and revisions of the programme. The version of Genes and our Traits used 

in this study is being offered to all classes attending the science centre for this 

programme.  

 

An important point to note is that science educators (SEs) at this science centre teach in 

their subject domain areas, so a physics graduate would normally conduct physics/math 

programmes. Similarly, the SEs conducting the DNA enrichment programmes had a 

background where they had taken undergraduate modules in molecular biology. The 

match as far as possible between educator academic background and the type of 

programmes they conduct allows these SEs to answer the questions that the students 

pose in class with confidence, especially as the students ask questions that are not in the 

programme topic but might be related. The students regard the SEs as ‘scientists’ 

because of the level of domain knowledge they possess. This factor of subject domain 

competency is more important than having experience – a good science communicator 

may be able to deliver effective lessons within six months while there can be SEs who 

need much more time to learn how to manage a class and deliver content effectively. In 

this study, the choice of the seven educators was based on their academic background in 

molecular biology and their willingness to participate in the study. Their experience was 

over a wide range (2-8 years) but no newly recruited SEs were selected to minimise 

variability in delivery of the programme. Hence, the science educators conducting the 

Genes and our Traits enrichment programme were not unusual – they had the training 

for this programme and the domain knowledge of this topic to be able to conduct the 

programme effectively.  

 

Post-visit follow-up in school 

Some resources, for example, a website to access a game, was given at the end of the 

worksheet for students to follow up in school and on their own. The instructor would 

bring this to the attention of the students as well as the teacher at the end of the 

programme, for them to follow up if the lesson was to be continued in class or if the 

students were interested in finding out more about the topic. This aspect was envisaged 

to be important to continue the learning started in the lab through the enrichment 

programme. Post-visit activities or extensions have been shown to reinforce what 

students have learnt in out-of-school enrichment (Anderson & Lucas, 1997; Anderson et 
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al., 2000). A post-visit was made to the schools after the visit to science centre. A 

stimulated recall group activity was conducted using photographs of the students at the 

programme (Appendix P). All the students also completed a delayed post test. 

Interviews with teachers and a sample of students were also conducted during this 

period.  

 

3.2 Design of research study 

Mixed methods design 

This study was initally considered a case study because there was a focus with deeper 

exploration of one programme and analysis of that programme with various 

perspectives and types of data collected. The case study design is a type of qualitative 

research method often associated with ethnography (LeCompte & Schensul, 1999). 

However case studies differ from ethnography in that they tend to focus on a 

programme, event or activity involving individuals (Stake, 1995) rather than a cultural 

theme. The research follows and describes the various activities of the group rather than 

identifying common patterns of behaviour exhibited by the group. A case study is an in-

depth exploration of a bounded system (such as an activity, event, process or individual) 

based on extensive data collection (Creswell, 2007). Some examples of case studies that 

have been studied include: separate individuals as case studies or a group; a programme 

(e.g. several teachers or students, implementation of a new education programme), a 

process such as the development of a specific curriculum, unusual cases (distinct type of 

school – special needs, etc). The classification of the study as a case study design has 

been reconsidered as the primary instruments are collecting quantitative data although 

there is much input from qualitative data from various sources. The case study covers a 

unique event or group of individuals with extensive descriptions and the findings are 

interpreted within the context of the event or individuals studied, and so may not be 

appropriate to this study. 

 

The study then adopted a mixed methods design to use a combination of quantitative 

and qualitative approaches to examine the potential effectiveness of the enrichment 

programme that had been developed and the contributing factors to learning. The 

quantitative and qualitative research methods were combined to support and 

complement one another so as to elicit answers to the research questions which would 

have been challenging to answer by adopting only one approach.  
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Multiple methods of collecting data have a long history (Sieber, 1973). Sieber (1973) 

suggested the combination of in-depth case studies with surveys, creating a different  

way of doing research where there was integration of research techniques within a 

single study. Jick (1979) used a combination of surveys, semi-structured interviews, 

observations and other data to provide a detailed and comprehensive picture of what 

employees felt in his study of company mergers. The study illustrated triangulation of 

data, where a study could be improved by collecting and integrating different types of 

data all focusing on the same phenomenon or issue. Creswell (2009) defines mixed 

methods design as: 

.  “Mixed methods research is a research design with philosophical assumptions as well as 

methods of inquiry. As a methodology, it involves philosophical assumptions that guide 

the direction of the collection and analysis of data and the mixture of qualitative and 

quantitative approaches in many phases in the research process. As a method, it focuses 

on collecting, analyzing, and mixing both quantitative and qualitative data in a single 

study or series of studies. Its central premise is that the use of quantitative and 

qualitative approaches in combination provides a better understanding of research 

problems than either approach alone.” 

      

        Creswell, (2009, p. 211) 

 

This research design combines the strengths of each type of method to provide 

improved understanding of a phenomenon (Creswell, 2012). A core assumption in a 

mixed methods design is that a combination of both quantitative and qualitative 

approaches provides a more complete picture of the research problem than using either 

approach alone (Jick, 1979).  Data in a quantitative method such as a student test would 

indicate areas students did well or not, while the qualitative aspects like free response or 

interviews can provide more information on student understanding and alternative ideas.  

The argument also is that quantitative data is weak in providing context or setting and 

the voices of the participants are not heard. Qualitative data, on the other hand, is 

subject to researcher’s interpretation and the small sample usually studied poses 

difficulty in making the data generalisable to a larger group. Two or more methods of 

analysing data focusing on the same phenomenon may reveal insights from the study, 

for example, the reasons why there is a high or low response to an activity. Hence 
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mixed methods research can provide more comprehensive evidence for a research 

problem than either method alone. Pragmatism is usually associated with mixed 

methods research (Creswell, 2014), and given the practical nature of this study it was 

considered a suitable methodology. Pragmatism is not bound to one worldview (both 

positivist and constructivist views were helpful) but draws from both approaches and 

research methods as the focus is on understanding the phenomenon or problem 

(Cherryholmes, 1992; Creswell, 2014; Morgan 2007; Tashakkori & Teddlie, 2010).  

 

The study focussed on a specific out-of-school programme intervention and how it 

contributed to understanding of the topic, using both quantitative and qualitative 

approaches. The study adopted a one group pre-, post- and delayed post-test design 

evaluation with a post programme student survey for the quantitative approach, and 

semi-structured interviews with three groups of participants in the programme, namely, 

accompanying teachers, a sample of student participants drawn from every class as well 

as the programme facilitators. The instrument taken before the programme would give 

an idea of what students at that level knew about the topic prior to the programme while 

the post-test would capture what the students gained from the intervention. The delayed 

post-test carried out 2-3 months later was to check if the gains in learning (if any) were 

stable. A stimulated recall class activity was also carried out with the delayed post-test 

to find out if the activity could trigger participants’ memories of the experience and 

what they could recall. However, the quantitative tests needed to be complemented by 

interviews for deeper insights that may not come out from the instruments. A 

Triangulation Mixed Methods design was adopted in this study (Creswell, 2012). The 

outline of how both approaches were used in this study to answer the research questions 

is indicated in Fig 3.2.  
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Figure 3.2: Outline of the mixed methods research design and selected methods for 

data collection to answer relevant research questions  

  

 
 Quantitative methods 

 Measure changes in learning, interest and enjoyment 

 

  

 

 

 

  
                                                         Qualitative methods 

                                                                           Factors that may contribute to programme effectiveness 

 

 

  

This study was designed to teach the topic of genetic inheritance using out-of-school 

learning approaches. It is not the objective of the study to compare out-of-school with 

in-class instruction. The study seeks to understand the level of pre-existing knowledge 

of elementary students about genetic inheritance and the impact of the enrichment 

programme intervention on the students. It focuses on the programme and its 

components and what facilitates understanding of the topic, if the findings show this to 

be the case. The interviews with various categories of participants (student, teacher and 

science educator) would also help to reveal deeper insights into the nature of the 

enrichment programme. Studies following school groups or participants in out-of-

school learning have also utilised research approaches without a comparison control 

group when the objective is to study the learning and dynamics within the unique out-

of-school learning environment (Bamberger & Tal, 2008; Cox-Petersen et al., 2003; 

Davidsson et al., 2010; DeWitt & Osborne 2010; Hauan et al., 2017; Salmi et al., 2017a, 

2017b; Shaby et al., 2019; Tal & Morag, 2007; Zeren-Ozer & Gungor, 2017). Some 

examples have been described in Chapter 2, section 2.3 (studies in out-of-school 

settings). In studying students and their understanding of genetics, researchers have 

also adopted approaches with pre- and post- evaluations of the learning after 

intervention and these studies have almost always been held in school settings. 

Donovan and Venville (2005) explored the learning of year 2 students in an Australian 

classroom on genetics concepts after a two-week intervention programme in class. 

 Cognitive instrument 
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Post-test (RQ2, RQ6) 
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Cavallo (1996) adopted a one group pre-test and post-test design for 189 Grade 10 

students to assess their learning orientation in their approach to solving genetics 

problems.  

The study was planned as follows: 

 

Figure 3.3: Outline of the planned research study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the main study, together with the quantitative data collection, it was also important to 

gather information at a deeper level, through interviews with a sample of students. In 

this study, the instruments would give information on test and enjoyment and interest 

scores as effects of the enrichment programme. It was also necessary to find out if 

students’ responses through interviews confirm if the programme had facilitated their 

understanding of the topic and what elements contributed to understanding, enjoyment 

and interest. The sample of students who were identified for interview were picked from 

the high, middle and low bands of the post-test scores, to understand the thinking 

behind their answers to the questions in the interview to determine if there were any 

qualitative differences in the reasoning between the students. The qualitative data would 

also help to add depth and make sense of the quantitative results across the study.  

 

Phase I Preliminary work 

Selection of the content for programme from lit review 

Choice of programme with draft cognitive instrument, (pre-/post-test), 

feedback survey from students. Further revision if any or need to select 

another programme 

 

Development and face and content validation of MCQ cognitive instrument, 

feedback survey,   

 Development of post-visit stimulated recall, questions for interviews. 

 

Approval for main study and application of IRB 

Phase II Main study 

Sample class to test the final instruments   

Conduct main study with treatment group in full with pre-, post- and delayed 

post-test and feedback survey (RQ 1, 2, 3, 4, 6) 

 

Post-visit recall, semi-structured interviews with sample of students. 

Interviews with Class Teachers and Programme Facilitators (Science 

Educators) (RQ 3, 4, 5, 7, 8) 

 

Collection of data and analysis. 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

112 

 

Preliminary phase 

The preliminary work is mentioned here as part of the early investigative work I did 

leading to the main study. This was an exploratory phase where different programmes 

were being evaluated to check on the suitability and potential learning effectiveness of 

the enrichment programme. For this exploratory phase, two programmes were being 

considered for the study, one called Diversity of Cells and another called Genes and our 

Traits.  I contacted the Head of Department (Science) of the school that I had 

approached and who agreed to participate in programme evaluation for Genes and our 

Traits. The programme had undergone iterative changes and so merited fresh 

evaluation. It was also to assess its suitability for use in my study (or if I should explore 

another programme for my study). Programme evaluation and feedback are regularly 

conducted by the science centre on its new (or revised) programmes, and school Science 

Heads are familiar with invitations to participate in evaluation of such programmes, 

which is meant for internal purposes only and not published or shared. The science 

Head of Department confirmed the participation after he obtained approval from his 

school principal for his students to participate in the programme evaluation which 

consisted only of a pre and post test and a feedback form.  This is a standard practice at 

this science centre in evaluating the enrichment programmes for use with students. The 

quiz that was used was not the full instrument used in the main study, it was a set of 12 

MCQ questions on the programme. As this was an informal evaluation of the suitability 

of the programme and not part of the main study no special checks of facilitators, other 

than the standard internal certifying process for all teaching staff, was implemented at 

this point.  

 

The results showed potential for this programme to be studied in further detail and that 

there was no need to look for another programme to study for this research. The 

students could complete the evaluation in about 15 minutes so this format was feasible. 

The quiz and feedback survey info showed that qualitative data would also be useful to 

include in the study to understand the results better.   This data is not included in the 

thesis and a summary was shared with the science centre as part of internal evaluation. 

This mode of obtaining consent from the school for the preliminary phase of the study 

was made known to the PhD confirmation panel during the seminar for my PhD 

confirmation. This was noted by the panel and I was advised to submit an IRB 
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application to proceed with the next phase of the study. This has been complied with for 

the main study.  

 

3.3 Ethics approval 

On confirmation after the preliminary study that the choice of programme for my study 

was suitable, an ethics application was prepared and submitted to the NTU Institutional 

Review Board, detailing the research objectives and methodology. Ethics approval for 

the main study was obtained in November 2016. The study took place from January-

October 2017. The IRB approval is attached as Appendix R for reference. The 

participant information sheet and consent form for parents is attached as Appendix S, 

for science educators (Appendix T) and accompanying class teachers (Appendix U). All 

consent forms were signed before the onset of the study in each school.   

 

The process of selection of the schools is described in the following section 3.4 under 

the main study. Each of the five schools was approached through a request by email 

either to the Head of Department (Science) or to the Principal. Participation was 

approved by the Principal in each of the five schools before proceeding to plan the 

logistics of the visit. Subsequently one month prior to the visit to the science centre, 

participant information sheets and consent forms were sent to the Science Head for 

dissemination to all students in participating classes for their parents’ informed consent. 

Class teachers and science educators interviewed in this study were approached by 

myself and the signed consent forms were collected with the submission of the feedback 

forms or the reflections.  The parents and any other participants in the study (teachers 

and science educators) signed two copies of the consent form, one copy which was 

retained by the parent/teacher/educator and one which was returned to us. Almost all 

parents signed the forms. Test scores and feedback of students with missing consent 

forms were removed from the dataset and these students were also not included in any 

interviews.  
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3.4 Main Study 

Fig 3.4: Sequence of programme experience in main study 

 

                                                                  

   

 

 

 

 

 

Figure 3.5 outlines the programme sequence for the main study. All five schools did not 

start together, as they had booked for the labs at different times in the year ranging from 

March-May. The time sequence however was followed for each school. 

 

Sample in main study 

Students coming from mainstream schools in Singapore, using the national curriculum 

laid out by the Ministry of Education, were targeted for this study as the content in the 

enrichment programme made reference to the science syllabus. The study involved 

schools planning to visit the science centre. This is because schools plan their 

excursions and learning journeys as part of the school calendar in consultation with the 

rest of the school teaching staff and other subject departments. Such planning takes 

place a year ahead in most schools and budgets committed to bus transport and use of 

education funds. Schools typically avoid additional trips that are not planned as part of 

the school science department’s line-up of educational activities and hence are resistant 

to invitations to participate as it incurs additional transport costs. A school that has not 

scheduled visits into their calendar in advance may not wish to make use of the 

invitation to participate in the evaluation for various reasons such as cost or lack of time 

due to school schedules. The science centre receives bookings from schools all over the 

island, from various zones - about 90.5% of elementary schools participate in 

enrichment programmes at this science centre each year, (163 elementary schools out of 

180 elementary schools in Singapore across all the four school zones in the country). 

The school distribution among the four school zonal districts is also evenly distributed 

(average of 45 primary schools in each zone) and hence selection of schools for the 

Pre-test 
Enrichment programme + post-

test + feedback survey for 

students and teachers 

Post-visit recall (group + 

interviews with students)  + 

interviews with teachers + 

delayed post-test 
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study from this sample is more likely to be fairly representative of mainstream schools 

in Singapore and contribute to making the study more generalisable. In Singapore, 

students in elementary schools come from the neighbourhoods in the vicinity of the 

schools. The selection avoided special groups such as Special Needs classes or Gifted 

Education classes, to be more representative of grade five students in mainstream 

elementary schools.  Participants came from intact classes as it was not feasible to split 

a class to conduct this study. This method has been used in a previous study of specific 

out-of-school enrichment programmes (Anthony, 2008; Dairianathan & Subramaniam, 

2010) and also used commonly in science museums around the world, where school 

groups are approached at the entrance of the museum to participate in evaluation 

involving exhibits in the galleries.  

 

The school that had participated in the preliminary phase was excluded from the main 

study. Five other schools were approached to participate in the study. The schools that 

were approached were co-educational, mainstream schools using the national science 

curriculum. The schools were also located in different regions of the country, namely 

central, west, north and east.  The teachers in these schools had planned a field trip to 

the science centre for an enrichment programme and agreed to participate in the study. 

A total of 377 students from 11 classes participated in the study. Two schools sent one 

class each; one school sent 2 classes; another sent 3 classes and the fifth sent 4 classes. 

A summary of the classes and number of students in the study is indicated in Table 3.3 

 

Table 3.3: Summary of participating classes in the study 

School Zone in 

Singapore 

School No of participants No of boys No of girls 

East L School 23 12 11 

Central C School 

 

 

25 

35 

42 

12 

13 

19 

13 

22 

23 

West Co School  42 25 17 

North H School 

The whole 

level of 

grade 5 

40 

39 

26 

40 

18 

22 

11 

16 

22 

17 

15 

24 

East  T School 

 

21 

13 

8 

10 

13 

3 

Total no of participants 346 166 180 

 

The schools that sent 3 or more classes sent a range of students across the whole level of 

grade 5 in the school. The classes from the other schools L, T and Co schools were 
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different ranges of ability, for e.g. the class from Co School was one of the better 

classes while the two classes from T School were weaker academically. Students 

participated as intact groups, in the enrichment programme on the topic of genes and 

traits. They completed a pre-test in school a week prior to attending the programme and 

completed a post-test immediately after the laboratory programme. About two-three 

months later (8-12 weeks) after the field trip, interviews were conducted in the schools.  

The recall was conducted as a group activity for each class that attended the programme 

at the science centre. The visits to schools had to be conducted during school hours, 

within the science periods, and although Science Heads of Department and teachers 

were receptive to the interviews, they expressly requested that the duration of interviews 

remain within the science period to prevent disruptions to other classes. Hence, the 

interaction in the schools had to be modified for this study – namely a group stimulated 

recall exercise as well as semi-structured interviews with the students.  

 

3.4.1 Data collection methods 

For this study, the methods that were planned for use for data collection are indicated in 

Table 3.4 below to answer the research questions in the study: 

Table 3.4: Evaluation methods selected for research study 

 Research Question Evaluation method 

1 What do grade 5 elementary students know 

about the concept of  heredity and inheritance 

Cognitive instrument (Pre-test) 

Use of multiple choice format with reason 

tier and confidence scale 

 

2 To what extent can a 2 hour out-of-school 

enrichment programme facilitate gains in 

knowledge and understanding of heredity and 

genetic inheritance?  

 

Cognitive instrument (Post-test, delayed 

post-test),  

Use of multiple choice format with reason 

tier and confidence scale 

 

3 Which are the aspects of the enrichment 

programme that are helpful for learning?  

Feedback survey  

Student interviews 

Teacher interviews 

 

4 To what extent does the enrichment 

programme promote interest in the students in 

the topic of heredity and inheritance? 

 

Feedback survey 

 

5 How helpful is the post-visit stimulated recall 

in facilitating students’ recollection of the 

concepts learnt during the enrichment 

programme? 

 

Stimulated recall activity (modified) 

6 What is the impact of the enrichment 

programme on boys and girls in terms of gains 

in knowledge and promoting interest? 

 

Cognitive instrument (tests) 
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7 What is the teacher’s perspective on the 

effectiveness of the enrichment programme  

 

Teacher interviews, feedback form 

8 What role does the science educator play in 

creating an effective programme for students?  

 

Science educator reflections 

 

 

Evaluation instruments  

An important consideration for the choice of instruments and methods was that the 

evaluation needed to be done with minimal disruption to school schedules, especially as 

the main component of the study was out of school. School groups would only be at the 

science centre for a limited period of time before returning to school. Two main types of 

evaluation instruments were developed for this study – a cognitive test and a feedback 

form. The cognitive test was for assessing students’ understanding of the topic explored. 

The feedback form was to assess affective outcomes of the programme and the activities 

in the programme under study.  It also allowed self-reporting by the student on content 

that had been learnt in the programme. In addition, interview questions were developed 

for students, teachers and science educators who conducted the programme to provide a 

more comprehensive picture of the programme experience. 

 

3.4.1.1 Cognitive instrument 

The development of the instrument involved the following: 

a) Identification of test questions that were relevant to the topic, namely from 

examining related literature and soliciting students’ answers through informal 

exercises 

b) Obtaining a first draft of the instrument, face validation by experts and testing 

with a class for student comprehension and understanding of the questions. A 

cognitive instrument comprising 15 questions was used in the preliminary phase.  

c) Refining the instrument for a final version for the main study 

 

For the study, the cognitive instrument format selected was the multiple choice question 

(MCQ) format, with ten two-dimensional MCQ (2DMC) and five three-tier MCQ 

(3TMCQ) questions. A discussion on this format with confidence measures and other 

assessment probes is found in Chapter 2, (Assessment probes, 2.5.2). Typically, schools 

are booked for a two hour enrichment programme, and the test needs to be convenient 
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for the students to complete within a reasonable time period (about 15-20 minutes) and 

so was chosen over assessment methods such as concept maps, open-ended response 

tests and interviews which take longer. While a multiple choice format is a neutral 

format for males and females (Soyibo & Rainford, 1998) and for students of different 

abilities (Dimitrov, 1999), it has a few shortcomings: it is not clear if any observed 

cognitive gains corresponded to increased understanding of the subject matter. The use 

of justifications for an answer to a question, was found to be an effective way for 

assessing understanding among students and is an improvement over the one-

dimensional MCQ format (Tamir, 1989). Two-tier tests have been used in education for 

some years (Treagust, 1986, 1988; Williams, 2006). The first tier consists of a question 

that tests content, while the second tier, requests the students to justify the choice of 

answer. This mode of assessment is relevant to the current study and can also serve as a 

better indicator of the prevalence of students’ ideas of the topic before the programme 

intervention. At the same time, each question carried a confidence scale. Hence this 

form of MCQ with reasoning tier and confidence scale was adopted for use in this 

study. 

 

It was an important consideration to test content studied in the programme but not to 

cause fatigue as the participants were young, hence the instrument in the study was 

designed to be completed within about 15 minutes as well. Some of the questions in a 

previously validated instrument on Genes and DNA were relevant to the present study 

which tested for knowledge of genes in living things (Dairianathan, 2010). New 

questions had also to be developed as part of the preliminary phase in this study that 

addressed common areas of difficulty for understanding inheritance in students, and 

would also be covered in the enrichment programme. The relevant literature was 

consulted to identify suitable questions. One cognitive instrument that was used as a 

reference in this study was part of an extensive research study conducted and developed 

by an education team, ‘Learning in Science Research Group’, Leeds University, United 

Kingdom, that also worked with schools and teachers to develop and refine the 

instrument, before administering it (Driver, Leach, Lewis, Radford, Wood, & Wood-

Robinson, 1996). That study was designed to establish the level of knowledge of 

genetics that students had after completing the GSCE (O level equivalent). The studies 

and instruments that were developed have been quoted or used in subsequent papers on 

studies of student understanding of genetics (Chattopadhyay, 2005; Chin & Teou, 2010; 
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Kilic & Saglam, 2014; Lewis & Kattmann, 2004; Sesli & Kara, 2012; Tsui & Treagust, 

2010; Venville & Treagust 1998; Williams, Montgomery, & Manokore, 2012). Topics 

tested were on genes, chromosomes, cell division and inheritance in students. The 

objective of this study was to determine what knowledge and understanding of genetics 

14-16 year old students had acquired towards the end of their compulsory schooling. 

Some aspects of this instrument were relevant as a reference to the proposed study. 

Although it covered aspects of genetics in the school curriculum for the National 

Curriculum  for Science, U.K., at secondary level, some of the questions covered basic 

genetic information and cells and these were the ones that reference was taken from. 

Topics covered in the U.K. study were cells, genetics and DNA technology applications 

and the instrument had been piloted and tested with over 600 students from 12 schools 

in the U.K. The students were represented in the low, middle and high ability groups 

equally as were the schools. The test consisted of multiple choice and open-ended 

questions, as well as student interviews. The literature was also consulted for addressing 

common alternative conceptions on the topic found in studies in other countries. Other 

sources of reference were validated tests and questions developed for student 

assessment in genetics (Sesli & Kara, 2012; Shi et al., 2010; Smith et al., 2008; Tsui & 

Treagust, 2010; Wood-Robinson, 1994; Wood Robinson et al., 2000) as well as the 

Project 2061 website of the American Association for the Advancement of Science 

(http://assessment.aaas.org). Project 2061, which is supported by the U.S. Department 

of Education and funded by the National Science Foundation, contains a resource bank 

of questions based on student misconceptions in various topics of science. The 

questions featured in this resource have undergone extensive testing by researchers, 

educators and tested in schools.  With the exception of one relevant question from Chin 

and Teou (2010) which was developed as part of a series on the use of concept cartoons 

to teach primary science, few questions could be adopted in whole, as they were 

designed for older students (16 years up to undergraduate level). For example, some of 

the two-tier questions designed by Tsui & Treagust (2010) were written for 16 year old 

students in Australia, and for high school students in Turkey (Kilic & Saglam, 2009; 

Sesli & Kara, 2012), and covered knowledge of concepts of processes like cell division 

and pedigree charts. A list of reference questions from the research literature is attached 

as Appendix D. These guided the development of the questions for the current study. 
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Some examples are given for illustration. 

John and Robert’s cheek cells 

 The questions in the instrument in the U.K study (Lewis et al., 2000c) that focused on 

the cell and genetic information was sufficiently basic to be used in the student 

interviews. In the instrument by Lewis et al. (2000), a line illustration of two cheek cells 

was used as a stimulus to ask open-ended questions about two boys’ cheek cells. Instead 

of using the questions in the test, these were used in the interviews where the reasoning 

of the students could be heard. The questions presented the same concept for grade 5 

students with reference to the two boys whose genes were being compared.  

 

Which living things contain DNA? Question 1 

The misconception is that microbes, fungi and even plants are not living and do not 

contain DNA (Lewis & Wood-Robinson, 2000; Banet & Ayuso, 2000). This question 

was part of the U.K. study for secondary students, in a different format – a list of living 

things was given and the student had to tick the ones that contained DNA. The question 

was reframed into MCQ format, using living things such as fungi, bacteria, seeds and 

plants as below: 

1. These are examples of different living things. Which of the following contains DNA? 

i) tree 

ii) sunflower seed  

       iii) bread mould 

iv)  bacteria 

 

a) i & ii 

b) i, ii & iii 

c) i, ii & iv 

d) all of the above 

 

Will the kittens have torn ears? Question 11 

This question was identified from the item bank of AAAS Science Assessment Project 

2061, which had been written for students in Grades 5-6, an appropriate level. The 

misconception was that acquired characteristics are passed to the next generation 

(Lawson & Thompson, 1988).  

11. A cat gets into a fight, and the tips of both of its ears get torn off.  If the cat has 

kittens later, how will this affect the shapes of its kittens’ ears?  

 

a. All of the kittens’ ears will be missing the tips.  

b. Some of the kittens’ ears will be missing the tips.  

c. All of the kittens’ ears will be slightly smaller.  

d. It will have no effect on the ears of any of the kittens.  
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The reason for my answer above: 

1) The change in the mother cat’s ears will be passed into its genes and affect all the kittens 

2) The change in the mother cat’s ears will be passed into its genes and may affect some 

kittens 

3) The change in the ears will only be seen in the third generation.  

4)    The genes of the cats are not affected 

 

The question was enhanced further in the instrument by adding a reason tier. The 

cognitive instrument that was developed for this study was also checked against content 

taught in local schools and in the enrichment programme to be experienced by the 

participants in the study. Table 3.5 summarises some of the areas of difficulty for 

students in understanding genetics and inheritance that has been published in the 

literature. These areas were matched to the content covered in the enrichment 

programme as well as to the questions in the instrument that would test for student 

understanding in that area.  

 

Table 3.5: Links between documented areas of difficulty in genetics and questions 

in the cognitive instrument 

 

Areas of difficulty/confusion for 

students for genetics and inheritance 

Question in instrument 

Students think that microbes, fungi 

and even plants are not living and do 

not contain DNA. 

 

Children can get different amounts of 

genes from their parents – e.g., get 

more from one parent 

 

These are examples of different living things. Which of 

the following contains DNA? 

j) Tree, sunflower seed, bread mould or bacteria 

 

Which statements are true? 

i) DNA is responsible for your gender (whether you are 

a boy or girl). 

ii) DNA is different in different people. 

iii) Plants do not have DNA.  

iv) A baby gets its DNA from its father or its mother. 

 

Which statement is true? 

a. Girls get all of their genes from their mother. 

b. Girls get half of their genes from their mother. 

c. Girls get more than half of their genes from their 

mother. 

d. Girls get only the X chromosome from their mother 

 

Different parts of the body have 

different genes 

If skin cells have a gene (let’s call it gene A), which of 

the following types of cells will also have gene A? 

a. Muscle cells 

b. Nerve cells 

c. Lung cells 

d. All of the cells 

e. None of the cells 
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Areas of difficulty/confusion for 

students for genetics and inheritance 

Question in instrument 

Confusion as to the link between cell, 

nucleus, genes, chromosomes  

                          

Which are arranged in the correct order of size starting 

from the largest to the smallest? 

a) cell --- nucleus --- chromosome --- gene --- DNA 

molecule 

b) DNA molecule --- chromosome--- gene --- nucleus --- 

cell 

c) cell --- nucleus--- gene --- chromosome --- DNA 

molecule 

d) nucleus --- chromosome --- gene --- DNA molecule --- 

cell 

 

Location of DNA in the cell 

 

Chromosomes are found in the nucleus of __________. 

    a) only egg and sperm cells 

    b) almost every cell of our bodies 

    c) only cells that are involved in fertilisation 

    d) only the cells of a growing embryo 

 

Link between observable traits and 

genotype 

 

Which feature is affected by our genes?  

a)  our hair length  

b)  the colour of our clothes 

c)  the language we speak 

d)  our eye colour 

 

Gamete cells have the same number of 

genes as normal cells 

 

The sex cells (sperm or egg) of a mouse contain 20  

chromosomes. How many chromosomes does the  

fertilised egg cell of a mouse contain? 

 a) 10 

 b) 20 

 c) 40 

 d) 80 

 

Having a boy or girl baby is connected 

to encounters or behaviours of 

parents, not randomness associated 

with the independent assortment of 

genes in gamete formation and 

subsequent fertilisation.  

 

Which statement about identical twins is true? 

a)  They have different fathers but same mother. 

b)  They have different genes from one another. 

c)  They come from eggs fertilised one right after the   

      other. 

d)  None of the above is true. 

 

If your mother is the only girl and has four brothers and  

your father is one of five boys, your parents are more 

likely to have a _________? 

a)  10% chance of a girl 

b)  50% chance of a boy 

c )  100% chance of a boy 

d)  100% chance of a girl 

 

Acquired characteristics are passed to 

the next generation.  

 

A cat gets into a fight and the tips of both its ears are 

torn off. If the cat has kittens later, how will this affect  

the shapes of the kittens’ ears? 

 a)  All of the kittens’ ears will be missing the tips 

 b)  Some of the kittens’ ears will be missing the tips 

 c)  All of the kittens’ ears will be slightly smaller 

d)  It will have no effect on the ears of any of the kittens 
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Areas of difficulty/confusion for 

students for genetics and inheritance 

Question in instrument 

Confusion over dominant and 

recessive traits  

The trait, curly hair, is dominant compared to straight  

hair. If we use “C” to represent the dominant allele  

(gene) for curly hair and “c” for the recessive allele,  

would a person with genotype Cc have curly hair? 

a) yes 

b) no 

c) don’t know 

 

A gene is passive and just transmitted 

from parent to child and represents a 

trait.   

 

 

 

Which one of the following is the best description of a 

gene? 

a) a) Smallest unit of structure in a chromosome. 

b) b) A sequence of instructions that codes for a protein. 

c) c) A segment in a DNA molecule. 

 

Children always look like their 

parents.  

Read what the parents and nurse are saying about the  

baby. Then write down whom you agree with and why. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Validation by content experts 

The first draft was developed and consisted of seventeen questions, five of which were 

formulated with a reason tier (Appendix D). A few of the questions involved some 

complexity (e.g. Questions 1 and 2) The test was not designed to be completely three-

tiered (two-tier plus confidence scale) - the students were young and likely to be tired 

after the two hour programme, so the test was planned to be completed without adding 

too much time to the visit. The drafts of both the test questions and student feedback 

statements were sent to four staff in the education programmes department at the 

SPECIAL!  
Some people look 
totally different 
from their family 
members or 
relatives. They are 
just so SPECIAL! 

hair!  
Dear, I am sure he is 
ours. He looks like 
our parents. Your 
father has big eyes. 
Your mother has 
attached ear-lobes 
and my father has 
curly hair! 

This can’t be our baby! 
He doesn’t look like me 
at all. He has big eyes, 
curly hair and attached 
ear-lobes, but I have 
small eyes, straight hair 
and free ear-lobes. He 
doesn’t look like my 
wife too! 
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science centre with a checklist on specific elements to look out for, such as appropriate 

concept, clear phrasing and content for the level (Appendix F1). They were four senior 

science educators who had a background in molecular biology (bachelor’s degree or 

post graduate degree) and were involved in conducting DNA programmes for students 

from primary to undergraduate levels, at this science centre. They had been teaching 

between 4-8 years at the science centre and conducted enrichment programmes on 

molecular biology and genetics. This step was to also seek input from the educators who 

had been teaching students about genes as part of the DNA Lab programmes at the 

science centre and would have a good idea what students could understand and what 

concepts were difficult for understanding. 

.  

A summary of the validators’ comments on the feedback is attached as well as specific 

suggested question revisions under Appendix F1. Based on their feedback the questions 

were refined. This included rephrasing questions for better clarity, use of more familiar 

examples for students and ensuring questions focused on lesson content in the 

enrichment programme. For example, a question on silent tracker dogs (Tsui & 

Treagust, 2010) was removed and substituted with mouse fur colour which would be 

more familiar with local students and still test for exactly the same concepts. 

Subsequently, the set of questions was also submitted for final feedback to three 

educators (Appendix F2). Two had PhD qualifications, and were approached for their 

relevant expertise in the field. One had a specialisation in science communication and 

life sciences, including a Masters in Education, while the other reviewer’s specialisation 

was in science communication with a Masters in Biomedical Science. The third was a 

biology teacher (education officer) who was familiar with the enrichment programme 

and had more than 5 years of teaching upper secondary students in mainstream schools 

in biology. Their feedback is indicated under Appendix F3. The revised cognitive 

instrument and feedback form are attached as Appendix G. 

 

The instrument was tested with a sample group of 39 grade 5 primary school students to 

check for the duration of time it would take to complete the test, so that the young 

participants would not be too fatigued after a two hour enrichment programme and also 

to see if they understood the questions and instructions. The test took about 15 minutes 

for the students to complete (and a little longer for slower students). Although 2-tier 

multiple choice (2TMC) would seem more superior to the MCQ as test questions, a full 
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2TMC cognitive instrument would be onerous and can cause fatigue to young 

participants, especially at the end of a 2 hour programme. Full tests consisting of 2TMC 

are more appropriate for secondary students or those who are older. With the addition of 

the confidence tier, the test questions can be improved – the MCQs with the confidence 

tier become 2-dimensional multiple choice (2DMC), while the 2TMC questions 

improves further to 3TMCQ. Hence a full three-tier test was not rolled out in this study. 

Five out of the fifteen questions were two-tier with a content and reason tier, while the 

other questions were single tier. An additional confidence rating tier was included for all 

the questions.  In this instrument, a scale with 5 levels was selected as there were 

between 4-5 options in the test and the five point scale would then not confuse the 

students with a different categorisation, although there have been suggestions for an 

even scale to avoid ‘uncertain’ responses. The confidence value ranged from 1-5 that 

the answer provided was correct – from a ‘just guessing’ confidence value of 1 to ‘very 

confident’ value of 5. In this five level scale, level 3 (uncertain) would be considered as 

not being very confident in comparison to level 4 or 5. For each question, the student 

selected a value of confidence that the MCQ choice for either the single tier or the two-

tier question was correct. In the two-tier questions the confidence rating covered both 

content and reason tiers. The ratings for confidence values were calculated separately 

from the marked response to the questions. From the sample class results, the questions 

were further revised for better phrasing. This resulted in a final instrument of 15 

questions used in the main study (Appendix G). The Flesch Kinkaid readability for the 

final cognitive instrument was 5.4, which meant it was suitable for the target group of 

elementary students. The readability score indicates a readability level of texts for that 

grade level indicated as a U.S. grade score. The reliability of the scales was also 

calculated as Cronbach alpha value. The value is a measure of the internal consistency 

and how closely related the items in the instrument were (Cronbach, 1951). Reliability 

of the instrument used in the main study with 19 items had a Cronbach alpha value of: 

0.62 (pre-test), 0.74 (post-test) and 0.62 (delayed post test), which is within the 

acceptable range of 0.5 and above for use in short tests for comparative assessment of 

group performances (Remmers, Gage, & Rummel, 1967). The Cronbach alpha value of 

the confidence scale for 20 items was 0.90.  
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3.4.1.2 Student feedback 

Stimulating interest in participants is important for programmes in out-of-school 

environments and thus included in the current study as a research question. The second 

instrument that was used was a survey form to seek feedback from the students on their 

experience with the enrichment programme. The survey was also devised to be 

completed as conveniently as possible for the student as it was to be completed with the 

post-test after the two-hour programme. This survey asked for feedback on the 

suitability of the environment, whether the programme helped them understand the 

content better and also if the specific nature of the programme helped understanding, for 

example, hands-on activities or video clips.  

 

The instrument consisted of a series of statements about the experience, and the students 

recorded their responses to the statements on a 5-point Likert scale from 1-5 (1=strongly 

disagree with statement, 3=neutral to 5=strongly agree with statement). It has been 

suggested that Likert scale feedback forms and questionnaires should have a mix of 

positive and negatively worded statements to reduce bias (Krosnick, 1999; Watson, 

1992). A positive bias is more often seen when statements ask for a dichotomous 

answer, agree/disagree or true/false and such questionnaires are discouraged (Krosnick, 

1999). Previous studies had indicated that young students did not fully comprehend 

negatively worded statements and did not reflect true attitudes in their responses when 

faced with such statements (Benson & Hocevar, 1985; Schriesheim & Hill, 1981). 

Benson and Hocevar (1985) reported that young respondents (sample of 522 grade 4 

and grade 6 students), in the U.S. found difficulty in understanding negatively worded 

statements in a Likert attitude scale they used. Schriesheim and Hill (1981) noted that 

even older subjects such as the undergraduates in their study gave less accurate 

responses when a scale using a mix of positively and negatively worded items was used. 

Bell (2007) also advised that negatively worded statements were not so easily 

understood by students especially those of lower ability and this was a concern in the 

present study where the sample comprised a mixed group of students from different 

schools and classes. This observation of negatively worded statements being confusing 

for participants was also noted by Jones et al. (2013) in a survey of 11-13 year old 

students on bullying in the U.K.  Borgers, De Leeuw, and Hox (2000) advised not to use 

negatively worded statements for younger respondents unlike adult surveys where there 

was usually a mix of positive and negative statements. All-positive statements were 
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used by Pell and Jarvis (2001) in designing an attitude instrument for elementary 

students (5-11 years), with accepted reliabilities, as well as by Caleon and Subramaniam 

(2008) where an all-positively worded attitude questionnaire was also used. In earlier 

work (Dairianathan, 2010) preliminary feedback indicated that primary level and even 

some lower secondary level students of weaker academic ability were confused with a 

survey that consisted of both positive and negative statements and gave contradictory 

responses which did not match their other responses in the survey. During early 

preliminary work for this study, a similar situation was encountered with grade 5 

students when checking survey readability. Hence a survey with all positively worded 

statements was used for this study. A free response section was also included in the 

survey to allow self-reporting of learning. For example, the feedback asked participants 

for three new things they had learnt, two things they wanted to know more about and 

one thing they enjoyed most in the programme. Self-reporting can be used as evidence 

of learning and is something that even young students can do with guiding questions 

(Griffin, 1999). The feedback derived from these statements would give an indication of 

the level of enjoyment experienced by the students.  

 

A Likert scale was used to solicit feedback from the participants as it was deemed to be 

easy and convenient to use for the participants in the limited time they had in the 

laboratory. The scale starts with a positive rating on the left and moves to the lowest 

rating on the right. This arrangement of ratings on the scale opens the possibility to the 

primacy effect, which refers to the tendency for participants to select responses closer to 

the beginning of a scale (Betts & Hartley, 2012; Krosnick, 1991; Krosnick & Alwin, 

1987). This can happen when the survey items are presented visually (Krosnick & 

Presser, 2010) and the opposite is observed with oral surveys like telephone surveys 

where there is a recency effect (Bishop et al., 1988; Krosnick 1992; Krosnick & 

Schuman 1988). Mackinnon and Firth (2018) found that participants were more likely 

to choose ‘strongly agree’ if it was the first item on the response scale.  On the other 

hand, a study by Mackinnon and Wang (2020) of 774 undergraduates using the same 

survey in both ascending and descending 5-point Likert scales showed that although 

there was a slightly higher tendency to choose ‘strongly disagree’ if it appeared first on 

the scale, the effect was not significant between both scales, that is, if ‘strongly agree’ 

appeared first. In a study with a large sample of more than 20,000 students completing a 

post-course survey, Terentev and Maloshonok (2019) found primacy effects when 
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questions and response options were presented in a vertical format one after the other. 

However when items were presented in a grid format with responses left to right and 

with multiple items on a single page, the primacy effect was less likely to be seen. The 

studies appear to suggest that the primacy effect is not consistently seen especially when 

presented in a grid format rather than an item by item layout.  Nicholls, Orr, Okubo, and 

Loftus (2006) report that features on the left appear to hold more attention in a survey 

scale and suggest that might be due to left to right reading orientation as a possible 

factor. However they do conclude that if a survey is used to make group comparisons 

the effect of the survey scale direction is not critical as all participants are affected by 

the biases. Hence studies with group comparisons  do continue to use validated Likert 

scales in descending format, that is, from ‘strongly agree’ on the left to ‘strongly 

disagree’ on the right (Alabbasi, 2018; Chan et al., 2017; Firth, 2018;  Gurkhan & 

Kahraman, 2018; Huntoon et al., 2011; Hariyanto & Kohler, 2020; Jackson, Ray, & 

Bybell, 2013; Kisanga & Ireson, 2016; Reeve, Low, & Hilmer, 2019; Tseng et al., 

2018). This is similar to the present study where the results were interpreted as a group.  

 

Some ways to mitigate this effect is to reduce the task difficulty, by ensuring surveys 

are not long, and the questions and answer choices are easy to understand (Bell, 2007). 

The respondents also find it easier to recall and process when statements or questions 

are linked to preceding ones aiding memory (Bell, 2007; Krosnick & Presser, 2009). In 

this study, the above were followed, namely, that the statements were constructed to be 

easily understood by the age group and were tested with a pilot group before the actual 

study. Statements that were connected to each other for example, on hands-on activities, 

were also organised together in categories to facilitate reading and understanding.  

 

A survey with the same format that had been subjected to face and content validation in 

previous work, (Dairianathan & Subramaniam, 2011) and which had proved to give 

reliable responses from grade 5 students, was adapted for this study with some 

modifications. The statements relating to exhibits were removed. This was because at 

the time of the programme, the relevant genetics exhibits had been removed from the 

gallery. This form was also circulated to the preliminary panel of Science Educators 

(Appendix E) as well as to the validators who reviewed the final test instrument for their 

feedback (Appendix F2). There were no changes suggested to the survey by both the 

preliminary panel of Science Educators and the validators. A final copy is attached as 
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Appendix H. The readability of the survey was tested with a class of grade 5 students 

together with the cognitive instrument and there were no problems in student 

understanding of the statements. In the main study, the Flesch Kinkaid readability for 

the survey instrument was 4.7, which was suitable for the target group of grade 5 

elementary students. Reliability of the instrument had a Cronbach alpha value of 0.87 

for 19 items. This is also within the accepted range of 0.7 or more for surveys (Nunnaly, 

1978).   

 

As part of observing various components of the study, observations were made of the 

laboratory environment as the programme was being conducted. The observations of the  

class dynamics were meant to check on consistent content and delivery in the class and 

also to confirm the written feedback of the students, teachers and science educator 

reflections on their communication strategies. A sample list of observations of student 

and facilitator dynamics is also attached as Appendix I. 

 

In this study, student interviews had also been incorporated as part of the research 

design. A sample of students from every class was interviewed for feedback about their 

experience. Responses from the interviews would be helpful when comparing with the 

responses from the quantitative instruments to interpret the experience.  

 

3.4.1.3 Validity 

Content and face validity 

The instruments to evaluate the programme utilised content-validated test questions and 

documented misconceptions in the literature about this topic. As mentioned in Section 

3.4.1, one cognitive instrument that was used as a reference in this study was developed 

by an education team in the United Kingdom (Driver, Leach, Lewis, Radford, Wood, & 

Wood-Robinson, 1996) which have been widely cited and the questions adapted in 

other validated tests in other countries (Chattopadhyay, 2005; Sesli & Kara, 2012; Tsui 

& Treagust, 2010; Lewis & Kattmann, 2004; Kilic & Saglam, 2014). Topics tested were 

on genes, chromosomes, cell division and inheritance in students. This instrument was 

relevant to the proposed study although it would need to be modified for the target 

group and format of the present study. It was piloted and tested with over 600 students 

from 12 schools in the U.K. The students were represented in the low, middle and high 

ability groups equally as were the schools. Other validated test questions from the 
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literature were from Tsui and Treagust (2010). The statements in the feedback surveys 

had also been content validated in previous work (Dairianathan, 2010), but for a 

different topic. They were further refined for the present study. The final set of 

questions that was used in the test in this study had also been screened and discussed 

extensively by a group of educators teaching in that field at the science centre. Feedback 

was also sought from educators, such as a university professor, two with Ph. D. 

qualifications and relevant teaching experience (in molecular biology and science 

education) and one with biology teaching experience in schools as a teacher. The test 

questions and survey instruments were tested with a representative sample class of the 

same age to ensure that there was no difficulty in comprehension and ease of 

completion.  

 

The ‘validation’ in this case refers to face validity and content validity, which are 

usually adequate for such work (Anthony, 2008; Caleon & Subramaniam, 2005; 

Dairianathan & Subramaniam, 2011; Javlekar, 1989; Stavrova & Urhahne. 2010). This 

was done by getting experienced staff competent in teaching in the subject domain to go 

through the instrument and provide feedback on the basis of a checklist. It is not 

possible to explore the factorial validity of the instrument in this study as the ratio of the 

sample size to number of statements is not high. 

 

3.4.1.4 Teacher feedback  

Feedback form 

To complement the feedback from the students, it was also important to hear from the 

class teachers who were present during the enrichment programme and the post visit. 

Teacher feedback has always been considered to be important as they often have input 

into decisions to plan the trip for the students. Teacher feedback has often been sought 

to understand their motivations for planning trips to out-of-school institutions (Tal, 

Bamberger & Morag, 2005; Griffin & Symington 1997; Cox-Petersen et al., 2003; 

Lemelin & Bencze, 2004; Tal & Morag 2007). Such feedback is sought through surveys 

and questionnaires as well as in-depth interviews with teachers to understand their 

preparation and any post event follow up (Cox-Petersen, et al., 2003; Griffin & 

Symington, 1997; Kiesel, 2005, 2007; Michie, 1998; Morentin & Guisasola, 2013; 

Mosabola, 2014; Tal, Bamberger & Morag, 2005). What emerges from these studies is 

that teachers place high educational value on out-of-school visits, although findings also 
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show that teachers do not optimise the potential educational and learning value afforded 

by the experiences. Most teachers do not articulate the learning outcomes of the visits 

for their students and also do not sufficiently prepare their students for the visit through 

pre- and post-visit activities to make links to the curriculum even though links to class 

content is an important reason for having selected that particular programme and 

planned for the visit (Anderson, Kisiel, & Storksdieck, 2006; Cox-Petersen et al., 2003; 

Griffin & Symington, 1997; Kiesel, 2005; Morentin & Guisasola, 2013; Mosabola, 

2014; Tal, Bamberger & Morag, 2005). Teachers did not seem to be familiar on how to 

use out-of-school learning resources to complement what they were teaching in school.  

 

The purpose of the feedback was to obtain the teachers’ viewpoints in terms of content, 

delivery and effectiveness of the programme to stimulate interest in the students. The 

teachers’ feedback serves to add another dimension to the student feedback which is the 

primary feedback being evaluated. It was important to determine if the teachers felt that 

the programme had been clear and the teaching approach had been effective. The 

programme had been designed to introduce the content in stages through the duration of 

the programme, so that the students would build their knowledge progressively. 

Teachers were asked if they found the presentation, content and resources to be 

effective. They were also asked about the lesson delivery and if the instructor had been 

clear in explanations and if the information had been appropriate for the class. 

Importantly, teachers were also asked if the instructor was able to stimulate interest in 

the student participants, as this is a key attribute to enjoyment of the programme as well. 

Teachers gave their views on their students, the programme and the educator delivering 

the programme. Teachers completed a short feedback form on the programme 

immediately after the session ended and this took about 5 minutes. They were asked to 

rate various aspects of the programme such as overall impression of the programme, 

instructor’s ability to stimulate interest in the students and the clarity of explanation, 

appropriateness of information and helpfulness of various lesson components such as 

laboratory activities, worksheets, audio visual materials, etc, based on a 5 point Likert 

scale (1=poor, 2=fair, 3=average, 4=good, 5=very good) and were also encouraged to 

provide qualitative feedback for what they found helpful or interesting in the class and if 

they had feedback for improvement and other suggestions. The questions had been 

validated by a team of two university professors and two senior science educators at the 

science centre (Dairianathan, 2010) and further refined for the study. Generally the 
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accompanying teachers do not make any extensive comments in the form apart from 

some short phrases about what they found was helpful in the programme.  

 

Interview and selection of teachers 

The accompanying teachers (n=13) of the various classes were also approached to 

complete the feedback form after the completion of the enrichment programme as well 

as for interviews.  These teachers were experienced educators with more than 5 years of 

teaching experience and had been teaching the related topic of cells in the syllabus to 

their respective classes at upper primary level (11-12 years). They were thus familiar 

with the content and had the experience in teaching this topic and would be well placed 

to understand the full programme that was being experienced by their students. They 

had accompanied their students on the visit to the science centre, knew their students 

well and had observed their students during the enrichment programme and so their 

feedback on the programme came from deep knowledge of content as well as of their 

students.  

 

A total of 13 teachers completed the feedback survey of which nine agreed to be 

interviewed during the post-evaluation visits to the respective schools. The interviews 

would add richer detail to the perspective of the teacher who accompanied the class for 

the enrichment programme. The other four declined to be interviewed, citing heavy 

teaching schedules, while one had started a course of study overseas. All the schools 

were represented and the teachers were in charge of classes that also ranged from lower 

(2), mid (5) and higher ability (2) as defined by the school. The interviews were semi-

structured, so the teachers responded to a series of questions and were conducted with 

individual teachers. Teachers were asked some general questions about the choice of the 

programme that had been selected, preparation and follow up in school after the 

programme in class. This was to find out if teachers in Singapore had similar 

motivations as a group for selecting the enrichment programme on inheritance and if 

they had prepared their students for the programme. In addition, teachers were also 

asked about their impressions of the enrichment programme and their students’ 

interactions in the laboratory. The information was to help provide an additional source 

of data for the programme impact on the students. Hence the aim of the data gathering 

from the teachers was similar to and yet different from previous literature as the 
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teachers’ views were also sought as an educator’s perspective of the programme that 

their class had experienced.  

 

Unlike the research literature which focused on teacher behaviours in the science 

centres’ galleries, the approach taken here was to seek the teacher’s input as an active 

observer whose feedback was important on the learning environment in the laboratory 

programme. A list of questions was drawn up to gather their views on the programme 

and discussed with the researcher’s supervisor. Teachers were asked about their role in 

deciding on the choice of the enrichment programme, any pre-visit preparations that 

were carried out to prepare the students and extend the learning after the visit 

respectively. Some examples of questions in the interview: 

1. What is your role in school: a) teacher (sciences/social studies/language arts)   b) 

department or subject head c) others d) any role in decision making in selection of the 

programme 

2. What was the reason for visiting the science centre/selecting the enrichment 

programme 

3. Do you know the programme from previous experience?  

4. How was the visit planned? What was your role in coordinating the visit/planning the 

activities? 

5. Was there any pre-visit preparation? How long before the visit? Please describe the 

preparation if any. 

6. In your opinion as an educator, what parts or aspects of the class, contributed to 

helping the pupils understand the topic? 

 

A copy of the feedback form and interview questions is attached as Appendix J.  

 

3.4.1.5  Science educator reflections 

The facilitators or science educators who conduct the enrichment programmes are 

science graduates. The nature of their jobs requires them to spend most of their time 

interacting with students in enrichment programmes as well as visitors who visit the 

science centre over the weekends and school vacations. They have an important role in 

the science centre’s education programmes division which develops most of the student-

centred programmes.  Hence, the feedback of the science educators conducting the 

enrichment  programme of ‘Genes and our Traits’, was also solicited to understand how 
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their teaching practices influenced the experience in the lab for the students. As this 

enrichment programme required a background and understanding of genetics, not all 

science educators at the science centre could conduct this programme – only seven 

science educators were certified to conduct this programme. These were the science 

educators whose feedback was sought to find out how they introduced this abstract topic 

in the class and their strategies for holding the attention and curiosity of the students of 

different abilities. Their inputs served as additional feedback on the programme.  

 

Science educators are responsible for delivering the experience of the students so their 

feedback on what strategies they use with the students to achieve the outcomes are 

important under the sociocultural framework that is adopted by out-of-school science 

centres. The environment of the laboratory setting is collaborative and allows social 

interaction to make learning enjoyable, and the science educator is present as a 

facilitator (more knowledgeable other) to facilitate knowledge construction among 

students and to ensure that learning is an enjoyable experience for them. In this study, 

science educators who conducted the programme were approached to participate in this 

study and provide some feedback on the programme and their approach to delivering 

the content. These educators were familiar with the content in the enrichment 

programme featuring the topic of inheritance and had conducted this programme for 

students. Seven science educators were approached. These educators had experience 

ranging from 2-8 years in conducting various education programmes for students in the 

institution. Four were females and three were males. All were biology graduates, with 

three having a master’s degree either in life science or in science communication. Only 

one had a professional teacher qualification.  

 

Feedback from all the seven science educators conducting the programmes was sought 

through their reflections, as well as observations of the educators in the labs. The 

objective of studying the science educators was to understand their teaching approaches 

in delivering the topic on inheritance. In the studies listed earlier in Chapter 2, under 

section 2.4, educators were observed teaching general science programmes and 

conducting guided tours, while in this present study, the focus was on understanding the 

teaching of an abstract topic within an out-of-school learning institution. The topic of 

inheritance is not easily taught within a single programme and it is instructive to see 

what approaches are used and if they are helpful for learning and understanding of the 
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content. In addition, students and teachers often give positive feedback on the science 

educator in feedback gathered after programmes at our learning institution. The 

feedback is often very general, and studying their teaching strategies would help to shed 

some light on what makes for a memorable experience to students. 

 

It was important that the facilitators of the programme should be able to link the content 

in the out-of-school laboratory programme to what would likely have been covered in 

school or in daily life. This makes the programme meaningful and connects the learning 

to what the students may have encountered in daily life or in the classroom. It was also 

important that the science educators be competent in communicating the content using 

strategies that are employed in out of school science learning environments to 

productively use the resources available to create a memorable experience for learners. 

Strategies such as including multi sensory experiences, proper scaffolding, opportunities 

for social interaction and contextualising the information were part of the design of the 

programme and training for all science educators at the science centre as mentioned 

earlier under programme. The lesson structure and approach were kept as uniform as 

possible to ensure that the programme did not contribute variability. Science Educators 

used this structure to interpret the content and use their individual styles to deliver the 

programme.   

 

A semi-structured format with some guiding questions was used for the science 

educators’ reflections.  The questions that were asked were specific to understanding the 

educator’s role in the conduct of the programme relating to the topic of inheritance. 

Some of the questions that were framed took reference from the literature on research 

on museum educators and their reflective practice (Bailey, 2006; Tran, 2006, 2007). 

Other questions were added from my own experience and discussed with my supervisor. 

In this way a list of questions was finalised. The science educators’ responses to the 

questions were recorded as their reflections. The feedback was sought after they 

conducted a series of the programmes and not after just one delivery. The science 

educators were given sufficient time to record their reflections, and to think about their 

actions in class. Because they were busy with different schedules, all preferred a format 

where the questions were given to them and they would then have the opportunity to 

reflect and draw on their experiences to answer the questions individually during a quiet 
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period. The full list of questions is attached as Appendix K. Examples of some of the 

questions are: 

 When you teach this topic, what goal or goals do you have in mind…? 

a) in your teaching strategy  

b) in what you want the students to take away from the enrichment program? 

c) what about takeaways for teacher, yourself? 

 What teaching approaches did you personally use when delivering the program? How 

effective do you feel they are? 

 

 How do you adapt to the variability of students’ prior knowledge on the topic?  

 What strategies do you use? Could you give examples or elaborate? 

These science educators could be considered as competent and knowledgeable adults 

who facilitate learning of the students in their various zones of proximal development 

(ZPD). It was thus useful to know if the science educators utilised strategies, common 

or otherwise to move students through the ZPD by the end of the programme. Educators 

were asked what teaching approaches they used when conducting the programme and if 

they thought these were effective. They were also asked what they felt about the 

effectiveness of various components of the programme, like hands-on activities and use 

of technology, support of the class teacher and setting of the laboratory. As it was also 

important for students to enjoy and be engaged in the programme, the educators were 

also asked about how they kept the students interested in the topic for the duration of 

the two hour laboratory programme. Observation of classes was also conducted by 

myself to confirm the teaching approaches were practised by the science educators 

(Appendix I).  

 

3.4.1.6 Stimulated recall – group activity  

Recollection of visit  

In the post programme component of the study, a team of two educators and myself 

from the science centre, visited the schools between 8-12 weeks after the intervention to 

conduct a stimulated recall activity which consisted of a group activity involving the 

whole class and followed by small group interviews with a sample of students. The 

class teachers were also interviewed individually and separately from the students 

during the same period of the visit. The purpose of the post-visit recall exercise was to 

establish what the students could recall, with some triggers to the memory, of the 
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science centre experience and also, what information on the programme was recollected 

by the students.  

 

After the student participants in this study had experienced the programme at the 

science centre and completed a post-test, they returned to school. There was some 

communication with the schools to arrange the post-visit component and this took quite 

some time especially if there were more than one class from the same school. Teachers 

and students have packed schedules in schools and the teachers/school Head of Science 

had to find suitable periods within school time without disrupting other classes. The 

sessions were conducted class by class. The stimulated recall was carried out with a 

variation. The first part of the recall was conducted as a group session for each class that 

attended the programme at the science centre, while the second part was conducted as 

small group interviews for a sample of students (n=56).  Every class was sampled. As 

mentioned earlier, the visits to schools had to be conducted during school hours, within 

the science periods, and although Science Heads of Department and teachers were 

receptive to the interviews, they expressly requested that the duration of interaction and 

interviews remain within the science period to prevent disruptions to other classes. 

Hence the interaction in the schools had to take the time limit into consideration and the 

stimulated recall protocol was modified in this study. Recording footage of students and 

playing these back to small groups or individuals would take considerable time out of 

class which teachers of these classes discouraged. Hence photographs were taken of 

some of the students from each school attending the programme at science centre, and 

used as a stimulus to elicit responses from the students in a group activity involving the 

whole class. This was then followed by small group interviews with a sample of 

students to understand what students could recall further about their experience at the 

science centre’s enrichment programme. In this study, the stimulus for the recall was a 

set of images of the students conducting activities during the enrichment programme 

they experienced at the science centre.  A science educator conducted the session, by 

showing a series of slides of the science centre, laboratory, and the science educator 

who conducted the programme for the class in their previous visit to the science centre. 

Photographs of the students conducting the various activities were then shown and the 

students were invited to share what was going on in the photograph with simple 

prompts such as “What is happening here?”, “Do you remember this activity?”, “Can 

you share what you did with your group?” After each set of photographs about an 
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activity were shown, students were asked about what they had learnt from the activity. 

The science educator then usually summarised a key concept illustrated by the 

photographs of the student activity.   

 

The second part of the recall which consisted of the student interviews is covered in the 

next section. In particular, question 6 of the interview (experience of the programme) 

was more directly connected to the group recall component.  

 

3.4.1.7 Stimulated recall – student interviews  

Interviews and selection of students 

The student interviews were conducted after the group recall activity, and so the 

students had a reference point during the interviews when they were asked about their 

experiences during the programme. Hence the interviews also took place between 8-12 

weeks after the programme. The purpose to conduct face to face interviews with a 

sample of students who had gone through the enrichment programme was to gain a 

better understanding of the cognitive and affective components of the programme that 

were experienced and recalled by the students.  They were also asked to recall their 

impression of the programme and any memorable points in the session including the 

science educator who facilitated the programme for them. Part of the student interviews 

required them to answer a series of questions based on instances and was structured 

differently from the teacher and science educator interviews. 

 

A selected sample of students, (about 6-9) from each class, remained for interviews 

after the group activity. The student interviews lasted a further 20 minutes before 

students rejoined their class. The students were selected based on their post-test scores 

(in the low, mid and high range). The purpose of interviewing students in this range was 

to probe the understanding and reasoning of the various low, mid and high scorers’ 

responses to questions, as the interview probes were based on the test content. The 

delayed post-test scores ranged from 43-100% - lower scorers got 6-8 out of 14 

questions correct, mid scorers got 9-11 questions correct while high scorers got 12-14 

correct answers.  Selecting students across this range allowed for maximum variation in 

qualitative responses, perspectives on the experience and also the reasoning for their 

answers to the probes to surface. If there were no low scorers in a class, the students 

would be selected equally from the mid and high bands (these two bands were found in 
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every class). As far as possible an equal number of boys and girls were also selected in 

the sample. Sometimes the students were not present as they could be absent from 

school or away for other school activities, and so the interview was conducted with a 

replacement whom the teacher selected or with a smaller number of interviewees in the 

group – 2 instead of 3. No student was interviewed individually. The interviews were 

conducted either in pairs or groups of three as it was felt that the young students would 

be less anxious and be more relaxed when being interviewed with their classmates. The 

group interview also simulated the group work during the laboratory programme and 

the responses of one student would elicit responses from the others in the group as they 

recalled aspects of the programme they had experienced. The group interviews also 

were in keeping with the sociocultural aspects of the out-of-school experience (DeWitt 

& Osborne, 2010; Wells, 1999).  

 

Semi-structured interviews with students are often used to explore their degree of 

understanding of a concept as well as to identify any alternative ideas, areas of 

confusion or lack of sufficient knowledge. It also sheds light on how the enrichment 

programme had been interpreted by the student and if it has been effective, giving 

insights that complement data obtained by other methods, such as the multiple choice 

question format that was used in the pre- and post-tests (Southerland, Smith & 

Cummins, 2000; White & Gunstone, 1992).  As part of the interviews, the format for 

probes for student understanding of inheritance concepts was in using instances and 

events called ‘Interview about Instances’. This interview technique was first developed 

by Osborne and Gilbert (1980) to elicit students’ ideas about the topic of electric 

current. The technique was further refined by White and Gunstone (1992) and is 

probably one of the most widely used formats for probing understanding about science 

concepts. According to White and Gunstone (1992) “an interview about an instance is a 

conversation that an expert has with one student, focused by initial questions about 

situations represented in a series of line diagrams, to check the student’s interpretation 

of a natural phenomenon or social occurrence” (p. 65). Each picture is an instance 

which provides a stimulus to generate a conversation. The ‘Interview about Instances’ 

technique was considered a suitable interview strategy for the present study as it could 

reveal insights into student reasoning about the concept of inheritance. In this study, a 

set of photographs was presented to the students, one at a time and used to support the 

questions. The interview questions 1-4 are based on the written test probe by Lewis, 
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Leach and Wood-Robinson (2000c). In the original these were just line drawings of 

cells as the probe was for 16 year olds to check on what they recalled from secondary 

level school biology instruction. The interview questions in this study used photographs 

of two boys rather than line drawings of cells which would be unfamiliar for the young 

students (Appendix L). An example is as follows: 

Cells (1, 2, 3, 4) 

1. Let’s take an example of this boy called Robert. How many cells do you think 

he has in his body?  

How many of Robert’s cells contain genes/DNA?  

All of them? Some of them? What is the reason for your answer? 

 

2. Let’s compare 2 cells from Robert’s cheek. Would both cells have the same 

genes and DNA? Why? 

 

3. What if we compared cells from different parts of Robert’s body? If we take 

his cheek cells and skin cells? Would the genes/DNA be the same? Why? 

 

4. Here is another boy, called John (picture of another boy). John is Robert’s 

best friend and they always do things together. If we compared Robert’s cheek 

cell with John’s cheek cell, would the genes be the same? Why? 

 

The students were asked to answer each question and to provide a reason or justification 

for the answer. This set of probes was used to check for student understanding about the 

genetic relationship between cells within one individual as well as the same type of 

cells between two individuals. The probes that were used had been validated and used 

in a large study to gauge secondary students understanding of genetics after secondary 

education (Lewis, Leach & Wood- Robinson, 2000c).  

 

5. Accident  

A vignette was used with a hypothetical story to establish if the student was able to 

predict the appearance, e.g. of the offspring of two parents and to help determine if the 

student was able to distinguish between environmentally and genetically influenced 

external features: 
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This man in the picture is called Mr Danny. Mr Danny is about 25 years old and 

he works as a taxi driver. One day he got into an accident and his taxi was badly 

smashed and he was also injured badly. His legs were badly smashed and had to 

be removed (amputated).  

Now Mr Danny is getting married to a lady called Ms Lucy, who has both arms 

and legs. Ms Lucy and Mr Danny were discussing having children after they got 

married and if their children would be affected by Mr Danny’s accident. 

Will their children be born without legs? Explain your answer. 

 

6. Experience of the programme 

Students were asked to reflect on their experience of the programme in relation to the 

group recall activity that had been conducted. The interviews also gave more 

information as to the components of the enrichment that were helpful in enabling 

understanding. Students were asked questions relating to: 

a. Source of information on inheritance. Before this programme have you heard 

about genes or traits – in class? From other sources? 

b. Ease or difficulty to understand the topic of genes and traits in the 

programme. 

c. Personal experience at the lab. Which parts of the programme helped you 

understand the topic? (hands-on activities, worksheets, video clips?). Can you 

describe how it made you understand better? How did the instructor explain 

genes and traits? 

d. Enjoyment of programme. Which activities did you enjoy? Why? What did 

the activity demonstrate? 

e. Links between enrichment programme and class content. What did you learn 

at the science centre laboratory that was connected to what you learned in class 

in school? 

f. Links between enrichment programme and everyday life. What did you learn 

at the science centre laboratory that was connected to things you learned outside 

of school (e.g. with family, on television, movies, etc).  

 

3.4.1.8 Data coding and analysis  

The analysis of the interviews followed an inductive and iterative process which 

involved going from specific data in the interviews to more general codes and 
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categories of meaning. The goal of the analysis of the data by first dividing into smaller 

segments was to generate a final consolidated picture (Tesch, 1990). The process of 

analysing the data was done in a few steps, as follows (Creswell, 2012): 

 i) Collection of data (interviews), 

 ii) Transcribing of interviews, 

iii) Preliminary reading of interview text (to obtain a general sense of the  

     interview),  

 iv) Coding of data, 

 v) Condensing data into categories (and themes if applicable) for an overview. 

 

The interviews were transcribed from the recordings.  The first step after this was to 

explore the data. Agar (1980) suggested reading the interviews through several times to 

understand the details and getting a sense of the interview before breaking up the text 

into parts that were relevant to the questions. The next phase was the coding of data. 

The purpose of the coding was to search for data that could help answer the research 

questions, namely what are the aspects of the programme that are helpful or effective 

for learning from the students’ and teachers’ perspectives as well as the strategies 

science educators used to teach the content.  

 

Coding is the process of segmenting and labelling text to form descriptions and broad 

categories/themes in the data (Creswell, 2012). In this phase, the data is divided into 

segments, labelled with codes which are examined and then condensed into a smaller 

number of categories and sometimes further reduced into themes. A code is a word or 

phrase that represents a single idea, while a category is a word or phrase that describes a 

group of codes that share common features or a similar idea. A theme describes a broad 

overaching idea (Bogetz et al., 2017).  The text was read for key phrases or words, as 

well as their frequency of occurrence in the interviews that were relevant to the research 

questions. The interviews were read line by line while reflecting on the responses of the 

teachers and students in the context of the programme. The segments of text that were 

significant for their responses were underlined as different codes. Such examples were 

repeated phrases or words, teacher’s or student’s indication of surprise, or statement 

highlighting something as being very important in the interview. The process was 

repeated through each interview and all relevant extracts were grouped according to the 

interview question. The coding of the texts followed these sequential steps: 
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 Read through all data, 

 Develop a preliminary code list using words or phrases taken directly from the 

text which represent single ideas, 

 Refine this list by looking through all the interviews to see if common words or 

phrases could describe similar ideas across the texts. Discuss the code list with a 

colleague familiar with qualitative data coding, 

 One interview is given to two raters to check independently if codes have been 

assigned correctly to the interview extracts. Any disagreement is discussed and 

clarified as a group to reach common agreement, 

 The code list is used to confirm coded texts for the rest of the interviews, 

 The codes are organised into larger categories, and if applicable, categories into 

larger themes.  

Fig 3.5 illustrates how the codes that were derived were grouped into categories and 

themes if applicable.  

 

Fig 3.5: Grouping of data during coding analysis     
       
         

           

 

 

 

 

 

 
 

Teacher interviews and science educator reflections 

The relevant segments of the nine teacher interviews were tabulated in Excel format 

according to teachers’ responses to each question, and similarly, the student responses 

and science educator reflections were also tabulated according to the questions they 

were asked. The data codes were refined and similar codes relating to each other were 

grouped into categories. For example, all the codes referring to the lab setting, 

illustrations in the lab or science centre were classified as an environment category. The 

Theme 

Category two 

Codes four-

five share a 

similar 

feature/idea 

 

Code one 

Code two 

Code three 

Code four 

Code five 

Category one 

Codes one-

three share a 

similar 

feature/idea 
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process was repeated across all the interviews in one group, grouping and comparing 

codes for similarity and differences. The coding was done by myself and in consultation 

with a colleague who had experience in qualitative coding and familiar with the 

enrichment programme to reach a list of codes.  An example of the coding process and 

the codes used for the teacher interviews is attached as Appendix W1, and for science 

educator reflection in W2. For example, for the interview question of how the choice of 

this programme for the school is selected, an example of how the coding into categories 

was done is indicated in Table 3.6. In this example, the teachers answered a question 

about the selection of the programme and answers (and hence codes) were very similar. 

 

Table 3.6 Sample of coding for teachers’ feedback 

Question: Why was this programme selected by the school? 

Category Code Preliminary code Extract of teacher response 

Link to 

syllabus 

and related 

extension of 

the topic 

Link to topic of 

cells 

 

Enrichment 

learning cells. there 

is some connection 

DNA is going a bit 

beyond that. But 

there is some link 

in primary 5 they are learning cells. 

So naturally, there is some 

connection there although DNA is 

going a bit beyond that. But I think 

that there is some link. 

 

Link to 

syllabus 

 

Relatable for 

weaker students 

weaker pupils 

more relatable 

this topic was selected, which is 

Genes and Traits for this two groups, 

there are weaker pupils. I think she 

selected it because of their ability. 

Maybe it's more relatable. 

 

 

 

Link to 

syllabus 

and related 

extension of 

the topic 

Planned by school 

science head 

Linked  to syllabus 

Enrichment 

Available resources 

try to align to the 

syllabus 

enrich the learning 

better 

science centre has 

more resources 

Mr M. He is the one who is 

coordinating all these lessons…. they 

will try to align to the syllabus. To 

enrich the learning better, because I 

think the science centre has more 

resources that can offer to us; 

compared to our school. 

 

Link to 

syllabus 

Link to the topic of 

cells 

Linked to syllabus 

it's really very 

suitable for the 

teaching of cells 

Connection to the 

syllabus 

I chose the DNA lab as the activity; 

because it's really very suitable for 

the teaching of cells; which is the 

direct, you know, what do you call 

that? Connection to the syllabus 

 

 

Table 3.7 is an example of the science educators’ reflection and illustrates how the 

coding was done in similar manner to the teacher interviews. This is a sample of the 

responses to the prompt on what informs their teaching or style of delivery. 
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Table 3.7 Sample of coding for science educators’ reflections 

Question: What informs your teaching practice or style of delivery? 
Category Code Preliminary code Extract of reflection 

Ensure good 

understanding 

Check for student 

understanding 

throughout the 

programme 

regular Q&A 

throughout the lesson 

check if the students 

are following / keeping 

up with the lesson.  

 

I believe a lot in regular Q&A 

throughout the lesson in order to 

check if the students are following / 

keeping up with the lesson.  

 

Communication 

strategies 

Appeal to different 

types of learners 

Hands-on activities 

Use of storytelling 

Use of videos 

Spark student 

curiosity 

Mix of videos, hands-

on and stories to 

appeal to different 

sensory learners. 

 

topics appeal to my 

curiosity 

Mix of videos, hands-on and stories 

to appeal to different sensory 

learners. Past experience with 

teaching and as a student, having 

preference for styles where the topics 

appeal to my curiosity. 

 

Communication 

strategies 

 

 

 

Break up content 

into smaller chunks 

for understanding 

 

Use of analogies 

and examples 

 

break down or simplify 

information so that 

they can understand 

use examples or 

analogies to describe 

certain difficult 

concepts. 

 

When I teach my peers I usually try 

to break down or simplify 

information so that they can 

understand. I also tend to use 

examples or analogies to describe 

certain difficult concepts. 

 

Self 

development 

Modelling good 

practices 

 

Reflective practice 

 

 

 

 

Attend PD training  

 

 

 

 

Inquiry based 

approach in 

teaching 

Observing senior 

educators 

 

Improving from the 

feedback received 

from past teaching 

experiences 

 

Exposure and training 

received during 

professional 

developments courses. 

 

support the inquiry 

based learning 

teaching strategies 

My teaching practice and style of 

delivery is built from:  

i) Observing senior educators 

ii) Improving from the 

feedback received from past teaching 

experiences 

iii) Exposure and training 

received during professional 

developments courses. 

 

I support the inquiry based learning 

teaching strategies where students 

are encouraged to lead their own 

learning through questioning and 

discovering new knowledge through 

experimentation. 

 

 

About 74 codes were drawn up from across the teacher interviews from the data and 

about 133 codes for the science educator reflections. A coded interview from each set 

was shared with two education staff who were familiar with the enrichment programme 

to comment on the coded texts. Kripeendorf (2004) indicated that it was acceptable to 

assess intercoder reliability on a sample of the texts. Hodson (1999) suggested about 

10% of text as a sample which was also adopted by Campbell et al. (2013). One 

interview comprised about 11% of the total number of teacher interviews and as each 

interview had responses to the same set of questions it was considered a suitable amount 
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of representative text. The raters were a biology educator familiar with genetics, and a 

primary school teacher who has taught this topic of cells in his class. Similarly, this was 

also carried out with the science educators’ reflections as one reflection comprised 14% 

of the total and each reflection comprised of responses to the same set of questions. 

 

The purpose of checking with two raters was to provide a degree of reliability and 

consistency to the interpretation of the codes and to check against researcher bias. 

Interrater agreement can be done by percent agreement or other methods such as using 

Cohen’s kappa statistic. Using percent agreement or kappa has respective strengths and 

limitations (Schweta, Baipai, & Chaturvedi, 2015). The percent agreement statistic is 

easily calculated and interpreted and raw agreement indices have value as important 

descriptive statistics (Uebersax, 2000). A limitation of this method is that it does not 

take into account the possibility that raters agree by chance. Chance agreement or 

guessing is more likely if a number of raters are recruited to code the data. If raters are 

trained and/or familiar with the codes, there is a lower likelihood of guessing to be 

present. The Cohen’s kappa coefficient was designed to take into account the 

probability of raters agreeing by chance.  It makes some assumptions about rater 

independence and other factors which may lower the estimate of agreement 

significantly (McHugh, 2012; Uebersax, 1987). The limitation of its use in this study is 

that the sample size of subjects is very small for statistical analysis (Bujang & Baharum, 

2017). Hence percent agreement to determine interrater reliability was a feasible option 

and was used in this study taking into account that the raters were very familiar with the 

content and programme so that there was good understanding when evaluating the 

codes for the interviews. Each rater worked independently to indicate agreement or 

disagreement with the coded texts. The interrater agreement was 87.5% and 88.1% for 

teachers and science educators respectively which is within the range of 75-90% 

considered acceptable (Stemler, 2004). Any areas of disagreement were discussed 

together between myself and the raters to reach a common agreement of the coded text, 

e.g. a phrase that was interpreted differently by the raters. An example was the phrase 

‘programmes are seen as a useful tool to enhance lessons taught in school’ was 

considered enrichment by one rater while the other agreed with the code that it 

complemented school content. After discussion there was overall agreement on the term 

‘complemented’ as it was broader and covered direct and indirect links to the syllabus. 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

147 

 

 

Student interviews 

The interviews with students were analysed differently. The interviews were also semi-

structured, so the students responded to a series of questions, e.g. if they had heard 

about the topic of genes and if they had covered in school (under cells). The student 

interviews comprised two portions – the first was the ‘Interview by Instances’ which 

has been described in section 3.4.1.7. In the second part, students were asked to describe 

their experience through guiding questions. The interviews started off with probing 

students’ responses to the pictures and scenario. These were quantifiable as it could be 

coded as correct or incorrect answer with correct or incorrect reasoning. The student 

responses were straightforward and could be tabulated for a quantitative result. Even the 

responses of the students about the programme did not require extensive coding – the 

interviews took about 20 minutes and going through the ‘Interview by Instances’ 

process to check student understanding of the concepts took half of the interview time. 

Student answers were to the point even with prompts. Feedback on the experience was 

focused on specific components of the programme such as the types of hands-on 

activities or science educator, etc. This allowed most of the student interviews to be 

coded quantitatively. Miles, Huberman, and Saldana (2014) observe that ‘quantitising’ 

qualitative data is a first level of quantitative-qualitative linkage seen in mixed methods 

design studies (p. 43).  Because of the different nature of the student interviews the code 

list that was drawn up was discussed with the raters. Any disagreement in the 

interpretation of the codes was discussed and resolved so that there was complete 

agreement on the categorisation of the responses. The coding is illustrated by the 

example in Table 3.8, in the scenario of Mr Danny having lost his legs in an accident 

and if his children would be born without legs.  A sample of a coded student interview 

is attached as Appendix W3. 

 

Table 3.8: Sample of coding of student responses for accident question 

Category Code Preliminary code Extract of student response 

Correct 

Understands 

genetic traits 

and acquired 

changes are 

different 

Children will 

have legs 

still have legs as both of the 

parents have legs 

they will still have legs as both of the 

parents have legs, but Mr Danny just 

lost his legs, doesn’t mean his body 

changed 

Correct 

understanding 

Children will 

have legs 

he was born with no legs 

then the child might have no 

legs 

if he was born with no legs then the 

child might have no legs but he used to 

have legs 
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Category Code Preliminary code Extract of student response 

Correct 

understanding 

Children will 

have legs 

will have legs because Mr 

Danny was born with legs 

will have legs because Mr Danny was 

born with legs 

 

Correct 

understanding 

Children will 

have legs 

even though the outside; the 

legs are amputated but inside 

the genes will always be the 

same 

two legs - even though the outside; the 

legs are amputated but inside the genes 

will always be the same. So will the 

traits and the children will both be 

born with legs 

Incorrect – 

unsure and 

confused about 

genetic and 

acquired 

changes 

Maybe maybe the children will be 

affected 

maybe the children will be affected 

Incorrect 

understanding  

Different 

combinations 

2 legs, 1 leg, no legs, there is 

a change in Mr Danny so 

there is a chance of affecting 

the child 

0-50-50 chance, 2 legs, 1 leg, no legs, 

there is a change in Mr Danny so there 

is a chance of affecting the child 

 

In the next example when asked about which activity in the programme had been 

memorable and helpful that helped their understanding, students picked from one of a 

few types of activities they engaged in during the programme. Examples of codes that 

were formed are indicated in Table 3.9. 

 

Table 3.9: Sample of coding of student responses for what was memorable 

Prompt: “What helped you to understand the topic?” 

Category Codes Preliminary Codes Extract of student response 

 

Programme Video  Video video that was shown about the traits 

Programme  

 

Facilitator 

Slides 

 

Explanation 

Powerpoint slides 

 

Teachers 

explanation 

powerpoint slides were clear but the 

teacher's explanation was better. 

Programme  Slides Clear images of 

cells (visuals) 

very clear images of the cells 

Experience 

 

Programme  

 

 

Programme  

 

 

Programme  

Fun 

interesting 

dna 

extraction 

 

 

Slides 

 

 

Worksheet 

very fun and 

interesting  

Extract the dna 

ourselves 

 

Slides were really 

useful 

 

Worksheets are 

very useful 

it was very fun and interesting, because we 

can extract the dna from the nucleus 

ourselves. Last time I didn’t have a chance 

to do it. Only can see in a video or read 

books. Some slides were really useful and 

I copied the notes.  

 

 

Worksheets are very useful because I 

know how much I know about genes and 

traits  

Programme  Traits tree Traits 

(traits tree) 

my favourite activity was when we were 

finding which traits we had. So we were 

finding which category we were grouped - 

Programme  Eye colour Eyes sticker activity eyes sticker activity, helped me remember 

brown eyes is dominant 

Programme Activities Experiments experiments helpful to understand, 
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Category Codes Preliminary Codes Extract of student response 

Facilitator Instruction Clear instruction instructions given were clear so could 

follow and do on our own. 

Facilitator Explanation Science educator’s 

explanation 

Ms Alice, I like the way she presents 

Facilitator 

 

Environment 

 

Explanation 

 

Attire 

Scientist role 

 

Explanation was 

clear, understand 

Wear the lab coat 

Feel like real 

scientist 

the explanation was clear enough for us to 

understand.  

When we get to wear the science lab coat. 

We really feel like real scientist 

 

Students were active participants in the programme and their feedback and recall of the 

experience was valuable in understanding what had helped them understand the topic. 

The quantifiable nature of the responses and the specific code labels helped to facilitate 

coding.  

 

The data collection methods in this study are summarised in Table 3.10 below. 

 

Table 3.10: Summary of data collection methods used in the study 

Data collection 

method 

 

Purpose 

 

Advantage Disadvantage 

Cognitive 

instrument 

 

15-item multiple 

choice format with 

reason tier and 

confidence scale 

for students 

 

 

To measure changes in 

learning through scores 

in pre-, post- and delayed 

post-tests.  

 

Reason tier added so 

students need to justify 

the answer choice; 

 

Confidence scale added 

to check if incorrect 

answers are result of 

guesswork or alternative 

conceptions 

 

Pre-test to check for 

prior knowledge on 

inheritance, post-test to 

measure changes in 

learning, delayed post-

test to check for stable 

gains if any. 

 

Tests complemented by 

interviews 

 

 

 

 

 

 

Can be completed in a 

relatively short time as 

students have limited 

out-of-school time for 

programme 

 

Numerical data is 

objective 

 

Students are familiar 

with MCQ especially 

younger students 

 

Neutral format for boys 

and girls; 

 

Can be given to a larger 

group and can be marked 

quickly.  

 

 

Does not indicate if 

correct answers are from 

guessing and reason 

behind answer choice  

Addressed by reason and 

confidence components 

of the instrument. 

 

Does not give as deep 

insights into student 

reasoning compared to 

/qualitative methods 

Addressed by 

complementing with 

student interview. 
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Data collection 

method 

Purpose 

 

Advantage Disadvantage 

Feedback survey 

 

19 statements with 

Likert scale for 

students 

 

To measure enjoyment 

and interest in the 

experience 

 

Feedback complemented 

by interviews 

 

Easy to administer and 

quantify, objective data 

 

Students have limited 

time to complete the 

feedback after the 

programme and feedback 

has to be collected within 

the time constraints. 

 

Students are familiar 

with format 

 

Format suitable for 

students of a range of 

abilities and ages  

 

Includes five open ended 

items to allow for free 

response from 

participants. 

 

May not be able to get as 

rich detail as qualitative 

methods 

 

Addressed with a 

question on experience 

in the student interview 

Feedback form for 

teachers 

 

11 item 

questionnaire with 

Likert scale 

response, 4 items 

are free responses. 

 

To gather teacher 

feedback 

 

Feedback complemented 

by interview 

Easy to administer and 

quantify. Objective data 

 

Useful when there is 

limited time. 

 

Four open ended items 

allow for free responses 

 

Limited information may 

be derived from the form 

 

Addressed with interview 

 

 

Interviews (one on 

one) with teachers 

Feedback of teacher’s 

perspective of the 

learning potential of the 

programme and the 

experience for the class 

One on one interview 

with the teacher gives 

more detail compared to 

the feedback form that 

quantifies the experience. 

Educator’s voice is heard 

 

Takes time for arranging 

around teacher’s busy 

schedule, as well as 

transcribing, coding   

Interviews. 

 

Interviews (small 

group) with 

students 

Feedback of students on 

programme experience 

and deeper insight into 

their reasoning of 

inheritance. 

Small group interviews 

give voice to the students 

and insights into details 

not captured in the 

feedback survey, 

 

Takes time for arranging 

around school and class 

schedule, as well as 

transcribing, coding   

Interviews.  

 

Stimulated recall To check for recall and 

understanding of 

concepts covered in the 

programme.  

 

Hearing the students’ 

voice and what they 

learnt and can remember 

months later.   

Class recall activity takes 

less time and fits the 

school schedule. 

 

Group activity does not 

give insight on 

individual responses. 

 

Difficult to quantify 

class responses to the 

quiz component.  

Addressed with use of 2 

observers who did a 

visual check on 

proportion of correct 

answers which were then 

compared for 

consistency.  
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Data collection 

method 

Purpose 

 

Advantage Disadvantage 

Reflections of 

science educators 

Perspective of the 

facilitator conducting the 

programme and insight 

into how they prepare for 

the delivery of the 

programme. 

 

Individual reflections 

give more detail and 

understanding of the 

facilitator’s role. Science 

educator’s voice is heard 

 

Takes more time to work 

around science 

educators’ busy 

schedule, as well as for 

coding reflections.  

 

May not be able to 

clarify on-the-spot as 

with live interviews 

Addressed by checking 

with science educators 

during coding response 

categories. 

 

 

 

3.5 Statistical analysis 

3.5.1 Analysis of cognitive test 

At the time of evaluation, students were reminded to complete information such as 

name, school and gender on their forms. This information was needed to match the pre, 

post and delayed post test forms as well as the feedback surveys of the participants. 

Teachers generally filled out the contact information properly so there was no issue with 

the adults. Students were told that this would not have any effect on nor be counted for 

school grades. Each test subject was coded with a number including information such as 

gender and level. The pre-, post- and delayed-post tests were marked, with incomplete 

data discarded. There were 15 questions. Questions 1-10 were two dimensional 

questions –a multiple choice format question with an added dimension of a confidence 

tier for each question. Questions 11-15 were three-tier – a two tier multiple choice 

question format and with the additional confidence tier for each question. Each question 

was awarded 1 mark for a correct answer and 0 mark for an incorrect answer. The 

fifteenth question had no right or wrong answer and so was not included in the 

computing of scores. The purpose of the question was to understand the student’s 

reasoning in making a choice. The question asked students to respond to a cartoon 

illustrating a conversation between three adults over a baby. The categories of responses 

and coding for the responses to question 15 are described in Chapter 4 under Section 

4.1.2.1. For the two-tier questions, the content and reason tier questions were marked 

separately, to ascertain if each was a correct answer. The two-tier questions were only 

awarded 1 mark if both tiers were correct – as long as one tier or both were incorrect, 

the question would be marked as 0. The full mark for the test was 14 and the test score 
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reported as a percentage (14 marks as 100%) as it gave a better picture of the efficacy of 

the intervention and also allow some comparison and interpretation across all scores for 

different tests, with confidence and test scores. Question 15 was open-ended and not 

given a mark. The confidence tier was added just below the reason tier (for two-tier) or 

below each multiple choice question, so each question had one confidence tier. This tier 

carried no marks; it comprised a Likert scale ranging from 1-5, where students would 

indicate their confidence that their answer to that question was correct. For 2-tier 

questions the confidence reported was the students’ confidence that both tiers were 

answered correctly. Values ranged from 1 (just guessing) to 5 (very confident) and a 

value of 3 would be considered a slight degree of confidence compared to 4 which 

would reflect stronger confidence. Data from subjects who did not complete the full set 

of pre-, post- and delayed post-tests were also removed from the final analysis.  

 

Descriptive statistics and interaction effect were explored, using IBM Statistics SPSS 22 

for Windows. A significance value of 0.05 was adopted for the data. Means and 

standard deviations on all test items were calculated. The prior knowledge of the 

students after learning about the topic of cells in class would be indicated by the pre-test 

score. The effect of the programme was measured by the difference in test scores 

between pre-, post- and delayed post-test. Test scores (percentage correct) were used in 

the analysis, for example all correct would be 100%. In addition the survey was also 

administered with a Likert scale response. A summary of the analysis of results is 

indicated in Table 3.11 below. 

 

Table 3.11: Summary of analytical methods for study 

Research 

Question 

Analysis 

RQ 1  Descriptives (frequency, mean, standard deviation) 

for pre-, post-, delayed post-test scores, confidence 

 Analysis of students’ alternate responses to items in 

test 
RQ 2  Descriptives (frequency, mean, standard deviation) 

for pre-, post-, delayed post-test scores, confidence 

 One-way analysis of variance for test score, 

confidence 

 Post-hoc comparison for test score, confidence 

 Analysis of students’ alternate responses to items in 

test 
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Research 

Question 

Analysis 

RQ 3, 4  Descriptives (frequency, mean, standard deviation) 

for feedback statements 

 Factor analysis 

 Coding of responses (student open responses on 

feedback form, student interviews) 
RQ 5  Visual observation for quantitative assessment   
RQ 6  Descriptives (frequency, mean, standard deviation) 

for pre-, post-, delayed post-test scores, confidence) 

 Independent t-test for test score and confidence 
RQ 7  Descriptives (frequency, mean, standard deviation) 

for feedback statements 

 Coding of responses (teacher interviews) 
RQ 8  Coding of responses (science educator reflections) 

 

The descriptive statistics on the cognitive instrument also included analysis of each of 

the 15 items as each question was selected to assess knowledge and understanding for a 

particular student misconception found in the research literature. Some relevant data 

was also obtained from the confidence ratings for each question, namely, the overall 

mean confidence (CF), confidence of students who give incorrect answers (CFW), 

correct answers (CFC) and the confidence accuracy quotient (CAQ). CAQ is 

determined from the difference between correct and incorrect confidence ratings and 

divided by the standard deviation of confidence over all items (CAQ = CFC-

CFW/Standard Deviation of Confidence). The means of CFC and CFW will indicate the 

sample’s calibration, while the CAQ will indicate if students can discern between what 

they know and what they do not know (Lundeberg, et al., 2000; Stankov & Crawford, 

1997). There were also an open ended question (question 15) which needed 

categorisation for student answers as well as the open responses in the feedback survey 

for students and teachers.  

 

3.5.2 Analysis of feedback forms  

Feedback forms that were not completely filled out, as well as those with inconsistent or 

contradictory responses were eliminated from the data set. From a total of 377 forms, 

the final number of forms that was used was 346 (n=346). Internal consistency 

(Cronbach Alpha coefficient) of the five point Likert scale used in the survey was 

assessed (Cronbach, 1951), and the survey used first in a pilot class, then in a 

preliminary study and subsequently in the main study. The data was also quantitatively 
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analysed to obtain ratings and percentages of students and teachers on the experience in 

the laboratory programme. Descriptive statistics of surveys from students, teachers and 

trainers were analysed using SPSS for Windows v 22.0, to determine components of the 

experience that contributed to the positive experience.  

 

Qualitative data in the form (indicated by questions that elicited open-ended responses 

at the end of the survey), were compiled and analysed. These responses formed the data 

that were grouped into categories that sought to explain the observations as presented in 

Tables 4.34-4.37. The students’ feedback survey consisted of 19 items or statements 

with a 5-point Likert response scale, ranging from 1=strongly disagree to 5=strongly 

agree. The score ranged from a minimum score of 19 to a maximum of 95. Reliability 

of the full instrument had a Cronbach alpha value of 0.89 for 19 items. This is also 

within the accepted range of 0.7 or more for surveys (Nunnaly, 1978). In this study 

there was a use of parametric tests such as ANOVA and t-tests for comparison data for 

analysis of data such as feedback and gender comparison. Although Likert scales are 

termed “imperfect interval-level scales” by Borgatta and Bohrnstedt (1981), the 

researchers also noted that when a significant number of items are being measured, such 

ordinal data can be assumed to follow a normal distribution. This feature would allow 

the use of parametric tests (Gaito, 1980). Other researchers have also concurred on the 

use of parametric tests with Likert scales with these conditions (Folks, 1981; 

Bohrnstedt, 1977). Parametric tests have been used in analysing Likert-type feedback or 

attitude data (Barrington & Hendricks, 1988; Harty & Beall, 1984, Jayaratne, Thomas, 

& Trautmann, 2003). 

 

Principal components analysis (PCA) was also carried out on the feedback survey. This 

analysis is used to reduce a large set of variables to a smaller set that still contained 

most of the information in the large set. The correlation matrix was inspected to find 

evidence of coefficients greater than 0.3 (Tabachnick & Fidell, 2001). Two other 

statistical measures were also generated to help assess factorability of the data, namely 

Bartlett’s test of sphericity (Bartlett, 1954) and the Kaiser-Meyer-Olkin (KMO) 

measure of sampling adequacy (Kaiser, 1970, 1974). The Bartlett’s test of sphericity 

should reach significance (p<0.05) for consideration of PCA as appropriate while the 

KMO index should have a minimum value of 0.6 for proper analysis (Tabachnick & 
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Fidell, 2001). The components were then extracted and components having eigenvalues 

greater than 1 were considered significant.  

 

In summary, the participants of choice in this study are the elementary students (11-12 

years). An enrichment programme was selected for the study and that was carried out at 

a science centre. A cognitive instrument containing ten two-dimensional and five three-

tier questions as well as a survey were developed for the study. The purpose of the study 

was to obtain baseline data of students’ ideas about inheritance through a pre-test as 

well as the effect of the enrichment programme intervention on their knowledge and 

understanding of the concepts covered in the programme. The effect of the intervention 

was measured by a post-test. A group stimulated recall session and delayed post-test 

were conducted about two months after the science centre visit to ascertain if the 

recollections were stable and still evident. In addition, qualitative data was also 

collected - interviews with a sample of students, with accompanying class teachers and 

with science educators conducting the class were conducted to look for supporting 

evidence of the quantitative data results. 
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Chapter 4 

 

RESULTS  

 

In this chapter, we present the results of applying a cognitive instrument that was 

developed to establish the level of knowledge that grade five students had about 

genetics and inheritance. A sample group of grade five students also participated in an 

out-of-school enrichment programme where the content covered during this class was 

relevant to the inheritance topic covered in primary school science. The participants 

completed a pre-test in school before coming to the science centre to attend the 

enrichment programme. The students then completed a post-test after the class and a 

delayed post-test two months later. The results presented here are from the primary data 

compiled firstly from the cognitive instrument and secondly from the affective survey 

completed by the students. A post-visit stimulated recall activity comprising a group 

recall component and interviews with a sample of students was also conducted to 

support the test results. In addition, feedback from class teachers and science educators 

was gathered as secondary data to complement self-reported student responses about 

learning in the programme.  

 

4.1 Students’ pre existing knowledge of inheritance  

What do upper elementary students (11 years) know about the concepts of heredity and 

inheritance? (Research question 1) 

 

The cognitive test was used as a pre-test to gain a picture of what grade five students 

knew about this topic. Table 4.1 shows the percentage of correct answers for each 

question by the students as well as their confidence that their answer is correct. The 

percentage of correct answers ranges from 17.6% to 74.9%, and correspondingly, 

confidence that the answers are correct ranges from 2.1-3.6 (where the highest 

confidence level is 5). Table 4.2 indicates the percentage of alternate options selected in 

the pre-test and the incorrect ideas that students may have at the start of the programme. 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

157 

 

Table 4.1: Means and Standard Deviation (SD) for the pre-test score and student 

confidence for Genes and our Traits 

Question 

pre-test 

N=346 

 

Prop correct 

answers in 

test score 

(%) 

Mean 

pre-test  

 

 

 

SD 

pre-test 

 

 

 

Mean 

confidence  

(recoded as 0-

5) 

 

 SD 

confidence 

Q1 55.49 .55 .50 3.15 1.18 

Q2 34.39 .34 .48 3.07 1.19 

Q3 29.19 .29 .46 2.57 1.28 

Q4 31.50 .32 .47 2.59 1.31 

Q5 48.55 .49 .50 2.66 1.28 

Q6 64.45 .64 .48 3.05 1.33 

Q7 74.86 .75 .43 3.62 1.45 

Q8 38.88 .40 .49 2.41 1.35 

Q9  32.66 .33 .47 2.32 1.36 

Q10  44.51 .45 .50 2.79 1.38 

Q11a* 40.75 .40 .49   

Q11b* 39.02 .37 .48   

Q11 (both) 34.39 .34 .48 2.97 1.42 

Q12a* 50.87 .50 .50   

Q12b* 27.46 .27 .44   

Q12 (both) 21.10 .21 .41 2.10 1.2 

Q13a* 41.33 .41 .49   

Q13b* 45.66 .45 .50   

Q13 (both) 21.97 .22 .42 2.26 1.59 

Q14a* 34.39 .35 .48   

Q14b* 35.84 .35 .48   

Q14 (both) 17.63 .18 .38 2.12 1.20 

Q15    2.99 1.36 

*Questions with a and b are two tier questions, a being the first tier and b the reason tier that requires a 

justification for the first tier answer. (both) refers to the values derived from correct responses to both 

tiers.  
^Confidence score (recoded from 0 to 5) is the degree of confidence that the answer choice made is 

correct. 

 

Table 4.1 shows the list of items in the pre-test and the proportion that was correctly 

answered. The confidence of the students that their answers were correct is also given, 

with M and SD for each item. The confidence scores are reported as a score between 0 

and 5. The confidence tier is part of the test and low scores (below 3.0 as seen in this 

pre-test, suggests low confidence on the part of the students that their answer are 

correct. If they do have correct answers with low confidence, it also suggests that these 

may be the result of guesswork.  
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Table 4.2: Correct and alternate options selected by students in pre-test 

Question Pre test 

correct 

option (%) 

Alternate 

options 

selected 

(%) 

Alternative lines of incorrect 

reasoning/student ideas 

Q1 d (55.49) a(20.81), 

b(4.05), 

c(19.94) 

Tree and seed (plants) are living 

and contain DNA, not bread 

mould and bacteria.  

 

Q2 a (34.39) b(10.40), 

c(34.38), 

d(9.25) 

Baby gets its DNA from either 

parent or more from one parent.  

 

Q3 a (29.19) b(19.94), 

c(33.53), 

d(17.05) 

Incorrect order of size - gene is 

larger than chromosome 

Q4 d (31.50) a(21.39), 

b(17.05), 

c(5.78), 

e(23.70) 

Different cells in the body have 

different types of genes 

Q5 b (48.55) a(7.51), 

c(18.50, 

d(25.43) 

Children can get different amount 

of genes from their same sex 

parent – girls get more from 

mother and vice versa.  

 

Q6 b (64.45) a(16.76), 

c(12.14), 

d(6.07) 

DNA is found only in egg and 

sperm cells  

 

 

Q7 d (74.86) a(9.54), 

b)4.05), 

c(11.27) 

Hair length and language are 

affected by our genes 

 

 

Q8 c (39.88) a(19.65), 

b(26.59), 

d(13.87) 

Sex cells and fertilised cells 

contain the same number of 

chromosomes 

 

Q9 a (32.66) b(35.55), 

c(18.79), 

d(12.72) 

Female chromosome is XY or 

XXY 

Q10 b (44.51) a(25.43), 

c(19.08), 

d(10.98) 

 

Probability of having a boy or girl 

is not 50%, based on the scenario 

Q11 

content 

d (40.75) a(17.63), 

b(29.19), 

c(12.43) 

Acquired feature will be passed 

down to offspring 

 

Q11 

reason 

4 (39.02) 1(25.43), 

2(35.72), 

3(8.67) 

Q11 (34.39)  
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Question Pre test 

correct 

option (%) 

Alternate 

options 

selected 

(%) 

Alternative lines of incorrect 

reasoning/student ideas 

Q12 

content 

a (50.87) b(49.13) Confusion/lack of knowledge 

over dominant and recessive 

traits. Q12 

reason 

2 (27.46) 1(22.83), 

3(37.86), 

4(11.27) 

Q12 (21.10)  

Q13 

content 

b (41.33) a(41.91), 

c(16.76) 

A gene is a structure and passive, 

transmitted from parent to child 

and represents a trait.   

 Q13 

reason 

1 (45.66) 2(29.77), 

3(14.45), 

4(9.25) 

Q13 (21.97)  

Q14 

content 

c (34.39) a(15.32), 

b(50.00) 

Confusion/ lack of knowledge 

over dominant and recessive 

traits. 
Q14 

reason 

2 (35.84) 

 

1(22.54) 

3(40.17) 

Q14 (17.63)  

Q15 

content 

b (57.51) a(27.75), 

c(13.29) 

Children always look like their 

parents. 

Q15 

reason 

  

Q15 (57.51) 

 Questions 11-15 are 2-tier and have a content and reason tier. The additional row in each of these 2-tier 

questions refers to the percentage of correct responses to both tiers. Q15 is not scored. 

 

Table 4.2 presents the percentage of alternate options selected in the pre-test and the 

incorrect ideas that students may have at the start of the programme.  

 

4.2 Effect of enrichment programme  

To what extent can a 2 hour out-of-school enrichment programme facilitate gains in 

knowledge and understanding of heredity and inheritance? In this context what do the 

confidence related measures convey? (Research Question 2) 

 

The cognitive instrument and the feedback survey form were given to the students after 

the enrichment programme had been conducted and again 2-3 months later in school 

after the stimulated recall. Table 4.3 presents the percentage of the means of correct 

responses to 14 test items of the tests at three time points. 
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4.2.1 Test Scores 

The means of the percentage of correct responses for the 14 test items and standard 

deviations for the pre-, post- and delayed post-test scores are shown in Table 4.3.  

 

Table 4.3: Means and Standard Deviation of the percentage of correct responses to 

the test on Genes and our Traits 

 

% correct 

responses Std. Deviation 

No of test 

items 

Pretest 38.88 17.700 14 

Posttest 62.81 20.005 14 

Delayed Posttest 72.99 16.623 14 

 

Table 4.3a: Statistics for ANOVA of pre-, post and delayed post-test mean of 

percentage of correct responses 

Effect Value F Hypothesis df Error df Sig. 

Partial Eta 

Squared 

Test score Pillai's Trace .814 751.787b 2.000 344.000 .000 .814 

Wilks' Lambda .186 751.787b 2.000 344.000 .000 .814 

Hotelling's Trace 4.371 751.787b 2.000 344.000 .000 .814 

Roy's Largest Root 4.371 751.787b 2.000 344.000 .000 .814 

 

a. Design: Intercept  

 Within Subjects Design: testscore 

b. Exact statistic 

 

A one-way repeated measures ANOVA was conducted to compare percentage scores of 

correct responses on the tests before the intervention programme, post intervention and 

2 months after the intervention. The means and standard deviations are presented in 

Table 4.3. There was a statistically significant effect for time (Wilk’s Lambda=0.19, 

F(2, 344)=751.79, p<0.0001, multivariate partial eta squared= 0.81 (Table 4.3a). The 

change is illustrated in Fig 4.1. A post-hoc analysis was carried out for further analysis 

and revealed that there are statistically significant differences between pre- and post-

test, between post- and delayed post-test as well as between pre- and delayed post-test 

(Table 4.3b). Effect size is shown in Table 4.4, which was 0.67 (pre- and post-test) and 

0.33 (post- and delayed post-test), considered large based on guidelines (Cohen, 1988), 

where 0.01=small, 0.06=moderate, .14=large. 
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Table 4.3b: Post-hoc comparison between pre-, post- and delayed post-test 

percentage means of correct responses. 

 
Pairwise Comparisons 

1=Pre-test, 2=Post-test, 3=Delayed post=test 

Test scores 

(J) 

factor

1 

Mean 

Difference  

(I-J) Std. Error Sig.
b
 

1Pre-test 2 -23.923
*
 .907 .000 

3 -34.104
*
 .881 .000 

2Post-test 1 23.923
*
 .907 .000 

3 -10.181
*
 .783 .000 

3Delayed 

post-test 

1 34.104
*
 .881 .000 

2 10.181
*
 .783 .000 

 

Table 4.4: Analysis of Variance (ANOVA) for means of correct responses between 

pre and post-test and between post- and delayed post-test  

 
 Mean Std Deviation t df Sig (2-

tailed) 

Eta Squared 

Pretest - Posttest -23.92 16.87 -26.37 345 .000 .67 

Posttest-Delayed 

Posttest -10.18 

 

14.56 

 

-13.00 

 

345 

 

.000 

 

 

.33 

 

 

 

 

Fig 4.1: Means (in percentage of correct responses) of pre-, post- and delayed post- 

test with Genes and our Traits enrichment programme 

 

 

 

38.9 

62.8 

73.0 
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Table 4.3b presents post-hoc comparisons and shows that there was a gain in overall test 

scores which increased from pre to post test as well as from post to delayed post test, 

also illustrated as a line graph in Fig 4.1 above. The gain from pre-to post-test as well as 

from post- to delayed post-test were statistically significant and not likely to be 

attributed to chance.  

 

Table 4.5 shows the mean and standard deviation of the percentage of students who 

answered correctly on each of the test questions including for both levels of 2-tier 

questions and the combined correct responses for both tiers. There is a gain in mean 

scores from pre- to post- to delayed post-test.  

 

Table 4.5: Means (M) and Std Deviation (SD) of correct responses to individual 

test items of pre, post and delayed post tests 

 

Pretest 

 No of 

students  Mean SD Post test Mean SD 

Delayed 

Postest Mean SD 

Q1 346 .55 .50 Q1 .71 .46 Q1 .95 .33 

Q2 346 .34 .48 Q2 .54 .50 Q2 .78 .42 

Q3 346 .29 .46 Q3 .47 .50 Q3 .73 .44 

Q4 346 .32 .47 Q4 .51 .50 Q4 .74 .44 

Q5 346 .49 .50 Q5 .66 .48 Q5 .69 .46 

Q6 346 .64 .48 Q6 .71 .45 Q6 .82 .38 

Q7 346 .75 .43 Q7 .93 .25 Q7 .93 .25 

Q8 346 .40 .49 Q8 .63 .48 Q8 .66 .47 

Q9  346 .33 .47 Q9 .94 .23 Q9 .90 .30 

Q10  346 .45 .50 Q10 .75 .43 Q10 .71 .45 

Q11a* 346 .40 .49 Q11a .68 .47 Q11a .74 .44 

Q11b* 346 .37 .48 Q11b .65 .48 Q11b .74 .44 

Q11 

(both) 

346 

 

.34 

 

.48 

 

Q11 

(both) 

.64 

 

.48 

 

Q11 

(both) 

 .71 .46 

Q12a* 346 .50 .50 Q12a .75 .43 Q12a .81 .39 

Q12b* 346 .27 .44 Q12b .61 .49 Q12b .71 .45 

Q12 

(both) 

346 

 

.21 

 

.41 

 

Q12 

(both) 

.51 

 

.50 

 

Q12 

(both) 

.64 .48 

Q13a* 346 .41 .49 Q13a .57 .50 Q13a .62 .49 

Q13b* 346 .45 .50 Q13b .36 .48 Q13b .64 .48 

Q13 

(both) 

346 

 

.22 

 

.42 

 

Q13 

(both) 

.28 

 

.45 

 

Q13 

(both) 

.46 .50 

Q14a* 346 .35 .48 Q14a* .53 .50 Q14a* .58 .50 

Q14b* 346 .35 .48 Q14b* .63 .48 Q14b* .69 .46 

Q14 

(both) 

346 

 

.18 

 

.38 

 

Q14 

(both) 

.45 

 

.50 

 

Q14 

(both) 

.54 .50 

Q15 346 .58 .50 Q15 .71 .46 Q15 .69 .46 

*Questions with a and b are two tier questions, a being the first tier and b the reason tier that requires a 

justification for the first tier answer. (both), refers to the values derived from correct responses to both 

tiers.  
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4.2.2 Confidence measures 

Table 4.6 presents the changes in overall confidence level (CF) accompanying the 

proportion of correct answers from pre test to after the enrichment programme (post and 

delayed post test). The percentage of correct responses generally corresponds to similar 

levels of percentages of confidence levels for most questions in the post test, where 

there was a higher degree of confidence that students felt in answering the question. The 

relationship is not so obvious between the pre-test scores and pre-test confidence levels. 

In fact students have low confidence prior to the enrichment programme. The 

confidence scores increased in the post and delayed post tests, with the increase in 

correct responses. 

 

Table 4.6: Proportion of correct test scores and confidence level accompanying the 

test scores from pre, post to delayed post enrichment programme 
Pre-test 

N=346 

 

 

 

% Prop 

correct 

 

 

CF 

coded 0-

5 

 

Posttest 

 

 

 

% Prop 

correct 

 

 

CF 

coded 0-

5 

 

Delayed 

Posttest 

 

 

% Prop 

correct 

 

 

CF 

coded  

0-5 

 

Q1 55.49 3.15 Q1 70.81 4.25 Q1 94.80 4.64 

Q2 34.39 3.07 Q2 54.34 4.02 Q2 78.03 4.17 

Q3 29.19 2.57 Q3 47.40 3.80 Q3 73.41 3.85 

Q4 31.5 2.59 Q4 50.58 3.37 Q4 73.70 3.98 

Q5 48.55 2.66 Q5 65.61 4.16 Q5 69.08 4.02 

Q6 64.45 3.05 Q6 71.10 3.86 Q6 82.37 3.99 

Q7 74.86 3.62 Q7 93.35 4.38 Q7 93.35 4.55 

Q8 39.88 2.41 Q8 63.01 3.98 Q8 66.18 4.06 

Q9 32.66 2.32 Q9 94.22 4.60 Q9 89.88 4.55 

Q10 44.51 2.79 Q10 75.43 3.99 Q10 71.39 3.76 

Q11 34.39 2.97 Q11 63.87 3.91 Q11 70.52 4.05 

Q12 21.1 2.1 Q12 50.87 3.51 Q12 64.16 3.76 

Q13 21.97 2.26 Q13 35.26 3.27 Q13 45.95 3.25 

Q14 17.63 2.12 Q14 45.38 3.74 Q14 53.76 4.10 

Q15 57.51 2.99 Q15 70.81 3.60 Q15 69.36 3.83 

 

The overall confidence scores indicated in Table 4.6 represent a total confidence 

measure of the group, which increased after the treatment. The student confidence 

values for individual questions are tabulated in Tables 4.7, 4.8 and 4.9, for pre, post and 

delayed posttest respectively. In these tables the confidence measures indicated 

represent an overall confidence level (CF). It is also helpful to examine the confidence 

measures of those students who answered correctly (CFC) as well as those who 
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answered incorrectly (CFW). From these values, a mean confidence accuracy quotient 

was calculated (CAQ), which measures the students’ ability to differentiate between 

what they know and what they do not know. In addition, the confidence bias (CB) gives 

some information on the students’ calibrated values in the study. Perfect calibration 

would have CB of zero; positive values suggest over-confidence and negative values, 

suggest low confidence.  

 

The overall confidence scores can be seen to increase over time (pre, post and delayed 

post test) and especially the confidence of the students who got the question correct 

(CFC). The CFC scores range from 2.15-3.48 in the pre-test to between 3.55-4.64 in the 

post test and to a range of 3.67-4.71 in the delayed post-test. The confidence of the 

students for wrong responses (CFW) was not much different from the CFC for the pre-

test unlike the post and delayed post tests. Hence the confidence accuracy quotient 

which measures whether students know if their responses are correct or incorrect, had 

lower values in pre-test (0.05-0.55), with the exception of Q1 (CAQ=0.91) and Q7 

(CAQ=0.76), compared to post test CAQ values (0.29-0.95). The mean CAQ increased 

from 0.34 (pre-test) to 0.63 (post test) to 0.68 (delayed post test). CAQs below 0.25 are 

considered low with students not knowing if they are correct or not (Caleon & 

Subramaniam, 2010). Hence in this study sample the higher CAQ values in post tests 

suggest that the students are aware that they do not know the answers to the questions 

they got wrong.  

 

Table 4.7: Data for percentage (%) of correct responses and confidence measures 

for students in pre test. 

Pretest 

 

 

 

% Prop 

correct 

 

 

Prop 

correct 

 

 

CF 

coded  

0-5 

 

CF 

recoded 

0-1 

 

CFC 

 

 

 

CFW 

 

 

 

SD 

 

 

 

CAQ= 

CFC-

CFW/ 

SD 

CB=CF-

prop 

correct 

 

Q1 55.49 0.55 3.15 0.63 3.31 2.24 1.18 0.91 0.08 

Q2 34.39 0.34 3.07 0.61 3.22 2.99 1.19 0.19 0.27 

Q3 29.19 0.29 2.57 0.51 2.63 2.55 1.28 0.07 0.22 

Q4 31.50 0.32 2.59 0.52 2.63 2.57 1.31 0.05 0.20 

Q5 48.55 0.49 2.66 0.53 2.93 2.39 1.28 0.42 0.05 

Q6 64.45 0.64 3.05 0.61 3.28 2.63 1.33 0.48 -0.03 

Q7 74.86 0.75 3.62 0.72 3.89 2.79 1.45 0.76 -0.03 

Q8 39.88 0.4 2.41 0.48 2.62 2.27 1.35 0.26 0.08 

Q9 32.66 0.33 2.32 0.46 2.65 2.16 1.36 0.36 0.14 

Q10 44.51 0.45 2.79 0.56 2.77 2.28 1.38 0.36 0.11 
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Pretest 

 

 

 

% Prop 

correct 

 

 

Prop 

correct 

 

 

CF 

coded  

0-5 

 

CF 

recoded 

0-1 

 

CFC 

 

 

 

CFW 

 

 

 

SD 

 

 

 

CAQ= 

CFC-

CFW/ 

SD 

CB=CF-

prop 

correct 

 

Q11 34.39 0.34 2.97 0.59 3.48 2.70 1.41 0.55 0.25 

Q12 21.10 0.21 2.10 0.42 2.15 2.09 1.20 0.05 0.21 

Q13 21.97 0.22 2.26 0.45 2.67 2.14 1.58 0.33 0.23 

Q14 17.63 0.18 2.12 0.42 2.30 2.08 1.20 0.18 0.25 

Q15 57.51 0.58 2.99 0.60 3.05 2.90 1.37 0.11 0.02 

 

 

 

Table 4.8: Data for percentage correct test responses and students’ confidence 

measures for post test. 

 

 

 

Table 4.9: Data for percentage correct test responses and students’ confidence 

measures for delayed post test. 

 
Delayed

Posttest 

 

 

% Prop 

correct 

 

 

Prop 

correct 

 

 

CF 

coded  

0-5 

 

CF 

recoded 

0-1 

 

CFC 

 

 

 

CFW 

 

 

 

SD 

 

 

 

CAQ= 

CFC-

CFW/ 

SD 

CB=CF-

prop 

correct 

 

Q1 94.80 0.95 4.64 0.93 4.71 3.50 0.66 1.82 -0.02 

Q2 78.03 0.78 4.17 0.83 4.30 3.70 0.99 0.61 0.05 

Q3 73.41 0.73 3.85 0.77 3.98 3.48 1.15 0.44 0.04 

Q4 73.70 0.74 3.98 0.78 4.17 3.14 1.06 0.84 0.04 

Posttest 

 

 

 

% Prop 

correct 

 

 

Prop 

correct 

 

 

CF 

coded  

0-5 

 

CF 

recoded 

0-1 

 

CFC 

 

 

 

CFW 

 

 

 

SD 

 

 

 

CAQ= 

CFC-

CFW/ 

SD 

CB=CF-

prop 

correct 

 

Q1 70.81 0.71 4.25 0.85 4.49 3.68 0.99 0.81 0.14 

Q2 54.34 0.54 4.02 0.80 4.30 3.69 1.08 0.57 0.26 

Q3 47.40 0.47 3.80 0.76 4.16 3.47 1.21 0.57 0.29 

Q4 50.58 0.51 3.37 0.67 3.55 3.19 1.29 0.29 0.17 

Q5 65.61 0.66 4.16 0.83 4.31 3.87 1.08 0.41 0.18 

Q6 71.10 0.71 3.86 0.77 4.00 3.50 1.12 0.45 0.06 

Q7 93.35 0.93 4.38 0.88 4.43 3.70 1.00 0.73 -0.06 

Q8 63.01 0.63 3.98 0.80 4.20 3.61 0.89 0.95 0.17 

Q9 94.22 0.94 4.60 0.92 4.64 3.80 0.89 0.95 -0.02 

Q10 75.43 0.75 3.99 0.80 4.12 3.60 1.14 0.46 0.04 

Q11 63.87 0.64 3.91 0.78 4.25 3.31 1.16 0.81 0.14 

Q12 50.87 0.51 3.51 0.70 3.92 3.08 1.32 0.64 0.19 

Q13 35.26 0.35 3.27 0.65 3.87 2.94 1.29 0.72 0.30 

Q14 45.38 0.45 3.74 0.75 4.21 3.35 1.30 0.66 0.29 

Q15 70.81 0.71 3.60 0.72 3.74 3.27 1.18 0.40 0.01 
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Delayed

Posttest 

 

 

% Prop 

correct 

 

 

Prop 

correct 

 

 

CF 

coded  

0-5 

 

CF 

recoded 

0-1 

 

CFC 

 

 

 

CFW 

 

 

 

SD 

 

 

 

CAQ= 

CFC-

CFW/ 

SD 

CB=CF-

prop 

correct 

 

Q5 69.08 0.69 4.02 0.80 4.12 3.80 1.06 0.30 0.11 

Q6 82.37 0.82 3.99 0.80 4.19 3.10 1.23 0.88 -0.02 

Q7 93.35 0.93 4.55 0.91 4.56 4.48 0.85 0.09 -0.02 

Q8 66.18 0.66 4.06 0.81 4.35 3.50 1.18 0.73 0.15 

Q9 89.88 0.90 4.55 0.91 4.64 3.77 0.86 1.00 0.01 

Q10 71.39 0.71 3.76 0.75 3.80 3.65 1.19 0.13 0.04 

Q11 70.52 0.71 4.05 0.81 4.31 3.42 1.12 0.79 0.10 

Q12 64.16 0.64 3.76 0.75 4.06 3.22 1.23 0.69 0.11 

Q13 45.95 0.46 3.25 0.65 3.67 2.89 1.29 0.61 0.19 

Q14 53.76 0.54 4.10 0.82 4.49 3.64 1.09 0.78 0.28 

Q15 69.36 0.69 3.83 0.77 3.98 3.51 1.10 0.42 0.07 

 

Table 4.10: One way analysis of variance for confidence measures in pre-, post- 

and delayed post-tests. 

 
N=346 

 

 

Mean 

 

 

Std. 

Deviation 

 

No of test 

items 

 

Confidence pretest 37.67 11.908 15 

Confidence posttest 54.83 10.786 15 

Confidence Delayed 

Posttest 
56.67 9.864 15 

 

 

Table 4.10a: Statistics for ANOVA for confidence measures in pre-, post- and 

delayed post-test. 

Effect Value F 

Hypothesis 

df Error df Sig. 

Partial Eta 

Squared 

Confidence 

mean 

Pillai's Trace .716 432.801
b
 2.000 344.000 .000 .716 

Wilks' Lambda .284 432.801
b
 2.000 344.000 .000 .716 

Hotelling's Trace 2.516 432.801
b
 2.000 344.000 .000 .716 

Roy's Largest 

Root 
2.516 432.801

b
 2.000 344.000 .000 .716 

a. Design: Intercept  

 Within Subjects Design: factor1 
 b. Exact statistic 
 

A one-way repeated measures ANOVA was conducted to compare confidence mean of 

responses on the test items before the intervention programme, post intervention and 

two months after the intervention. The means and standard deviations are presented in 

Table 4.10. There was a statistically significant effect for time (Wilk’s Lambda=0.28, 

F(2, 344)=432.08, p<0.0001, multivariate partial eta squared= 0.72 (Table 4.10a). A 

post-hoc analysis was carried out for further investigation and revealed that there are 
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statistically significant differences in confidence mean between pre- and post-test and 

between post- and delayed post-test (Table 4.10b). Effect size is shown in Table 4.11, 

which was 0.46 (between pre- and post-test), considered a large effect, and 0.01 

(between post- and delayed post-test) considered a small effect, based on guidelines 

(Cohen, 1988), where 0.01=small, 0.06=moderate, 0.14=large.  

 

Table 4.10b: Post-hoc comparison for confidence mean between pre-test, post-test 

and delayed post-test 

 
Pairwise Comparisons of confidence 

1=Pre-test, 2=Post-test, 3=Delayed post-test 
Measure:   confscore   

confidence (J) factor1 

Mean 

Difference (I-J) Std. Error Sig.
b
 

Pre-test 

conf 

2 -17.159
*
 .640 .000 

3 -18.997
*
 .662 .000 

Post-test 

conf 

1 17.159
*
 .640 .000 

3 -1.838
*
 .423 .000 

Delayed 

post-test 

conf 

1 18.997
*
 .662 .000 

2 
1.838

*
 .423 .000 

Based on estimated marginal means 
*. The mean difference is significant at the .05 level 
b. Adjustment for multiple comparisons: Least significant difference (equivalent to no adjustments). 

 

 

Table 4.11: Analysis of Variance (ANOVA) for means of confidence between pre 

and post-test and between post- and delayed post-test levels 

 
Pairwise Comparisons of confidence 

1=Pre-test, 2=Post-test, 3=Delayed post-test  

 

  

Mean 
Std 

deviation 

Std 

error 

mean 

t df 
Sig. (2-

tailed) 

Eta-squared 

Pair 

1 

Confpretest - 

Confposttest 
-17.159 11.914 .640 

-

26.790 
345 .000 

0.46 

Pair 

2 

Confposttest - 

ConfDPosttest 
-1.838 7.870 .423 -4.344 345 .000 

0.01 

 

 

The relationship between the pre-test (as measured by test scores) and confidence of 

students (as measured by the self-reported confidence levels) was also investigated 

using Pearson product-moment correlation coefficient. Correlations were positive in 

that low test scores related to low confidence values which were small to medium in 

strength. Tables 4.12a, 4.12b and 4.12c present the data for pre, post and delayed test 

and related confidence levels respectively. The strength of correlation was small for pre-

test scores and confidence levels (r(344)=0.22, p<0.001). For post-test and delayed post-
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test results, the strength was moderately robust (r(344)=0.42, p<0.001) and 

(r(344)=0.49, p<0.001) respectively, based on the following guidelines; small effect 

(r=±0.10-0.29), moderate r=±0.30-0.49) and large (r=.±0.50-1.0) (Cohen, 1988). 

 

Table 4.12a: Correlations between pre-test score and confidence level of students 

 
 Pre-test Confidence 

Pre-test - .216* 

Confidence .216* - 

*p<0.5, **p<0.01, ***p<0.001 (2-tailed) 

 

Table 4.12b: Correlations between post-test score and confidence level of students 

 
 Post-test Confidence 

Post-test - .416** 

Confidence .416** - 

*p<0.5, **p<0.01, ***p<0.001 (2-tailed) 

 

Table 4.12c: Correlations between delayed post-test score and confidence level of 

students 

 
 Delayed Post-

test 

Confidence 

Delayed Post-test - .493** 

Confidence .493** - 

*p<0.5, **p<0.01, ***p<0.001 (2-tailed) 

The results of the correlation indicate that there is a positive correlation between test 

score and confidence, that is, the higher the percentage of correct responses, the higher 

the confidence of the student that the answers selected were correct. The correlation is 

considered weak between pre-test scores and student confidence. Students may give 

incorrect responses with high confidence or give correct answers with low confidence 

and hence there is a weaker linear relationship. This suggests that students may hold 

incorrect ideas about genetic inheritance or are guessing respectively at the pre-test 

stage.  The correlation and linear relationship is stronger between the students’ test 

scores and confidence at post-test and delayed post-test, suggesting that students at this 

stage are confident they have the correct answer and not confident when they do not 

know the answer.  

 

4.2.3 Free response question 

For question 15, the second tier was a free response answer and so responses were 

checked to see how they justified the choice of answer in the first tier. In the first tier, 
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students were asked to decide whom they would agree with (a nurse, mother and father 

made comments about a baby’s features) and in the second tier, to explain the choice. 

This question was not included in the calculation of test scores as it was open-ended and 

with no obvious correct option as the focus is on the justification put forward by the 

student. Table 4.14 summarises the change in the number of responses for each option. 

In the pre-test, 203 students agreed with the mother who said that the baby has features 

from the grandparents, while 96 agreed with the nurse who said each person is special, 

and 46 with the father who said the baby did not look like him or his wife and so it was 

not theirs. The number of students who selected option a and c, changed along the 

course of the period. 

 

Table 4.13 Open responses to Q15 content tier of cognitive instrument 

Option Pre test  

No of responses 

Post test 

No of responses 

Delayed post test 

No of responses 

a 96 63 52 

b 203 243 239 

c 47 40 55 

 

The reasons however were very varied, and included incorrect ideas. The responses 

were categorised into four main groups of justifications 

Group 1: the baby could inherit traits from the grandparents through the parents 

Group 2: general remarks about how genetic information is inherited for example, 

a baby received half of its genes from its mother and half from its father. 

This justification was used to agree with any of the three characters in 

the cartoon. 

Group 3: the justifications were based on observations of the baby in the picture – 

whether they agreed that the baby looked like the parents or not.  

Group 4: responses and justifications that were incorrect or not appropriate. 

 

The following tables 4.14, 4.15, 4.16 show the number and examples of student 

responses for pre-, post- and delayed post-test respectively.  
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Table 4.14: Number and type of student responses for Q15 in pre-test 

Q15 option 

selected 

Justifications in reason tier 

1=looks like grandparents 

2=general remark about genes 

3=reason based on picture: 

shows baby looks/does not 

look like parents 

4=incorrect/not appropriate 

 

Examples of student reasoning for the justification 

category 

a=96 

agree with 

nurse who 

says baby is 

special 

1=14 

2=11 

3=1 

4=70 

 

 

 

(1) it could have been a trait passed down by the 

baby's grandparent 

(2) babies (baby) looks like its parents, and babies 

(baby) has what both parents have 

(3) the baby does not look like any of her parents. 

(4) that is the truth hopefully 

(4) 32% of family does not look alike 

 

b=203 

agree with 

the mother 

who says 

baby looks 

like 

grandparents 

1=79 

2= 48 

3=19 

4=57 

 

(1) The baby look can be similar to the 

grandparents 

(1) the mother said that the baby has all the 

characteristics of his father and mother 

(2) every baby must have at least one thing which 

is similar with their family member 

(3) the mother is right. Babies do not have to look 

the same as parents. 

(3) it has curly hair looks like his mother and 

father eyes are the same 

(4) Those saying of the mother are inheritance 

(4) DNA is awesome 

 

c=46 

agree with 

the father 

who says 

baby does 

not look like 

the parents 

1=0 

2= 12 

3=34 

4=6 

 

(2) the baby is supposed to have the same genes as 

the parents and also looks like them. 

(2) heredity is only the parents to their child not 

grandparents to child 

(3) The baby does not look like the father and his 

wife 

(4) It is like that 

 

Blank =1   
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Table 4.15: Number and type of student responses for Q15 in post-test 

Q15 option 

selected 

Justifications in 2nd tier 

1=looks like grandparents 

2=general remark about genes 

3=picture shows baby 

looks/does not look like 

parents 

4=incorrect 

 

Examples of student reasoning for the justification 

category 

a=63 

agree with 

nurse who 

says baby is 

special 

1=22 

2=27 

3=3 

4=11 

 

 

 

(1) the parents get their genes from their parents 

(1) the baby's grandmother passes down the traits 

to the baby's mother and the mother's traits passes 

down to the baby 

(2) our genes are passed down by our parents. 

(3) the characteristics does not describe that of the 

parents 

(4) only the mother's baby will have some of her 

traits 

 

b=243 

agree with 

the mother 

who says 

baby looks 

like 

grandparents 

1=131 

2= 67 

3=16 

4=29 

(1) recessive traits can skip generations which was 

why the baby could get its traits from previous 

generation 

(1) if the recessive trait of the family members 

have 2 together to cause the baby not to look like 

the parents 

(2) not every people have the same characteristics 

as they don't have the same gene 

(3) it doesn't look like the parents at all 

(4) a trait can be inherited from other relatives  

 

c=40 

agree with 

the father 

who says 

baby does 

not look like 

the parents 

1=7 

2= 18 

3=9 

4=6 

(1) the genes can be passed on from grandparents 

and parents to young 

(2) the baby has the same genetic information 

from the wife/father 

(2) as long it looks like one of the family 

(3) it does not look like the parents 

(4) the nurse is the one which knows about the 

baby 
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Table 4.16: Number and type of student responses for Q15 in delayed post-test 

Q15 option 

selected 

Justifications in 2nd tier 

1=looks like grandparents 

2=general remark about genes 

3=picture shows baby 

looks/does not look like 

parents 

4=incorrect 

Examples of student reasoning for the justification 

category 

a=52  

agree with 

nurse who 

says baby is 

special 

1=9 

2=19 

3=6 

4=18 

 

 

 

(1) of the recessive trait of the family members 

have 2 together to cause the baby not to look like 

the parents 

(2) some babies have their mothers and fathers 

gene so they may be different 

(2) people does not have to be exactly the same as 

the parents 

(3) when the baby look different from the parents 

that means is this the baby’s parents? 

(4) The baby can inherit traits from any family 

member or relative, not just the parents 

 

b=239 

agree with 

the mother 

who says 

baby looks 

like 

grandparents 

1=144 

2= 71 

3=6 

4=18 

(1) traits can skip a generation 

(2) some parents are just a carrier of traits but not 

having the trait the carrier will pass it to the baby 

(3) the baby has what the mother's saying 

(4) the baby can get characteristic from anyone in 

the family 

c=55 

agree with 

the father 

who says 

baby does 

not look like 

the parents 

1=3 

2=6 

3=42 

4=4 

(1) DNA can skip a generation 

(2) the baby should have half of its genes from 

each parent 

(3) the baby does not look like any of his parents 

(3) the baby is suppose to look like its parents as 

the parent's traits are passed down to the baby 

(4) if that is their baby, he/she would have 

identical traits to the mother/father 

 

 

From the previous tables, the following numbers of responses for each category of 

justifications are presented in the table below and show a decrease in incorrect answers. 

 
Category of justifications of answer Pre-test Post test Delayed  

post test 

Cat 1 responses 

(traits can skip generations) 

93 160 156 

Cat 2 responses 

Correct genetic information though 

not strongly linked to choice of 

answer 

71 112 96 

Cat 3 responses 

Answer based on observation of 

family characters’ physical traits 

54 28 54 

Cat 4 responses 

Incorrect responses 

133 46 40 
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Students whose justifications are in category 1 and 2 used correct information although 

category 1 explicitly mentioned traits that could skip a generation. This number of 

responses was 164 in pre-test, 272 (post test) and 252 (delayed post test). In the delayed 

post test, the reduction in category 2 responses was accompanied by a slight increase in 

category 3 justifications. 

 

Table 4.17: Relationship between student areas of difficulty, change in scores after 

treatment and confidence scores of correct and incorrect respondents 

 
Student areas of difficulty/confusion 

for students 

Question 

(% correct) 

CFC 

(confidence of 

those who 

answered 

correctly) 

CFW 

(confidence of 

those who 

answered 

incorrectly) 

Microbes, fungi and even plants are 

not living and do not contain DNA. 

 

 

 

Children can get different amount of 

genes from their parents - get more 

from one parent.  

 

Q1  

Pre: 55.5%  

Post: 70.8% 

DPost 94.8% 

 

Q2  

Pre: 34.4% 

Post: 54.3%         

DPost 78.0% 

 

Q1 

3.31 

4.49 

4.71 

 

Q2 

3.22 

4.30 

4.30 

Q1 

2.24 

3.68 

3.50 

 

Q2 

2.99 

3.69 

3.70 

Confusion as to how cell, nucleus, 

genes, chromosomes are linked 

together and the relative sizes. 

                          

Q3  

Pre: 29.2% 

Post: 47.4% 

DPost: 73.4% 

 

Q3 

2.63 

4.16 

3.98 

Q3 

2.55 

3.47 

3.48 

Different cells in the body have 

different types of genes 

Q4  

Pre: 31.5% 

Post: 50.6 % 

DPost:73.7% 

 

Q4 

3.15 

3.55 

4.17 

Q4 

2.89 

3.19 

3.14 

Children can get different amount of 

genes from their same sex parent – 

girls get more from mother and vice 

versa.  

 

Q5:  

Pre: 48.6% 

Post: 65.6% 

DPost 69.1% 

Q5 

2.93 

4.31 

4.12 

Q5 

2.39 

3.87 

3.80 

Link between observable traits and 

genes; chromosomes and sex of 

individual. 

 

Q7  

Pre: 74.9% 

Post: 93.4% 

DPost:93.4% 

 

Q7 

3.89 

4.43 

4.56 

Q7 

2.79 

3.70 

4.48 

 

Location of DNA in the cell. 

. 

Q6  

Pre: 64.5% 

Post: 71.1% 

DPost: 82.4% 

 

Q6 

3.28 

4.00 

4.19 

Q6 

2.63 

3.50 

3.10 

Gamete cells have the same number 

of genes as normal cells. 

Q8  

Pre: 39.9% 

Post: 63.0% 

DPost: 66.2% 

 

Q8 

2.62 

4.20 

4.35 

Q8 

2.27 

3.61 

3.50 
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Student areas of difficulty/confusion 

for students 

Question 

(% correct) 

CFC 

(confidence of 

those who 

answered 

correctly) 

CFW 

(confidence of 

those who 

answered 

incorrectly) 

Having a boy or girl baby is 

connected to encounters or 

behaviours of parents, not 

randomness associated with the 

independent assortment of genes in 

gamete formation and subsequent 

fertilisation.  

 

Q10  

Pre: 44.5% 

Post: 75.4% 

DPost:71.4% 

 

Q10 

2.77 

4.12 

3.80 

Q10 

2.28 

3.60 

3.65 

Acquired characteristics are passed to 

the next generation.  

 

Q11  

Pre: 34.4% 

Post: 63.9% 

DPost: 70.5% 

 

Q11 

3.48 

4.25 

4.31 

Q11 

2.70 

3.31 

3.42 

Confusion over dominant and 

recessive traits. 

Q12  

Pre: 21.1% 

Post: 50.9% 

DPost: 64.2% 

 

Q14  

Pre: 17.6% 

Post: 45.4% 

DPost: 53.8% 

 

Q12 

2.15 

3.92 

4.06 

 

Q14 

2.30 

4.21 

4.49 

Q12 

2.09 

3.08 

3.22 

 

Q14 

2.08 

3.35 

3.64 

A gene is passive and just transmitted 

from parent to child and represents a 

trait.   

 

Q13 

Pre: 22.0% 

Post: 35.3% 

DPost: 46.0% 

 

Q13 

2.67 

3.87 

3.67 

Q13 

2.14 

2.94 

2.89 

 

Children always look like their 

parents.  

Q15  

Pre: 57.5% 

Post: 70.8% 

DPost: 69.1% 

 

 

Q15 

3.05 

3.74 

3.98 

Q15 

2.90 

3.27 

3.51 

 

Table 4.17 presents the relationship between the proportion of correct responses, 

confidence of those who got the answer correct (CFC) or incorrect (CFW). The 

percentage of correct responses for all questions increased after the enrichment 

programme, and in most questions, showed a further increase in the delayed post test. 

Many of the questions had high levels of correct responses followed by high levels of 

confidence as well. Students who had incorrect answers had low levels of confidence in 

pre and both post tests, and lower CFW values compared to CFC values There was only 

one question where CFW was high as students thought they had selected what they 

considered to be the correct answer. This was Q7 which had very high proportion of 

correct answers – 93.5%. However, the students who answered wrongly were also very 

confident in the delayed post test (CFW=4.48). These students may not have read the 
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answer options carefully as this question posed no difficulty for the student sample and 

no misconceptions appeared to be present. These results are also presented in the table 

with the documented areas of difficulty in students addressed in each item of the test.  

 

4.2.4 Alternative responses  

Table 4.18 gives an idea of the shift of responses from pre to post and then delayed post 

test. The correct and alternative answers are shown for pre-, post- and delayed post-tests 

for each question. There is an increase in the number of students selecting correct 

options, across post and delayed post tests. 

 

Table 4.18: Comparison of percentage of correct and alternative test responses 

between pre, post and delayed post tests. 

Q Pre test 

correct 

option 

Alternative 

option 

Post test Alternative 

option 

Delayed 

Post test 

Alternative 

option 

Q1 d (55.49) a(20.81), 

b(4.05), 

c(19.94) 

d (70.81) a(10.12), 

b(6.07), 

c(13.01) 

d (94.80) a(1.73), 

b(1.73), 

c(2.02) 

Q2 a (34.39) b(10.40), 

c(34.38), 

d(9.25) 

a(54.34) b(8.96, 

c(31.50), 

d(5.20) 

a(78.03) b(6.07), 

c(14.45), 

d(1.73) 

Q3 a (29.19) b(19.94), 

c(33.53), 

d(17.05) 

a(47.40) b(12.43), 

c(21.68), 

d(17.92) 

a(73.41) b(9.83), 

c(8.67), 

d(8.67) 

Q4 d (31.50) a(21.39), 

b(17.05), 

c(5.78), 

e(23.70) 

d (50.58) a(15.90), 

b(8.38), 

c(3.18), 

e(21.68) 

d (73.70) a(7.51), 

b(3.18), 

c(3.76), 

e(12.43) 

Q5 b (48.55) a(7.51), 

c(18.50, 

d(25.43) 

b(65.61) a(4.05), 

c(4.91), 

d(23.99) 

b(69.08) a(2.60), 

c(6.36), 

d(21.10) 

Q6 b (64.45) a(16.76), 

c(12.14), 

d(6.07) 

b(71.10) a(17.05), 

c(8.95), 

d(3.47) 

b(82.37) a(11.56), 

c(3.47), 

d(2.89) 

Q7 d (74.86) a(9.54), 

b)4.05), 

c(11.27) 

d(93.35) a(3.19), 

b(0.87), 

c(2.89) 

d(93.35) a(3.47), 

b(1.16)), 

c(2.89) 

Q8 c (39.88) a(19.65), 

b(26.59), 

d(13.87) 

c(63.01) a(12.43), 

b(22.83), 

d(2.31) 

c(66.18) a(12.14), 

b(20.81), 

d(0.58) 
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Q Pre test 

correct 

option 

Alternative 

option 

Post test Alternative 

option 

Delayed 

Post test 

Alternative 

option 

Q9 a (32.66) b(35.55), 

c(18.79), 

d(12.72) 

a(94.22) b(4.34), 

c(0.58), 

d(1.73) 

a(89.88) b(7.23), 

c(0.58), 

d(2.31) 

Q10 b (44.51) a(25.43), 

c(19.08), 

d(10.98) 

 

 

a(13.01), 

c(8.38), 

d(4.05) 

b(71.39) a(12.14), 

c(13.29), 

d(3.76) 

Q11 content d (40.75) a(17.63), 

b(29.19), 

c(12.43) 

d(67.92) a(10.40), 

b(15.32), 

c(6.36) 

d(72.83) a(6.65), 

b(12.72), 

c(7.80) 

Q11 reason 4 (39.02) 1(25.43), 

2(35.72), 

3(8.67) 

4(64.45) 1(13.58), 

2(16.47), 

3(4.91) 

4(74.86) 1(8.09), 

2(13.29), 

3(2.89) 

Q11 (34.39)  (63.87) 

 

(70.52) 

 Q12 content a (50.87) b(49.13) a(75.14) b(24.86) a(80.92) b(18.79) 

Q12 reason 2 (27.46) 1(22.83), 

3(37.86), 

4(11.27) 

2(60.12) 1(14.16), 

3(16.47), 

4(8.96) 

2(71.39) 1(10.40), 

3(10.12), 

4(7.23) 

Q12 (21.10)  (50.87) 

 

(64.16) 

 Q13 content b (41.33) a(41.91), 

c(16.76) 

b(56.94) a(32.66), 

c(10.40) 

b(62.14) a(26.01), 

c(11.27) 

Q13 reason 1 (45.66) 2(29.77), 

3(14.45), 

4(9.25) 

1(52.89) 2(28.90), 

3(10.69), 

4(6.94) 

1(63.29) 2(17.92), 

3(11.56), 

4(7.23) 

Q13 (21.97)  (35.26) 

 

(45.95) 

 Q14 content c (34.39) a(15.32), 

b(50.00) 

c (51.45) a(14.74), 

b(33.82) 

c(57.65) a(13.29), 

b(28.77) 

Q14 reason 2 (35.84) 1(22.54), 

3(40.17) 

2(63.01) 1(14.16), 

3(16.47) 

2(69.36) 1(9.25), 

3(20.23) 

Q14 (17.63)  (45.38) 

 

(53.76) 

 Q15 content b (57.51) a(27.75), 

c(13.29) 

b(70.81) a(18.21), 

c(11.56) 

b(69.08) a(15.03), 

c(15.90) 

Q15 reason Open 

ended 

  

    

Table 4.19: Student areas of difficulty and change in proportion of correct 

responses over time 
Student areas of difficulty/confusion for 

students 

Question 

(% incorrect) Pretest 

Question 

(% incorrect) Delayed 

Posttest 

Microbes, fungi and even plants are not living 

and do not contain DNA. 

 

Children can get different amounts of genes 

from their parents - get more from one parent. 

Q1  

44.5 

 

Q2  

65.6 

Q1 

5.2  

 

Q2 

22.0 
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Student areas of difficulty/confusion for 

students 

Question 

(% incorrect) Pretest 

Question 

(% incorrect) Delayed 

Posttest 

Confusion as to how cell, nucleus, genes, 

chromosomes are linked together and the 

relative sizes. 

                          

Q3  

70.8 

Q3 

26.6 

Different cells in the body have different types 

of genes 

 

Q4  

68.5 

Q4 

26.3 

Children can get different amount of genes 

from their same sex parent – girls get more 

from mother and vice versa.  

 

Q5:  

51.4 

Q5 

30.9 

Link between observable traits and genes; 

chromosomes and sex of individual. 

 

Q7  

25.1 

Q7 

6.6 

Location of DNA in the cell. 

. 

 

Q6  

35.5 

Q6 

17.6 

Gamete cells have the same number of genes 

as normal cells. 

 

Q8  

60.1 

Q8 

33.8 

Having a boy or girl baby is connected to 

encounters or behaviours of parents, not 

randomness associated with the independent 

assortment of genes in gamete formation and 

subsequent fertilisation.  

 

Q10  

55.5 

Q10 

28.6 

Acquired characteristics are passed to the next 

generation.  

 

Q11  

59.4 

61.0 

65.6 (combined tier) 

Q11 

27.2 

25.1 

29.5 (combined tier) 

Confusion over dominant and recessive traits. Q12  

69.1 

72.5 

78.9 (combined tier) 

 

Q14  

65.6 

64.2 

82.4 (combined tier) 

 

Q12 

19.1 

28.6 

35.8 (combined tier) 

 

Q14 

42.4 

30.6 

46.2 (combined tier) 

A gene is passive and just transmitted from 

parent to child and represents a trait.   

 

Q13 

58.7 

54.3 

78.0(combined tier) 

Q13 

37.9 

36.7 

54.1 (combined tier) 

Children always look like their parents.  Q15  

42.4 

 

Q15 

30.9  

 

In all of the questions the proportion of incorrect responses reduced from pre-test to 

delayed post test, and these were statistically significant and not attributable to chance 

(Tables 4.18, 4.19). The 2-tier questions have more discriminating power and are more 
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difficult. Table 4.20 offers some suggested student reasoning for the alternate answers 

selected. 

 

Table 4.20: Comparison of test responses with possible lines of student reasoning 

for alternate answers 

Item 

 

 

 

Test Correct option 

(% correct) 

 

 

Other options (% 

selecting 

other option/s) 

 

Alternative lines of incorrect reasoning/student 

ideas 

Q1 Pre-test  d (55.49) 

 

 

 

 a(20.81), 

b(4.05), 

c(19.94) 

 

Tree and seed contain DNA, not bread mould 

and bacteria.  

Bacteria do not contain DNA. 

 Post-test d (70.81) 

 

a(10.12), b(6.07), 

c(13.01) 

Greatly reduced alternate options 

 Delayed 

Post test 

d (94.80) 

 

a(1.73), b(1.73), 

c(2.02) 

Very few alternate options 

Q2 Pre-test a (34.39) 

 

 

b(10.40), c(34.38), 

d(9.25) 

 

Plants do not have DNA, baby gets its DNA 

from either parent 

 

 Post-test a(54.34) 

 

b(8.96, c(31.50), 

d(5.20) 

Baby can gets its DNA from either parent  

 

 Delayed 

Post test 

a(73.41) 

 

 

 

 

b(6.07), c(14.45), 

d(1.73) 

 

 

 

Much reduced alternate options. This could 

also be the result of poor reading as the 

interviews with a range of students show that 

they understand correctly genes are contributed 

by both parents. 

Q3 Pre-test a (29.19) 

 

b(19.94), c(33.53), 

d(17.05) 

incorrect order of size - gene is larger than 

chromosome 

 Post-test a(47.40) 

 

 

 

b(12.43), c(21.68), 

d(17.92) 

 

 

Incorrect order of cell components (but in these 

post-test options, c is the closest to the correct 

answer except for one detail). 

 

 Delayed 

Post test 

a(73.41) 

 

 

b(9.83), c(8.67), 

d(8.67) 

 

Much reduced alternate options 

Q4 Pre-test d (31.50) 

 

 

 

a(21.39), b(17.05), 

c(5.78),  

    e(23.70) 

 

Different types of cells in the body have 

different genes. 

 Post-test d (50.58) 

 

 

a(15.90), b(8.38), 

c(3.18),     e(21.68) 

 

 

 Delayed 

Post test 

d (73.70) 

 

 

 

a(7.51), b(3.18), 

c(3.76),     e(12.43) 

 

 

Alternate option seems to be reduced except for 

e. In interviews, students were clear about all 

the cells in one person having the same genes 

and DNA. 

Q5 Pre-test b (48.55) 

 

 

a(7.51), c(18.50, 

d(25.43) 

 

Children get more genes from the same sex 

parent. 

 Post-test b(65.61) 

 

 

a(4.05), c(4.91), 

d(23.99) 

 

Option d is read as correct because mothers can 

only contribute X chromosomes unlike fathers.  
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Item 

 

 

 

Test Correct option 

(% correct) 

 

 

Other options (% 

selecting 

other option/s) 

 

Alternative lines of incorrect reasoning/student 

ideas 

 Delayed 

Post test 

b(69.08) 

 

 

 

 

 

 

a(2.60), c(6.36), 

d(21.10) 

 

 

 

 

 

Much reduced alternate options, except for 

those who may interpret that the only type of 

sex chromosome inherited from the mother is 

X, which is a correct concept. The interviews 

with a range of students show clear 

understanding that sex chromosomes are 

contributed by both parents.  

Q6 Pre-test b (64.45) 

 

 

a(16.76), c(12.14), 

d(6.07) 

 

DNA is found only in egg and sperm cells. 

 

 

 Post-test b(71.10) 

 

a(17.05), c(8.95), 

d(3.47) 

 

 Delayed 

Post test 

b(82.37) 

 

a(11.56), c(3.47), 

d(2.89) 

 

Q7 Pre-test d (74.86) 

 

 

a(9.54), b)4.05), 

c(11.27) 

 

Hair length and language are affected by our 

genes. 

 

 Post-test d(93.35) 

 

a(3.19), b(0.87), 

c(2.89) 

 

 Delayed 

Post test 

d(93.35) 

 

a(3.47), b(1.16)), 

c(2.89) 

 

Q8 Pre-test c (39.88) 

 

 

a(19.65), b(26.59), 

d(13.87) 

Sex cells and fertilised cells contain the same 

number of chromosomes 

 

 Post-test c(63.01) 

 

a(12.43), b(22.83), 

d(2.31) 

 

 Delayed 

Post test 
c(66.18) 

 

a(12.14), b(20.81), 

d(0.58) 

A consistent proportion have difficulty with the 

concept or do not understand what fertilised 

means 

Q9 Pre-test a (32.66) 

 

b(35.55), c(18.79), 

d(12.72) 

Female chromosome is XY or XXY  

 

 Post-test a(94.22) 

 

b(4.34), c(0.58), 

d(1.73) 

 

 

 

Delayed 

Post test 

a(89.88) 

 

b(7.23), c(0.58), 

d(2.31) 

 

Q10 Pre-test b (44.51) 

 

 

a(25.43), c(19.08), 

d(10.98) 

 

Probability of having a boy or girl is not 50%, 

based on the scenario 

 

 Post-test b (75.43) 

 

a(13.01), c(8.38), 

d(4.05) 

 

 Delayed 

Post test 

b(71.39) 

 

a(12.14), c(13.29), 

d(3.76) 

Consistent number have difficulty with the 

concept 

Q11 Pre-test d (40.75) 

 

 

a(17.63), b(29.19), 

c(12.43) 

 

Acquired feature will be passed down to 

offspring 

 

 Post-test d(67.92) 

 

a(10.40), b(15.32), 

c(6.36) 

 

 Delayed 

Post test 

d(72.83) 

 

a(6.65), b(12.72), 

c(7.80) 

Much reduced alternate responses 

Q11 

reason 

Pre-test 4 (39.02) 

 

 

1(25.43), 2(35.72), 

3(8.67) 

 

Acquired feature will be passed down to 

offspring 

 

 Post-test 4(64.45) 

 

1(13.58), 2(16.47), 

3(4.91) 
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Item 

 

 

 

Test Correct option 

(% correct) 

 

 

Other options (% 

selecting 

other option/s) 

 

Alternative lines of incorrect reasoning/student 

ideas 

 Delayed 

Post test 

4(74.86) 

 

1(8.09), 2(13.29), 

3(2.89) 

Much reduced alternate responses  

Q12 Pre-test a (50.87) 

 

 

 

b(49.13) 

 

 

 

Heterozygous genotype may give rise to either 

curly or straight hair 

 Post-test a(75.14) b(24.86) Heterozygous genotype is recessive 

 Delayed 

Post test 

a(80.92) 

 
b(18.79) 

More correct responses 

Q12 

reason 

Pre-test 2 (27.46) 

 

1(22.83), 3(37.86), 

4(11.27) 

Confusion of what heterozygous genotype trait 

is 

 Post-test 2(60.12) 

 

1(14.16), 3(16.47), 

4(8.96) 

 

 Delayed 

Post test 

2(71.39) 

 

1(10.40), 3(10.12), 

4(7.23) 

Same incorrect options chosen though reduced.  

Q13 Pre-test b (41.33) 

 

a(41.91), c(16.76) 

 

Gene related to structure not function 

 

 Post-test 
b(56.94) 

 

a(32.66), c(10.40) 

 

Definition of gene as a structure in the nucleus 

which is learnt in school.  

 

 Delayed 

Post test 

b(62.14) 

 

a(26.01), c(11.27) 

 

The option a is not wrong, and learnt in school, 

but not the best answer 

Q13 

reason 

Pre-test 1 (45.66) 

 

2(29.77), 3(14.45), 

4(9.25) 

 

 Post-test 1(52.89) 

 

2(28.90), 3(10.69), 

4(6.94) 

 

 Delayed 

Post test 

1(63.29) 

 

2(17.92), 3(11.56), 

4(7.23) 

Reduced alternate option - focus is on structure 

rather then function of a gene 

Q14  Pre-test c (34.39) 

 

a(15.32), b(50.00) 

 

Heterozygous genotype gives rise to recessive 

trait 

 Post-test c (51.45) a(14.74), b(33.82)  

 Delayed 

Post test 

c(56.65) 

 

a(13.29), b(29.77) 

 

Alternate option reduced 

Q14 

reason 

Pre-test 2 (35.84) 

 

1(22.54), 3(40.17) 

 

White fur has heterozygous genotype 

 Post-test 2(63.01) 1(14.16), 3(16.47)  

 

 

Delayed 

Post test 

2(69.36) 

 

1(9.25), 3(20.23) 

 

Alternate option reduced 

Q15    Discussed in the free response section  

 

4.3 Stimulated recall - student interviews 

Which are the aspects of the enrichment programme that are helpful for learning? What 

do the student interviews reveal about the programme that they experienced? (Research 

question 3) 

 

A total of 56 students were interviewed after the post-visit stimulated recall. As 

mentioned earlier in the Methodology chapter 3, the students came from schools that 

were spread over different zonal regions in Singapore. 
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Table 4.21 Distribution of students who participated in the interview 
School Age (years) Number of students Interviews (time after 

programme) 

L Pri 

 (East Zone) 

11 10 12 weeks  

H Pri 

(North Zone) 

11 17 12 weeks 

C Pri 

(South Zone) 

11 13 8 weeks 

T Pri 

(East Zone) 

11 10 10 weeks 

Co Pri 

(West Zone) 

11-12 6 8 weeks 

Total  56 (25 girls and 31 

boys) 

 

 

Table 4.21 shows the distribution of students across the schools and the period of time 

between the participation in the enrichment programme and the post-visit stimulated 

recall. In all, 25 girls and 31 boys were interviewed. As described in Chapter 3, the 

interviews were semi-structured and the students’ responses were quantifiable as their 

responses were specific to components they experienced in the programme. The 

students’ responses are tabulated in the various tables. Tables 4.22 - 4.25 and 4.27 show 

the tabulated responses of the students to questions relating to specific questions on the 

programme ‘Genes and our Traits’ as well as connections to the topic in school or 

everyday life. The categories and quantifying of the responses are illustrated in the 

following examples in Tables 4.22-4.27: 

 

4.3.1 Exposure of students to the topic of genes 

Table 4.22 shows the responses of the students who were interviewed about whether 

they had learnt about the topic of genes before the laboratory enrichment programme. 

The students had not covered the topic of genetic inheritance and genes although there 

may likely have been some mention in class by the teacher, when covering the topic of 

plant and animal cells.  

Table 4.22: Exposure of students to the topic of genes  

Question prompt: Have you learnt about the topic of genes earlier? Before attending the 

programme?   n=56                                                

No did not hear about genes before 11 responses  

Had some idea - covered a bit in class under the topic 

of cells; my teacher mentioned about genes  

16 responses  

I had learnt about genes already 1 response,  taught by sister outside 

of school  

I did not learn about genes in class but have heard 

about it through other sources (National Geographic,  

Discovery Channel, internet, Readers Digest etc  

29 responses  
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The topic of cells had been covered by the teachers in school before the enrichment 

programme for all classes. Just over half of the students had come across the terms like 

genes and DNA from out-of-school sources:  

“covered bit of topic of cells in class, DNA comes from parents and it’s passed down to 

their young and DNA contains information of your traits and genes and like whether  

you can roll your tongue and whether you have attached or detached earlobes” 

       Naa, student from L School 

 

“no, we did not cover this in class but heard it before from my mother - there's DNA 

about myself, and my mother and myself. And I was getting curious about DNA, Genes 

and Traits” (the programme that the students attended): 

       Rac, student from L School 

 

“Covered a little bit about cells, parts of cells, plant and animal cells and their 

functions” (in class) 

       Cla, student from H School  

 

“studied on my own, heard from TV and online but understood better when I came to 

science centre because the teacher explained it better” 

       Uma, student from T School 

 

“Learnt from my sister who is a tuition teacher, going to science centre was revision” 

       Kei, student from H School 

 

In summary, the students had all been introduced to the topic of cells and in varying 

levels to the concepts of inheritance of genes and traits, so it was not completely 

unfamiliar to them. The classes that attended the enrichment programme also came from 

a range of ability levels. Even students whose teachers had not mentioned about 

inheritance and genes, had heard about the term from out-of-school sources such as 

from talk at home with the family, from television, magazines or the Internet. Genes and 

inheritance represent a pervasive everyday topic. It appears that the topic was of interest 

to the students as they had taken the time to read or viewed online videos, television 

programmes and articles.  
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4.3.2 Difficulty of the programme for understanding 

Table 4.23: Student response to difficulty of programme   

Question prompt                                                   n=56 

Was the topic difficult to understand?                   

Difficult at first  1 response  

Understandable 55 responses 

 

Table 4.23 shows the response when students were asked if there were any challenges in 

understanding the topic when it was covered in the enrichment programme. From the 

interviews, 55 indicated that the content was understandable, some indicating the 

experiments helped, while 1 response indicated that understanding the content was 

difficult at first.  

 

“…difficult at first but after the lesson I know much more about the DNA.” 

        Nat, student from L School 

 

“…the dominant and recessive trait. I finally understand why some things I get from 

father and some from my mother because of the dominant trait.” 

        Eng, student from H School 

 

“The experiments helped me understand.” 

        Ale, student from L School 

 

“…actually I gained more knowledge because I didn’t really know about the cells and 

which part of the cell contains genes. Before I learned the topic I was kind of had no 

interest in learning it, because I didn't really know about it. But now, I am kind of 

actually interested in the topic.” 

        Yoo, C School 
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4.3.3 Components of programme that helped understanding 

Table 4.24: Student responses on what facilitated understanding 

Helpful components for understanding         No of responses n=60 

Video 1 

Worksheet 1 

Slides 5  

Activities 31  

Clear explanations/instruction 18 

Attire 4  

Total 60  

 

Students were asked what they could recall that was helpful in understanding the topic. 

Table 4.24 indicates what was helpful for the students. The mention of a coded 

memorable feature was recorded as one instance and the number of times a feature was 

mentioned allowed a quantitative record of each feature mentioned by students as 

illustrated in Table 4.24. A high proportion mentioned the activities and experiments, 

going into detail in describing the activity. One mentioned the helpfulness of the video, 

18 recalled the clear explanations by the educator, and more than half of the students 

(31 responses) mentioned the activities as helping them understand the topic. Some 

excerpts of the interviews illustrate the students’ responses in answering this question.  

 

“eyes sticker activity, helped me remember - brown is dominant and blue is recessive” 

        Naa, student from L School 

 

“ice cream sticks activity helped me understand, where you pick the X and Y and I 

remember that XY is a boy and XX is a girl” 

        Ale, student from L School 

 

“The teacher made it very fun. We played this interesting game, sticks inside a cup, X 

and Y, determining the gender of the child, also the traits wheel and it's still in class - 

can look at it and find out a bit more about your friends” 

        Ame, student from L School 

 

“I remembered about the traits tree and the wheatgerm, the eyes activity. But I can still 

remember about the sticks with the X and Y. Because X and X will make a female 

while X and Y will make a male. And for the eyes, if they put dominant and one 

recessive, you get a dominant (trait). But you need two recessives to get a recessive 

trait” 
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         Rac, L School 

 

“I recall the wheatgerm experiment, put some alcohol, alkali, and then we saw the dna 

coming out.” 

         Man, H School 

 

“The explanation was clear enough for us to understand. When we get to wear the 

science lab coat, we really feel like real scientists. The experiments helped me with 

understanding - wheatgerm - my favourite part was to put the laundry detergent with the 

dropper, liked the traits tree where we get to do it as a class/” 

         Ani, H School 

 

“instructions given were clear so could follow and do on our own.” 

         Ros, T School 

        

“wheatgerm was my favourite personally because we don’t carry out such experiments 

in school and it’s very interesting to see how these DNA that we learnt actually separate 

from the wheatgerm.” 

         Hae, Co School 

 

“explanation was very clear and the fact that we did experiments made it more 

interesting and helped me understand more about it because in school, they just like tell 

us that DNA is what - its characteristics are passed down from parents but in the science 

centre we actually learn more  - like the meaning of the words and more in depth. The 

activities helped me remember because we don't do many experiments in school and as 

Zhi said, we get to see with our own eyes.” 

         Ame, C School 

 

“personally I like activities as I find that we do activities you personally can understand 

better. As you get to really experience it and see with our own eyes about the results 

that you'll get through the experiment and what (the) changed variable actually result 

in” 

         Zhi, C School 

 

In summary, almost all the students interviewed reported that they were able to 

understand the topic during the enrichment programme at the science centre. The 
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students value the hands-on activities highly as a component in the programme as that 

helped them understand the topic and remember it. The other helpful component that 

was reported was the clarity of the educator’s explanation. Not only were the students 

able to understand the content, they were also able to follow instructions and conduct 

the activities by themselves – this perceived autonomy was important to the students 

together with the feelings of enjoyment as the teacher had made the activities seem like 

games. The students were clear that they were learning and also that the experience was 

enjoyable. Some students responded about the lab coats in this question and it came out 

also in other parts of the interviews with different students. Although wearing the lab 

coat may not seem to correlate with being helpful in understanding to the students (4 

responses), it appeared that wearing the lab coat put the students in a frame of mind that 

made them more receptive to learning.  

 

Table 4.25: Student responses on memorable activities 

Question prompt                                                      n=85 

Can you recall any activities that                      

 made an impression on you? 

Boy or girl, X, Y chromosome activity 18 responses  

Traits tree/wheel 19 responses  

Wheatgerm DNA extraction 36 responses  

Eye colour 12 responses  

Total 85 responses 

 

Table 4.25 shows specific activities that the students could recall – an activity about the 

sex chromosomes (X and Y), a Traits tree, which was a whole class activity looking at 

physical traits such as tongue rolling, widow’s peak, etc, a DNA extraction from 

wheatgerm, an activity involving eye colour to understand dominant and recessive 

traits. There were four types of activities in the programme and so during the interview, 

students could mention any activities they liked. The number of instances an activity 

was mentioned allowed a quantitative measure to the responses which was helpful as it 

gave an indication of the activities that made an impression across a range of students. 

At least 85 instances of activities were mentioned during the interviews as some 

students recalled more than one activity they liked, with the wheatgerm experiment 

being mentioned the most (36 times). The next most recalled activity was the Traits 

tree/wheel (19 instances), while the X, Y activity was mentioned 18 times and the eye 

colour 12 times.  
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4.3.4 Science Educator 

Table 4.26: Student feedback on teacher (science educator) 

Question prompt                                     N=82 

What can you recall about the teacher                

(science educator)? 

Clear explanation 40 responses  

Approachable (patient, spent time to explain, 

always ready to answer questions, smiling) 

24 responses  

 

Teaching was interesting (humorous, voice 

modulation, etc) 

15 responses  

Class management (a good environment to learn) 3 responses  

  82 responses 

 

Table 4.26 shows a sample of memorable features of the science educator recalled by 

students and helped their understanding.  All the students made a positive reference to 

the facilitator. Some student responses are indicated below to illustrate Table 4.26:  

 

 

“She explained to us about what liquids we are using for the wheatgerm. She explained 

to us, what the chromosomes are meant to do, and their purposes, ,,,,,,, And some of it is 

actually like taught in school, which actually helped  because it helps me remember and 

remember it better and in school”           

         Paz, L School 

 

“he explained very well. He was a very clear teacher and not that fierce like our science 

teacher who has the identical name as the science centre teacher (Mr Roy).” 

         Ani, H School 

 

“I enjoy how she teaches us, it’s very fun and when she speaks to us it is very clear. 

When she presents it she also makes sure she makes it very fun for us.” 

          Yik, T School 

 

“(Alice) she was nice and when we don't know things we can ask her then she will 

explain it to us” 

          Naa, L School 

 

“clear and concise and she was very friendly to us when we had doubts, easy to 

approach her if we had a question. She separated the information into parts so it was 
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easy to understand. When we had doubts she clarified and she even asked every time 

like does everyone understand? So it was more interesting and we felt more excited and 

enthusiastic about learning about dna.” 

         Yaz, Co School 

 

The clear explanation which helped understanding came out very strongly in the 

interviews. The students also mentioned the educator conducting the programme in very 

positive terms or how the programme was easy to understand. The key feature that 

students recalled of their instructor was clear explanations that helped them understand 

the topic well, as well as instructions to allow the students to carry out the activities on 

their own.  Twenty-four students also mentioned other aspects of the instructor which 

they valued such as being approachable, kind and patient - repeating when asked to and 

willing to answer all their questions, while 15 made reference to the personal style by 

which the instructors made the content interesting (humorous, voice modulation). 

 

4.3.5 Environment and setting 

Students were also asked what they felt of the experience in the lab. This was to 

understand if the students were engaged affectively by elements in the laboratory or the 

environment. From the interviews, students expressed that the experience was different 

at the science centre (in comparison to having a lesson in school). Table 4.27 

summarises the main ways the students felt a science centre experience differed from 

learning in class.  

 

Table 4.27: Student responses on the out-of-school programme 

Question prompt N=117 

Do you think you could do these experiments   

in school? Was there any difference in coming to the  

science centre for the programme? 

Conducive environment for learning   22 responses  

Can do many experiments  27 responses  

Authentic scientist role, wearing a lab coat 16 responses  

Working in groups 8 responses  

Learnt new content not taught in school 15 responses  

Fun, enjoyable, interesting 29 responses  

Total 117 responses 
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Table 4.28: Sample of student responses on the out-of-school programme 

Prompt: “Was there any difference in coming to the science centre for the programme?” 

Categories Codes Preliminary codes Extract of student response 

Programme 

 

 

Programme 

New content 

 

 

Do experiments 

ourselves 

did a lot of things  

never done before 

 

doing experiments by 

ourselves 

 we did a lot of things I've never 

done before, doing experiments by 

ourselves without much adult 

supervision, letting us be 

independent 

Environment 

 

Environment 

Programme 

 

Programme 

 

Experience 

Conducive 

environment 

Science equipment 

New content 

 

Activities 

 

Interesting 

bigger science lab 

 

experiments, and 

equipments that we 

never did before, 

hands-on activities 

 

interesting 

our school lab before. It was actually 

quite small and you know, one big 

class squeezing into one small 

room... 

going to a bigger science lab, having 

hands-on activities with this type of 

experiments, and equipments that we 

never did before, is actually quite 

interesting 

Environment  

 

Environment 

 

Experience 

 

 

Experience 

Science equipment 

 

Lab setting 

 

Interesting 

 

 

Scientist role 

scientific instruments 

 

cupboards there were 

the animal 

chromosomes, very 

interesting 

 

felt like being a 

scientist 

 there were a lot of scientific 

instruments, a microscope, and on 

the cupboards there were the animal 

chromosomes - it was also very 

interesting because I didn’t know 

what it was but then when the 

teacher told what it was, it was very 

interesting. I really felt like being a 

scientist trying out new things cos 

we didn’t have an opportunity to try 

these out in school. 

Environment 

Programme 

 

 

Experience 

Environment 

 

Programme 

Science equipment 

Activities 

 

 

Fun, enjoyable, 

Conducive 

environment 

Organised  

 

high tech equipment, 

results of the 

experiment were more 

accurate 

more fun 

cozy environment air-

con 

activities were 

arranged very clearly 

and very organised 

 a lot of high tech equipment, and the 

results of the experiment were more 

accurate than if we did them in 

school because of all the equipment. 

And it was more fun, it was a more 

cozy environment than the one in our 

school because there was air-con and 

all of that, all the activities were 

arranged very clearly and very 

organised 

 

Table 4.27 summarises students’ feedback in the interviews, what they felt was a feature 

they liked of an out-of-school environment - the setting of the laboratory which made it 

conducive for learning (22 responses) as well as their ability to carry out activities and 

experiments on their own (27 responses).  Table 4.28 shows the coded responses for this 

question from a sample of the interview extracts.  

 

Students’ responses also elaborated on the aspects of the setting at the science centre 

that had been memorable for them: 
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“It really piqued my curiosity because there were a lot of scientific instruments, a 

microscope, and on the cupboards there were the animal chromosomes - it was also 

very interesting because I didn’t know what it was but then when the teacher told what 

it was, it was very interesting. I really felt like being a scientist trying out new things 

cos we didn’t have an opportunity to try these out in school. I would love to attend more 

lessons like these.” 

          Yaz, C School 

 

“I find the learning is good. If science centre continues like this, this will be a great 

place for people to learn science. You feel like a scientist doing experiments. If you're 

in the classroom you’re just looking at a book - I don't think words are cool. I'm not 

really a reading person I like to do stuff so that I know; I feel like I get the experience. 

Science centre is a better place because I don't think our school science lab has all the 

facilities that you guys have. So I think science centre is way better because it's like a 

wide area whereas our school is kind of small.” 

          Tha, C School 

 

“I found it very interesting because of a lot of high tech equipment, and the results of 

the experiment were more accurate than if we did them in school because of all the 

equipment. And it was more fun, it was a more cozy environment than the one in our 

school because there was air-con and all of that, all the activities were arranged very 

clearly and very organised, all activities helped us to remember each topic, example like 

blue eyes and the dominant trait… it was a very interesting way to conduct lessons for 

science. Our teachers in school, they don't really have a lot of time to do this. But in the 

science centre, I opened my eyes and see how teachers conducted lessons. So next time 

I maybe can give some suggestions to my teachers to conduct this type of fun and 

exciting class.” 

         Ame, C School 

 

 

“It’s like there is more hands-on activities than in school” 

         Ame, L School 

 

“can experience more than in the classroom because there's more you can play around 

with all - more field experience, we did a lot of things I've never done before, doing 

experiments by ourselves without much adult supervision, letting us be independent” 

         Kei, H School 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

191 

 

 

Students also mentioned that the experience had been fun and enjoyable and interesting 

(29 responses) indicating emotional engagement in the activity.  Working with 

classmates was also an enjoyable factor and students spoke of helping each other during 

the activities. 

 

“prefer to do the activities as a team because if you were to do individually we tend to 

forget so we can better understand if we have friends to work with us” 

         Muh, C School 

 

“my group member, Ald he was very confused so I decided to help him like the alcohol 

how to read and how much because I was thinking he would might put more than 2-3 

times” 

         Zaf, T School 

 

Another factor brought up by students was that they got to wear lab coats – which gave 

them the feeling of getting into a scientist’s role.  

 

“Wearing the lab coat we really feel like Einstein. I felt I was a real lab rat. I feel like I 

was a genius for a moment, then "Oh no! It's going to end". “  

        Yoo, C School 

 

“science at science centre is very different - they make the science fun and interesting. 

Unlike the school which they (teachers) just say the whole thing, we don't understand 

some things but they just go on. But at science centre they use things and food and 

everything to explain so it’s more understandable. It feels like when I put on the lab 

coat it feels like you are ready for an experiment, unlike in school, where you don't even 

put on anything. Would want to go back to science centre” 

         Mei, C School 

 

“being in the science lab like a scientist. It felt like very professional with the chemicals 

and the lab coat. I really thought as if like we're doing something very important” 

         Hae, Co School 

 

Interestingly 15 students also found attractive the fact that they were learning content 

that would likely not be covered in class, more ‘advanced. 
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“science is much better than taught in school because the science is more advanced, 

would like science centre to teach other topics too like reproduction” 

         En Z, H School 

 

“Very fun, science centre is different as we learnt about DNA that is not tested in the 

syllabus, so the teacher might not teach. We can learn more at science centre.” 

         Leo, H School 

 

“we do different experiments that we have not done in school, experiments helps us 

understand better.” 

         Nat, L School 

 

“in school not many experiments about the inherit trait. When I went to science centre, I 

tried out the DNA experiments and a lot more experiments and I actually found it was 

easy to understand with the experiments. I can remember the smell at the DNA lab 

unique and the lab coat” 

         Kei, H School 

 

“class was fun, will recommend the class to classmates if they are going. The teachers 

explained the concepts bit by bit so we can understand easier” 

         Nat, H School 

 

In summary, an important difference between the school and the science centre was the 

setting of the specialised laboratory - this setting with the associated equipment like test 

tubes, microscopes, etc was important to create the authenticity of the scientific 

experience. Students saw the lab coats as part of that authentic lab experience, taking in 

visual information of the lab, illustrations of the plant and animal cells,  animals with 

different chromosome numbers, and even the smell of the reagents as they were 

conducting the experiments. As ‘scientists’ they were also able to carry out the 

experiments on their own and at the same time with their classmates. It is also of 

interest that students thought of the experience as different from that in school in that 

they learned new content because school science was focused on exams. Hence 

although it appears on first sight that the laboratory programme seems much like a 

school lab, students can differentiate the experience and what they mention are the 
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features of out-of-school spaces – social interaction, novel environment, authentic 

science setting and time to ask questions from an expert science educator.  

 

4.3.6 Links to school science 

Teachers’ interviews had earlier indicated that the enrichment programme had been 

selected by the school because of links to a syllabus topic on cells although information 

on DNA and genes would not be tested as these were additional information for the 

students. The students were asked if they could make links to what they had learnt in the 

laboratory programme in the science centre and to what extent they had covered it in 

class as this has been shown to contribute to gains in science knowledge (Anderson et 

al., 2000; Griffin & Symington, 1997; Rennie & McClafferty, 1995). Twenty-four 

student responses made links to content they had learnt in school, while 26 shared that 

they made connections from the programme content to outside of the classroom, in 

discussions with their family and friends.  

 

“chloroplasts - the science centre teacher mentioned it but at first I didn’t get it. But 

when we went back to school, the teachers explained more and further. I got to learn 

more about it.” 

         Ame, L School 

 

“Topic in science centre connected to topic of cells in school, nucleus ad DNA. Because 

at first when we started cells, we only thought it controls the activities within the cell. 

But when we went there (science centre) we also knew that there was DNA in the cell, 

in the nucleus.” 

         Ann, L School 

 

“before I went to science centre I thought every cell in our body had different kinds of 

genes and traits. But when I went to the science centre I knew that all of the DNA and 

traits are the same in all of our cells” 

         Ale, H School 

 

“before I went to science centre, I thought that some people were special than others. 

When I went to science centre, I found out that we actually inherit traits from our 

parents… e.g. some of my relatives can roll the tongue but my parents and other 

relatives cannot so I thought some of my relatives were special” 
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         Cla, H School 

 

 

“I remember that one of my teachers (in school) told us about the  - the different traits 

like the widow's peak, eye colour ...  detached ear lobe, attached one” 

         Sha Co School 

 

Ame from L School shared that she made the link from the programme to a later lesson 

revision in class about cells and the choloroplast. She had heard the term mentioned at 

the science centre and ‘didn’t get it’ until her class teacher explained more about it back 

in school under the topic of cells. Her teacher had mentioned in the interview that he did 

not re-visit any content from the programme back in class. However in revising the 

topic of cells which was part of the school syllabus the student had made the connection 

for herself. The revision was part of preparation for the mid-year tests. Ame’s teacher 

was very conscientious and he had obviously taken effort in going into more detail 

about choloroplasts with the class. So although teachers do not explicitly cover the 

content from the field trip back in class, there was opportunity to cover common content 

because of the links to the topic of cells in the syllabus. The topic of choloplasts (as it is 

a plant cell component) had been mentioned briefly as an introduction to plant and 

animal cells, but it allowed Ame to connect the enrichment programme and class 

content. In the interview, Ame did not mention the teacher making any reference to the 

science centre programme. It is likely that many accompanying teachers revise common 

content back in class but without making explicit reference to the out-of-school 

programme where the content was also mentioned. Although this can be seen to be a 

missed opportunity to make stronger links, it highlights the importance of making 

connections between what has been covered in an out-of-school programme to school 

science content to maximise learning. 

 

4.3.7 Links to everyday life 

Connections from the programme content to outside of the classroom also came out 

through sharing their experience in science centre with their family and friends. The 

programme and the experience had made an impression on the students for them to 

want to share what they had gone through. The students were able to link information  
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\on inheritance with everyday situations for example, traits within their families and 

pets, learning about a genetic condition and even linking to popular fiction. 

 

“talked about the class to my brother - he said that the red blood cell has a nucleus, but I 

knew he had not been listening in class because I learnt that it has no nucleus.” 

         Hae, Co School 

           

“shared with my father while we were eating KFC and he mentioned about a pair of 

chromosomes that can give you a disorder - Down's Syndrome.” 

         Sha, Co School 

 

“can use the information learnt for a friend who has pet mice and if they have baby 

mice why they have the fur colour - can explain about dominant gene.” 

         Jon, C H School 

 

“In Harry Potter, Ron has inherited his red wavy hair from Mr Weasley - can make the 

connection because of the traits inherited from parents.” 

         Mani, H School 

 

“learnt about traits - I have dimples but my sister and brother don't have them, only me. 

Then I told my parents about it. Then they said, my mother has dimples but my father 

didn't.” 

         Ale, L School 

 

  

4.3.8 Responses to scenarios 

During the interviews, the students were asked about the scenarios of the DNA and 

genes in Robert’s and his friend John’s cells as well as Danny and Lucy’s children after 

his accident. Students had to explain the reasoning behind their answers which would 

help in understanding their answers. 
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Table 4.29: Responses to scenarios  

Scenarios 

Total number of students interviewed: 56 

Number of 

correct responses 

Number of 

incorrect 

responses 

A: Do all of Robert’s cheek cells contain the 

same DNA? 

56 0 

B: Do all of Robert’s cells (e.g. cheek and 

skin cells) contain the same DNA 

56 0 

C: Is the DNA the same in Robert’s and his 

friend John’s cheek cells? 

56 0 

D: After his accident, will Danny have 

children with legs? 

51 5 

 

Table 4.29 shows the number of correct and incorrect responses to the scenarios posed 

to the students during the interviews. All the students were able to explain their answers 

for scenarios A and B, which were correct.  

 

Scenario B: Robert’s body cells 

“same DNA, it’s from the same person even though they are different types of cells” 

        Hai, C School 

 

“same DNA in all the cells in Robert's body - even though different body parts, our 

entire body has the same type of DNA” 

        Jer, H School 

 

Scenario C: Robert’s and John’s cells 

Students were also overwhelmingly clear about the genetic situation in Scenario C – 

that the same type of cell in different individuals would contain different genetic 

information. 

 

“very different, 2 different people - they inherit from different parents” 

        Man H School 

 

“different DNA. Unless they are identical twins, they can't have the same DNA” 

        Jeo, Co School 
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Scenario D: Danny and Lucy’s children 

Most students were also able to understand the inheritance in Scenario D and to reason 

it correctly. There were a few students who were confused about the inheritance of 

genetic information (8.9% of the sample got 25% of their answers incorrect). 

 

Correct reasoning 

“it would not affect his genes because he is born with 2 legs. In the accident he loses his 

legs but this will not affect his genes” 

        Hai, C School 

 

“all (children) 2 legs, it's the same like the cat question (in the test). The ear gets torn 

off and then I think although it was torn off the genes will still not be affected. Yeah, so 

it (the ear) still gets passed on to the next generation” 

        Jeo, Co School 

 

“(children) will have legs, because traits cannot be changed - if he was born with no 

legs then the child might have no legs but he used to have legs” 

        Cha, L School 

 

Incorrect answer not able to articulate a reason  

“not sure - maybe boys no legs and girls have legs” 

        Rac, L School 

 

“maybe the children will be affected” 

        Nat, H School 

   

In summary for this research question, the student interviews helped to provide insights 

into what helped student understanding. During the interviews, students shared that they 

had exposure and learnt about the related topic of cells. Many had come across the topic 

of genes and heredity from out-of-school sources and this appeared to help link the 

content they learnt in the programme to what they were familiar with. They did not 

appear to have difficulty in following the enrichment programme and what helped them 

understand most were hands-on activities, the wheatgerm DNA activity cited most often 

as the most memorable.  The helpfulness of the activities in learning also supported the 
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feedback survey results where the students had indicated they enjoyed the activities and 

found them a good way to learn science.  A second factor mentioned by students that 

helped them understand the content was the science educator’s explanation which was 

frequently mentioned as being clear and that the science educator was approachable and 

patient to answer their questions and repeat explanations when needed. Students were 

able to make links to school science even though the programme on traits was not a 

direct match to what was learnt in class, and were also able to make links to everyday 

situations – in fact more instances than with school science. At the macro level, the 

topic of inheritance of traits is familiar ground in situations in everyday life and the 

programme helped the participants see the connections to school science and everyday 

life. The interviews also confirmed that the answers given by the students in the 

scenarios component of the interviews supported the test results and that the students 

understood the content well enough to give correct explanations/reasoning for their 

answers. Students thought that having the programme in an out-of-school setting at a 

science centre lab allowed many more experiments to be conducted, with more 

equipment.  It provided a stimulating, authentic and conducive setting and the 

experience was fun, enjoyable and interesting.  

 

4.4 Students’ feedback  

Did the enrichment programme stimulate interest in the students on the topic (Research 

question 4) 

 

The students’ feedback was also collected after the programme. The students responded 

to a series of statements on whether they agreed or disagreed with the statement, on a 

Likert scale. The 19 items of the feedback survey were subjected to principal 

components analysis (PCA) using SPSS. Prior to performing PCA the suitability of the 

data for PCA was assessed. The correlation matrix indicated many coefficients of 0.3 

and above. The Kaiser-Meyer-Okin value was .91, exceeding the recommended value of 

.6 (Kaiser, 1970, 1974) and the Bartlett’s test of Sphericity (Bartlett, 1954) reached 

statistical significance, supporting the factorability of the correlation matrix. Principal 

components analysis revealed the presence of 4 components with eigenvalues exceeding 

1, explaining 35.1%, 7.7%, 5.6% and 5.3% of the variance respectively (Fig 4.2). The 

analysis was done with 4 components. Varimax rotation was used. 
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Fig 4.2: Scree Plot of PCA analysis for Genes and our Traits survey 

 

 

 

Table 4.30: Principal Component Analysis for Genes and our Traits Survey 

Total Variance Explained 

Component 

Initial Eigenvalues 

Extraction Sums of Squared 

Loadings 

Rotation Sums of Squared 

Loadings 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% 

1 6.671 35.110 35.110 6.671 35.110 35.110 2.961 15.586 15.586 

2 1.470 7.736 42.846 1.470 7.736 42.846 2.500 13.159 28.744 

3 1.068 5.623 48.469 1.068 5.623 48.469 2.388 12.569 41.313 

4 1.010 5.314 53.783 1.010 5.314 53.783 2.369 12.470 53.783 

5 .955 5.026 58.809       

6 .856 4.503 63.313       

7 .815 4.289 67.602       

8 .737 3.880 71.482       

9 .673 3.544 75.025       

10 .615 3.234 78.260       

11 .579 3.049 81.309       

12 .558 2.939 84.248       

13 .517 2.722 86.970       

14 .507 2.666 89.636       

15 .447 2.350 91.986       

16 .433 2.280 94.267       

17 .407 2.141 96.408       

18 .358 1.882 98.290       

19 .325 1.710 100.000       

Extraction Method: Principal Component Analysis. 

 

Principal components analysis (PCA) was also carried out on the feedback survey. The 

correlation matrix indicated many coefficients of 0.3 and above. The Kaiser-Meyer-
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Okin value was .91, exceeding the recommended value of 0.6 (Kaiser, 1970, 1974) and 

the Bartlett’s test of sphericity (Bartlett, 1954) reached statistical significance, 

supporting the factorability of the correlation matrix. For the interpretation of the four 

components, Varimax rotation was performed. The rotated solution revealed a simple 

structure (Thurstone, 1947) with components showing strong loadings and variables 

loading on mainly one component. Only component loadings of 0.3 and above are 

displayed. Each component had between 4-5 items with significant loading on one 

component. The four component solution explained 53.8% of the variation (Table 4.30). 

The results suggest the items on the feedback scale are measuring components of 

enjoyment, interest, active learning through activities and learning effectiveness.  

 

Table 4.31: Component loadings for items in feedback survey for Genes and our 

Traits 

Rotated Component Matrix
a
 

 

Component 

1 2 3 4 

PostFB7 .667    

PostFB11 .661    

PostFB10 .637  .373  

PostFB8 .637 .348   

PostFB9 .619    

PostFB16  .730   

PostFB6 .343 .647   

PostFB17  .562 .371 .375 

PostFB12 .409 .448   

PostFB13 .364  .699  

PostFB14   .660  

PostFB19   .592  

PostFB18 .321  .546  

PostFB15  .394 .441  

PostFB2    .795 

PostFB3    .722 

PostFB1  .484  .594 

PostFB5  .435  .530 

PostFB4    .330 

Extraction Method: Principal Component Analysis.  

 Rotation Method: Varimax with Kaiser Normalization. 

a. Rotation converged in 9 iterations. 

 

The results of the PCA suggest that the survey was measuring components of the 

student feedback that explain a large part of the variance. The components can be 

grouped according to the following conceptual labels: Affective engagement 

(Component 1), Interest (Component 2), Active learning (Component 3) and Learning 

effectiveness (Component 4), (Table 4.31). Cronbach alpha reliability values for the 
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components are 0.78 (Component 1), 0.72 (Component 2), 0.72 (Component 3) and 

0.73 (Component 4) respectively. Cronbach alpha value for the full feedback instrument 

is 0.89. The statements in the survey are presented according to the analysis in Table 

4.32. Based on these components, active learning has the highest mean, followed by 

affective engagement, learning effectiveness and interest in that order.  

 

Table 4.32: Mean score of statements in each of the components of the student 

survey. 

 
Component 1: Affective engagement N Mean SD 

7. I enjoyed the way the lesson was conducted 346 22.39 2.41 

8. Time passed by quickly during the lesson 

9. I felt relaxed in the lab 

10. The teacher made the lesson fun in the lab 

11. The environment of the science centre made it fun to learn 

    

Component 2: Interest  N Mean SD 

6. I am interested in learning more about DNA and genes in  

  my body 

346 17.82 1.95 

12. I would like to try more experiments when I get back to  

   school or at home 

16. The activities sparked my curiosity about DNA and genes 

17. The activities helped me understand DNA and genes better 

    

Component 3: Active learning N Mean SD 

13. I enjoyed the activities in the lab. 346 22.91 1.98 

14. The activities in the lab are a good way to learn science 

15. The activities helped me improve my science practical skills 

18. The activities allowed me to work with my classmates. 

19. I prefer lab activities compared to learning from a textbook. 

    

Component 4: Learning effectiveness N Mean SD 

1. I was able to understand about DNA and genes better 346 21.68 2.45 

2. I have learnt about DNA and genes beyond the textbook 

3. The lesson helped me build up my knowledge on DNA and  

  genes learnt from textbooks. 

4. The visual aids (video clips, Powerpoint presentation,  

  demonstration etc.) helped me understand the topic better. 

5. I can better understand how DNA and genes are connected to  

  daily life 

 

The students’ feedback is tabulated in Table 4.33 with the mean, standard deviation and 

percentage of responses that agreed or disagreed with each statement. There were no 

respondents who disagreed with the statements, although there were neutral responses 

(18.8% for statement 2 and 17.3% for statement 8 about time in the lab. Generally the 

students responded positively to the statements with all statements having a mean of 

more than 4 out of 5, minimum mean was M=4.27(SD=0.76) for statement 2. The 
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highest agreement to the statements came from those related to doing activities 

(statements13-19) and enjoyment of the programme (statements 7, 10, 11, 13).  

 

Although the statements are positively worded, the Likert scale allowed the student to 

display disagreement. No student responses showed disagreement with the statements. 

However the percentage of students who chose a neutral response ranged from 0.7%-

18.8% for various statements. Almost 19% did not agree with the statement “I have 

learnt about DNA and genes beyond the textbook” and 17% did not agree that “Time 

passed by quickly during the lesson.” About 11% did not agree that “I would like to try 

more experiments when I get back to school or at home.” Hence even all-positively 

worded statements elicited contrary views from participants in this study.  

 

In this study, besides the feedback survey the students also had a free response 

component and a sample of students from every class who were interviewed for 

feedback about their experience. The qualitative feedback would help to triangulate with 

the feedback from the survey form. Viewed more broadly, the direction of the responses 

has still been captured correctly by the student survey. Rather than looking at absolute 

mean values, the collective feedback from the survey, under PCA, demonstrated four 

main components of engagement – affective, active learning, learning effectiveness and 

interest.  

 

Table 4.33: Mean (SD) and percentage of student responses for the survey 

instrument for the enrichment programme on Genes and our Traits. N=346 

Statement Mean (SD) 

N=346 

Strongly 

agree/ 

Agree 

(%) 

Neutral 

(%) 

Disagree/ 

Strongly 

disagree 

(%) 

1. I was able to understand about DNA and genes better 4.40 (.66) 90.46 9.53 0.00 

2. I have learnt about DNA and genes beyond the textbook 4.27 (.76) 81.21 18.79 0.00 

3. The lesson helped me build up my knowledge on DNA and  

    genes learnt from textbooks. 

4.41 (.69) 88.44 11.56 

 

0.00 

4. The visual aids (video clips, Powerpoint presentation,  

    demonstration etc.) helped me understand the topic better. 

4.29 (.68) 86.99 13.00 0.00 

5. I can better understand how DNA and genes are connected to  

    daily life 

4.31 (.73) 84.10 15.90 0.00 

6. I am interested in learning more about DNA and genes in my    

    body 

4.46 (.71) 87.57 12.43 0.00 

7. I enjoyed the way the lesson was conducted 4.58 (.62) 93.06 6.94 0.00 

8. Time passed by quickly during the lesson 4.31 (.75) 82.66 17.34 0.00 

9. I felt relaxed in the lab 4.37 (.75) 83.82 16.18 0.00 

10. The teacher made the lesson fun in the lab 4.57 (.59) 94.80 5.20 0.00 
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Statement Mean (SD) 

N=346 

Strongly 

agree/ 

Agree 

(%) 

Neutral 

(%) 

Disagree/ 

Strongly 

disagree 

(%) 

11. The environment of the science centre made it fun to learn 4.56 (.56) 96.53 3.47 0.00 

12. I would like to try more experiments when I get back to  

      school or at home 

4.45 (.68) 89.02 10.98 0.00 

13. I enjoyed the activities in the lab. 4.66 (.51) 98.27 1.73 0.00 

14. The activities in the lab are a good way to learn science 4.61 (.54) 97.11 2.89 0.00 

15. The activities helped me improve my science practical skills 4.40 (.68) 88.73 11.27 0.00 

16. The activities sparked my curiosity about DNA and genes 4.40 (.65) 91.04 8.96 0.00 

17. The activities helped me understand DNA and genes better 4.51 (.61) 93.93 6.07 0.00 

18. The activities allowed me to work with my classmates. 4.47 (.66) 90.75 9.25 0.00 

19. I prefer lab activities compared to learning from a textbook. 4.77 (.44) 99.13 0.87 0.00 

20. I would like to come for other types of DNA Lab    

      programmes in the future. 

.97 (.18) 96.53 3.47 0.00 

 

Table 4.34: Summary of open responses for enjoyment 

Types of open responses for ‘1 thing I 

enjoyed most’ 

 

Number of 

responses 

 

Categories 

Activities 62 Hands-on components 

N=282 (81.50%) 
Hands on 20 

Experiment 

(wheatgerm/mixture/chemicals) 192 

Games 8 

Working together with friends(teamwork) 

 

 

10 

 

 

Peer interaction 

N=10 (2.89%) 

Teacher 

 

 

8 

 

 

Teacher interaction 

N=8 (2.31%) 

Lab coats 7 Experiential  

N=17 (4.91%)  Experience/Environment/Lesson/Air 

Con/Chairs 

10 

 

Everything/It is fun 3 

Learning about chromosomes, 

etc/worksheets 

12 

 

The learning process 

N=12 (3.47%) 

Presentation 1 Others 

N=16 (4.62%) 
Blank, I don't know 15 

Total: 346  

 

Table 4.34 summarises the students’ open responses to what they enjoyed. Most of the 

statements were about activities or doing experiments which made up 81.5% of the 

responses, followed by the lab environment (4.91%) and learning about new things 

(3.47%). Other components mentioned were social - working with friends (2.89%) and 

interactions with the teacher (2.31%). 
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Table 4.35 Summary of open responses in stimulating interest 

Categories of open responses for ‘Two things I 

want to know more about’ 

 

Number of responses 

(%) N=349* 

 

DNA (genes/traits/chromosomes/cell) 226 (64.76) 

Blank 41(11.75) 

Fertilisation/reproduction/heredity/blood 41(11.75) 

Other organisms (plants/animals/bacteria) 20 (5.73) 

Microscope 9 (2.58) 

More about experiments 2 (0.57) 

Others  (the earth, etc) 10 (2.87) 

*Some responses fit into 2 categories 

 

Table 4.35 also illustrates that the programme helped to stimulate interest mainly in the 

subject of genes as well as in the related topic of the human body (heredity and 

reproduction). Table 4.36 reflected what the students self-reported as having learnt from 

the programme. 

 

Table 4.36: Summary of open responses for what had been learnt 

Open responses for ‘Three things I learnt’ 

 

Categories of 

responses 

Number of responses 

(%) N=349 

 

Terms (DNA, traits and chromosomes) 

 

General content 185 (54.00) 

 

Able to articulate a fact e.g. 

(Chromosomes, 23 are from the father and 23 

are from the mother; girl is XX, boy is XY) 

 

Specific content 151 (43.27) 

 

 

 

Inspired to learn more e.g. 

(Science is fun to learn, looking forward to learn 

about genes/DNA. Plus experiments) 

 

Affective 5(1.45) 

 

 

 

Learnt to work with others 

 

Social 5 (1.45) 

 

 

Examples of statements with specific content that was learnt: 

“DNA is deoxyribonucleic acid, A female has XX chromosomes and males have XY 

chromosomes, The dominant cell is one that can express or contribute more.” 

 

“The meanings of the terms 'deoxy', 'ribo' and 'nucleic' in DNA, That you can actually 

separate DNA from cells, Different animals have different amount of chromosomes.” 
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Examples of statements that reported what had been learnt by recalling general content 

or key terms used: 

“I learnt what DNA stands for, I learnt what dominant and recessive traits are, I learnt 

that different people have many different traits.” 

 

“I learnt about DNA, recessive and dominant trait, chromosome.” 

 

This statement below is an example that showed the student had an insight into a 

different way of learning 

“I have learnt about genes, DNA and that it is more interesting in doing real 

experiments and learning at the same time.” 

 

Some students did enjoy the social aspect of learning 

“I have learnt how to produce DNA by experiments, working together and how the 

child gets its gender.” 

“To work together, to help others, teamwork.” 

 

From Table 4.36, more than 97% of the items the students recall are connected to the 

content learnt with only about 10 statements that do not mention a genetic term. In 

Tables 4.37a and 4.37b, students also responded to a further open question which was 

whether they would like to come agan for other types of similar programmes in the 

future. Only 2 were blank, and 344 responded yes or no. Ten had a reason not to want to 

come, seen in Tabke 4.37a, while 116 gave a reason why they would like to come again 

in Table 4.37b. All who said no gave a reason, but not all who said yes gave a reason.  

 

Table 4.37a: Summary of open responses for ‘I would not like to come again for 

other types of programmes in the future’  

Open responses  

Said no 

No of responses 

12 (3.47%)* 
Category of response 

 
blank 2  
I’m not into science 1 Does not suit the 

personal interest of 

the student 
Cause it includes experiments 1 

Did not enjoy it/did not like it 4 

hated my group – please let us group 

ourselves the next time 
1 Social experience 

was negative 
Too far from my house 2 Physical factors 

I had a tired feeling (was tired) 1 

*Total number of responses in survey =346 
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Table 4.37b: Summary of open responses for ‘I would like to come again for other 

types of programmes in the future’  

Open responses  

 

Yes 334 responses 

(96.53% , n=346) 

Category of 

response 

Said yes, but no open response 

218 (65.27% of yes 

responses) 

 

It was fun/ 

The lesson was fun/ 

The activities were fun 

69 (20.66% of yes 

responses) 

Enjoyable 

experience 

I enjoyed learning 

I get to learn and experience new things/ 

Because it is fun and I am learning in a diff place/ 

learn more about DNA/genes and ttraits/ 

it is fun to learn DNA this way 

39 (11.68% of yes 

responses) 

Learning was 

enjoyable 

Science is my favourite subject/ 

I like science/ 

I want to be a scientist 

4 (1.2% of yes 

responses) 

Personal interest 

I like doing experiments with my friends/ 

fun, needs lots of teamwork/ 

4 (1.2% of yes 

responses) 

Social aspect of 

learning was 

enjoyable 

 

. 

The last open ended question in the feedback survey asked if there were any further 

comments or suggestions. For this question a total of 40 additional comments were 

made. A breakdown of the comments is indicated below in Table 4.37c. Feedback 

mainly centred on requesting for more activities and longer time (45%), followed by 

having a break or having food (11.6%). Other comments were the lab was too hot or 

cold and activities were too easy.  

 

Table 4.37c: Summary of open responses for ‘Any further suggestions’  

Any further suggestions 

                                                    

No of responses 

  n=40 

More activities  24 (67.5%) 

Allow food in the lab 2 (5.0%) 

Have a break 5(12.5%) 

Longer time  3(7.5%) 

Too cold 2(5.0%) 

Too hot 1(1.7%) 

Instructor was nice 2(5.0%) 

Activities too easy 1(2.5%) 

 

In summary, based on the responses to the feedback survey as well as the responses to 

the open-ended question on what they enjoyed most, it can be seen that students 
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exhibited high levels of enjoyment in the programme. Enjoyment is considered a 

precursor to the development of interest and motivation (Hidi & Renninger, 2006). 

Participants described learning as fun, a term often seen in the open responses. A 

significant  proportion of students’ responses showed the programme and in particular, 

the activities, sparked interest in furthering learning in the topic as seen in the feedback 

statements connected with interest such as “I am interested in learning more about DNA 

and genes in my body”, “I would like to try more experiments when I get back to school 

or at home”, “The activities sparked my curiosity about DNA and genes” and I would 

like to come for other types of DNA Lab programmes in the future”. Between 87.6% 

and 96.5% of students agreed with these statements in the feedback survey. In addition 

96.5% of the students indicated they would like to come for another similar programme 

in the open responses. In the open responses, students also expressed interest in wanting 

to find out more about genes, traits and chromosomes (64.8%) whle another 11.8% 

were curious to find out more about reproduction and heredity.  

 

4.5 Stimulated recall activity- Group recall  

How helpful is the post visit stimulated recall in facilitating students’ recollection of the 

concepts learnt during the enrichment programme? Research question 5 

 

Eight-12 weeks after the science centre visit, a team of two educators from the science 

centre and myself visited the schools for the post visit recall, delayed post-test and 

related interviews. As mentioned under chapter 3, the recall exercise was divided into a 

group activity where the whole class participated in the recall of the programme 

experienced in the science centre, and student interviews with 56 students from across 

all classes that had participated in the study. The group recall session component with 

the whole class took about 30 minutes.  At each school, the post-visit exercise 

illustrated in Figure 3.5 was carried out class by class, sometimes on different days to 

accommodate the science class timetable. Students were usually gathered in a classroom 

that was designated the science room or science lab. They entered the science room and 

were greeted by a science centre educator who was familiar with the enrichment 

programme experienced by the students. It was not possible nor was it necessary to have 

the same educator who had taught the class, visit the school for the recall as these 

educators were engaged in other teaching commitments and duties at the science centre.  
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The session was a visual recall, showing photographs taken at the science centre of the 

programme experience which were projected as powerpoint slides. When the students 

were shown the photographs, there was much excitement generated often with the 

whole class replying in unison as the educator asked about the photographs. There was 

immediate recognition of places, people and activities. When shown a photograph of the 

science educator who had conducted the programme at the science centre, the students 

were able to excitedly respond without hesitation, giving the name of the educator. By 

viewing photographs of students from the class conducting various activities, the 

students were able to recall the names of the activities and what was being done for each 

activity. The images were of the science centre entrance, the specific laboratory in the 

science centre where the programme took place, the instructor who conducted the class 

as well as photographs from the class focusing on group or pair activities. For each 

photograph, the science educator paused and students were invited to recall and describe 

what was happening in the photograph and the nature of the activity. Students had to 

raise their hands to answer and when they were picked, recounted what they did or 

described details in the picture as they had experienced, while their classmates listened. 

As many participants as possible were allowed to share their descriptions of the 

activities flashed on screen to give opportunity for more voices to be heard. Often, other 

students would chip in to help the presenting student with more information on a 

component or to correct a fact. The session was lively, with students eagerly providing 

information that they recalled. Although the science educator focused on having the 

students share their descriptions of the activities they had conducted as well as what 

they learnt, students did surface facts they learnt – for example, in describing the boy or 

girl activity, a student would explain what the coloured ice cream sticks represented and 

that XX represented a girl and XY, a boy. These facts and answers were given by the 

students, based on the questions asked by the science educator and the retention of 

memories of the intervention programme and not on any further instruction during the 

post-visit. The science educator did summarise key points at the end of relevant slides. 

The session ended with three quiz questions that were answered by students as a group 

activity, for example, by giving hand signals for a true or false answer. The three 

questions were based on information covered in the laboratory programme that had been 

experienced by the student participants and summary to close the session. 
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Quiz Questions: 

True or False? 

1. DNA is present in all living and non-living things.  

2. Dominant genes can “hide” recessive genes. 

3. A boy has 2 X chromosomes.  

 

The group recall was modified from the original conept of stimulated recall which was a 

procedure for small group or individual interviews.  A set of slides that was used for this 

activity is attached as Appendix P. A sample of the observation notes of the group recall 

activity is attached as Appendix Q. The visual observation of each class’s correct 

responses was recorded by two observers (another educator and myself) and was the 

basis of the summary in Table 4.38. Each tick represents a class, (a total of 11 classes) 

and that correct responses in that class were observed from at least 80% or more of the 

class. The two observers compared notes and came to an agreement for each question 

for each class. The observers were stationed in front and the side where there was a full 

view of all the students. The SE conducting the session asked the students to use hand 

signals (not raising hands) to indicate their answer, which were not so visible to the 

whole class. Hand signals meant students made a Y sign for ‘yes’ with their fingers and 

crossed their arms in front of their chests for a ‘no’. If they were not sure they did not 

answer with the hand signals. Students’ responses were very quick and with no turning 

to look at other classmates. Most of the facts were recalled by students in all the classes 

except for 1-2 classes (T and C schools for items 3, 7 and 9) where about half of the 

class were able to recall and hence not recorded on the table. Hence every class was 

able to demonstrate good recollections of the activities and concepts in the programme.  
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Table 4.38: Summary of observations of classes at post-visit group recall*.    

 Descriptors of the student recall observed 

( ) no of classes 

Co 

Sch 

(1) 

L 

Sch 

(1) 

H 

Sch 

(4) 

T 

Sch 

(2) 

C 

Sch 

(3) 

1 Students were able to recall –       

(a) the organisation (Science Centre) when shown a 

photograph. 

√ √ √√√√ √√ √√√ 

(b) the name of the science educator (SE) who taught them 

at Science Centre. 

√ √ √√√√ √√ √√√ 

(c) the enrichment programme attended at Science Centre. 

 

√ √ √√√√ √√ √√√ 

2 Students were able to recall the traits tree and traits 

wheel activities when shown on the PowerPoint slides. 

 

√ √ √√√√ √√ √√√ 

3 Students were able to highlight the concept of traits and 

how they are passed on from parents to offspring. 

 

√ √ √√√√ √ 

 

√√√ 

4 

 

 

Students were able to recall the following aspects of 

the DNA extraction from wheatgerm experiment –  

     

(a) detailed steps for the DNA extraction protocol. √ √ √√√√ √√ √√√ 

(b) Explain the photograph of the DNA precipitate from 

the wheatgerm experiment. 

√ √ √√√√ √√ √√√ 

(c) the full name of the abbreviation of DNA. √ √ √√√√ √√ √√√ 

 

5 Students were able to classify the organisms that do 

and do not contain DNA based on the images shown on 

the slides. Students were thoroughly engaged during 

this activity as they utilised hand signals to display 

their answers.  

 

√ √ √√√√ √√ √√√ 

6 Most students were able to conclude that all cells 

within a human body contain the same DNA. 

 

√ √ √√√√ √√ √√√ 

7 Most students able to recall the concept of dominant 

and recessive genes in a new situation posed through 

the post session. In this case, students were posed with 

a situation on inheritance of mice fur colour. 

 

√ √ √√√ √ √ 

 

8 Students were able to recall –       

(a) the two types of sex chromosomes √ √ √√√√ √√ √√√ 

(b) the total number of chromosomes within a somatic cell √ √ √√√√ √√ √√√ 

(c) the total number of chromosomes within a sex cell 

 

√ √ √√√√ √√ √√√ 

9 Most students were able to answer the true/false 

statements at the end of the recall session successfully.  

 

√ √ √√√√ √ √√√ 

*√ -represents at least 80% of 1 class able to recall the fact. This is based on visual observation by 2 

observers. 4 √ represent 4 classes.  

             

This visual check method is not as valid as a proper quantitative instrument. This visual 

analysis was secondary data and not a primary source of data and the numbers were not 

used in the data analysis. However, the visual numbers helped to support the test results 
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and the student interviews in that a good proportion of the students from the classes 

were able to recall content covered in the enrichment programme 2-3 months ago. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

4.6 Effect of Gender  

What is the impact of the enrichment programme on boys and girls in terms of gains in 

knowledge and promoting interest?(Research question 6) 

 

An independent t-test was conducted to compare test scores between boys and girls to 

see if there were differences. The analysis is presented in Table 4.39. The data points 

were obtained from SPSS software. The difference in pre test scores between boys 

(M=38.72, SD=17.57, and girls (M=39.04, SD=17.87), t(344)=0.17, p=0.87, was not 

statistically significant. Similar statistically non-significant difference sizes were seen 

for post- and delayed post-test results, namely post-test scores for boys (M=62.04, 

SD=20.68) and girls, (M=63.51, SD=19.39), t(344)=0.68, p=0.50, and delayed posttest 

scores for boys (M=72.21, SD=17.76), and girls (M=73.70, SD=15.52), t(344)=0.84, 

p=9.41.  

 

Table 4.39 Descriptive statistics for independent sample t-test for effect of gender 

and test scores 

 Gender N Mean Std. Deviation Std. Error Mean 

Pretest boy 166 38.72 17.57 1.36 

girl 180 39.04 17.87 1.33 

Posttest boy 166 62.04 20.68 1.61 

girl 180 63.51 19.39 1.45 

Delayed 

Posttest 

boy 166 72.21 17.76 1.38 

girl 180 73.70 15.52 1.16 

 

 

 

 

 

 

 

Fig 4.3: Means of pre-, post- and delayed post-test scores for boy and girl 

participants 
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Table 4.40 Descriptive statistics for independent sample t-test for effect of gender 

and total confidence  

 Gender N Mean Std. Deviation 

Total sum of 

confidence pretest 

boy 166 37.92 12.439 

girl 180 37.44 11.426 

Total sum of 

confidence 

posttest 

boy 166 55.51 11.127 

girl 
180 54.21 10.454 

Total sum of 

confidence 

Delayed posttest 

boy 166 57.41 10.147 

girl 
180 55.99 9.573 

Total feedback boy 166 84.85 7.117 

girl 180 84.74 7.349 

 

 

A similar independent t-test was conducted to compare total confidence scores between 

boys and girls for any differences. The confidence scores were computed as sum of all 

the confidence values of the 15 item test, maximum value being 75 and minimum value 

being 15. The analysis is presented in Table 4.40. The difference in pre test scores 

between boys (M=37.92, SD=12.44, and girls (M=37.44, SD=11.43), t(344)=0.37, 

p=0.13, was not statistically significant with very small effect size.  Similar statistically 

non-significant differences were seen for post- and delayed post-test results, namely 

posttest scores for boys (M=55.51, SD=11.13) and girls, (M=54.21, SD=10.45), 
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t(344)=1.13, p=0.21, and delayed post-test scores for boys (M=57.41, SD=10.15), and 

girls (M=55.99, SD=9.57), t(344)=1.34, p=0.08.  

 

Figure 4.3 displays the percentage of correct responses (test score) between boys and 

girls, for the three tests, Similarly, Fgure 4.4 illustrates the difference in confidence 

between boys and girsl for the three tests. Both sets of data show no statistical 

significance between boys and girls in the tests and confidence in their tests.  

 

 

Fig 4.4: Means of pre, post and delayed post-test total confidence for boy and girl 

participants 

 

 

 

The feedback survey responses were also subjected to a t-test to compare level of 

affective responses between boys and girls. The results presented in the last row in 

Table 4.40 show the difference in overall feedback rating between boys (M=84.85, 

SD=7.12, and girls (M=84.74, SD=7.35), t(344)=0.14, p=0.61, was not statistically 

significant.   

 

4.7 Teachers’ feedback  

What is the teacher’s perspective on the effectiveness of the enrichment programme in 

presenting the content and successful elements in the programme?(Research question 7) 
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4.7.1 Feedback survey 

In the study, 13 teachers from five schools (6 female and 7 male) accompanied their 

classes to the Science Centre for the enrichment programme. Their feedback was 

collated in Table 4.41. The feedback is meant to give the teacher’s perspective on the 

programme for the overall programme, the elements pertaining to the instructor, the 

laboratory environment and the content. The interest and learning potential of laboratory 

activities that is mentioned by the students is also echoed in the teachers’ feedback. 

There is reference to hands-on activities as what struck teachers as being most helpful in 

the programme. From informal feedback, teachers also point out the value of the 

opportunity for students to conduct activities on their own as these appear to be recalled 

in school and contribute to enjoyment of the class. The teachers had a good impression 

of the programme and rated the components highly. They would also recommend the 

programme to others. From class observations, accompanying teachers exhibit 

behaviours ranging from active involvement in facilitating their students during the 

programme to being passive observers. This may not be unexpected as the laboratory 

activities in the enrichment programme could also be unfamiliar to the teachers. 

 

 

 

 

 

Table 4.41: Mean (SD) and percentage of teacher responses to the survey 

statements for the enrichment programme on Genes and our Traits.  

Statement 

 

N 

 

Mean 

(SD) 

Good/Very 

good (%) 

Average (%) Fair/Poor (%) 

Overall experience   100 0 0 

impression of 

programme content 
13 

4.77 

(.44) 
100 

0 0 

effectiveness of 

presentation 
13 

4.85 

(.38) 
100 

0 0 

overall presentation 
13 

4.85 

(.38) 
100 

0 0 

ability to stimulate 

interest in participants 
13 

4.54 

(.52) 
100 

0 0 

clarity of explanation 
13 

4.85 

(.38) 
100 

0 0 

appropriateness of 

information 
13 

4.69 

(.48) 
100 

0 0 

helpfulness of lab and 

hands-on activities 
13 

4.54 

(.52) 
100 

0 0 
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Statement 

 

N 

 

Mean 

(SD) 

Good/Very 

good (%) 

Average (%) Fair/Poor (%) 

Helpfulness of 

worksheet 
13 

4.54 

(.52) 
100 

0 0 

Helpfulness of 

powerpoint slides, 

videos 

13 
4.54 

(.52) 
100 

0 0 

Helpfulness of instructor 

demos 
13 

4.69 

(.48) 
100 

0 0 

programme duration 
13 

2.00 

(.00) 

Just nice – 100% 

 

would you recommend 

this programme  
13 

1.00 

(.00) 

Yes – 100% 

No-0% 

What did you find most 

helpful/interesting in 

today's lesson? 

  Pupil participation, Easy and interesting way of 

explanation; students' interest in the experiments, 

Very clear explanation for difficult terminologies 

How could the 

programme have been 

more useful 

 nil 
view some artefacts on DNA (video) or demo?

  

 

The teacher is the educator who has spent most of the time in class with the students and 

would immediately be able to identify important components of the laboratory, such as 

appropriateness of the content and if the science educator was engaging the students 

sufficiently and in a manner that facilitated learning. Teachers are also the educators 

who will be making the bridge for the students between in the out-of-school content and 

classroom (Hofstein & Rosenfield, 1996, Rennie & McClafferty, 1995). Hence an 

accompanying teacher’s feedback gives a very useful added perspective on the learning 

environment in the laboratory. The teachers were also interviewed to seek more 

understanding from their perspective as the feedback survey only gave an indication in 

terms of quantitative data. The interviews are covered in more detail in the next section. 

 

4.7.2 Teacher interviews 

Teachers were solicited for interviews during the post-visit activity in school 2-3 

months after the science centre visit, Nine teachers were available for a 15-20 minute 

interview each in school, to give their feedback on the programme experienced by their 

students. The teachers were interviewed after a post-visit stimulated recall exercise 

which they were present at. They were surprised at the detail the students could recall in 

looking at the photographs projected, of the activities that had been experienced in the  

programme at the science centre. One teacher, who was listening to one of his students 

going into detail about the DNA extraction activity and recalling the reagents, remarked 

that the boy who could never remember to get his parents to sign his homework could 

recall many details after two months. The nine were teachers who had accompanied 
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their students on the visit to the science centre and had observed their students during 

the enrichment programme. These teachers were the class teachers and so knew their 

students well. The teachers were also present during the post-visit recall session.  

 

Table 4.42: Teachers who participated in the interview 

School Number of 

teachers 

Topic covered before the 

enrichment laboratory 

programme 

Was follow-up done in school 

after the science centre 

programme 

L  Pri 1, Mr J Yes, it was already covered, 

they were familiar with the 

cell parts and function.  

the time that is given to us and 

the system that we are now in, 

doesn't allow us to do that... 

But they are not tested. 

H Pri 1, Mr L They have touched on cells, 

prior to this. They know that 

there is genetic material but 

they do not know exactly what 

they do. They only know that 

this genetic material can be 

passed down to the next 

generation. 

...with time constraints, given 

the fact that they are not in the 

syllabus, I will be honest with 

you. We will visit only if we 

have the time or when we are 

looking at cells again. 

 

 1, Mr Y we did one week of cells. But 

it's just the basic, like parts of 

a cell for plants and parts of 

the cell for animals 

No if it's just to summarise, 

what we did at science centre, 

then I don't mind. If it's to 

teach again this concept, 

which again is not in the 

syllabus... 

 1, Ms J They learnt the parts and the 

very minor details of the 

functions of the parts. 

this one is very small topic of 

the whole syllabus. For me, I 

only recap them for one 

lesson. 

C  Pri 1, Mr Z it's really very suitable for the 

teaching of cells 

Because of the lack of time, 

and that's why we can't go into 

what was covered during the 

course; during the lab. 

 1, Ms N it's like a extension of what 

they have learned of, on the 

topic of cells. 

Did you all do a follow-up in 

school? No, we didn't.   

 1, Ms T They had learned cells. They 

only know about genetic 

information. For my class…. 

Generically, they know that 

there are genetic information 

in the nucleus. 

..say if we are going out and 

it's really very hard we can 

relate to, usually we don't 

really, don't really relate back. 

. 

T  Pri 1, Mdm K Widow's peak and all that. We 

did learn a bit ..... 

Actually, no. Because we 

realise that this is not in the 

syllabus. Yeah, so we would 

not be able to continue with 

what they have, where they 

have stopped. 

Co Pri 1, Ms L Cells yes, DNA, no. It is 

actually not in the syllabus but 

because they are quite a high 

performing class. So they did 

bring it up before and we did 

cover very briefly. 

Follow-up, sometimes we do 

reflection with them. 

 

Total 9    
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Table 4.42 shows the responses of the teachers when asked if the topic had been 

covered in school. It was ascertained that although they had covered the topic of cells 

that was related to the programme in class prior to the science centre visit, generally no 

follow-up was conducted in school after the visit main reasons being lack of time and 

that genes and inheritance, although connected to the topic of cells and the parts in the 

cell, is enrichment for the students and not examinable.  

 

Teachers’ comments about the students after hearing the students respond during the 

post visit stimulated recall 

“I am quite surprised - it happened quite some time ago. Then, the thing is, at that time 

when we came back we only; because this one is very small topic of the whole syllabus. 

So after they came back,.......... For me, I only recap them at one lesson. Then after that, 

they are off for their March holidays. And you go through their exams. So I feel that it 

is quite some time. So I am quite surprised that they remember what is what, what they 

did in the science centre. “ 

           Ms J 

 

“To be honest, I was quite impressed with the whole set-up, the whole lesson..........  But 

initially, when I stepped in; I saw the booklet that you give to the kids. I thought it was 

quite difficult, but surprisingly my class got most of it.” 

Mr Y, teacher of a foundation class 

who are weaker academically 

 

“Did we all do a follow-up in school? No, we didn't.  “ 

          Ms N 

 

“....  I will be honest with you. We will visit (the topic) only if we have the time or 

when we are looking at cells again. And then maybe it will be good to revisit.” 

          Mr L 

 

“Actually, no. it's an enrichment, not really to help in the syllabus, in the exam. 

Yeah, so we would not be able to continue with what they have, where they have 

stopped. Nothing of this was done in class after the workshop.”  

Mdm K 
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Teachers were also asked what in their opinion might have contributed to the students 

learning and also specifically on the science educator. Tables 4.43 and 4.44 illustrate the 

responses of the teachers from the interviews, although there were only 9 teachers 

interviewed. Two teachers did not specifically comment on the science educator, giving 

feedback on all other elements of the programme. However they had given very good 

rating on the educator in the teacher feedback form.  

 

Table 4.43: Teacher responses on teachers’ impressions on what helped student 

learning 

Question prompt: What helped student learning? N=9 

Codes Extract of teacher interview 

Anticipation 

New environment, 

New facilitator 

Activities Exciting 

Lab coat 

Engaging facilitator 

 

environment, because it is a different person who is speaking which is 

not me, they do things differently, you wear something, you learn new 

stuff, you get to do things which you cannot do in school which makes it 

very exciting and the science centre seems to be a place where a lot of 

new science stuff is being done....... The facilitator that is one of the most 

important.  

              Mr J 

Collaborative activity 

Reinforcement of 

concepts 

Demonstrations 

Lab coat 

New environment 

Activities 

I think number one is the collaboration among the pupils; Number 2, her 

(Alice, science educator) reinforcement of the concepts taught and then 

her demonstration. Yeah, all these things contributed. Yeah,..... think 

wearing the lab coat helps. Then, a change of venue and having the 

hands-on and all these things does help. 

      Mdm K 

 

Pitched correctly  

Clarity of explanation  

 

 

If I pitch myself at their (his students) level, I can understand pretty well. 

Because it's to the point and it wasn't flooded with a lot of additional 

information, easily digested if I can use these two words.  if presenters 

can be all like Mr Roy, I am pretty sure everyone will be quite engaged. 

He ... can deliver a very clear presentation. The clarity is very good. I 

like the clarity.  

                                                       Mr L 

Activities 

Quality of programme 

Lab coat 

I thought that the activities were quite engaging. For example, when they 

learn about the dominant and recessive, I thought that was quite nice, in 

terms of getting them to paste the big letter 'B' and the small letter 'b'. 

And ask them to find out what was the genotype, yeah. And then from 

the genotype, how do you interpret the phenotype. So I thought that one 

was quite clear cut. There's another activity where they used the 

detergent and some other thing. the kids had to wear a lab coat and all 

that I think they like it, they said "Oh, so cool!".  

                                                     Ms T  

New environment 

Excited 

Anticipation 

Lab coat 

Interesting lesson 

I think it (the environment) did. Because I think the children are 

motivated..... And then wearing the lab coats and all; just added that 

extra; I don't know. The lesson was interesting. And then wearing lab 

coats, pretending to be scientists, added to that. 

                                                         Mr Y 

Enjoy outdoor learning 

Quality of programme 

New content 

 

when they go outdoors, they (students) did enjoy themselves. One thing 

that I feel is that the quality of the lesson is good.  Because I feel that at 

the end of the day, they learned something; they learned something new  

                                                        Ms J 
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Teachers felt that the programme (with hands-on activities) and instructor who 

explained very well were very important reasons for facilitating the learning experience 

for the students (Tables 4.43, 4.44). In addition, the teachers mentioned the other 

qualities of the science educators that also contributed to successful facilitation – being 

patient, approachable and having good interaction with the students as well as change in 

environment (out of school).  

 

Table 4.44: Teacher responses on the science educator 

Question prompt:  Impression of science educator N=9 

Codes Extract of teacher interview 

Class management, 

Engaging facilitator 

 

Pitched correctly 

Cheerful 

Answered questions 

I think the way she managed my class was really excellent. She 

was able to capture their attention. There was a parent 

volunteer with me as well. She said that my class was generally 

quite well behaved. So I think the facilitator also played a big 

role to that..... And the language, the choice of words that she 

pitched to the kids was also at their level. Even though this was 

a big concept, she was able to get them, get their attention. She 

was cheerful, she was able to answer their questions. 

                                                      Mr Y 

Competent facilitator 

Clear explanation,  

Clear instruction 

Pitched correctly 

Uses examples 

Relates to life 

Engaging facilitator 

he is good at what he is doing, he is able to deliver the points 

across clearly without flooding them. Then being the lowest 

end of the spectrum, they will be more easily disengaged if you 

flood them with way too many things. But I could see that the 

clarity he delivers is pitched, it struck me the most. Because it 

was very easy to understand. I look at it, at that point in my 

mind when I was observing, I am telling myself that the 

children would relate to it well and they are able to understand 

very simple language and very clear examples that they can 

relate to as well. So I think that is what struck me the most 

about the programme. It was the way he delivered the lesson.  

                                                          Mr L 

Systematic,  

Understands students’ 

difficulties 

Class management 

Approachable 

The one who facilitates is very important and you can see that 

this facilitator is she is very systematic, so I thought she looks 

like a teacher who knows what problems, usually students will 

have..... She is very good with the kids. 

                                                          Mr J 

Clear instruction 

Good interaction  

 

Then, the instruction given during the lesson was also very 

clear. So they could follow through. Very good interaction. 

And there were some activities which required her to get the 

responses from the students. I think that there were very good 

interaction throughout the whole thing.  

                                                         Ms L 

Patient 

 

Understood content 

 

Approachable 

she, makes an effort to go through again certain things they 

were not very clear of. And she did not give up, she gave them 

waiting time to answer the questions and eventually made sure 

everyone achieves the outcome. The pupils were not frightened 

of her. So I guess... She is approachable, 

                                                       Mdm K 
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The factors that teachers felt contributed to the overall success of the programme and to 

the students’ learning and enjoyable experience are summarised in Table 4.45. 

 

Table 4.45: Factors that contribute to student learning and enjoyment (teachers’ 

perspective) 

Categories Factors mentioned by teachers that contribute to 

students learning and understanding 

Programme Programme design 

structure of programme, content, lesson resources 

including worksheet 

Hands-on Activities 

Individual/Group work  collaborative activity 

Facilitator Competent 

Systematic, clarity of instruction, class management, 

uses examples, checks for understanding 

Engaging 

Relates well, patient, cheerful, approachable, good 

interaction 

Environment Setting 

Lab setting, new/science centre environment, attire 

Experience Affective engagement 

Excitement, anticipation, enjoyment, engagement, 

stimulating interest  

 

 

In summary, the subject of genetic inheritance had been briefly covered under the 

syllabus topic of cells to varying degrees before students attend the enrichment 

programme. In the classroom, the topic of cells was examinable but not inheritance so 

these aspects were just mentioned mainly for interest and context for the students. The 

enrichment programme had been selected by the school because of the links to the topic 

of cells and also helped clarify the functions of various parts of the cell, especially the 

nucleus which contained DNA and genes. The enrichment programme was considered 

to be suitable even for academically slower students, as two schools had booked the 

programme for such classes because it was relatable to everyday life. Teachers found 

that the laboratory programme was well designed and that the activities (both group and 

individual) and clear explanation, good management and facilitation by the science 

educator were the most cited as being helpful for student understanding. Other features 

that the teachers felt in their opinion had helped make the programme a memorable 

experience included the use of resources not available in school, novel physical space 

that sparked students' interest, authenticity of learning and 'role-playing' (wearing lab 

coats). 
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Teachers did not conduct any follow-up after the field trip, although one teacher 

mentioned a brief recap, because the content was not examinable and teaching time was 

already packed.  

 

4.8 Science educators  

What role does the science educator play in creating an effective programme for 

students? What were the goals of the science educators in teaching these programmes 

and what specific strategies were used to communicate the content, given the complexity 

of the topic and grade level of students? (Research question 8) 

 

The facilitators or science educators who conducted the enrichment programmes are 

science graduates. The nature of their jobs requires them to spend most of their time 

interacting with students in enrichment programmes as well as visitors who visit the 

science centre over the weekends and school vacations. They have an important role in 

the science centre’s education programmes division where most of the student-centred 

programmes reside. Most of the studies on school trips to out-of-school environments 

such as science centres, tend to focus on teacher and student interactions (Anderson & 

Zhang, 2003; Griffin & Symington, 1997; Kiesel, 2003). However, the science or 

museum educator who facilitates the programme can have an influence as he or she 

interacts directly with the students in the programme and contributes to the experience. 

When students are brought to the science centre for an enrichment programme, the 

experience is a break from the normal class routine and with the potential to leave an 

impression on the learner (National Research Council, 2009). Hence the science 

educator’s contribution is significant as part of the whole programme. The science 

educators were asked for their reflections with emphasis on this specific enrichment 

programme .  

 

4.8.1 Science educator reflections  

Importance of the programme to schools 

From their interactions with teachers, science educators felt that the following were 

some reasons: 

a. Relevance to school science- the topic of genes and traits is introduced in the 

Primary (Grade) 5 syllabus. The topic is however not covered in any detail in 
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class so the enrichment programme helps to cover this component in detail by 

knowledgeable staff. 

“Traits are part of their syllabus and 'Genes and our Traits' would be an 

extension of what they will learn in school. Also, this topic is something the 

kids can relate to and the teachers may realise that these children may be 

curious to find out how and why they have different traits” 

        Pat 

         

b. Hands-on activities in the programme. The topic can be theoretical, so the 

practical aspects which are a mainstay of science centres are a draw 

“The hands-on portion where students were able to extract DNA from 

plant cells as well as other activities such as the making of the traits tree 

where the class would be able to bring back the class traits tree.” 

         Alice 

 

This aspect was mentioned by every educator and was also seen in the teacher 

feedback where they found the hands-on activities to be the most useful part of 

the programme.  

 

c. Subject expert facilitators. Science educators saw themselves as content experts 

who were able to deliver the subject matter appropriately to the young students.  

“Instructors are subject matter experts and have experience in delivering the 

topic to an audience who may have limited prior knowledge to the subject of 

‘genes and traits’.” 

        Sally 

 

The subject mastery also allowed other aspects to show up 

“ expose the students to real world science (genetic diseases and inheritance) 

and simplifying the content without compromising the scientific concepts” 

        Nancy 

 

d. The various activities and laboratory set-up can pose some challenge to replicate 

in schools. 
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“Difficult to replicate lesson back in the school (lab environment, equipment, 

wet lab experiment...” 

              Sally 

 

 e. complementing science taught in school.  As science educators in an out-of-

school learning institution, they saw the programme and content they taught as 

complementing in-school science: 

“complement science lessons in school” 

        Roy 

 

“complement what teachers have taught in school or are not able to do in 

school” 

        Alice 

 

“create new learning opportunities that they can engage in” 

Pang 

 

Other aspects educators hoped to impress upon the class were that: 

“science is very relevant to our daily lives and  it extends beyond the 

classroom” 

        Nancy 

          

This understanding of the science educators that the content was linked to the syllabus 

and what the teachers appreciated in the programme enabled them to situate the 

programme better as a link between formal and out-of-school learning. Such links help 

students to make sense of the content learned in settings such as the science centre 

(Anderson et al., 2000; DeWitt & Storksdieck, 2008; Griffin & Symington, 1997; 

Rennie & McClafferty, 1995; Tofield et al., 2003). 

 

Teaching strategy 

For this programme focussing on inheritance, the science educators internalised the 

programme objectives. 

“I want the students to know that every living thing has DNA, have a basic 

understanding about what genes are and that they are passed down. For the teacher, this 
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lesson may clear misconceptions or create new learning opportunities that they can 

engage in with their students once they are back in school. For myself, I want to ensure 

children are sure about the basics before I move on to deeper learning.” 

         Pat 

“ensure the students understand the scientific concepts behind the activities they carry 

out” 

         Nancy 

“convey understanding of core concepts to students” 

          Sam 

 “students to understand the mode of inheritance in genetics” 

          Alice 

 

Science educators keep in mind a strategy to ensure specific goals for students, 

themselves and the school. They work hard to ensure that the students have a clear 

understanding of the topic and that the strategies they employ will involve appropriate 

and clear explanation, using student-centric approaches, etc using the out-of-school 

learning elements that support learning such as experiential investigations: 

“step-by-step approach to teach hands-on part” 

         Pat 

 

“clear explanation for difficult concepts” 

          Alice 

 

Science educators also quickly check on students’ prior knowledge at the beginning of a 

class and adjust to the student abilities, not so different in practice from classroom 

teachers. 

“getting to know their current knowledge, and cater my goals accordingly” 

          Pat 

 

There is also the effort to check at points for student understanding 

“Understanding the students’ prior knowledge – this helps me to carry out the lesson 

according to the students’ abilities. In reality, not all the classes will be able to carry out 

all the activities designed for the workshop. I believe in the students understanding the 
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concepts instead of carrying out all the activities with no proper understanding of what 

they did.” 

          Nancy 

 

The science educators made effort to check for prior knowledge of the class before they 

started – they have only a few minutes to check for this but ensure this is part of their 

teaching routine to ensure they engage the students effectively.  

 

As part of the focus on the students, science educators ensure that the programme 

should be engaging and make students interested in the activities and content, they try: 

 

“to make learning fun and engaging” 

         Sam 

 

“to be as engaging as possible, keep them engaged” 

         Sally 

            

As a personal goal, they were also single minded in wanting the students to leave with 

the right basic understanding of inheritance concepts. 

“students to have the basic concepts on genetics and inheritance” 

         Alice 

“for students to understand the mode of inheritance in genetics “ 

         Roy 

“to understand key concepts and to be able to answer questions asked correctly at the 

end of the lesson” 

         Sam 

“have a basic understanding about what genes are” 

          Pat 

 

The focus on ensuring students left with a good basic foundation of the concept of 

inheritance was in part due to the short time exposure to the programme of 2 hours. 

Hence the focus on communicating key concepts is incorporated in their personal 

strategies. 
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“Focus on key concepts and one or two important examples to explain each concept 

cover what is essential first” 

         Sam 

“key concepts usually are the basic foundation” 

          Pang 

 

However, this is not to say that affective engagement was also not part of the educators’ 

goals. These science educators were also clear that learning in an out-of-school learning 

institution for students must be memorable and enjoyable. 

“enjoy their time spent in science centre” 

         Alice 

“Science/biology is fun and interesting” 

         Sam 

“students to have a memorable learning experience” 

         Sally 

 

 

Sally summarises many of these goals in her reflection: 

“My teaching strategy is to be as engaging as possible – I have only 1.5 to 2hours with 

the students. Therefore, I need to ensure that I can capture their attention quickly and 

keep them engaged throughout the lesson. The first 10 minutes of the lesson is the key. 

During start of the lesson, I try to convince the students that a fun lesson awaits them 

and when I have their attention, I dive into the content and activities. Most of the time, 

they are already very excited to be at the science centre for a class. 

-I follow a lesson plan which keeps the flow of the lesson in check with the limited time 

I have with the students. Following a well-structured lesson plan helps ensure you meet 

the lesson objectives.” 

          Sally 

 

Teaching approaches used by science educators 

Science educators were asked what teaching approaches they used when delivering the 

programme and if they were effective. They reported using various strategies to deliver 

the content and stimulate interest in students. There was a standard lesson plan that 

detailed the outline and sequence of the programme, together with the various activities. 

However, science educators were free to inject their own personal style of interacting 
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with the students. The science educators focused on scaffolding the students’ learning as 

they were learning new and abstract content in a novel environment. Hence they 

introduced the content gradually in small steps for understanding. They facilitated 

students to conduct the experiments successfully on their own and also linked these to 

real situations for context. 

 

“Ensure instructions given were clear. Seek response from students if they understood 

my instructions before they start on experiment. Q&A in between the activities – This 

helps me to understand/correct misconceptions or the thought processes the students 

might have. Therefore I find this very effective.” 

         Nancy 

 

“breaking the programme into bite-sized portions, Step by step instructions so that 

students are able to follow well” 

         Alice 

 

“I have always realized that children relate to real life examples and are always 

interested to find out things about themselves. By getting them interested through real 

life examples, it is easier to sustain their attention. Also, a step by step approach is 

necessary for hands-on as I have observed that children are happy when their 

experiment works. For this lesson if instructions are clear and said in a step by step 

manner with explanations about each step, children will not only understand the reason 

behind each step, they would also have a successful experiment. “ 

         Pat 

 

I support the inquiry based learning teaching strategies where students are encouraged 

to lead their own learning through questioning and discovering new knowledge through 

experimentation. I always try to relate each topic with something students are familiar 

with. Eg: I typically focus on ‘traits’ before introducing the concept of genes. Students 

are able to observe the physical traits on themselves, their friends and also their family 

members.  

Sally 

 

The educators also employed instruction to appeal to different learners, with a mix of 

resources, without advocating any particular pedagogy. This was expected as all but one 
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were not certified teachers and drew inspiration from a variety of media and personal 

experiences. At the same time, they would adapt, depending on the progress made 

through the session.  

 

 “adapt the strategy according to the dynamics of the class” 

         Pat  

 

Videos to explain DNA inheritance and on effect of 2 recessive disease genes that were 

passed down from parents to the child.      

  

Alice 

 

“Using an exciting tone of voice” 

          Sam 

 

 “Mix of videos, hands-on and stories to appeal to different sensory learners. (Relate 

and draw from).. past experience with teaching and as a student, having preference for 

styles where the topics appeal to my curiosity” 

         Alice 

 

Roy liked to make his delivery a little “unconventional”. He has a quiet, calm 

demeanour and liked to use styles adapted from what he felt were engaging presenters 

with his goals for the students in mind: 

 

“I switch my teaching style constantly according to the class profile. Many factors can 

influence my style of program delivery. These includes lecture styles of lecturers I 

admire and some public speakers e.g. TED talk speakers. My style of delivery can also 

be influenced by Jamie Oliver’s cooking show and Rowan Atkinson’s standup comedy 

shows.   

         Roy 

 

Adjusting the approach based on the class was also observed in the session, where a 

science educator might ask different questions or explain in more detail/repeat for a 

slower class. Some strategies that they had used and that were successful were: 
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a. Using storytelling or connecting to a current topic/movie of interest to the 

students. 

“Elements of story-telling and examples of real-life or movie scenario so that 

students are able to relate.” 

        Nancy 

 

b. Making contextual connections for students. Students would understand and 

have better recall if the content could be linked to their lives or to everyday 

examples 

“Relating to familiar and everyday life” 

“Using real life examples. I included myself with sharing to them that I am very 

different compared to the family, the only left handed, different blood group 

etc.  

         Pang 

 

“I usually relate a lot to real-life examples. I will ignite their curiosity with 

questions like "If your mother has blue eyes, and father has brown eyes, will 

you have one blue eye and one brown eye?", "If both parent have curly hair, can 

a child have straight hair?". The pictures of animals having babies of numerous 

traits (pretty different from parent animals) will also get them to wonder why. 

This way they will be more interested to find out the answer. I will also involve 

a lot of group work especially during the last activity. I will carry it out like a 

game where each group has to paste the correct answers and lift up board as 

soon as they are done.” 

         Pat 

 

This was especially if they had read about a recent murder or missing person, 

disaster or paternity reports in the media. 

 

c. Dialogue with students to elicit curiosity. These conversational aspects are also 

important for the science educator to establish rapport with the class. In out-of-

school settings, the class has only a brief encounter with the science educator, 

and the science educator works to quickly establish a friendly, knowledgeable 

persona to the class.  
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“I like asking questions to spark off more questions amongst students. Eg: How 

many of you look like your parents? What did you receive from your parents 

for this to happen?” 

            Sally 

 

‘Combine  storytelling, and  active discussions, to make the topic lively and fun 

into place…. have active and constructive discussions for collaborative 

learning” 

         Pang 

 

 

Value of practical investigations for the students 

Practical activities are valued by science teachers and that is an important consideration 

when they book for enrichment programmes (Anthony, 2008). This is also seen in the 

feedback from the teachers who accompanied the students for the preliminary study. 

The emphasis on the activities is mentioned by teachers in many informal interactions 

as well as other teacher feedback collected by the science centre on its programmes. 

Science educators shared their perspective of why and how the appropriate hands-on 

activities enhance the learning. The students conducted activities that they may not have 

done in class and this gave them a sense of accomplishment in being able to complete 

the tasks such as DNA extraction. It was also important to make the links – the theory in 

class, followed by the activity.   

“The hands-on experience not only allows students to do something beyond the 

classroom but they also felt a sense of achievement and accomplishment at having done 

an experiment on their own. The ability to look at DNA after extracting it allowed them 

to relate what they have learnt to something distinct and concrete, thus emphasising 

their learning experience.” 

          Alice 

“Hands-on activities are very effective in enhancing learning because students tend to 

pay more attention when they get a chance to conduct the experiments on their own or 

as a team. Eg: there is a great difference between showing a diagram of a step-by-step 

DNA extraction with students doing the actual experiment.” 

          Sally 
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“Allow students to carry out experiments independently after watching a demo by me. 

This allows self-exploration and make students realize that they are capable to carry out 

experiments independently. This also boosts self-confidence.” 

          Roy 

 

Out-of-school learning features that contribute to the experience. 

As mentioned earlier, science educators are familiar with the science centre’s resources 

and equipment and their judicious use of these and teaching approaches, can play a 

significant part in an effective programme (Tran, 2007). Science educators were aware 

of the need to leverage on these unique features to interest the students. The laboratory 

sets the tone for the experience as it is a space for real science investigation especially 

as the students put on lab coats, like in a science research lab.  

“The ambience of learning and working in a DNA Lab (putting on a lab coat, 

conducting experiments with lab equipment – test tube, droppers) sets the mood for the 

students to be excited about learning. They enter the lab with an expectation that the 

lesson would involve cool experiments and science hands-on activities.” 

          Sally 

     

“the setting of the science centre makes students aware that they are in a non-

conventional classroom environment. feel more relaxed and are more vocal. 

Atmosphere of the workshop will be more lively and enjoyable” 

          Roy 

 

Students were also seated in groups of four so that work is either in pairs or in a small 

group of four. This arrangement leverages on the social and collaborative aspects of out-

of-school settings and facilitates group work. Although the students have the 

opportunity to conduct their experiments individually, working in pairs allows them to 

help each other when carrying out the experiments. As it is out-of school, the 

programme is not assessed nor seen as school work, so students relax and enjoy the 

session which could contribute to more effective learning. 

“Being outside of a school, students have a tendency to view coming to the science 

centre as play instead of learning and this works well as I feel that learning through play 

is more impactful. People tend to remember something that they enjoy more than 

something that they are forced to do. This allows learning to be more natural. Apart 

from that, the lab setting plays a crucial role in the conduciveness of the class. Tables 
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arranged in groups with ample space for experiments minimise distractions for the 

students and work effectively as individuals or as teams.” 

          Alice 

 

“it's a change from their everyday setting - The ‘Cool’ factor working and studying in a 

lab.” 

          Sam 

 

“sets the mood for students to be excited about learning.” 

                                   Sally   

 

Classroom dynamics of the enrichment programme 

The out-of-school environment allows the science educator to approach the content 

differently giving students some time to learn individually but also to work as a group 

and socialise while carrying out their activities.  

“The genes and our traits class has a combination of individual and group work 

Individual: DNA extraction from wheatgerm, traits wheel, predict whether a boy or a 

girl 

Group: Traits tree, eye colour dominant recessive activity.” 

          Alice 

 

Students are automatically engaged when they become the subject of study. When we 

introduce traits that they are less aware of (eg: ‘widows peak, detached earlobes, mid –

digit hair’), they are not only curious to find out whether they have them but also start to 

compare with their peers. 

          Sally 

 

The science educator who successfully establishes rapport with the class will be asked 

many questions arising from the programme.  

“Even for individual activities, students enjoyed seeing the different result number they 

get as compared to their classmates and were amused when they see themselves sharing 

similar traits with their friends. The prediction of the gender of the baby was an activity 

they thoroughly enjoyed as it hits close to their heart. It also gives us an understanding 

of their thinking e.g. want of a sibling, preference of gender to the societal norms. In a 

way, it helps us to address issues which seems unrelated to science but is impacted by 

science.” 
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          Alice 

 

“The students tend to interact a lot in this class (even the quiet ones) because of the 

group activities and the interesting topics covered (e.g comparing traits and the gender 

cup activities). This allows for self-exploration and exploration between the students. 

Students also become more curious and tend to ask questions (arising) out of topics 

covered in the lesson (e.g can identical twins be different sex). Sometimes it can be 

difficult to contain their excitement and move on to the next activity because they are 

having so much fun but also learning a lot at the same time.” 

          Sam 

 

“Students are encouraged to look at the facial features of their peers. Multi-way 

interaction will take place and this is when they showed the highest level of curiosity. 

They discuss, comment and describe the features of their peers to one another. They 

will also actively consult their peers if they are unsure of their traits.  

Multi-way interaction also takes place during the hands on experiments, discuss, 

comment and describe the features of their peers; actively consult their peers when in 

doubt; students assist one another and remind their peers of the experimental 

procedures” 

          Roy 

 

“students tend to interact a lot in the class because of the group activities; easy to get the 

whole class involved in the discussions” 

          Pang 

 

“Interaction: they discuss with each other about their traits and play the game as a 

group,  curiosity in wanting to find out why and how they have certain traits, 

engagement as there are many hands-on activities, authentic learning as they can relate 

it back to life” 

          Pat 

Reflective practice 

Science educators also drew from personal experiences and engaged in reflective 

practice to improve their teaching competencies: 

“When I teach my peers I usually try to break down or simplify information so that they 

can understand. I also tend to use examples or analogies to describe certain difficult 
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concepts. My past experience as a peer tutor to my friends in Polytechnic and generally 

explaining biology topics to the people around me influences my style of delivery.” 

          Sam 

“Interesting and quirky science facts I learnt from my teachers are always helpful in 

capturing the intrigue of students. Personal experience of being taught biology by a very 

engaging and lively teacher definitely gives me motivation to make my own teaching 

engaging. My experience in science center made me realise that there are many ways to 

capture the attention of students for example storytelling, suspense and role playing so 

as to make learning fun and engaging.” 

          Sam 

“improve from feedback received from past teaching experiences, observing senior 

educators” 

      Pang 

 

 “exposure and training during professional development courses” 

         Pat 

        

“feedback given by my colleagues who have conducted this class for years, gave me 

useful insights.” 

         Nancy 

“play the information receiver role (student) and analyse the type of interaction methods 

used” 

         Sally 

 

One science educator came to realise through reflection and experience, how he could 

leverage on his experience in the out-of-school learning institution to create enjoyable 

learning experiences for students. 

“My initial views were that such classes were far too noisy or chaotic to aid in learning. 

However, in (science centre) I feel that we have a fine balance between 

teaching/learning and letting the kids have fun.” 

          Sam 

 

The staff also reflected on their personal encounters with students who had difficulty 

understanding the topic and used these to improve their teaching competency on the 

topic of inheritance.  
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“I always keep in mind that when I explain such concepts to the students, I will explain 

from the macro level to the micro level.” 

         Roy 

 

“I have had a few difficulties trying to explain certain biology concepts to my adult 

friends. This is because they have built many misconceptions that are difficult to 

unlearn or concepts that were not taught to them. Sometimes, I have to prove or explain 

the misconception before teaching the correct concepts. As I teach I also learn together 

with my friends. I search out sources and information online that can be used to explain 

and teach my friends.  This helps me to brush up on my own knowledge and teach 

better in class” 

         Sam 

 

“sometimes it is difficult to answer all questions without making it complicated. These 

experiences did teach me what I can avoid saying or what I can say in a better way.” 

         Pat 

 

“being familiar with their misconceptions and their prior knowledge of the topic helps 

in shaping the approach and scope of my lessons.” 

          Sally 

         

From the interviews with the science educators, it is clear that they take pride in their 

roles, are passionate to communicate the topic to their students and engage in many 

strategies to ensure the students leave with an understanding of key concepts of 

inheritance.  

 

They do understand that one challenge for this class is the abstract nature of the topic 

and so make extra effort to overcome this.  

 

“This class is quite a challenging class not because of the activities but because of the 

concepts that are being taught.” 

          Alice 
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“At a personal level, it’s not just about teaching science, but also the values. ethics and 

correct attitude especially so for genes and our traits (genetic diseases..). Simply 

because it is about people.” 

          Pang 

 

“The most challenging part is to link something that the students can observe (physical 

traits) to something at the molecular level (DNA).” 

          Sally 

 

“I feel that this program is a good foundation for primary school students to have before 

moving on to learn about other concepts like genetic recombination.” 

          Nancy 

 

They are aware of the special environment they teach in and make use of the features 

effectively, such as the relaxed atmosphere out of school, authentic lab setting, and 

importantly, allowing social interaction among the students to promote collaboration, 

discussion and deeper engagement with the content.  They also look for ways to help 

learning for example, asking questions, making connections to familiar situations in the 

students’ lives, or even making an activity like a game. These self reflections to 

improve themselves confirm the feedback of the students, for example students had very 

positive  ratings for laboratory activities as in the agreement with this statement ‘The 

activities in the lab are a good way to learn science’ (M=4.61, SD=0.54). The activities 

and class also helped their understanding, based on the Likert scale mean score 

agreement with the following statements mentioned earlier under student feedback:   

‘The activities helped me understand DNA and genes better’  

(mean score (M) of 4.51 out of 5, SD=.61),  

‘I was able to understand about DNA and genes better’  

(mean score of 4.40 out of 5, SD=0.66),  

‘I can better understand how DNA and genes are connected to daily life’ 

(mean score of 4.31 out of 5, SD=0.73).  

Students gave a positive rating for the science educator facilitating their class  

(M=4.57, SD=.59). 
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In terms of the design elements of the programme, the students and teachers had a 

strong positive impression of the hands-on component and the components connected to 

the laboratory environment which they rated as contributing to their understanding. 

Audio visual elements are hardly recalled perhaps as these are also available in school 

or in other informal environments like home and libraries.  

 

An important positive rating by students was the connection to daily life. From the 

reflections of the science educators, it is also clear that this is a result of a conscious 

effort to make the links for the students. Such contextualised learning is likely to 

facilitate learning of the content more meaningfully (Newman et al., 2012).  The science 

educators who were interviewed were also viewed to be more competent and it was 

clear that they achieved their competency by engaging in reflective practice: reviewing 

their delivery through peer review, observations of other science educators, 

teacher/student feedback on their classes and professional development.  This helped 

them to quickly establish rapport with the students and scaffold their learning of an 

abstract topic. Science educators who have a strong sense of identity with the science 

centre and its role in science learning and who understand how out-of-school 

environment features, can be capitalised upon to make an enjoyable learning 

experience. They are indeed valuable resources and critical to the success of the 

experience that the students will encounter.  

 

4.8.2 Teacher feedback on science educators 

In this study, teacher feedback has also been sought as an important point of view on the 

laboratory dynamics and how learning was taking place. Teachers who accompanied 

their classes to the labs would be familiar with their students and what engaged them. 

They mentioned the out-of-school setting, hands-on experiments and significantly made 

reference to the role of the educator: 

“He wasn't those kind of dramatic kind of presenter. But from what I see, he engages 

the class very well. This class being quite active, he can still engage the class with 

minimal disruptions and I think he gives very clear examples. The way he delivers is 

quite clear and structured such that most of them understand, the pace is actually very 

good.” 

         Mr L about Roy 
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“She could handle the students very well. She is very systematic, .... She is very good 

with the kids. She knows exactly how to move on from one to another very smoothly. 

But everybody knew exactly what to do ....... And then she will go around to take a 

look. And all this helps in making sure that everybody is learning at the same pace.” 

         Mr J on Alice 

  

 

“I think the way she managed my class was really excellent. She was able to capture 

their attention. She was able; you know; manage the class, which I was quite impressed. 

And the language, the choice of words that she pitched to the kids was also at their 

level. Even though this was a big concept, she was able to get them, get their attention. 

She was cheerful, she was able to answer their questions. She was able to even, 

like some of the misconceptions of wrong things the children say. She was able to 

address that in a nice way, in a very motivated way. So I am really quite happy that my 

class got her. I was quite impressed.” 

         Mr Y on Sally 

 

The observations of teachers in the class validated the good experience of the students 

in the labs. The feedback shows that they recognise the importance of the instructor 

delivering the programme and that it has a big impact on the learning that takes place.  

 

4.8.3 Student impressions of science educators 

A sample of students from each class that attended the programme were also 

interviewed. They were asked if they could share anything memorable about their 

experience. Although students would mention the experiments they had carried out and 

discussions with their peers which supported science educator and teacher observations, 

there was always reference to their instructor (educator) who conducted the programme  

 

The way she explained is like, interesting, very interesting. She will show 

demonstrations, she will sometime show like, one of our classmates and an example. 

This boy has wavy hair, this boy has straight hair.” 

A, Pri 5 student describing Alice 
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“She was loud and clear and she made us very easy to understand what she was 

teaching. She was nice and when we don’t know things we can ask her then she will 

explain it to us.” 

Naa, Pri 5 student about Sally 

 

interviewer:….. Now, in terms of the teacher, anything about Mr Roy you want 

to share? 

K:   He is a very chill person. can understand a lot from Mr Roy.  

M:  yes. Erm... because at first when my parents taught me that, ...like just 

taught me a little bit of the inherit trait, it's my parents were like so 

confusing. Then, when I went to Science Centre, ... I listen to Mr Roy 

and - and I found that it was easy to understand, unlike my parents. 

K, M,   2 Primary 5 students 

 

In summary, the results in this chapter were used to answer the research questions of the 

study. The baseline data of the pre-test informed about incorrect ideas that the students 

in the study had before the intervention enrichment programme. After the students 

experienced the programme the scores of the post- and delayed post-test showed 

statistically significant gains in knowledge not attributable to chance. A feedback 

survey completed by the students showed very positive feedback in terms of hands-on 

activities, enjoyment of lesson, and learning effectiveness. Stimulated recall which 

comprised of a class activity and small-group student interviews showed a high degree 

of recall of the programme that had taken place 2-3 months ago and with minimal 

reported follow-up in school after the field trip. Components that the students found 

helped their understanding were hands-on activities, clarity of explanation by science 

educators and conducive environment. The gains in knowledge, and confidence and 

enjoyment of the programme between boys and girls did not show statistically 

significant differences. Teachers had covered the topic of cells in class before the 

students came for the enrichment programme and most had not followed up in school 

after the visit as the topic was not tested. They appreciated the availability of resources 

in the lesson not found in school, hands-on activities, clarity of content delivery and a 

conducive environment as well. Reflections from science educators showed that they 

were student-centred, practised self reflection as part of their self development and used 

the out-of-school learning environment to advantage in creating a good learning 
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experience. Teacher and student feedback from interviews confirmed that the 

opportunity to carry out their own activities and the science educators were both 

important in making the experience effective for learning and also being enjoyable. In 

general, the data that came from interviews was in agreement with and complemented 

data gathered from the tests and feedback survey. No evidence of contradictory 

information surfaced between quantitative and qualitative data as well as between 

student and teacher feedback on the programme experience and science educators. My 

observations of the classes being conducted also supported the reported feedback of 

teachers, students and science educators’ use of lesson delivery strategies. It must 

however also be clarified that the seven science educators who were participating in this 

study are from a pool of about 19 who conduct enrichment programmes. Mr J had 

commented in his interview that he had encountered science educators who were not so 

competent in other science classes relating to class management. He was comparing that 

experience with having Alice in the Genes and our Traits class. Ensuring all teaching 

staff deliver to high standards is a continuous cycle of improvement.  
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Chapter 5 

 

DISCUSSION 

 

In this chapter, we discuss the results of the data that have been collated and tabulated in 

the earlier chapter. The discussion is to interpret the results of the study and the extent 

to which the findings provide answers to the research questions of this study where a 

sample group of grade five students participated in an out-of-school enrichment 

programme related to the topic of inheritance. The study aimed to establish what 

primary 5 students know about inheritance before the intervention, what students learn 

from the enrichment programme both cognitively and affectively, and what helped 

students learn the content. In addition to the cognitive instrument and feedback survey, 

data was also gathered from other sources such as the accompanying class teachers and 

science educators in the science centre to understand the ecosystem of the learning 

environment.  

 

5.1 Students’ pre existing knowledge of inheritance  

What do upper elementary students (11 years) know about the concept of heredity and 

inheritance?  (Research question 1) 

 

Students who participated in the study completed the pre-test before experiencing the 

enrichment programme. The cognitive instrument was based on areas of difficulty 

identified in the literature from earlier studies with students, so as to gain a picture of 

what the present students knew about this topic. In this sample of student participants, 

all had received instruction on the topic of cells in school, with a basic idea of plant and 

animal cells, parts of a cell that include the nucleus and that the nucleus contains genetic 

material. This situation was not planned - the topic of cells was taught early in the 

school year, followed by the visit to the science centre for the enrichment programme.  

The students had completed the topic on cells in school to varying degrees, the 

foundation classes covering minimal content while teachers in higher ability classes 

introduced terms like DNA, chromosomes as part of the topic. From the sample student 

interviews, it was established that in addition, some students had read beyond the 
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textbook while others had heard about DNA through media sources such as science 

documentaries, television programmes or movies. The questions in the instrument were 

selected from validated tests in previous studies as they illustrate content that has been 

shown to pose difficulty for students in other countries (Lewis et al., 2000, Tsui & 

Treagust, 2010). In these earlier research studies however, the questions were asked of 

secondary level groups of students. Other studies which focused on elementary students 

(Venville & Donovan, 2005, 2007) used interviews but the use of multiple choice 

questions has not been used at this level.. In this study, primary level students were 

assessed through an instrument comprising fifteen 2-dimensional MCQ (2DMC) and 

three tier MCQ (3TMC) questions for their pre-existing knowledge of inheritance. The 

same test was also used to ascertain their level of knowledge gained after an enrichment 

programme on the topic.  

 

We first look at the results of the pre-test which was taken before the students came to 

the science centre for the programme. The percentages of correct answers in the pre-test 

for each question were generally below 50% except for questions 1, 6 and 7. 

Corresponding mean confidence values that the answers were correct were between 

2.10-3.15 (out of a maximum value of 5), except for question 7 (3.62). As the 

confidence scale in the cognitive instrument was given as 5 levels of confidence, 

ranging from 1 (just guessing) to 5 (very confident), a level of high confidence would 

only be reflected in mean values of 3.5 and above since level 3 is a midpoint and likely 

to be selected if students were still uncertain of their choice. A selection of 3 on the 

scale suggests that the student is not guessing and has thought through the answer but is 

uncertain if the answer selected is correct, while mean values below 2.5 suggest levels 

of guessing because of lack of knowledge.  

 

There is low level of knowledge of inheritance which is not unexpected as students do 

not really learn about the topic in any detail in school. They do cover some related 

components under the topic of cells. In this respect, the content in questions 1 and 2 

would have been covered before the pre-test and the students appear to exhibit similar 

incorrect perceptions seen in students in previous studies (Banet & Ayuso, 2000; 

Venville & Donovan, 2005; Wood-Robinson et al., 1998). Slightly over half of students 

in this study answered question 1 correctly, which meant about 45% were wrong. They 

selected options which indicate that bread mould and bacteria did not contain DNA. In 
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question 2, only about 34.4% of students got this question correct, and yet expressed a 

mean confidence of just over 3 (3.07). In this question students were able to understand 

that plants have DNA, just as in question 1 as they do not select this option (‘Plants do 

not have DNA’) when searching for true statements. However, they mistakenly thought 

that either parent contributes DNA to a child. Unequal contribution of genes and DNA 

is a misconception seen in other studies (Chin & Teou, 2010; Lewis & Wood-Robinson, 

2000; Ramagoro & Wood-Robinson, 1995). The same notion also surfaces in question 

5, where only 48.5% are able to correctly indicate that girls get half of their genes from 

their mothers.  

 

Students who have significant alternative conceptions on the concepts covered for 

inheritance would select for incorrect answer options by at least 10% of the sample of 

students who select any of the answer options (Caleon & Subramaniam, 2010). 

Incorrect responses are selected by at least 35% in all the questions except question 7. 

Students were only confident of their answer for question 7 (‘Which feature is affected 

by our genes?’), where 74.9% of the students got this question correct. Students were 

more intuitively aware that there were some traits or features that were inherited as 

opposed to other features such as hair length. This had a confidence value of 3.62 out of 

5, indicating the confidence the students had in the accuracy of their answer. Other 

similar questions where there was more than 50% correct response included questions 1 

and 6. In Question 1 (‘Which of the following contains DNA?’), 55.5% got this correct 

with an overall confidence value of 3.15. About half got this correct and points to 

indications that the students may have had recall from classroom instruction for 

question 1, as the topic of cells had been covered in school before the visit to the science 

centre. Some teachers had mentioned DNA in covering the topic of cells (nucleus 

contains DNA) in class.  

“They had learned cells ….. They only know about genetic information. Some of them 

they know further, for example they know DNA, they know genes, for my class…”. 

Ms T, C School. speaking about her own class 

 

However, on the other hand, it also indicates that about half of the sample got this 

question wrong. This question is an area where students think that microbes and moulds 

do not contain DNA unlike plants and animals.  For Question 6 (‘DNA is found in the 

nucleus of _____.’), 64.5% of the students gave correct responses with confidence value 
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of 3.05 out of 5. This content is covered under the topic of cells in class, which would 

explain the higher rate of correct responses, although students still seemed uncertain in 

their confidence that their answers were correct.  

 

A summary of alternate answer choices students selected in the pre-test are listed in 

Table 4.2 in Chapter 4. Students have some difficulty in linking gene, chromosome, cell 

and nucleus in question 3 with 29.2% correct responses. This pattern was also seen in 

responses in Lewis and Wood-Robinson’s study of secondary students (2000).  The 

results from this study show that students showed some understanding of the size of the 

cell and nucleus, as the two most common options selected listed the cell as the largest 

in size, followed by the nucleus. There is some confusion over the size when the genetic 

components become smaller. This could also likely be from class instruction under the 

topic of cells where students learn about the cell and various cell parts such as the 

nucleus and hence students understand that the nucleus is located inside a cell. Student 

understanding of smaller sizes - of cell components such as gene and chromosome were 

incorrect.  

 

The results of question 4 with 31.5% correct responses reflected that students do have 

the misconception that different cells contain different genes for the functions they carry 

out (Banet & Ayuso, 2000; Lewis et al., 2000b). Slightly less than half of the sample 

got question 5 correct (48.6%) which tested for understanding of equal contribution of 

genetic information by each parent. This appeared to also be an area of misconception 

in this sample, similar to other studies where even secondary students thought that girls 

inherited more genes from mothers, and sons from their fathers (Lewis et al., 2000; 

Kibuka-Setosi, 2007; Williams et al., 2012). Chin and Teou, (2010) also found this 

misconception about unequal genetic contribution (girls inherit more from mothers and 

boys more from fathers) in primary five children in a local school.  

 

For question 8, the content had to do with understanding that there is a difference in 

genetic information between reproductive (gametes) and somatic cells, while question 

10 involved understanding the equal probablity of a baby of male or female gender 

being formed and the random assortment of the sex cells during fertilisation (Lewis & 

Wood-Robinson, 2000). Questions 8 and 9 were answered with lower levels of 

confidence (2.4 and 2.8 respectively, out of a maximum confidence value of 5) 
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suggesting unfamiliarity with the content or the concept of probablity. At the same time, 

Kargbo et al. (1980) found that students based probability on one parent, usually the 

same sex parent. 

 

Questions 11-14 were two-tiered and similarly had a high number of incorrect responses 

(Table 4.1). Students showed conceptions that acquired characteristics such as loss of a 

limb in an accident could be passed down to offspring and these were similar to other 

studies (Kargbo, Hobbs, & Erikson, 1980; Venville & Donovan, 2007). With a mean 

confidence of 3.0 out of 5, it suggests that although students were uncertain, they had a 

higher confidence in answering question 11 as compared to answering questions 8 and 

10.  

 

In cases where students got a question correct but did not indicate a high degree of 

confidence, it suggests that there is a deficit in understanding that needs to be bridged. 

Likewise, when a question was answered incorrectly but assigned a modest confidence 

score (e.g. 3), it suggests that there are elements of understanding in the students but it 

has not reached full understanding. It is these inputs that come from the use of 

confidence measures appended to the questions that make the cognitive test developed 

in this study, to be more robust than other similar instruments in the literature. 

 

The two-tier questions 12-14 were more difficult as the reason tier introduced more 

discriminatory power. These questions also tested content that was abstract and across 

different levels of ‘visibility’ (visible physical traits and invisible genotypes), and the 

low level of correct responses and confidence was to be expected without much prior 

instruction. Such difficulty has been documented as well with secondary students 

(Lewis et al., 2000; Knippels, 2002; Marbach-Ad & Stavy, 2000). Questions 12 and 14 

tested students’ understanding of dominant and recessive traits. Question 12 involved 

understanding a cause–effect reasoning (mapping a genotype to a phenotype, or 

predicting the gene type from the physical trait), while question 14 was an effect-cause 

reasoning where students had to figure out the physical trait from a given gene type 

(Tsui & Treagust, 2009). The latter is considered more difficult as more than one type 

of physical trait may be possible from a given genotype (Tsui & Treagust, 2009). In 

both questions the number of correct responses was low with corresponding low 

confidence, suggesting that there was guessing and lack of knowledge rather than 
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misconceptions (Caleon & Subramaniam, 2010). Question 13 involved the highest level 

of reasoning, where students had to choose both a content and reason tier to describe a 

gene. Some of the various answer options were not incorrect if students selected the 

statements in each tier that supported each other. For example, a choice of options ‘a’ in 

content and ‘2’ in reason tiers demonstrated a conception of a gene as a physical entity 

(Tsui & Treagust, 2009).  In the pre-test, at least 50% had selected ‘structure in the 

nucleus’ as a description of a gene in the content tier. About 35.8% had selected a 

reason option that the gene was a structure in the chromosome and 14.5% selected both 

these answers as a pair. This combination was not incorrect although not the most 

sophisticated or best description of a gene (correct combination selected by 17.6%), and 

reflected what students may have understood from learning about cells in class – that 

genes are physical entities in the nucleus and cell. Hence overall, about 34% of the 

students in this study had a correct conception of the gene.  

 

Only one question in this instrument had a free-response answer, Question 15, which 

was a question based on a picture (adapted from Chin & Teou, 2010). The question 

showed the comments of three adults about a baby’s looks and the student was asked to 

respond whom they would agree with. Although there was no correct answer, 57.5% 

(203 responses) agreed with the mother that the baby exhibited features of the 

grandparents with some level of confidence in their answers rather than guessing (3.0 

out of 5). The students did have varied reasons for agreeing with the mother or with the 

nurse or father. There was a number of correct justifications (n=93) about the baby 

sharing similar features as grandparents, while 19 agreed with the mother based on the 

features seen in the cartoon. Students appeared to be using their general knowledge 

from observation of family traits in everyday life. Their understanding was intuitive that 

there is a hereditary component with genes and traits although the explanation was not 

articulated clearly. These early ideas of inheritance expressed by young children are 

referred to as a theory of inheritance (Solomon & Johnson, 2000) or theory of kinship 

(Springer, 1999). Students of this age and below used these frameworks to make some 

but not always correct predictions of physical features as there was a number of 

incorrect reasonings (n=133) about inheritance (Tables 4.15, 4.16, 4.17).  

 

In summary, the pre-test indicates that primary 5 students in this study do carry 

alternative ideas about inheritance which are not correct as shown in Table 4.2. These 
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ideas are not novel to this study and are similar to ones described in the literature, 

although the majority of the studies were conducted with older students and who had, in 

fact, been taught genetics in school (Kilic & Salam, 2012; Ramagoro & Wood 

Robinson, 1995; Sesli & Kara, 2012; Wood-Robinson et al., 1998). Elementary students 

also exhibited similar incorrect ideas (Smith & Williams, 2007; Venville et al., 2005) 

including one local study on elementary students (Chin & Teou, 2010). This implies 

that such ideas about inheritance, whether correct or not, are already present from an 

early age, and can persist at upper secondary level even after instruction. Kargbo et al. 

(1980) suggested that children develop two types of ‘mental structures’ to deal with 

issues of inheritance (p. 145) – one gathered from encounters in everyday life as 

indicated in question 15 of the discussion on the baby as well as many of the incorrect 

ideas of inheritance (e.g. unequal inheritance of parental genes, bacteria and moulds do 

not contain DNA, different cells in the body have different genes, etc), and the other 

that is learnt from school instruction on genetics. In situations not related to genetics 

learnt in school, students may use the less sophisticated mental framework acquired 

from young from everyday observations. The findings from these authors also illustrate 

that students find this topic interesting as they hold ideas about inheritance from a very 

young age and that more teaching materials should be developed for instruction at 

elementary level (Kargbo et al., 1980; Venville & Donovan, 2005), so that inheritance 

can be studied in a more systematic way rather than students relying on incidental 

learning from everyday observations which appear to develop into a framework that 

could pose learning barriers when encountering genetics later in secondary school 

(Lewis et al., 2000; Lewis & Kattman, 2004). The fact that many of the incorrect ideas 

seen with elementary students in this study are also expressed by older students at 

secondary level in other studies suggest that these incorrect ideas are strong and seem to 

account for observations connected to inheritance encountered in everyday life (Kargbo 

et al., 1980). There is merit to introducing more elements of inheritance earlier to 

primary (elementary) level students appropriately, so that correct ideas can replace 

alternative incorrect ideas; otherwise these may remain till they are addressed much 

later. 
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5.2 Effect of the enrichment programme - Post-test and delayed post-test  

To what extent can a two hour out-of-school enrichment programme facilitate gain in 

knowledge and understanding of heredity and inheritance? In this context what do the 

confidence related measures convey? (Research question 2) 

 

5.2.1 Test scores and confidence 

The post test was conducted after the programme, while the delayed post test was 

conducted 2-3 months after the science centre visit. The results of the post-tests in Table 

4.3a and 4.5 indicate that the percentage of correct responses increased after the 

intervention of the enrichment programme.  The mean confidence that the responses 

were correct also increased correspondingly as can be seen in Table 4.6. The higher 

post-test confidence levels suggest that students guessed for many of the correct 

responses in the pre-test.  Post-hoc tests indicated there was a statistically significant 

change in correct test responses not attributable to chance, between pre- and post-tests 

as well as between post- and delayed post-tests. ANOVA tests demonstrated a large 

effect size (Table 4.4). Similarly, there was a statistically significant rise in the level of 

student confidence from pre to post-test and delayed post-test student responses also 

seen in post-hoc tests also showing that there was a large effect between pre and post-

test rise in confidence. However, the effect size of the change in confidence from post-

test to delayed post-test was small (Table 4.11).  

 

The increase in confidence could be attributed to the knowledge gained during the 

enrichment programme as students were confident that their answers were correct. The 

small and non-significant rise in confidence between post- and delayed post-test is 

logical, as the confidence demonstrated in selecting correct responses remained with 

students after the post-test. The confidence scores which was an added dimension to the 

test showed that students generally were aware of what they knew and what they did 

not, as reflected in the Confidence Accuracy Quotient (CAQ) values of 0.25 and above. 

Correct responses in the pre-test were accompanied by lower confidence scores 

suggesting guesswork, unlike stronger confidence scores that accompanied correct 

responses in post and delayed post tests. 

 

At the same time, there were questions where the level of correct responses was not 

high even at delayed post test. There are lower levels of correct answers when reason 
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and content tiers are combined, showing higher discriminatory power for two-tier 

questions, that students may or may not have linked the content and justification for the 

answer together. In the case of two-tier questions 13 and 14, the separate content and 

reason tiers were answered correctly by more students (Q13: content tier; 62.1%, reason 

tier; 63.3% and Q14: content tier; 57.7%, reason tier; 69.4%) as compared to the 

proportion that got both tiers correct (Question 13: 46%; Question 14: 54%). These 

questions were cognitively more challenging with the addition of the reason tier. 

Significantly more students identified correct information in both tiers by the time of the 

delayed post test although not all of them justified the content tier answer with the 

correct reason tier option. For example, in question 13, most of the answers were a 

combination of four correct statements, namely,  

Content/Answer tier 

a) a structure in the nucleus  

b) a sequence of instructions that gives rise to a trait (best description) 

Reason tier 

1) it is about the information of a gene for producing a characteristic (correct 

justification) 

2) it is about the structure of a chromosome   

 

What added to the difficulty in question 13, as mentioned earlier in the discussion for 

the pre-test, was that a combination of answers ‘a’ in the content tier and ‘2’ in the 

reason tier is not an incorrect conception of the gene but that the answer (b,1) was the 

best description of a gene (Tsui & Treagust, 2007). Questions 13 and 14 dealt with more 

abstract concepts. Question 13 asked about the definition of a gene and although this 

was covered briefly in the lab class, there was no hands-on activity to aid 

understanding. The students may have benefitted from a manipulative that allowed them 

to better see the connections between gene, protein and trait.  

 

In the case of Question 14, the dominant and recessive trait was presented differently 

asking students to predict the genotype given a phenotype of white fur. This was more 

difficult than question 12 on the curly hair dominant trait where the genotype was 

specified and students had to predict the physical trait. Students going through the 

programme had significantly reduced incorrect answers from pre-test, as a higher 

correct proportion in the delayed post-test (69.4% in the reason tier) were able to 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

250 

 

understand that two alleles for the recessive trait would be required for the recessive 

white fur phenotype to be expressed and also correctly identify the genotype of the 

white mouse (57.7% in the content tier). This compares with pre-test content/answer tier 

(34.4%) and reason tier (35.8%). This suggests more time is needed to understand the 

concepts of gene as a set of instructions and the dominant/recessive alleles. During the 

interviews, all or a high proportion of students were able to articulate clear and logical 

reasoning of their correct answers in responding to the scenarios. Students could 

elaborate and talk through the reasoning of how they arrived at their answers. This was 

also facilitated by the degree of comfort afforded by the atmosphere of the interview, 

conducted within a small group of classmates within the familiar surrounding of the 

school classroom. The results of the interviews do correlate well with the results of the 

cognitive test scores demonstrating that the gain in knowledge and understanding seen 

in the improved test scores from pre- to post- and then to delayed post-test scores is 

visible thoughout the sample of students from every class and across range of academic 

ability. The face to face interviews with the students allowed their voices to be heard, 

confirming that a mixed methods approach to understand the effectiveness of the 

programme gave a more comprehensive picture and was an appropriate approach for 

this study.  

 

Student answers for the cognitive test questions that were incorrect were accompanied 

by lower confidence ratings, suggesting that lack of knowledge also had a part to play 

rather than strongly held misconceptions (Caleon & Subramaniam, 2010). When 

observed at single tier level, the proportion of incorrect responses at delayed post test 

reduces significantly. The proportion of correct responses for the combined tiers did 

increase from pre to post and delayed post test but not at the proportion of the 2 

dimensional MCQs. This also suggests that students need more exposure to connect the 

concepts at different levels – students could correctly identify the answers in the 

separate tiers but not link both together for a full correct combined tier answer. These 

percentages may not reflect strongly held alternative conceptions, as these incorrect 

understandings of inheritance appear to be addressed to some extent by the enrichment 

programme, as demonstrated by much improved proportions of correct answers. These 

questions require that the students interface the micro level genotype with the macro 

level phenotype. As mentioned earlier in the review, it has been suggested that many 

incorrect student ideas expressed about genetics may just be an inability to link the 
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concepts at different levels together (Knippels, 2002; Lewis et al., 2000; Lewis & Wood 

Robinson, 2008; Marbach-Ad & Stavy, 2000) which is why there are higher proportions 

of correct answers at the content and reason tiers but are lower at the combined tiers. 

Although the students were not tested on Punnett squares as it is associated more with 

mathematical probability at upper secondary level, yet, during oral interviews students 

were able to explain why gametes (sex cells) had only half the number of chromosomes 

as the other body cells.  

 

The percentages in bold seen in Table 4.20 suggest incorrect ideas from intuitive 

biology conceptions or lack of knowledge. The proportion of incorrect responses 

reduces at delayed post test to levels that suggest the programme has addressed some of 

these. At the pre-test, the test scores suggest that most of the documented 

misconceptions in the literature found in middle and secondary school students are also 

present in this sample of students based on the percentage of incorrect answers (Lewis 

et al., 2000; Tsui & Treagust, 2007). Although teachers indicated that the topic of cells 

(and some had covered traits) was covered in class before the enrichment programme, 

these varying ideas about inheritance were likely not covered or addressed. Student 

ideas of inheritance stem from their experience of family life, social relationships and 

media influence and may not always be correct (Chin & Teou, 2010; Donovan & 

Venville, 2012, 2014; Richards, 2000; Smith & Williams, 2007). 

 

It is to be noted that there was an increase of test score mean from post test to delayed 

post test that was statistically significant, not likely to be attributable to chance. 

Interviews indicated that the students had thought about the content and discussed the 

experience and what they had learnt with family or classmates and that there had been a 

positive impression left which helped them recall elements of the programme during the 

post-visit recall activity. The post-visit stimulated recall activity may also have 

contributed to triggering memories of what had been learnt with the use of photographs 

and summary of key concepts. It is also possible that the students gained knowledge 

from their own reading subsequent to the enrichment laboratory experience and that as 

learning is not instant, the students may have been able to reflect on their experience 

and made sense of the content that they learnt. Students had indicated that they were 

interested in finding out more about DNA, genes and chromosomes in the post-test 

feedback, for example, 91.0% said the activities they did in the science centre lab 
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sparked their curiosity about DNA and genes while 96.5% were interested in attending 

future DNA related programmes. Experiential learning is not one dimensional and all 

the above factors may have contributed to the increase of test score mean in the delayed 

post-test.  

 

In summary the test scores increased from pre- to post- and to delayed post-test and the 

gains were statistically significant and not attributable to chance. The responses to test 

questions which addressed common misconceptions about inheritance found in students 

in the literature, showed significant improvements for all the questions from pre-test to 

delayed post-test. Even in two-tier questions such as Question 11, the proportion of 

correct answers to the combined tiers, showed improvement after the programme. This 

was also supported by student interviews where they gave a high proportion of correct 

answers in explaining their reasoning for their answers as well. This was seen in both 

the group stimulated recall activity as well as student interviews. The sample of students 

represented a range of student abilities. Student interviews which sampled all classes 

and student abilities revealed a high number of students in the sample having correct 

understanding as they verbally explained their answers, supporting the evidence of 

learning gains from the test responses.  

 

5.2.1.1 Free response question 

In this question, students had to decide on which adult to agree with in the cartoon with 

justifications for their answer – the father who said the baby was not theirs because it 

did not share any features, the mother who said the baby shared features from the 

grandparents and the nurse who said that babies can be so special. In question 15, the 

numbers for the first tier choices and justifications did change over the course of time 

from the pre, post to delayed post tests. For example, in the pre-test responses, there was 

a higher proportion of incorrect justifications (n=133), compared to post test (n=46) and 

delayed post test (n=40). Examples of the types of justifications in the reason tier are 

given in Tables 4.14, 4.15 and 4.16. There was also a higher number of category 2 

answers in the pre-test which were justifications using general terms (e.g our genes are 

passed down by our parents). These did not explain their answer choice to the situation 

posed in the question in comparison to more specific reasons given in the post and 

delayed post tests as students were using their general knowledge from observation of 

family traits in everyday life (Chin & Teou, 2010; Kargbo et al., 1980). For students 
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who chose option 2 and agreed with the mother, their understanding was intuitive that 

there is a hereditary component with genes and traits. The general explanation 

numbered 71 responses in pre-test, 112 in post test and 96 in delayed post-test. Students 

were able to use concepts that they had learnt and also to think more critically about the 

other options after the enrichment programme.  

 

In comparison, the post and delayed post-tests showed answers with a higher frequency 

of the use of the term ‘recessive traits’ and ‘skipping’ generations [pre-test (11), post-

test (34) to delayed post-test (28)] to explain why the baby did not resemble the parents. 

Correspondingly, in line with this reasoning, there was a higher frequency of category 1 

reasons (‘can look like grandparents’) from pre-test (n=93) to post-test (n=160) and 

delayed post-test (n=158). Under category 3, students took a direct interpretation of the 

cartoon to decide if the baby looked like the mother or father, etc - the number who 

based their reasoning literally on the image, changed from 54 (pre-test) to 28 (post-test) 

to 53 (delayed post-test). In this category, for example, whether the baby was deemed to 

share physical traits with the parents, or not, an explanation like ‘genes are 

passed/inherited from parents’ could be used to justify their reasoning in either 

situation. The trend across the period of time from pre-test to delayed post-test showed 

that there was a higher incidence of students using the justification of inheriting genes 

from an earlier generation through the parents and hence their traits, or citing ‘recessive’ 

or ‘skipping’ traits to explain their answer rather than general observations or incorrect 

responses in the pre-test. In Chin and Teou’s (2009) study of conversations between 

grade 5 students in a Singapore classroom about this same cartoon, there was a 

suggested cause of why the baby did not look like the parents ‘because the grandparents 

should have passed the genes to him instead of his own parents doing this’ (Chin & 

Teou, 2009, p. 1319). There was a suggestion of ‘the parents might have some genes 

hidden inside them which are not shown externally’ (Chin & Teou, 2009, p. 1319). The 

student in that study had not learnt genetics and so could not use the correct vocabulary, 

unlike the students in this current study.  

 

Although the student explanations of their choice of answers are not all consistently 

detailed they do give an idea of the students’ reasoning. This question had more 

responses agreeing with the mother that the baby could look like the grandparents even 

at the pre-test stage (n=203, CF=2.99) to post test (n=243, CF=3.60) and delayed post 
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test (n=239, CF=3.83), with a corresponding increase in confidence (CF) in their 

responses. The understanding that babies may look like grandparents rather than their 

parents may be attributed to intuitive biological understanding from their everyday 

social and familial relationships but having learnt about genes and how the above 

situation is possible increases their confidence subsequently that they are correct 

(Venville et al., 2005). When students who give incorrect responses also express low 

confidence scores (below 2.5), these are associated with lack of knowledge or 

guesswork (Caleon & Subramaniam, 2010), and this is borne out by the results of the 

pre-test in Table 4.5. The low number of correct scores is associated with even lower 

mean confidence scores. The post-test scores do show an increase which is statistically 

significant especially when comparing the two-tier questions, 11-14. It was easier to get 

either the content or reason tier correct but not both together. Hence the two-tier 

questions do serve to discriminate between students who have learnt the content from 

those who actually understood it. This does raise the difficulty level of the questions 

considerably as the students are being tested on concepts that have been learnt during 

the programme.  

 

The inclusion of the self-reported confidence scale for each question sheds some light 

on whether the students are guessing (low confidence) or harbouring alternative ideas 

(high confidence with wrong answers). The mean overall confidence rose from pre-test 

to delayed post test, (pre-test M=37.7, post test M=54.8 to delayed post test M=56.7). 

Most confidence scores in the pre-test were not high, ranging from CF= 2.10-3.15, with 

the exception of Q7 (CF=3.62).  The confidence scores of those who answered correctly 

were similar with CFCs ranging between 2.15-3.89. Higher confidence (above 3.5) was 

expressed for Q7 (CFC=3.89). Overall confidence and the confidence of students with 

correct responses increased in the post-test, with the lowest score being 3.27 (CF) and 

3.55 (CFC) in Tables 4.7, 4.8 and 4.9. The mean confidence accuracy quotient (CAQ) 

gives an indication of whether the student’s ability to discriminate between what is 

known and what is not (Oundeberg et al., 2000; Stankov & Crawford, 1997). Low 

CAQs (less than 0.3) would mean that the confidence of the group answering correctly 

would not differ much from the group answering incorrectly (Caleon & Subramaniam, 

2010). For the pre-test, low CAQs were found for Q 2,3,4, 8, 12, 14 and 15 (Tables 4.8, 

4.9). In the post-test, only one question (Q4) had a lower CAQ while in the delayed post 

test it was only question 10. The results suggest that the students in the study possessed 
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a moderate level of discrimination, which improved after the programme. The 

confidence bias (CB) gives an indication of confidence calibration – a positive value 

suggesting overconfidence and a negative value suggesting low or under confidence. 

Perfect calibration is achieved with a zero value (Stankov & Crawford, 1997). In the 

pre-test, some of the CB values are very close to zero (Q15 (0.02), Q5 (0.05) and 8 

(0.08)), while some were negative Questions 6 (-0.03) and Q7 (-0.03). The CB values of 

the other questions were positive, ranging from 0.02-0.27, indicating some degree of 

overconfidence in their choice of answers. Post-test CB indicated values close to zero 

for Q15 (0.01), Q6 (0.06), and negative for questions 7 (-0.06), and 9 (-0.02). The rest 

of the CB values ranged from 0.01-0.29. In the delayed post test, negative CB values 

were seen in questions 1, 6 and 7 (-0.02), while positive CB values ranged from 0.01-

0.28 with six being close to 0 (Q2, 3, 4, 9, 10, 15).  In general, although the sample of 

students exhibited some degree of overconfidence as indicated by the positive CB 

values for the questions, there are also values close to zero and slightly negative. The 

post and delayed post test CB values tend to be closer to zero and this also appears to 

support findings in other studies which show a correlation between confidence and 

academic performance (Stankov & Crawford, 1997; Stankov & Lee, 2014). Generally, 

students with correct responses were confident they were correct and were not guessing. 

The CB values which are closer to zero also support findings that students in Singapore 

appear to have good calibration (Stankov et al., 2014).  

 

5.2.1.2 Alternative responses 

It was also instructive to examine alternative responses that students selected which 

were not the correct answers. From observing changes in alternative responses from pre 

to delayed post test, a better understanding of the effect of the enrichment programme 

instruction is obtained and if a drop in incorrect responses is followed by a shift to the 

correct response. Table 4.18 shows that there is an increase in the number of students 

selecting correct options, across post and delayed post tests. 

 

For example, in Question 1, 20.8% selected an option where bacteria and bread mould 

are not living things. Most have selected the correct response by the delayed post test 

and it appears that the programme helped clear this alternate conception. For question 2, 

students are clear that plants have DNA, which was a common misconception – from 

the interviews the insight that came out was that conducting the wheatgerm experiment 
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helped students see that plants have DNA as the wheatgerm was plant-based. The most 

common incorrect option included the statement that babies get DNA from either father 

or mother – this misconception has not been completely changed although a significant 

number of students have selected the correct option by the time of the delayed post test 

(34.4% pre-test to 78% by delayed post test). For question 4, which tests if students 

understand that all cells in the same body carry the same genetic information, again 

there is significant change to the correct option from pre-test (31.5% to 73.7% in the 

delayed post test). This change was confirmed in student interviews – all 56 students got 

this question correct in the Robert and John scenarios. 

 

In question 5, the percentage of the correct option has increased from 48.5% pre-test to 

69.0% in delayed post test. However about 21% still selected an option which states that 

‘girls only receive the X chromosome from their mothers’. Interviews revealed that 

learning about the X and Y chromosomes left a deep impression on the students –all 

were able to recall this fact easily and correctly, months after the science centre 

programme during the post visit to schools. It is possible that this impression could have 

coloured their reading of the question – that as mothers only have X chromosomes, 

daughters (and sons) only receive one type of sex chromosome from their mothers. 

Hence the incorrect option chosen was that girls get only an X chromosome from their 

mothers, without realising that this is true for the case of the sex chromosome but not 

for the full set of genes. Students also improved for question 9 on sex chromosomes 

from pre-test (32.7%) to delayed post test (89.9%).  

 

From the options selected by the students in the delayed post-test, the percentage of 

students selecting incorrect answer options range between 5.2%-42.4% for any single 

tier answer (including content and reason tiers). The percentages are within the range of 

incorrect answers attributable to chance and not significant misconceptions except for 

question 13 reason tier (36.71%, over the range of 35% for a 4 option question). Table 

4.20 reflects proportion of incorrect responses for each question including content and 

reason tiers. The percentages in bold suggest incorrect ideas stemming from intuitive 

biology conceptions or lack of knowledge. The proportion of incorrect responses 

reduced in delayed post test to levels that suggest the programme has addressed many of 

these conceptions. Only question 13 reason tier needs more instruction. The following 

scheme in Fig 5.1 suggests what has been learnt about students’ prior knowledge on 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

257 

 

inheritance, from the tests, free written responses and interviews. Students absorb 

information about this topic informally from everyday situations, and formally as well 

through class instruction in primary 5. This prior knowledge is seen in the pre-test. 

Subsequent experience of the enrichment programme and its effect is seen in the change 

in scores, feedback etc in the post and delayed post-tests. The post-tests also show that 

some concepts that are more abstract need more time to learn than the two hours for 

understanding inheritance.  

 

Fig 5.1: What participants learnt about genetic inheritance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

    

 

 

The test scores and the improved number of correct responses by the delayed post test 

suggest that grade 5 students are capable of understanding this content when it is taught 

appropriately. The suggestion to have concepts of inheritance taught to elementary 

students has been made by other researchers who feel that students of this age are 

Children’s intuitive understanding of inheritance comes from the 

following  

 Everyday observations within family and friends 

 Topic of cells covered in class 

 Informal information from internet, media, documentaries 

and movies 

 

Prior knowledge 

Enrichment programme, Genes and our 

Traits 

 

Improved understanding and knowledge of inheritance for 

concepts below (seen in post-test, delayed post-test) e.g. 

 all living things contain genes and DNA including plants 

and microbes 

 child inherits genes from parents equally. Half from each 

and not unequal portions 

 genes and dna are the same in every cell in one person 

 genes and dna in one person’s cells are different from 

another person’s, except in identical twins 

 gender is determined by X and Y chromosomes 

 chances of boy or girl babies is 50%, determined by sperm 

cell 

 genes are permanent and won’t change because of 

accidents, etc 

Concepts that are more abstract 

and need more time for student 

understanding 

 dominant and recessive 

alleles, predicting the 

genotype from the phenotype 

and vice versa 

 genes make proteins that give 

rise to traits 

 

Some incorrect conceptions in pre-test 
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cognitively able to understand inheritance (Kargbo et al., 1980; Smith & Sims, 1992; 

Venville & Donovan, 2005). The areas of difficulty and which need more time are the 

genotypes and the relationship between genotypes and physical characteristics. These 

ideas may take longer to learn or even change. More information was also obtained 

through interviews with a sample of the students to understand their reasoning. The 

enrichment programme covered concepts associated with inheritance over two hours, 

and although much effort was made to ensure that the content was pitched at the level of 

the primary student, students in the sample are heterogeneous and would grasp the 

content according to their abilities. Most of the students are able to grasp concepts, 

answer the test questions in the given time although it must be acknowledged there were 

students who were from weaker classes and who would have needed a longer time for 

grasping ideas, reading and comprehension. However, the data of post and delayed post 

test scores also show that the statistically significant (not likely to be attributable to 

chance) positive shift of responses to correct choices was observed across varying 

student abilities, with associated higher confidence scores (CFC) as seen in Tables 4.8-

4.10. Sneider et al. (1984) in studying earth science misconceptions in students aged 

between 9-15 years, observed that although the older students showed increased 

understanding of the concepts, younger students were very receptive to instruction and 

quickly achieved the level of knowledge that the older students had (Sneider, 1984). 

The study suggested that early exposure to the content may be more beneficial to clear 

misconceptions. Hence such an enrichment programme for Primary 5 students (aged 11 

years) starts at a time when these students already have ideas about inheritance but are 

receptive to instruction because this is a topic that is of interest to them.  

 

In the literature, there does not seem to be much mention of analysis of alternative 

responses in relation to enrichment programmes offered at science centres. Such 

analyses are useful as it provides further triangulation for the efficacy of the 

intervention. Overeliance on cognitive scores seems to be the norm in such studies, and 

the present study suggests that examination of alternative responses can provide further 

insights. 

 

5.2.1.3 Open responses in the feedback survey 

In the student feedback survey, participants were asked to write down three new things 

they had learnt in the programme. Although this component is part of the feedback it is 
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more appropriate to discuss with the cognitive test. Table 4.36 presents the various 

types of responses from students and how they were categorised. More than 97% of the 

items the students could recall were connected to the content learnt, with only about 10 

statements that do not mention a genetic term. Due to the time factor, the open 

responses often consisted of key terms and not sentences, which were the most often 

reported (185 responses), while there were 145 responses that articulated at least one 

genetics-based fact that had been learnt. Of the responses that mentioned content, 71 

mentioned dominant/recessive trait and 198 mentioned chromosome and XX/XY 

chromosomes connected with gender. Students of that age appeared to recall the 

concept of chromosome as it was connected to the human body and they were especially 

curious about the pair of chromosomes that determine the sex of an individual. In class 

observations and science educator reflections, students would ask gender related 

questions – homosexuals, transgender individuals (what sex are they?), etc. This aspect 

came through in every group that experienced the programme, even within the pilot 

study group. Only about 10 statements were connected to affective/social experiences 

perhaps because the question asked about what they had learnt which they connected 

with content. The affective experience did come through in the feedback survey. With 

such natural interest in the human body and the sex chromosomes, a natural platform to 

build on this interest is to place the topic of inheritance in the primary school syllabus 

with the topic of the human body (Osborne et al., 2003; Uitto et al., 2006; Venville & 

Donovan, 2005).  

 

5.3 Components of programme that helped understanding 

Which are the aspects of the enrichment programme that are helpful for learning? What 

do the student interviews reveal about the programme that they experienced? (Research 

question 3) 

 

Student interviews were conducted as part of a stimulated recall activity at least two 

months after the programme at the science centre. Students were able to recall many 

components of the laboratory programme – both content as well as aspects like the 

pleasure in being part of an authentic lab experience, the activities which helped them 

remember content correctly as described by the students in the interviews and the fact 

that there was a higher mean score in the delayed post-test score after the stimulated 

recall. There was a high degree of correct responses in the interviews in answering 
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about cells and genetic information inside cells (Robert and John) (100% correct) as 

well as the inheritance of genetic and non-genetic traits (accident scenario) (91.1% 

correct).  

 

The topic of inheritance appears to be interesting to the students. Although the topic of 

inheritance and the terms ‘genes’ and ‘DNA’ were not taught in any detail in class, 

more than half of the students had come across such terms and information from 

informal learning sources such as the internet, books, and television (Table 4.22). This 

is also in keeping with Donovan and Venville’s (2012, 2014) study of Australian youth 

about where they acquired their knowledge about genes and DNA. They found that even 

12 year olds derived most of their information from mass media such as television 

shows since students in Australia as in Singapore did not study genetics until they were 

at least 14-15 years old. Students (and teachers) indicated that the topic of cells which 

most had covered in class before their programme at the science centre would have 

helped to make links to the new content learnt on inheritance (Sections 4.3.6, 4.3.7). 

Previous studies do show that links to classroom content help learning (Griffin & 

Symington, 1997; Anderson et al., 2000; DeWitt & Storksdieck, 2008; Griffin & 

Symington, 1997; Rennie & McClafferty, 1995). From the responses during the 

interviews, students were able to make links to class content as well as to everyday life 

with about half of the sample making connections to school science (43%) and everyday 

life (46%).  

 

Hands-on activities and authentic science 

The topic of inheritance can be abstract and dry, but when the students were asked if 

they found the topic difficult to understand, 55 said they had little difficulty, with one 

student who said that it was difficult to grasp initially but found it understandable after 

he got it (Table 4.23: 100% of responses). When asked what had been helpful for them 

in understanding the topic, the most mentioned factor was the hands-on activities (Table 

4.24: 31 responses, 55% sample), the next highest attributed the science educator’s 

explanation as being very helpful (Table 4.24: 18 responses, 32%). An interesting 

insight was that wearing the lab coat (4 responses, 6.8%) was mentioned as also being 

helpful to the students. This suggests that a simple feature such as donning a lab coat 

allows students to slip into a role that is felt to be authentic to the laboratory 

environment and content – engagement with the tools and language of scientists 
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(Braund & Reiss, 2006, National Research Council, 2009). The high value students 

place on the activities is in keeping with the philosophy of learning through practical 

investigations advocated by Dewey and Piaget among others (Dewey, 1938; 

Wadsworth, 1989). Students remarked how doing the activity helped them understand 

and remember the content they had learnt.  The activities do aid in visualisation of 

abstract concepts of inheritance and the use of models and images to aid understanding 

in teaching genetics is also recommended by genetics experts interviewed by Venville 

and Donovan (2005), Donovan and Venville, (2004) as well as Venville and Treagust 

(2002). Students were also easily able to recall the activities that had made the most 

impression on them when prompted. This may have been facilitated by the stimulated 

recall that had taken place shortly before the interviews.  The activity mentioned the 

most number of times was the DNA extraction of wheatgerm, eliciting responses from 

36 students (Table 4.25, 64%), followed by the Traits Tree (19 mentions, 34%), X, Y 

chromosome activity (18 responses, 32%) and eye colour (12 responses, 21%). The 

DNA extraction appeared to have elements that were memorable - unusual experiment 

for the student and not easily repeatable in school, an authentic science experiment, the 

precipitation of the white clumps after adding the detergent was unexpected and had a 

‘wow’ effect on the young participants. The Traits tree had a similar unexpected effect 

in that classmates who thought they looked very similar were very surprised at how 

different they were at the traits level. It was also an activity that involved the whole 

class and was a take-away to school that served as a reminder of the science centre visit. 

Such experiences are unique and not likely to be carried out in the classroom which 

added to the novelty of the activities (Behrendt & Franklin, 2014). 

 

Clarity of explanation and approachability of science educator 

The students were also asked if they could recall anything about the science educator. 

All the students had something positive to say about the educator in their programme, 

with a majority sharing that the clarity of the explanation helped them in their 

understanding of the topic. This was mentioned by 39 of the 56 students interviewed 

(Table 4.26). Closely connected to the clarity that students appreciated was that the 

science educator was approachable (23 mentions), with students using words like 

‘kind’, ‘patient’, ‘took a lot of time to explain’, ‘didn’t mind repeating’.  It put the 

students at ease and created an atmosphere of comfort where the students were able to 

ask any questions on the topic and the science educator took the time to answer their 
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questions. Allowing time for student questions is important as it is a process skill 

involved in critical thinking and problem solving (Cuccio‐Schirripa & Steiner, 2000) 

and such questions are an important part of the process of learning new content (Chin & 

Osborne, 2008). Seventeen students mentioned the educator’s teaching style that drew 

their attention - voice modulation or using humour which helped to make the instruction 

interesting.  It is quite clear from the students’ and teachers’ feedback that although 

hands-on activities were the most important for understanding and enjoyment, the 

clarity of the explanation of the science educators was also a significant contribution to 

understanding the abstract topic. Explanation and introduction to genetic terms, as well 

as the use of pictures, models and video clips during the programme also supported 

recommendations by experts in the field of genetics that these would aid understanding 

(Donovan & Venville, 2004; Venville & Donovan, 2005, Venville & Treagust, 2002).  

 

Expert facilitator 

Student feedback indicates that the educators were regarded as ‘experts’ as they were 

able to answer their questions and clear confusion.  Yet, the students were not 

intimidated and were easily able to seek answers to their queries or seek assistance if 

they were confused.  This is in keeping with the philosophy at out-of-school learning 

institutions such as science centres which adopt a constructivist approach, where science 

educators are often regarded more as facilitators rather than knowledge providers, 

creating active learning experiences and conversations that could reach different types 

of learners (Gardner, 1999).  Such facilitators potentially have a pivotal role in 

mediating learning by tailoring the content and delivery to suit participants and creating 

memorable experiences (National Research Council, 2009). The science educator in the 

whole laboratory experience is also the ‘more knowledgeable other’ who guides the 

students through the zone of proximal development (ZPD) (Vygotsky, 1978). The role 

of the educator in guiding the students through their ZPDs is especially important in 

short duration enrichment programmes which are likely to have a higher cognitive load 

and activity than what might normally be experienced in class. The students began the 

programme as novices with different levels of understanding of the topic of inheritance 

and progress through the programme under the guidance of the science educator to a 

higher level of knowledge and understanding which is borne out by a higher post-test 

score of statistical significance and qualitative feedback from the students.  
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Enjoyable social experience 

When comparing the enrichment programme to a lesson in class, students had also 

recalled the programme as fun, enjoyable and interesting, which included working with 

classmates and helping each other through the activities.  Triggering positive feelings, 

interest and engagement are important in helping to hold attention especially when the 

topic may be more abstract as in this case, of inheritance (Hidi & Renninger, 2006). 

Affective engagement is not only a feature of out-of-school visits to stimulate interest, 

enjoyment and desire for further learning, but is also an important tool to facilitate 

learning (Falk, Dierking, & Holland,1995; National Research Council, 2009).  In fact 

one important strand of science learning identified in such out-of-school designed 

environments is Strand 1 which is about “experiencing excitement, interest and 

motivation to learn” (Fenichel & Schweingruber, 2010, p. 27).  Students who find the 

learning enjoyable are engaged and find the learning is less effort as what was found 

from studies of visitors in leisure attractions (Packer, 2006) The enrichment programme 

also contained four features that Kelly (2011) identified as creating an engaging, out-of-

school learning experience: firstly, experiences that are fun, provide for discovery and 

even something unexpected; secondly, content that is contextualised, well organised, 

easy to navigate and yet cognitively challenging; thirdly, facilitators who are respectful 

of participants’ ideas, are knowledgeable about the subject matter and are approachable; 

and lastly, opportunities to learn together with friends (Kelly, 2011). These factors were 

found in the enrichment programme that the students experienced  

 

There have also been arguments put forward that factors that make enrichment 

programmes enjoyable can also be found in school, where hands-on activities and an 

excellent educator could substitute for the experience. Although hands-on activities and 

clarity of explanation were the top factors students and teachers agreed on that made the 

learning successful, other factors also did come through in feedback and interviews. For 

example, in the student feedback survey, 96.5% of the students said that “The 

environment of the science centre made it fun to learn” and 97.1% said that “The 

activities in the lab are a good way to learn about science”, pointing to the importance 

of the setting in creating the enjoyable experience. In the student interviews when they 

were asked if they could do these experiments in school and if there was any difference 

in coming to the science centre for the programme, responses that said there was a  

difference, mentioned it was fun and enjoyable (29 responses out of 56 – 57.8%), could 
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do more experiments unlike in school (27 responses – 48.2%) and that it was a 

conducive environment for learning (22 responses – 39.3%). The experience had also 

been emotionally engaging as they found it enjoyable and they could work with friends. 

Students also mentioned that they learnt new content at the science centre that was 

different from in school where there was a focus on learning for exams.  

 

On the other hand, proponents of out-of-school science learning might say that 

structured experiences such as a laboratory programme help cognitive learning but 

reduce enjoyment (Flexer & Borun, 1984). Price and Hein (1991) in an evaluation of 

more than 200 field trips found that the most effective learning came from a 

combination of hands-on activities and time for structured instruction. Griffin and 

Symington (1997) also advocated the inclusion of structured activities after observing 

unstructured school group activity in museums. This study shows that even a laboratory 

programme can generate much enjoyment because of the way it allows a mix of free 

interaction where students work on their own interspersed with short intervals of guided 

facilitation. 

 

Environments that are out-of-school tend to be multisensory, so that students use many 

more of their senses in taking in information (Nabors, Edwards, & Murray, 2009). Once 

students are excited and interested, it makes them curious and eager to ask questions, 

discuss observations and experiences (National Research Council, 2009). This was also 

seen with the students in the programme where science educators (and confirmed from 

on-site observations) reflected that they get asked many questions in this class. Student 

interviews also revealed that the students greatly appreciated the opportunity to ask the 

science educators questions which were answered patiently.  

 

5.4 Students’ feedback survey 

To what extent does the enrichment programme promote interest in the students in the 

topic of heredity and inheritance? (Research question 4) 

 

The students completed a feedback survey after the enrichment programme at the 

science centre. The survey consisted of 19 statements which the students responded to, 

if they agreed or not. Students could respond by selecting the degree of agreement on a 

Likert scale of 1-5 (strongly disagree to strongly agree). There was also an open section 
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where students could give their feedback on what they had learnt, what they would like 

to know more about and what they enjoyed most. They were also asked to indicate if 

they would like to attend other programmes on DNA in the future. From the tabulated 

data in Table 4.33, the feedback from the students indicated that overall they enjoyed 

the programme. Means of each statement ranged from 4.27-4.77 out of 5, and 

percentage agreement with the statements ranging from 81.2% - 99.1%. 

The highest levels of enjoyment came from responses about lab activities:  

‘I enjoyed the activities in the lab.’  

(M=4.66, SD=0.51), agreed by 98.3% of the students. 

Similarly,  

‘The activities in the lab are a good way to learn science.’  

(M=4.61, SD=0.54), agreed by 97.1% of students.  

‘I prefer lab activities compared to classroom learning.’  

(M=4.77, SD=0.44) where 99.1% agreed/strongly agreed with this statement. 

 

Students also agreed that the activities and programme helped their understanding:  

‘The activities helped me understand DNA and genes better.’ (M=4.51, 

SD=0.61),  

‘The lesson helped me build up my knowledge on DNA and genes learnt from 

textbooks.’ (M=4.41, SD=0.69),  

‘I was able to understand about DNA and genes better.’ (M=4.40, SD=0.66).  

‘I can better understand how DNA and genes are connected to daily life’ 

(M=4.31, SD=0.73) 

 

The programme helped the participants to see connections to everyday life, which is a 

good way to see how information is connected across (Wandersee & Fisher, 2000), 

rather than learning bits of isolated information, which can lead to poor understanding 

(Cavallo, 1996; Cavallo & Schafer, 1994; Williams & Cavallo, 1995). The high 

agreement of the students to the following statements in the student feedback instrument 

demonstrated that the environment and social collaborative dynamics in the lab 

appeared to help the students enjoy the programme and the learning.  

‘The environment of the science centre made it fun to learn.’ (M=4.56, SD=0.56) 

‘The activities allowed me to work with my classmates.’ (M=4.47, SD=0.66) 
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In addition, students also filled out self reported open responses as to what they had 

learnt in the lesson, what they would like to know more about and what they enjoyed 

most in the class. Self-report responses have been used to check for evidence of learning 

(Griffin & Symington, 1999; Rennie, 1993). Although these are not the main means of 

checking for evidence of learning, these open responses can help complement data from 

other sources. The open responses were grouped into categories that were based on the 

experiences within the programme and hence were not a complex range. The categories 

of responses are indicated in Table 4.34. The open responses clearly demonstrate that 

the activities and experiments in the lab programme were most enjoyable and likely 

memorable for the large majority of the students (81.5%). Students found the 

environment of the lab setting (4.91%) and even the process of learning enjoyable under 

the circumstances in the enrichment programme (3.47%). There were also 18 responses 

connected to social interaction (5.20%) either with peers or with the science educators. 

These free responses indicate that the enjoyment is in learning by carrying out the 

activities themselves. It is also reflected in the enjoyment scale of hands-on activities in 

the feedback survey mentioned earlier. There is a 4.66 mean score for “I enjoyed the 

activities in the lab” and a 4.61 mean score out of 5 for the statement “The activities in 

the lab are a good way to learn science”, as well as a 4.51 mean score for the statement, 

“The activities helped me understand DNA and genes better” The hands-on component 

is mentioned many times by all the different groups, namely students, teachers and even 

the science educators. The value of the hands-on activities ties in with the experiential 

learning (Dewey, 1938a) that is advocated by out-of-school learning environments such 

as science centres. Students obviously agreed as they reported a score of 4.77 for the 

statement, “I prefer lab activities compared to learning from a textbook” 

 

Table 4.35 also illustrates that the programme helped to stimulate interest mainly in the 

topic of genes as well as in the related topic of the human body (heredity and 

reproduction), with 267 responses out of 349 (76.5%). There is clear situational interest 

generated in the programme and the students are also very curious about human body 

systems including reproduction as these topics are all connected to human heredity. 

Even the topics on other living things such as plants, animals, bacteria and the 

microscope were also linked to genes (what genes of other living things have and how 

they would look like under the microscope). This also aligns with the feedback survey 

the students filled out as there was a 4.46 mean score for the statement “I am interested 
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in learning more about DNA and genes in my body” as well as a rating of 4.40 for the 

statement “The activities sparked my curiosity about DNA and genes”. During post-

visit interviews with students, many had shared their experiences in the programme with 

their families, firstly as it was an interesting experience to be shared and secondly, the 

content learnt was applicable to the family as they could share information about 

interesting family shared traits and insights even into the extended family involving 

cousins and grandparents. 

 

Outcomes for students that could result from such out-of-school experiences could be 

feelings of self-competence, contribution to their understanding of the topic, enjoyment 

of the experience and interest stimulated in the topic (Rennie, 1994). These appear to 

have been the outcomes from the self-reported feedback from the survey. About 88.7% 

and 88.4% of the students respectively agreed or strongly agreed with statements on 

increased competence such as “The activities helped me improve my science practical 

skills” and “The lesson helped me build up my knowledge on DNA and genes learnt 

from textbooks”. The students expressed interest in wanting to learn more by attending 

other science programmes of this nature. In response to the prompt, “I would like to 

come for other types of DNA programmes in the future”, 96.5% said yes, “I am 

interested in learning more about genes” had 87.6% agreement with the statement. The 

programme did help in increasing situational motivation of students to learn more about 

DNA and genes (Hidi & Renninger, 2006). 

 

Students also agreed or strongly agreed with items about better understanding of the 

topic such as “I was able to understand about DNA and genes better” (90.5% 

agreement) and “The activities helped me understand DNA and genes better” (93.9% 

agreement) from students). Enjoyment was also reported through agreement with 

statements like “I enjoyed the activities in the lab” (98.3% agreement of students), “The 

environment of the science centre made it fun to learn” (96.5% agreed) and “The 

activities in the lab are a good way to learn science” (97.1% agreement). This 

understanding and engagement from activities is in line with the constructivist model of 

learning, where the students construct knowledge for themselves through actively 

engaging in the activities during the programme. Science centres also support a 

constructivist approach which facilitates active learning and the personal construction of 

knowledge (Anderson et al., 2003; Hein, 1991). The affective elements of the 
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programme are bound with the cognitive elements and are considered to be an important 

feature of out-of-school programmes. The enjoyment of students is central to creating 

an environment that makes it easy to learn (Falk & Dierking, 1992; McManus, 1985; 

Packer, 2006; Rennie & McClafferty, 1995). Hence a fun and enjoyable programme is 

an important outcome for science centres as positive memories of the experience are 

likely to make students receptive to further instruction on that topic back in class 

(Rennie, 1994). This is also in agreement with teachers’ anecdotal feedback to the 

science centre – that students become energised after an enrichment programme at 

science centre, and are able to attend to many ideas within the two hour enrichment 

programme as compared to attention in class. Perhaps with the change in routine, 

teachers indicate that the students are also more receptive to instruction in class after the 

visit. It is possible to have fun and be able to learn new things, which is often what 

students will write in their feedback forms at the science centre (i.e. it was fun). Having 

an enjoyable time facilitates learning because when students are actively engaged in 

activity, they are motivated to learn new information (Grinell, 1988; Salmi, 2003). 

Learning still takes place even when the agenda is to have a fun day out (Packer, 2006; 

Tofield et al., 2003).  

 

The students were also able to give open feedback through two questions at the end of 

the survey. One asked if they would like to return for similar programes in the future 

and the last question asked the students if they had any feedback.  There was some 

student feedback that was less positive about some aspects of the programme in these 

open response questions. When asked if they would like to return for similar 

programmes, 3.47% (12 responses) said no, citing reasons such as no personal interest 

in science (I don’t like science), physical considerations (too far away from my house) 

and social dynamics (I hate my team). When asked for any further feedback in the last 

open-ended question of the survey, there were 40 responses, 75.0% of which requested 

for more activities and a longer time in the lab.  The rest had to do with physical 

comfort – needed food /longer breaks and the lab was either too hot or cold (10 

responses, 17.5%) and others (activities too easy, nice instructor, 7.5%). Although 

making up a small proportion of the sample in the study, these students were able to 

have their voices heard and articulate their honest feelings about aspects of the 

programme through these open ended questions.  Their feedback also illustrates the 

three interlinked areas of Falk’s Contextual Model of Learning, where personal, social 
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and physical factors are important in learning in out-of-school environments. These 

factors need to be taken care of as they can affect a student’s learning experience.  

 

5.5 Post visit stimulated recall 

How helpful is the post visit stimulated recall in facilitating students’ recollection of the 

concepts learnt during the enrichment programme? (Research question 5) 

 

The responses that the students gave during this activity showed high level of recall of 

their experiences of the enrichment programme. Studies have shown that students and 

visitors retain memories of visits to science museums even months after the visit (Falk 

& Dierking, 1992, 1997; Jarvis & Pell, 2002, 2005; Knapp, 2000; Stevenson, 1991; 

Wolins, Jensen, & Ulzheimer, 1992). Wolins et al., (1992) found that the strongest 

memories were usually in the affective domain. Falk and Dierking (1997) found that in 

their study of elementary school field trips, individuals interviewed over time retained 

strong and accurate memories of their experiences, where 80% of the interviewees 

could recall at least three specific areas associated with the trip, many relating to 

content. Student responses in the stimulated recall support this finding as well, with 

accurate details of activities being recalled 2-3 months later.  

 

Such recall studies have been used to focus on what has been learnt (DeWitt & 

Storksdieck, 2008; Falk & Needham, 2011; Feher & Rice, 1985, Stevenson, 1991) as 

well as on how students and visitors interpret or explain encounters with exhibits after 

their visit (Anderson & Nashon, 2007; DeWitt & Storksdieck, 2008; DeWitt & 

Osborne, 2010; Falcao & Gilbert, 2005). Although this recall activity took place some 

months later, the responses of the students showed that they could recall, with clarity, 

many aspects of the programme at the science centre, such as the name of the science 

educator who conducted the programme, details of the activities they carried out in the 

laboratory including names of reagents and the function, and were able to relate the 

activities to genetics concepts such as dominant and recessive traits. The responses of 

the students could be categorised as cognitive and affective types. Cognitive responses 

were content related focusing on recalling the concept of the activity that was projected 

on the screen, the practical aspects of the activity and explaining what they were and 

why they were carried out – for example, students mentioned that the wheatgerm 

activity consisted of extracting DNA from a plant and the main reagents involved were 
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detergent to break up the cell membrane of the cells to release the DNA, and the 95% 

alcohol (ethanol) which precipitated the DNA. Similarly, they were able to recall 

aspects of the other activities they had conducted and explain some of the concepts (the 

girl or boy phenotype as a result of the X and Y chromosomes). At the same time, 

students could also articulate responses that were affective – in describing the 

wheatgerm activity, a student added on that it was a favourite activity, which 

immediately drew strong responses of agreement from his classmates (Appendix T). 

One limitation of this post-visit group recall approach adopted in this study was that it 

did not surface incorrect or unclear understandings of the content in specific individuals 

as it was done as a class activity. Some of this did surface in the follow-on small group 

interviews where about five out of the 56 students were still unclear about only one 

question from the full set of interview questions - the mode of inheritance of Danny and 

Lucy’s children after Danny’s accident. Nevertheless the findings do support the 

potential of the stimulated recall as a learning resource for teachers (DeWitt & Osborne, 

2010).  The enrichment programme experience had been sufficiently memorable that 

revisiting the experience through photographs facilitated further recall in subsequent 

student interviews. The group stimulated recall as well as the student interviews 

demonstrated good understanding of most of the students even of concepts like 

dominant/recessive traits, which did not have a high rate of correct responses in the 

written tests. Students were able to explain the reasoning of the black or white mouse 

fur depending on the genotype. Parental contribution of an equal share of genes as well 

as the reduced number of genes in gamete (sex) cells was also a concept that a good 

number of students were able to reason and recall easily from the programme (Table 

4.38). It is possible that a written question with many words would take more time to 

read and understand as compared to a verbal question where it would also be possible to 

clarify if the question was not understood. There were two classes out of the 11 classes 

of students who were academically slower and in these classes, about half or less were 

able to respond to the stimulated recall activity on the mice fur coat colour.  

 

It has been also pointed out that such reflective activity which is conducted with images 

and prompts by an interviewer may require competent facilitation to maximise student 

learning (DeWitt & Osborne, 2010).  In this current study, the re-visit of the experience 

took place mainly through photographs, prompts from an educator encouraging more 

detailed descriptions from the student participants. The study suggests that a group 
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recall using images and key points can still be a potentially helpful resource for teachers 

as a post visit follow-up to a field trip. Our interviews with local teachers indicated that 

they do not have time to conduct follow-up after such enrichment field trips especially 

if there is content that extends beyond the school curriculum. Putting aside about 15 

minutes to re-visit the experience with images (from the teacher and students) would 

already be helpful for students to make links and provide opportunity for meaningful 

follow-up on content without imposing a heavy load on the teachers. Teachers should 

also view the out-of-school complements to curriculum in perspective, as understanding 

that content is likely to benefit the understanding of related curriculum content 

(Anderson et al., 2000; Falk & Dierking, 2000; National Research Council, 2009; 

Rennie & McClafferty, 1995, Tal & Morag, 2007).  

 

The stimulated recall may have been helpful for the students. Other factors such as 

maturation, students reading up after the science centre programme and discussions 

with family and friends can also not be discounted as contributing factors to higher 

delayed post-test scores. The stimulated recall did elicit responses that showed students 

still remembered many details of the enrichment experience. 

 

In examining student responses from the interviews, the data suggests that the out-of-

school enrichment programme on inheritance was a memorable experience. There had 

been almost no follow-up after the field trip and the class had proceeded to continue 

with their normal routine of class work and preparing for school common tests. The 

stimulated recall using photographs elicited enthusiastic responses from students who 

were able to give clear and accurate details of the activities or experiments they had 

done about two months prior to the school post-visit. This suggests that the programme 

left a strong and stable impression on the participants as recollections of the experience 

were still quite vivid during the stimulated recall. Quantitatively, there was a 

statistically significant increase in mean test score between pre- and post-test results 

pointing to the potential value of the intervention programme at the science centre in 

contributing to increased knowledge and understanding of inheritance (Table 4.6). 

There was also a gain in test scores from post test to delayed post test that is statistically 

significant and not attributable to chance. The latter result is of interest given there was 

minimal follow-up in school after the intervention programme at the science centre and 

that the content learnt was mostly new to the participants.  The small group interviews 
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where students were given various scenarios of inheritance also supported the test 

results as almost all of the students were able to answer and reason correctly (Table 

4.29).  It suggests that elementary school children are quite capable of learning about an 

abstract topic when given the opportunity to learn and provided with the right quality of  

instruction (Donovan & Venville, 2005; Duschl, Schweingruber, & Shouse, 2007; 

Venville & Donovan, 2005). In this case, the instruction was quite short - through a two 

hour enrichment programme. The stimulated recall activity could have contributed to 

the delayed post test scores that were higher than the post test scores, although other 

factors cannot be discounted such as highly memorable programme, students’ own 

interest in reading further on the topic after the programme and student reflection on the 

experience and content, post programme. One other scenario cannot be discounted- that 

the scores at post-test are lower than what could have been achieved because the 

students are tired after the two hour programme. Ideally, the post-test should also have 

been conducted back in school another day, when rested. The school Science heads 

requested that the post-tests be completed in the science centre. It was challenging for 

the teachers to find a common day for all the students to complete the test and if it had 

been run over a few days, the likelihood of discussion of the questions would have been 

higher and not be a true reflection of what each had individually learnt during the 

programme.  

 

5.6 Effect of gender  

What is the impact of the enrichment programme on boys and girls in terms of gains in 

knowledge and promoting interest? (Research question 6) 

 

The results suggest that for this intervention, there is no observable statistically 

significant difference in cognitive gains from the test scores, between boys and girls in 

experiencing the enrichment programme. This finding is not unexpected. Earlier work 

on out-of-school enrichment programmes at this science centre also did not demonstrate 

statistically significant differences between males and females (Anthony, 2008; 

Dairianathan & Subramaniam, 2010). Studies relating to active learning and practical 

work suggest similar outcomes for positive attitudes and achievement for both boys and 

girls (Kahle, 1990; Kelly, 1988; Shepardson & Pizzini, 1994). In topics relating to 

biology including genetics, studies showed no statistically significant differences for 

gender (Osborne et al., 2003; Uitto et al., 2006). The practical, hands-on aspects of 
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science learning appeared to appeal equally to both boys and girls (Greenfield, 1995; 

Jarvis & Pell, 2002).  

 

The feedback survey responses were also subjected to a t-test to compare level of 

affective responses between boys and girls. The difference in feedback rating between 

boys and girls was not statistically significant. Gender differences do seem to arise in 

some studies of boys and girls in schools and in classrooms, although again the findings 

are mixed as indicated in the literature review in Chapter 2. In science centres although 

there are gender preferences as in Greenfield’s (1995) study of boys and girls at 

interactive exhibits with girls more likely to try out puzzles and exhibits that featured 

the human body, whereas boys had a higher likelihood of using computers and physical 

science exhibits, Shepardson and Pizzini (1994), found no gender differences for 

positive perceptions of activity-based science programmes. These findings were 

similarly supported by other researchers where practical hands-on learning experiences 

were enjoyed equally by both boys and girls (Greenfield, 1995; Jarvis & Pell, 2002) as 

well as activity oriented instruction (Kahle et al., 1993).  Kelly (1986) reported that the 

same features of science were liked by both boys and girls, and suggested it had more to 

do with the way science was presented to the pupils which could cause differences as 

girls liked connections to real life and practical work. Other studies showed no 

significant gender differences in interest in biology topics such as applied biology, 

zoology, sexuality and evolution (Uitto et al., 2006) or human biology (Osborne et al., 

2003) and science centre exhibits have been found to be more gender neutral than 

classroom settings (Osborne & Dillon, 2008; Salmi et al., 2016). In a study on sources 

of out-of-school information and learning, no significant difference in boys’ and girls’ 

knowledge had also been observed in previous studies at a zoo (Tunnicliffe, 1998) and 

an animatronic exhibition (Tunnicliffe, 2000) as well as sources of out-of-school 

information and learning (Tunnicliffe & Reiss, 2000). Salmi et al. (2017a; 2017b) 

studied school groups firstly at a robotic dinosaur exhibition and secondly at augmented 

reality exhibits. In both studies, boys had higher science knowledge scores before the 

visits to the exhibits. However, in the post-tests, there was no statistically significant 

difference as the boys and girls learned equally as much. One suggested reason for the 

observed apparent levelling of the field for both boys and girls is that learning in out-of-

school environments such as science centres is connected to enjoyment, interest and 

motivation in learning (Falk & Dierking, 1992; Fenichel & Schweingruber, 2010; 
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Osborne & Dillon, 2008; Salmi, 2003; Tan & Subramaniam, 20 03) and hence there are 

recommendations to consider out-of-school education as a complement to formal 

education (Rennie, 2014; Stocklmayer et al., 2010; Tan & Subramaniam, 2003). 

 

5.7 Teacher feedback 

What is the teacher’s perspective on the effectiveness of the enrichment programme in 

presenting the content and successful elements in the programme? (Research question 

7) 

 

In the study, 13 teachers accompanied their classes to the science centre for the 

enrichment programme. Teachers were asked if they had a decision in selecting the 

programme for their students and their motivation (Cox-Petersen et al., 2003; Griffin & 

Symington 1997; Lemelin & Bencze, 2004; Tal, Bamberger & Morag, 2005; Tal & 

Morag 2007). Almost all indicated that the programme had been selected by their Head 

of Science for the level although their input was sought for programmes that had been 

experienced and when planning for the year. They felt that this enrichment programme 

offered content that was linked to the topic of cells in school. They had seen the field 

trip as an extension and enrichment for the students and there was surprise that their 

students were able to recollect so many aspects of the programme experienced two 

months ago during the post-visit recall.  

 

Teachers do value these out-of-school programmes as they can see the impact on their 

students – however they did not follow up after the field trip and consolidate any 

learning or make connections between the science centre programme content and what 

was taught in school. The reasons mainly cited why this was not done was that the 

teaching schedule was packed and as this component of inheritance was not tested in the 

examinations, and hence considered enrichment, there was less priority to spend time 

revisiting this after the field trip. This appears to mirror findings from research in other 

countries where teachers do see the school trips as a good educational opportunity and 

linked to curriculum (Anderson & Zhang, 2003; Kiesel, 2005) and cite lack of time and 

sufficient fit into the curriculum as reasons they do not follow up after such trips 

(DeWitt & Storksdieck, 2008; Storksdieck, 2001). 
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In this respect, teachers in local schools exhibited similar behaviours to teachers in other 

countries who planned visits to science museums for their students. The educational 

potential and value of the field trip was not optimised and minimal follow up and links 

were made to content in class, although all the teachers indicated that one reason this 

programme was selected by the school was the link to the topic of cells in the science 

syllabus (Anderson et al., 2006; Cox-Petersen, et al., 2003; Griffin & Symington, 1997; 

Kiesel, 2005, 2007; Michie, 1998; Morentin & Guisasola, 2013; Mosabola, 2014; Tal et 

al., 2005). Teachers did not seem to be familiar on how to use out-of-school learning 

resources to complement what they were teaching in school. This was important as 

these teachers are the ones who would be making the bridge for the students between 

the out-of-school content and classroom content (Hofstein & Rosenfield, 1996, Rennie 

& McClafferty, 1995).  

 

The interest and learning potential of laboratory activities that was mentioned by the 

students is also echoed in the teachers’ feedback. There is reference to hands-on 

activities as what struck teachers as being most helpful in the programme. The teachers 

had a good impression of the programme and rated the components highly. They would 

also recommend the programme to others. From personal observations of the classes, 

teachers’ behaviour ranged from active involvement in facilitating their students during 

the programme to being passive observers. This may not be unexpected as the 

laboratory activities in the enrichment programme could also be unfamiliar to the 

teachers. Tal and Steiner (2006) found three categories of teachers – highly involved 

teachers, teachers who just followed the class as the school had selected the programme 

and who may or may not actively participate in the programme while there were the 

teachers who did not participate with the students. Teachers in fact are usually not 

familiar with out-of-school learning environments and do not prepare properly in 

advance or after the trip because they are not aware of their value (Michie, 1998; Tal & 

Morag, 2009). In this study, out of the 9 teachers observed, only about 3 were very 

passive, while the others were quite interested in their students’ activities. Studies show 

that when teachers were given information on the pedagogy of field trips, they became 

more confident, increasing their involvement in the programme and contributing to 

more effective field trips (Ellenbogen, Luke & Dierking, 2004; Rennie & McClafferty, 

1995).  
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Teaching approach  

Overwhelmingly, from multiple sources such as the feedback survey, open ended 

responses as well as the student and teacher interviews there is evidence that the 

students found relevant and appropriate hands-on activities most helpful for 

understanding and teachers also independently felt the same way in their interview 

feedback (Tables 4.43, 4.44). The hands-on activities also appeared to aid in students’ 

self construction of knowledge about the topic (Anderson et al., 2003), help students to 

master process skills and facilitate understanding of more complex concepts (Adey & 

Shayer, 1990; Orion, 1993; Orion & Hofstein, 1994), which is why teachers saw their 

value. This is especially relevant for the topic of inheritance. Teachers also pointed out 

the value of the opportunity for students to conduct activities on their own as these 

appeared to be recalled in school and contributed to enjoyment of the class. These 

observations lend support to other studies, for example, Rillero (2000) observed that 

hands-on activities helped to spark interest and help lead to early success in science. 

Regular exposure to hands-on experiences led to increased gains in science content and 

positive attitudes (Freedman, 1997; Stohr-Hunt, 1996). Freedman (1997) advocated 

such activities as this approach was effective for students of varying abilities and 

diverse backgrounds. This was seen in this study where students came from a range of 

backgrounds and abilities.  

 

Teachers felt that the change in environment (out of school) and instructor who 

explained very well were also top reasons the learning experience turned out so well for 

the students. In addition, the teachers mentioned the other qualities of the science 

educators that also contributed to successful facilitation – being patient, approachable, 

having good class management skills and having good interaction with the students. 

 

The feedback data from this study on the teaching approach taken by the science 

educators as well as the structure of the laboratory programme strongly suggests support 

of the learning frameworks advocated in out-of-school learning environments. At this 

science centre, the experiential approach advocated by Dewey and Piaget (Dewey, 

1988a; Wadsworth, 1989) is the basis for hands-on activities in enrichment programmes 

as this is also aligned with the social constructivist lens of learning – that learners make 

sense through purposeful interaction with materials (mediation through tools),  

environment and through interaction with peers and facilitation through the ZPD. The 
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knowledgeable science educator has an important part in facilitating the learning in the 

programme under the sociocultural context of learning in out-of-school environments 

(Vygotsky, 1978). In addition, this programme also based its design on the Contextual 

Model of Learning (Falk & Dierking, 1992, 2000) where personal (prior knowledge, 

interest), physical (stimulating lab environment, comfortable setting, design of 

programme) and sociocultural (peers, teachers) factors all play a part in contributing to 

making the learning meaningful and enjoyable. Feedback from the survey and 

interviews of students and teachers lent support that memorable learning came from 

activities, stimulating environment, working socially in groups and the science educator 

interaction. 

 

Feedback on the science educators who conducted the Genes and our Traits enrichment 

programme had been positive. However, during the interviews, one teacher, Mr J, 

mentioned, his experience with science educators who delivered other science 

programmes offered at the science centre (not the programme in the study and not the 

science educators in the study). 

“ because there are times when I have facilitators in other kinds of lessons in SC who 

are not good. And because they are not good, you can tell. Because the students become 

restless and the students were talking and when they were talking they are not interested 

but they are interested in what they are doing.....  And then I was telling the other 

teachers I hope you don’t get this one. Because if you get this one, you are going to 

have problems.” 

         Mr J, L School 

 

The seven science educators who were participating in this study are from a pool of 

about 19 who conduct science enrichment programmes. Mr J had commented in his 

interview that he had encountered science educators who were not so competent in other 

science classes relating to class management. He was comparing that experience with 

having Alice in the Genes and our Traits class. Ensuring all teaching staff deliver to 

high standards is a continuous cycle of improvement and the interview was a reminder 

of that need.  

 

There is a range of ability of science educators to conduct the enrichment programmes 

at this science centre. An important factor is the experience e.g. of a newly hired staff. 
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Such a science educator although certified to deliver the programme will need some 

time to gain experience and adjust delivery according to the ability of the class which 

they encounter for the first time.  Hence the need for checks for all education staff, both 

new and experienced. Maintaining standards of delivery and programme quality is a 

continuous improvement cycle made possible by teacher feedback at the end of every 

class and through such interviews. Teachers are asked to provide feedback after every 

class held at this science centre, and based on more than 8,000 teacher forms on average 

annually, science educators receive a rating of about 4.7 out of a maximum of 5 

(ranging from 4.0-4.8 for individual staff).  The rating for each science educator is 

based on a minimum of 80 teacher and 600 student survey responses.   

 

The feedback is used to help staff who need more training and this gap is usually in 

managing the class as they are often new graduates. Mr J declined to share any more 

information such as the class, or when it had happened so it was not possible to follow 

up. It is possible that at that time the science educator was new and subsequently with 

experience improved ratings. Mr J also did not indicate this in his feedback for that 

particular science educator. However, his feedback was taken seriously and 

communicated back to the education team to pay attention to class management. At the 

same time, after this feedback from Mr J, all the science educators received internal 

training from an experienced teacher on managing a class and engaging students 

appropriately.  

 

The seven science educators who conducted the programme Genes and our Traits 

receive an annual rating of 4.5 and above out of 5 although this was not the criterion for 

their selection. The study showed that the feedback received in this study from 

participants and their teachers about the science educators was the result of good 

practices on the part of the teaching staff.  This is an insight from this study and 

important to communicate to other science educators.  

 

Teacher and student feedback from interviews in this study also confirmed that 

opportunity for hands-on activities and the explanations of the science educators were 

both important in making the experience effective for learning and also being enjoyable. 

In general, the data that came from interviews correlated with data gathered from the 

tests and feedback survey. No evidence of conflicting information relating to this study 
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surfaced between quantitative and qualitative data as well as between student and 

teacher feedback on the programme experience and science educators.  

 

5.8 The role of the science educator 

What role does the science educator play in creating an effective programme for 

students? What were the goals of the science educators in teaching these programmes 

and what specific strategies were used to communicate the content, given the complexity 

of the topic and level of students? (Research question 8) 

 

Observations and reflections of these science educators appear to be similar to museum 

educator feedback in other science museums (Tran, 2006). Although in this study, the 

educators were reflecting on a specific programme on the abstract topic of inheritance, 

many of the actions that the educators did for this lab were part of their personal 

approach to programmes at out-of-school learning institutions. They were clear about 

the cognitive goals of student understanding of genetics concepts, but at the same time 

also believed strongly in affective goals of enjoying the programme and carrying back a 

positive experience. The strong emphasis on having elementary students understand the 

genetics concepts at their level may seem more like classroom teacher goals, and this 

was also to help make connections to the school curriculum (Hofstein & Rosenfield, 

1996; Ramey-Gassert, 1997; Sladek, 1998).  However, the strategies employed to make 

the content engaging, understandable at the appropriate level and relevant to the 

students are aspects that stem from their informal science practice.  In addition, the 

careful layering and systematic delivery with relevant activities help the students absorb 

content and build understanding appropriately.  Hence the science educator plans to 

accomplish more than one goal in facilitating this programme on inheritance.  It is a 

challenging goal to be able to communicate the topic on inheritance clearly, accurately, 

at an appropriate level, and at the same time making the learning enjoyable, with the 

limited time, but it is also clear from the feedback that they are able to achieve a 

substantial outcome in their delivery. 

 

The reflections of the science educators demonstrate their professionalism and 

commitment to their craft and the institution’s educational mission. From the feedback 

of the students and teachers it is clear that each of the educators was regarded as an 

‘expert’ - by the students who were able to get answers to many of their questions and 
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by the teachers, in the teaching approach and communication of quite abstract genetics 

content. When the science educators started employment at the institution, they came 

with the appropriate background knowledge as biology graduates and so were in a good 

position to facilitate at these programmes. They also have opportunities to attend 

workshops and seminars in these areas. Such learning opportunities allow skills to be 

honed and content knowledge to be expanded which is important as the more one 

knows about a given topic, the more one can engage confidently in conversation or 

interaction with others (Abu-Shumays & Leinhardt, 2002). Although the educators are 

competent with life science first or higher degrees, all but one of these educators have 

no teaching backgrounds. Their science backgrounds give them the confidence to 

respond to the students’ spontaneous questions.  However, these educators have not 

rested on their prior science knowledge, but actively sought to make the content more 

engaging and to communicate it accurately.  They have worked at developing their 

expertise to much higher levels. They shared that they continued to improve their 

practice through modelling more experienced educators and charismatic presenters, 

peer- sharing, reflecting on student and teacher feedback from their classes and much 

fine-tuning of their delivery. This situated and context-based knowledge arising from 

interacting with fellow educators, many types of students and learners develops mastery 

(Lave & Wenger, 1991). The educators use a variety of strategies ranging from story-

telling, relating to real life scenarios, pointing out inherited traits in students in the lab, 

always being approachable and friendly.  Foremann-Peck and Travers (2013) also noted 

that competent museum educators worked at improving their domain knowledge as well 

as continually learning through on-job-training in the working environment.  

 

In out-of-school learning environments like science centres, the teacher in a classroom 

is typically substituted by the science educator – this change should provide value to the 

learners and justification for the trip (Foremann-Peck & Travers, 2013). The first value 

proposition is that science educators are competent in their domain of knowledge, in 

this case genetics. This gives them the confidence to field the various questions the 

students will ask during the programme. The domain expertise also allows the science 

educator to try different approaches in communicating the content. At out-of-school 

learning institutions and in a constructivist approach, science educators are more often 

thought of as facilitators rather than knowledge providers, helping to generate 

conversations and creating active learning experiences that could reach different types 
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of learners (Gardner, 1983). The delivery involves students engaging in relevant hands-

on activities and learning through experiments, collaborative discussion and freedom to 

dialogue with the science educator. The importance of the educator to guide the learners 

through their ZPDs is especially relevant in this out-of-school environment where the 

programme is short and intense with a relatively higher cognitive load and activity than 

what would normally be experienced in class. Triggering positive feelings and 

situational interest are important in helping to hold attention especially when the topic 

may be more abstract as in this case, of inheritance (Hidi & Renninger, 2006). Hence  

the goal of affective engagement is not only a feature of out-of-school visits to stimulate 

interest, enjoyment and desire for further learning (Falk, Dierking, & Holland,1995; 

National Research Council, 2009), but is also an important tool to enhance learning.   

 

The surveys with these science educators provide some insight into their strategies for 

conducting informal science enrichment programmes and although this is not a 

formalised framework, it shares many similarities with strategies of educators in other 

out-of-school science institutions. There is merit to look at a framework for educators in 

out-of-school learning institutions where such levels of competence are highly desirable 

to facilitate understanding of challenging topics and enhance the memorable experience 

for learners (Tran & King, 2011). Tran and King (2011) suggest six areas that educators 

in museums should strive to be competent at for their professional practice. These are 

knowledge of context, choice and motivation, objects, content, learning and talk. In the 

area of talk, a science centre educator should take into account various backgrounds of 

visitors and what they would be comfortable with, for example, a family group from a 

different culture may interact in a different way and educators need to be attentive to 

these nuances. Knowledge of choice and motivation will enable the educator to be 

respectful and attentive to how the visitors wish to navigate spaces or exhibitions, while 

knowledge of objects has to do with how educators use the out-of-school learning 

environment to facilitate learning. Knowledge of content does require that one needs to 

be updated on facts and information as an educator with strong content is confident and 

able to  help visitors’ with interaction and learning. Knowledge of learning requires that 

the educator knows how people learn and to use this information to maximise learning 

within the various environments. The knowledge of talk refers to the various strategies 

of the educator in communicating the science information. 
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Many of these competencies are shown and practised by the science educators in this 

study. They are able to quickly assess the class in the first few minutes, so that they 

have an understanding of students’ prior knowledge and how they are likely to learn – 

for example a quiet class who may prefer a laid back style or a class that prefers a 

kinaesthetic style. They also quickly scan the class to assess who needs help more and 

check on those students during the class. They know when to draw the class in for 

instruction and also allow the students to work on their own giving them choice and 

they know how to connect the learning to current information or news that would appeal 

to the students’ interests. The educators ensure they keep abreast of their facts so that 

they do come across as ‘experts’ in their area and the students regard them as such 

going by their feedback in this study (knowledge of content). The science educators 

know how to use out-of-school learning environment and leverage on it to create an 

enjoyable experience for the students, for example the authentic lab setting, the exhibits 

related to the topic (knowledge of objects). Although these science educators do not 

understand theories of learning (knowledge of learning), they do possess a variety of 

strategies to communicate to the students – the competency of talk outlined by Tran and 

King (2011).  

 

Each science educator in this study has evolved an individual style to interpret the 

content and deliver it in an engaging manner both intellectually and emotionally. In 

spite of their varying styles, they share similar cognitive, affective and social goals for 

their audience of elementary students for this specific programme. The goals can be 

summarised in Fig 5.2, broadly into cognitive, affective and social goals for the 

students. 
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Fig 5.2: Science educator’s goals in an enrichment programme 

 

 

 

 

 

 

The science educators in this study are focused on ensuring the cognitive goals are met 

in achieving good understanding of an abstract topic, that students find the learning 

easy, and the content is meaningfully connected to classroom science and everyday life. 

Affectively, they strive to create an enjoyable, memorable experience that stimulates 

interest and excitement and that students feel the experience is authentic to science. The 

science educators also allow for the social nature in the learning environment to be 

experienced by the students as well as they know it contributes to enjoyment and take 

the effort and give time to answer student questions. They have also similar adaptive 

strategies to quickly assess a class prior knowledge level, and to communicate concepts 

to different types of learners and abilities. More critically, these science educators adopt 

a practice of self reflection and improvement always having the participant’s learning 

engagement and enjoyment in the programme as their focus. It is not surprising that the 

science educator is seen as a significant factor in the experience of the students, both by 

teachers as well as the students themselves. From their personal reflections, student and 

teacher feedback and the observations of their practice, these ‘expert’ science educators 
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share features in their practice – they are science education practitioners, guided by their 

personal beliefs and individual style of interacting as well as their informal educator 

practice, summarised in Fig 5.3.  

Fig 5.3: Features of a competent science educator at a science centre 

 

The science educators’ strategies also appear successful from the students’ responses 

which correspond closely to the cognitive, affective and social categories in Fig 5.3 
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(National Research Council, 2009). Observations in classes confirmed that this topic 

generated many questions from the students.  

 

The programme on Genes and Traits was an enrichment programme situated in an out-

of-school setting in a science centre. It built on strands of science learning that are 

supported by such environments – sparking interest and excitement (strand 1), 

understanding scientific content and knowledge (strand 2), using the tools and language 

of science (strand 5) and identifying with the scientific enterprise (strand 6) (Fenichel & 

Schweingruber, 2010). All the strands are associated with learning science, although 

strands 1 and 6 are most commonly identified with out-of-school science learning 

environments. This programme generated interest and enjoyment, understanding of 

science content related to inheritance, and allowed students to use scientific equipment 

in a lab setting which they would not normally use in school.  The active and 

collaborative aspects of learning were also an opportunity to showcase science as it is 

practised in the real world (Braund & Reiss, 2000; Krepel & DuVall, 1981; National 

Research Council, 2009; Weinburgh & Engelhard, 1994). 

 

The science educators are not an elite group, but part of a pool of 19 science educators 

as mentioned before. The good practices of these science educators were not known at 

the start of the study. Also as mentioned earlier, they were not selected based on high 

ability. The reflections, class observations and student and teacher interviews revealed 

good educator practice only later. In science centres, teaching staff meet the class only 

once and in the first 10-15 minutes, establish familiarity, prior knowledge of the class, 

energy level and interest. During my class observations, two of these science educators 

engaged the class in a concept mapping of the topic on the whiteboard as a quick check 

on prior knowledge.  These practices are not taught to the science centre staff as part of 

the general training. These science educators also shared about focussing on key or core 

concepts after they establish the knowledge level of the class, rather than just running 

through the lesson in the same way for every class.  

 

In summary of this study, the results of the two instruments (test and feedback survey) 

suggest that elementary students can still carry incorrect views of inheritance after 

school class instruction as recorded through the pre-test responses. A confidence scale 

in addition to the MCQs helped to add further dimension to the test by identifying 
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guessing (correct answers with low confidence) and alternative conceptions (wrong 

answers with high confidence). The enrichment programme delivered at the out-of-

school environment facilitated understanding seen in increased scores after the 

enrichment programme with statistical significance not attributed to chance. The 

advantage of using a quantitative instrument is that there is clear evidence of a rise in 

correct responses from pre- to post- and to delayed post-test. It is arguable if the gains 

can be attributed solely to the enrichment programme. There is no claim to this as there 

are other factors like prior knowledge, maturation, student ability etc that play a part. 

However, the gains are seen consistently over a range of students and do suggest that 

the programme and its other elements is a potential effective resource to complement 

teaching and understanding of the topic of genetic inheritance.  

 

Despite the positive outcomes not all aspects of the programme were successful.  Not all 

concepts covered in the programme had the same rate of success, as more abstract 

concepts like alleles do not show the same rate of effectiveness of having been 

understood, with less correct responses from students compared to the other concepts.   

Learning also requires time and the results show that the more difficult conceptual ideas 

need more time for the participants to understand. A possible reason is the difficulty to 

link visible and invisible components of genes and traits and the increased 

discriminatory power of the two-tier questions. There is room for more improvement in 

increasing the understanding of some concepts.   

 

It is also to be noted the affective response scores on some of the feedback survey 

statements were lower in comparison to others, implying more neutral responses with 

some of the statements, or seen another way, lack of agreement with the statement. For 

example, the mean for the statement “I have learnt about DNA and genes beyond the 

textbook” had a 4.27 rating compared to higher ratings in other statements. This was 

similar to “I can better understand how DNA and genes are connected to daily life” 

(4.31). Not all participants could see the link to daily life.  “Time passed by quickly 

during the lesson” had a rating of 4.31. The two-hour programme was likely long and 

tiring for some of the young participants. Other less postitive feedback that came 

through in the feedback survey has been covered under Student feedback in Chapter 4, 

section 4.2.3. The feedback although given by a small group, still demonstrated the need 
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to take care of other aspects of the experience such as physical, social and personal 

aspects that impact a learner in the programme.  

 

Generally, the programme generated significant levels of enjoyment and interest to find 

out more about the topic. Factors that facilitated understanding were hands-on activities 

that were relevant, instruction that was appropriately delivered to the level, clarity of 

explanation, novel environment and students experiencing the role of scientists. The 

most helpful component for student learning appeared to be their personal involvement 

in carrying out the activities that illustrated each concept, supporting the constructivist 

framework of learning. These findings of learning effectively by being involved in 

carrying out relevant activities were supported by open-ended responses in the feedback 

survey, and interviews with teachers and students. The programme was sufficiently 

memorable that students could remember many details in a stimulated recall activity 2-3 

months later even with minimal follow-up after the programme in school. Science 

educator interviews revealed that the memorable learning experience is planned by quite 

intensive preparation and self reflection on their roles, the needs of the students and the 

nature of the out-of-school learning environment.  

 

The overall positive tone of excitement and enjoyment seen in the students may not be 

surprising. DeWitt and Storksdieck (2008) cite several studies that demonstrate strong 

emotional responses from students on field trips. Rennie and McClafferty (1995) 

observed that students found science centre visits different from school and more 

enjoyable and interesting than effective science lessons in class. They advise teachers 

not to compare class lessons with a science centre visit as, ‘It is not realistic to expect 

every class lesson to be as exciting as a visit to a science center, nor would that 

necessarily be an effective way to achieve the objectives of the science curriculum.’ 

(p.13). This heightened state of excitement is often an outcome from a visit to an out-of-

school setting and not realistic to expect in every class. Teachers and science centre 

staff in this science centre have a long history of working in partnership for programmes 

in science centre and in school – teachers are aware of the affective outcomes and tell us 

that a good experience helps to energise the students and renew interest back in class 

after the field trip as it is likely to make students receptive to further instruction on that 

topic back in class (Rennie, 1994). Perhaps with the change in routine, teachers indicate 

that the students are also more receptive to instruction in class after the visit. Students 
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enjoy a much better relationship with their teachers compared to the one–off contact 

with science educators, but their feedback revealed that what was missing was time to 

answer questions, hence they appreciated an educator who was patient and who took 

time to answer their questions.  
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Chapter 6 

 

CONCLUSION 

The principal objectives of this study were to determine the levels of knowledge about 

inheritance among elementary school children in Singapore through a cognitive 

instrument and explore the impact of an out-of-school enrichment programme in 

addressing student understanding. Laboratory-based enrichment programmes at 

informal destinations of science learning represent an under researched area in 

Singapore and world-wide especially if they are of short duration. This is surprising as 

most science centres offer an array of enrichment programmes to visitors and students. 

In fact, exhibits and other aspects of science centre visits have been the focus of more 

extensive research. The present study focused on lab-based enrichment programmes 

with a view to addressing this gap. 

 

This topic of inheritance has current and real world significance and is also covered 

briefly in the science syllabus at elementary school level. Also the topic of inheritance 

has not been the basis for exploration in designed out-of-school environments such as 

science centres. A multi faceted approach was taken to understand the features of the 

enrichment programme that contributed to its effectiveness through interviews with 

students, teachers and science educators as well as a post-visit recall. 

 

6.1 Findings of Research Questions                                                                                                              

With reference to the objectives proposed for this study, these are some of the findings 

based on the RQs 

1. Research Question 1 

What do upper elementary students (11 years) know about the concept of heredity and 

inheritance?  

 

The results showed that the students in the study had prior knowledge about some 

aspects of genetics, such as what physical characteristics in our bodies are determined 

by genes. Student interviews revealed that they learn informally about inheritance by 
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observing everyday situations within the family and through social relationships 

(Richards, 2000; Smith & Williams, 2007; Venville et al., 2005). The students in this 

study had all covered the topic of cells in school before the enrichment programme but 

yet half of the students did not see microbes and moulds as living things, a finding 

similar to studies in other countries. .  

 

Students also showed incorrect ideas about very basic genetic information. These 

findings suggest that the incorrect ideas about inheritance demonstrated by the 

participants in this study are similar to misconceptions held by older students in middle 

and secondary school in other countries. It also confirms some misconceptions that 

emerged from formative assessment in a local classroom using concept cartoons (Chin 

& Teou, 2010). The topic of inheritance was not the focus of the earlier local study and 

to date and to the best of my knowledge, this present study is the first attempt to shed 

light on what local elementary students know about this topic.  

Some incorrect ideas seen in this study of upper elementary students 

1.  Microbes and fungi are not living and do not contain DNA (44.5%).  

2.  Children can get different amounts of genes from their parents – they get  

     more from one parent that is, children can get more from their same sex  

     parent – girls get more from mother and vice versa (51.5%). 

3.  Children must always look like their parents (42.5%).  

4.  Probability of having a boy or girl baby is not random and follows same sex  

     parent (55.5%). 

7. Acquired characteristics are passed to the next generation (65.6%). 

8. Different cells in the body have different types of genes (68.5%). 

9. Confusion as to how cell, nucleus, genes, chromosomes are linked together  

   and the relative sizes (70.8%).  

10. Location of DNA in the cell (35.6%).  

11. Gamete cells have the same number of genes as normal cells (60.1%).  

12. Confusion over dominant and recessive traits (82.4%). 

 

The inclusion of a confidence scale in the cognitive instrument added further insight and 

showed that in the pre-test, those who did select correct options had low confidence that 

they were correct, pointing to guessing. Hence the incidence of incorrect ideas may 

likely be higher. In this study, no real evidence of strong misconceptions was found 
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(wrong answer accompanied by high confidence). A cognitive test for inheritance using 

MCQs and confidence scale has also not been encountered in the science education 

literature.  

 

2. Research Question 2 

To what extent can a 2 hour out-of-school enrichment programme facilitate gain in 

knowledge and understanding of heredity and inheritance? In this context what do the 

confidence related measures convey? 

 

After experiencing the programme, there was a statistically significant rise in post and 

delayed post test scores, not likely to be attributable to chance. Both post-test scores 

were accompanied by a general decrease in incorrect choices of reason tier answers, 

suggesting an improved understanding of inheritance concepts. The confidence levels of 

the students who gave correct answers increased from pre- to post-test. Increased 

confidence would suggest that there is less guessing and that students understand the 

content for them to be sure that their responses are correct. Low confidence scores with 

correct pre-test options also suggested some element of guessing for a number of 

questions. The confidence scale hence presents an added dimension to the students’ 

answers in the cognitive instrument. Although for each question on the cognitive test, 

the number of incorrect options decreased at both post- and delayed post-tests, the 

enrichment programme did not completely convert all incorrect responses to correct 

ones. The percentage of incorrect responses has decreased in most of the questions and 

were accompanied by low confidence scores. This suggests misconceptions from lack 

of knowledge rather than strongly held alternative ideas which would have been 

accompanied by strong confidence scores.  

 

The responses from students and science educators facilitating the programme appear to 

indicate that inheritance is a topic of interest to elementary students who have 

developed ideas about heredity through personal observation and experiences within 

their families and community. These may not be always correct. The results of this 

study seem promising in that some commonly held ideas can be addressed through an 

appropriate enrichment programme.  
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Hence, we can reject the Null Hypothesis and accept the alternative hypothesis, that a 

two-hour out-of-school enrichment programme facilitates gains in knowledge and 

understanding of heredity and genetic inheritance with an associated increase in level of 

confidence.  

 

3. Research Question 3 

Which are the aspects of the enrichment programme that are helpful for learning? What 

do the student interviews reveal about the programme that they experienced? 

 

From the feedback of students and teachers, the component that was cited as being the 

most helpful was the hands-on activities or practical aspect of the laboratory 

programme. Manipulation of laboratory equipment and active learning help students 

construct their knowledge and understanding in a more effective way than audio-visual 

aids that were hardly cited by teachers. A second component that was cited almost as 

often as the practical component by both teachers and students was the clarity of 

explanation of the science educator. This insight came through both feedback forms as 

well as interviews. The combination of both well-paced, systematic facilitation coupled 

with appropriate and relevant practical activities made for an effective enrichment 

programme that was used to impart information on a topic that is considered rather 

abstract for elementary students and hence not covered in any detail in the school 

science syllabus at that level. The cognitive scores that increased by a statistically 

significant degree, not attributable to chance, suggest that with careful scaffolding and 

appropriately presented information, students can learn content that might appear 

beyond their comprehension. 

 

Other interesting insights mentioned by students was that wearing a lab coat made them 

feel like scientists and the setting of the lab environment created an authentic setting for 

learning. From the open feedback, the opportunity to work with friends was also a 

component that some students found most enjoyable, although not in the proportion of 

students who identified practical work as the most significant factor in their enjoyment 

and their learning.  
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4. Research Question 4 

To what extent does the enrichment programme promote interest in the students in the 

topic of heredity and inheritance? 

 

The students recorded high levels of enjoyment in the survey especially in the practical 

activities. Students showed interest with 91.0% agreeing with the statement that the 

programme sparked their curiosity about genes. High levels of situational interest were 

generated as students were receptive to attending other such programmes in the future 

as many preferred learning through laboratory activities (96.5% agreement). Ideally, 

teachers should use this interest to extend the learning post-visit in school.  

 

Together with the generation of interest in the topic, the programme was also considered 

very enjoyable (98.3% agreement) and a good way to learn science (97.1% agreement).  

Students cited interaction with peers and science educator (social context) as enjoyable 

as well as the lab environment (physical context) as contributing to the enjoyable 

experience. The student responses support the social constructivist approach to learning 

and that social and physical contexts are also important factors in learning in out-of-

school environments and which contribute to the cognitive domain (Anderson et al., 

2003; Falk & Dierking, 1992, 2000).  

 

5. Research Question 5:  

How helpful is the post visit stimulated recall in facilitating students’ recollection of the 

concepts learnt during the enrichment programme? 

 

The recall stimulated spontaneous responses from the students which helped them also 

recall elements of the programme during the small group interviews. The stimulated 

recall component is also likely to have contributed to the positive increase from post-

test to delayed post-test scores.  

 

6. Research Question 6:  

What is the impact of the enrichment programme on boys and girls in terms of gains in 

knowledge and promoting interest? 
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The results suggest that for this enrichment programme, no difference of statistical 

significance was observed in cognitive gains from the test scores, confidence levels and 

affective engagement, between boys and girls in experiencing the enrichment 

programme. Also, as mentioned earlier, out-of-school science learning environments 

such as science centres focus on experiential and activity-based programmes which 

appeal to both boys and girls. Strands 5 and 6 of the framework on learning in informal 

environments emphasise using tools and language of science and identifying with 

scientists (Fenichel & Schweingruber, 2010). When programmes are developed to 

feature these aspects, they appeal equally to boys and girls with a range of abilities and 

backgrounds.  

 

We do not reject the Null Hypothesis: There is no statistically significant difference 

between boys and girls on the impact of the enrichment programme. 

 

7. Research Question 7 

What is the teacher’s perspective on the effectiveness of the enrichment programme in 

presenting the content and successful elements in the programme? 

 

Teachers found the clarity of the science educators’ delivery very helpful to the learning 

effectiveness of the programme and this was applicable for the better students as well as 

the students who were academically slower. They also cited the design of the whole 

programme that was well structured and especially the hands-on component as a very 

important factor in learning, reinforcing the student feedback on the constructivist 

approach of building understanding through relevant activities and stepwise facilitation 

appropriate for the students. Other factors that teachers mentioned as contributing to a 

memorable learning experience were components of the out-of-school environment, 

namely, use of resources not found in primary schools and stimulating environment that 

contributed to the experience. 

 

Unfortunately, teachers view this programme as purely enrichment and for its 

helpfulness in complementing a topic in school and stimulating interest and learning. As 

the topic is not assessed in tests or exams, there was no follow-up and opportunity to 

build on the interest and learning generated from the enrichment programme. These 
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findings are also in keeping with teacher behaviour in other studies where lack of time 

and fit in the curriculum are reasons given for not following up post visit.  

 

8. Research Question 8 

What role does the science educator play in creating an effective programme for 

students? What were the goals of the science educators in teaching these programmes 

and what specific strategies were used to communicate the content, given the complexity 

of the topic and level of students? 

 

The teaching strategies that they employ can be categorised as impacting the cognitive, 

affective and social domains of the student learning experience and they deliver what is 

helpful for student learning and enjoyment as revealed from feedback in the latter’s 

feedback survey and interviews. The strategies that science educators use reveal the 

level of professionalism and passion that these staff exhibit in presenting a programme. 

Local educators in iout-of-school learning institutions have, to the best of my 

knowledge, not been studied as well. They exhibit similar attributes of overseas 

museum educators in other studies, although local science educators were unique in 

having a very strong focus on ensuring learning and understanding of the content in 

addition to the affective components that they shared with museum educators in other 

studies. They have clear goals for achieving outcomes and practise empathy, 

understanding what might be helpful for students and what would interest them. They 

have varied strategies for engagement and facilitating understanding. There is an 

understanding of how to use the informal environment of the science centre. One 

important aspect which science educators also practise is the role modelling of the 

‘expert’ to the students as they are willing to field any questions on the topic and engage 

in conversation with them.  

 

6.2 Implications and recommendations for future work and research 

In schools - for formative assessment for learning difficulties in the topic of genetic 

inheritance 

a)   The test as formative assessment may be useful at both upper elementary and 

lower secondary levels. The enrichment programme that was developed as an 

intervention may also be appropriate for lower secondary students (13-14 years), 

It would be helpful to conduct the test at this level as well to see if the same 
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challenges in understanding inheritance and genetics are still present. This level 

has also not been extensively researched in the literature (Venville et al., 2005). 

This would be part of the objective of addressing learning difficulties and 

confusions about this topic early on in school science before it is studied 

formally as genetics in upper secondary biology (15-16 years). At that level, 

learning difficulties still appear to be present (Banet & Ayuso, 2000; Duncan & 

Reiser, 2005; Lewis et al., 2000a, b, c; Marbach-Ad & Stavy, 2000; Tsui & 

Treagust, 2007). The use of a short test to check for student knowledge in this 

area of genetics and inheritance as well as the development of an out-of-school 

lab enrichment programme to aid understanding in elementary students has been 

minimally reported and would contribute to studies in the area of genetics 

education. 

 Teachers should be made aware of the incorrect ideas that young students carry 

with them so that they can address these in class instruction. 

 

b)  Addition of basic concepts on inheritance into the syllabus 

It would be helpful to introduce the topic of inheritance earlier on at upper 

elementary school to address incorrect ideas that are obviously held up until 

secondary level. The topic of inheritance is linked to the relevant topic of cells 

and also with the human body and reproduction in the syllabus.  

 

For researchers 

c) The findings of this study add to the body of literature on students’ conceptions 

of inheritance. The incorrect ideas students hold were found in the elementary 

students in this study and were also found in students at upper secondary level in 

previous studies.  

     

d)  The use of the MCQ instrument in this study has a further dimension with two-

tier format and a confidence scale. These help better interpretation of student 

responses instead of just a proportion of correct/incorrect responses.  

 

For science centre education staff and teachers 

e)  Features of enrichment programmes that facilitate student learning and interest 

were identified in this study. These elements are transferrable to other 
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programmes focusing on topics that are also abstract and difficult to teach such 

as energy and forces for example.  

 

 Hands-on investigations 

What comes out very strongly from the student and teacher feedback is that 

opportunity to work on hands-on laboratory activities individually is very 

important for the student to gain understanding. The constructivist approach 

advocates the use of appropriate activities to facilitate the construction of 

knowledge about the topic and this learning is personal to each individual. It is 

important that all the activities in the programme are designed to provide a 

coherent picture to the student to aid understanding, otherwise the activities are 

enjoyable but not as educative as they could be.  

 

 Social aspect of learning 

 Opportunities for pair/group activity allowed students to work individually and 

at the same time, to help each other. The whole-class activity was consolidating 

individual investigations and that added to the fun in learning together and about 

each other.  

 

 Lesson design  

 The programme design presented the abstract concepts in bite-sized chunks, 

starting from the easier concepts and progressively moving to more challenging 

ideas. Each important concept was presented with some theory (pictures, 

animations, etc) followed by guiding students into a relevant activity, which they 

did on their own. It allowed the programme to move between cycles of quiet 

attentiveness and active discussion/experimentation. Using this programme 

design, students are scaffolded into each activity. Students in their feedback felt 

they had autonomy in carrying out the activities on their own confidently. 

  

 Review of programme 

 The programme content and related activities were refined over iterative cycles. 

Education staff of science centres need to ensure that there is regular review and 

a practice of improvement cycles for enrichment programmes. 
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For science centre/museum educators 

f) Recruitment of science educators with strong domain knowledge  

The study showed that the science educators in this study were successful in 

communicating the content because of their domain knowledge in the area of 

molecular biology. They were able to use varied strategies for communicating 

and most critically, their background provided them with the confidence to 

answer students’ questions generated during the course of the programme. As far 

as possible, education staff should be recruited to match areas of programming. 

In this science centre, it is the practice to recruit and, as far as possible, match 

science educator academic background to the programmes they teach, for 

example as mentioned earlier, physics graduates focus on programmes in 

physics and mathematics even at primary school level. This also ensures higher 

accuracy of content that is developed and communicated.   

 

g)   Science educator practice 

In addition, these science educators had good practices for self development. 

The insights gained from the reflections of such competent science educators 

would help in the training of science centre staff who are involved in conducting 

programmes for students and visitors. Some features of good practice that should 

be shared with other science educators are the need for self-reflection on 

practice, self-development to attain mastery in content and delivery, use of 

science communication strategies such as analogies, stories and links to 

everyday life. Most importantly, what was insightful was the need to allocate 

time for answering student questions in class. Such strategies should also be 

followed in developing new programmes.  

 

For science centre and schools 

h)  Formal and out-of-school science learning institution collaboration   

The programme if seen to be beneficial for schools can be developed further to 

include pre- and post-visit resources. In the constructivist approach, it is 

important to establish the prior knowledge students have on genetic inheritance. 

A pre-activity in school such as watching a relevant animation clip, completing a 
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short quiz or constructing a family tree, can help prepare students for the 

enrichment programme. Most of the teachers did not do any follow-up (except 

one who did a recap) after the programme and post-visit activities are known to 

be helpful for extending learning and clarifying any alternative conceptions that 

may have arisen from the visit or have not been addressed (Anderson et al., 

1997). A follow-up on this study could involve development of resource 

activities that are easy for the teacher to implement in class as they are limited 

by time and the need to cover priority examinable topics. A simple 

recommendation for teachers and schools is the use of the photographs to 

stimulate post-visit recall in class. Photographs of the students in field trips are 

taken routinely by the teachers for school engagements, but this same set of 

photographs could be used for stimulated recall and has potential for extending 

the learning of the trip. This approach is transferable to any out-of-school 

programme the class participates in.  

 

6.3 Challenges of the study 

a) The science centre is an out-of-school science learning institution with no 

compulsory attendance, and schools choose to send students for classes on a 

voluntary basis. The visits usually take place at specific periods of the calendar 

year. This has a bearing on the timeline of the study. 

 

b) Schools are also not required to participate, so subjects for the study are subject 

to willingness of the school leaders, science heads as well as the parents to let 

the students participate.   

 

c) The timing of the school visit to an out-of-school destination and for the 

enrichment programme may not coincide with class instruction, although this 

can be turned into an opportunity. Some teachers will book for the programme 

before or after teaching the topic in school.  

 

d) Previous studies have shown the strong link between enhanced student learning 

and post visit follow-up in schools. Although post-visit resources had been 

planned for the programme, it is entirely up to the teacher to decide to use the 

resources and in fact from the interviews it is clear that teachers would not use 
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any developed resources, simply because although the content had links to the 

syllabus, the topic of inheritance was considered enrichment and not 

examinable. In previous studies, teachers have also been shown not to conduct 

follow-up in school, the main reason cited being lack of time.  

 

e) The timing of delayed post-tests and interviews had to be sensitive to the school 

calendar and school activities. The design of the post-visit recall activity had to 

be modified into a group recall exercise, to adapt to the situation in schools.  

 

6.4 Assumptions 

The following assumptions were made: 

a) Student participants took part as willing subjects and their responses were honest 

in the test and feedback instruments.  

 

b) Student participants were not fatigued by the two-hour programme that ended 

with filling out the test instruments. Participants all came for the enrichment 

programmes after school hours, in the afternoon. The lack of sufficient time may 

have also contributed to the low rate of free responses which were either not 

written or written as a few key words. 

 

c) Each student completed the tests and feedback without consulting or discussing 

with their classmates, who may have had an influence in the recording of the 

responses. 

 

d) Each class or enrichment programme was delivered in a very consistent format 

without any favour towards any specific class. This aspect was taken into 

consideration by selecting a few core science educators to conduct the 

programme who were observed in class. The programme was also structured to 

ensure high consistency in delivery and importantly, the science content.  

 

6.5 Limitations of study 

a) The study sampled schools that were willing to visit and participate in the 

enrichment programme, which may not be considered a random sampling of 

students in the population. However it was felt that this was mitigated by the fact 
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that the study approached schools from different parts of the country, and only 

approached neighborhood schools where students at the school lived in the 

vicinity of the school. Such student populations reflect the profile of students in 

the general population.  

 

b) The pre-visit instruction on the topic of cells covered by the respective class 

teachers before attending the enrichment programme would differ between 

classes from different schools. This would lead to different levels of pre-

programme knowledge. However, this may also not be a major concern as 

teachers are guided by the syllabus and will teach according to what is to be 

assessed. The students are all likely to have learnt the same content.  

 

c) The study did not take into account factors that may have an effect on learning 

such as the home environment, academic ability or exposure to similar learning 

experiences. Hence the students were evaluated on content covered primarily in 

the programme and school to limit such effects.  

 

c)   Although every effort was made to ensure sufficient time was given to complete 

the test and feedback, the academically weaker classes took more time to write 

their thoughts down for the open ended responses. These were often very short 

or left blank. However during interviews, such students were able to articulate 

enjoyment and correct reasoning when given sufficient time for them to express 

themselves, pointing to the value of mixed methods research employed in the 

study. 

 

d) There was no equivalent control group in this study. Hence the gain in 

knowledge of the students as seen by the number of correct responses cannot be 

attributed to the programme completely, due to other possible effects such as 

history, maturation, testing effects and regression to the mean where students 

with extreme scores tend to regress towards the centre.  

 

One challenge with testing a programme out-of-school is finding participants for 

a control. Schools are keen to participate if their students are exposed to a new 

way of teaching, new content and experiences, but not if participation means 
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they do not experience the treatment. School heads and teachers may feel that it 

is not worth the effort to participate by not experiencing the treatment. 

Participation is entirely voluntary, in such studies in out-of-school institutions. 

An equivalent control was also challenging as the content was enrichment and 

exposed students to content over and above what was taught in school. The 

treatment group could not be compared to students who had learnt the related 

and syllabus linked topic of cells.  

  

To mitigate the effects, the study’s participants came from schools with 

representative student populations and who also were representative of a range 

of academic abilities. The use of the qualitative approaches where representative 

samples came from every class in the study, provided finer detail and visibility 

on whether the gain in the students’ knowledge was due to a gain in 

understanding of the content in the topic after the programme. The study also 

used multiple checkpoints on the content learnt, namely not only from test 

scores, but open ended responses, student interviews as well as interviews with 

their teachers and programme facilitators. The gains in knowledge and 

understanding after experiencing the programme cannot be completely attributed 

to the programme with certainty, as learning is continuous and open to 

influences from the environment – a triggered interest in wanting to find out 

more about the topic of inheritance after the programme may result in even 

higher gains not directly attributable to the programme. Notwithstanding, the 

results of the study (both quantitative and qualitative) demonstrate that there 

were statistically significant gains in students’ correct responses to the tests after 

the programme not attributable to chance. The study demonstrates the strong 

potential the programme has to offer in helping grade 5 students understand the 

topic of inheritance. 

 

e) The feedback survey  was developed with all positively worded statements. 

Although there were reasons for adopting this approach based on previous 

studies as mentioned in section 3.4.1.2 in Chapter 3, the introduction of bias 

remains a possibility. In mitigation, other modes of feedback were also obtained 

to triangulate the feedback from the quantitative Likert scale. These included 
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open response questions as well as student interviews which included feedback 

on the experience.  

  

The feedback form was also developed and validated with a scale that started 

with a positive rating on the left and which moves to the lowest rating on the 

right. As described in Chapter 3 section 3.4.1.2, this arrangement of ratings on 

the scale opens the possibility of the primacy effect. While it is acknowledged 

that the effect exists, a statistically significant bias contributed by this effect is 

not demonstrated in all studies.  Published studies continue to use such 

descending validated scales as indicated in Chapter 3, section 3.1.4.2.  Some 

ways to mitigate this effect were mentioned in Chapter 3, section 3.1.4.2, which 

were implemented in this study. It must still be acknowledged that the potential 

for bias from this effect exists, although Nicholls et al. (2006) advise that the 

direction of the Likert scale is not critical in group comparison studies as it 

biases all participants.  This is similar to the present study where the results were 

interpreted as a group. The results of the feedback were also referenced with 

data from interviews with students and teachers, as well as open responses. 

 

The study contributes to our understanding in the following ways: 

a) Elementary students are under-researched for their knowledge and 

understanding of genetic inheritance. In this study a cognitive instrument with 

added dimensions of 2-tier MCQ questions and confidence scale was developed 

for use with the participants.  The pre-test provided an understanding of prior 

knowledge of the topic of genetic inheritance in Singapore elementary grade 5 

students.  

 

b) The use of an out-of-school programme to complement in-school content to 

teach inheritance for elementary students has not been encountered in the 

literature. The results from the study show that students benefitted from the 

experience of the enrichment programme under study in terms of gain in 

knowledge and understanding. The programme was developed with appropriate 

content and activities for elementary grade 5 level.  
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c) This study suggests that an appropriately designed enrichment programme has 

potential to help students learn and engage meaningfully with even difficult 

content within a two hour programme. Such short-duration programmes are 

under-researched. This study aims to contribute to this gap in the literature to 

some extent.  

 

d) Science education staff in science centres have been the focus of limited studies 

in the literature. The present study contributes to this in a modest way. 

 

e) There are relatively few studies in the science centre literature from an Asian 

perspective. This study, originating in Singapore, addresses this aspect to some 

extent.  

 

f) Many studies in the informal science education literature make use of MCQs to 

test cognitive gains. However, MCQs are subject to guesswork and other 

elements of risk taking by students to get an answer correct. In this study, the 

difficulty level of the test has been enhanced with the use of a number of 2-tier 

MCQ items. Additionally, the use of a confidence scale appended to the 

questions allows for better interpretation of the findings. 
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         Appendix A1 

Genes and Traits Powerpoint Slides  
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Appendix A2 

    

Student worksheet for Genes and our Traits 

 
     
 

 

 

 

 

 

  

 

 

 

  

Genes and Our Traits 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

376 

 

It all begins with GENEtics 

 

Why are living things so varied?  Why is it that certain diseases can be 

inherited in the family?  Why do children look like their parents?  To 

answer these questions and many others, scientists study genetics.  

“Gen” means beginning. 

 

Genetics is the study of genes and heredity.  Heredity is the passing of 
traits from one generation to the next.  

 

 

ACTIVITY 1a- A Genetic Investigation 

 

 

 

Physical traits are your special 

features. They are the observable 

characteristics.  Each of us share 

some of our traits with many 

other people but our own 

individual combination of traits is 

what makes each of us look 

unique.   Some combinations of 

traits are more common than 

others. 

 

These genetic traits, such as the ability to roll your tongue, are passed on through genes. 

You get your genes from your parents.  Human beings are estimated to have 30 000 genes.  

That means a phenomenal number of possible combinations of genes and the traits they 

determine.  

 

Parents pass 

traits onto their 

children 
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Do you share any similar traits with your friends? 

 
 

Activity 1b – Human Traits Wheel 
 

Start with the trait in the middle of the wheel, if you have it, circle the trait. Work 
outwards and do the same for the rest of the traits till you reach the outermost section 
of the wheel. Compare your number with your classmates. 

 

 

 

 

Adapted from Dolan DNA Learning Centre, Cold Spring Harbour, NY 
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Activity 2- It’s a Girl, It’s a Boy 

All human cells except the egg and sperm cell have 46 chromosomes.  Chromosomes come 
in pairs. You get half of your chromosomes from your mother, and the other half from 
your father.  The 23rd pair of chromosomes are the sex chromosomes and contain genetic 
information which determine gender. 

The egg and the sperm cells are different from other cells.  They have 23 chromosomes 

instead of 46.  For example, the egg cell has only one X sex chromosome instead of two.  

The sperm cell will have either the X sex chromosome or the Y sex chromosome. 

Fertilisation    After 9 months 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ________ cell determines the gender of the baby. The chance of getting a baby girl 

for each pregnancy is _____%. 

 
X 

Y 

 
X 

X 

 

It’s a  

 

It’s a  

 

It’s a  
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Quiz 

 

A gene is a segment found in your ___ ____ ____.  

 

It carries                                                        that determines what you look like and how 

your body functions. 

 

 

 

 

 

 

 

Humans have                  chromosomes in each cell. 
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Genes – Dominant and Recessive 

Just like chromosomes, genes are inherited in pairs.  
Genes also come in 2 types: DOMINANT and RECESSIVE.  
 

DOMINANT RECESSIVE 

You only need ___ copy of the dominant  
gene to show the trait. 

You need ___ copies of the recessive 
gene to show the trait. 

 
For example, the gene for hair type, has two alleles - one for curly hair and one for straight 
hair. 
 
What are the possible combination of gene types that you can get from your parents? 
What will be the child’s trait? 
 
 
 
 

Gene type:    _________________ +    ________________          ________________ 

 

Gene type:    _________________   +    ________________          ________________ 

 

Gene type:    _________________ +     ________________          ________________ 

 

Gene type:    _________________ +     ________________          ________________ 

 
 

Father Mother Child’s Trait 
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Activity 3 - Guess the Eye Colour!   
 
In this activity:  
The Red disc represents the dominant gene (which codes for brown eye colour).  
The Blue disc represents the recessive gene (which codes for blue eye colour). 

 
Scenario 
Both parents have brown eyes. 
 

              
           

                      Mother                                                 Father 
 
Scenario  
Mother has brown eyes and father has blue eyes. 
              

    
                        Mother                                            Father 
 
Scenario  
What are the 4 possible gene combinations and the possible eye colour of the children? 

 
  1                 2                  3                4 
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Fill in the Blanks 
Helping words: Chromosome, Nucleus, Genes, Traits, DNA 
 

 
 
 
Bonus Game to Try at Home 
Your goal in this website based game is to breed a certain type of puppy by selecting 
parents with the right traits. You will be matching fur colour, fur length and ear types.  
(Click the “Why” button to find out which symbols represent the dominant gene) 

http://pbskids.org/dragonflytv/games/game_dogbreeding.html 
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   Quality check on programme design Appendix B1 

 

EXAMPLE OF STANDARDS RUBRICS FOR NEEDS ANALYSIS - SCIENCE LESSON DESIGN       

 
SCIENCE LESSON /SHOW DESIGN Title of Lesson/Show: Genes & Our 
Traits 
Date: 10Jan17 
 

Evidence: Lesson Plan and Set-up, Risk Assessment 
 

A science lesson is activity-based and aims to give participants first hand experience using 

the scientific method and inquiry model to discover science 

and to develop and encourage attitudes of science.  At the Science Centre, this includes 

communicating the excitement of engaging in science-based activities.  An ideal lesson 

would also utilise resources not easily available in schools, such as exhibits like the Tesla 

Coil. 
 

Indicator / Descriptor Exemplary Accomplished Satisfactory Need Improvement 

 

Content and safety issues 

    

o Science content is 
accurate   

Yes Yes Yes Science content should 

be more accurate 

 

o Activities are suitable for 
target audience (e.g. age 
group, family group, 
general public) specified 

 

Yes 

 

Yes 

 

Yes 

 

Not clearly suitable for 

target group specified 

 

o Risks have been 
evaluated and existing 
precautions are 
adequate 

 

Yes 

 

Yes 

 

Yes 

 

Risks have not been 

evaluated 

o Activities are clearly 
aligned with audience 
understanding of 
concept 

Yes Yes Somewhat aligned 

with audience 

understanding of 

concept 

 

Somewhat aligned with 

audience 

understanding of 

concept 

o Activities counters 
common misconceptions 

Yes 

 

No No No 
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Reproducibility 
    

o Detailed explanation 
that guides 
“newcomer” through 
activities, concepts, 
procedure and 
attitudes 

 

Yes Most areas in 

adequate detail 

More detail 

required in a few 

areas 

 

An outline is provided 

o Target group specified 
(age, prior knowledge, 
stream) 

Yes To a satisfactory 

extent 

To some extent Not done 

o No violation of 
copyright law 

 

Yes 

 

Almost all 

resources 

acknowledged 

 

Most resources 

acknowledged 

 

Obvious lack of 

acknowledgement of 

resources 

   

          

 

                                                                                                                                                                                                            
Page 1/3       
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 EXAMPLE OF STANDARDS RUBRICS FOR NEEDS ANALYSIS -  SCIENCE 

LESSON DESIGN 

 

Indicator/descriptor Exemplary Accomplished Satisfactory 
Need 

Improvement 

Overall lesson and activity design, 

organisation and flow 

    

o 1
Learning outcomes of each 

activity are clearly specified 
Yes To a satisfactory 

extent 

To some exten Absent 

o Strong focus on understanding 
and use of scientific knowledge, 
ideas, attitudes and 

2
inquiry 

processes 
 

Focus seen 

to a great 

extent 

Focus is evident 

 

Some focus 

attmpted 

Focus is on 

acquisition of 

information 

o The lesson uses effective and 
appropriate visuals, media and 
different presentation 
modalities wherever possible/ 
feasible to its best advantage 

Yes 

 

To a satisfactory 

extent 

 

More variety 

needs to be used 

 

Variety not 

evident 

 

o Addressed the need for graded 
instruction/adaptation 
possibilities for different target 
groups. 

To a great 

extent 

To a satisfactory 

extent 

To some extent Absent 

o Effective and interesting hands-
on/minds-on activities prior to 
explanations. Includes 
approaches that support greater 
audience participation like 
Inquiry (instead of 

3
Verification), 

4
POE.  

Highly 

effective 

 

Effective  

 

Uses some 

hands-on/minds-

on activities prior 

to explanations 

Absent 

 

                                                           
 

 
1
 Learning outcomes 

 Are statements to describe what people have learnt as a result of an experience, program or event. 
2
 Inquiry-based Activities 

 Excites the participants by creating a need for them to learn and discover. 

 Allows participants explore together.  Direct concrete experiences with the concept.  Scientific method 
modeled when solving a problem (Hands-on, as well as minds-on). 

 In explaining the concept, participants are involved in an analysis of the exploration.  Facilitator shares the 
scientific terminology at this point. (eg.  Child explains that magnets stick together.  Facilitator refers to “an 
attracting force”). 

 Participants are given the opportunity to extend and elaborate the learning experience in applying it to real 
world situations, problem solving or engaging in activities which deepens understanding.  

3 Verification 

 An activity where the problem, procedure and solution/results and given to the learner.  This method 
tends to focus on the product instead of process of science and decreases the level of participation 
(minds-on) of the learner. 

4 Predict Observe Explain 

 An instructional strategy that could be used in association with demonstrations or hands-on activities.  
This strategy probes understanding (and reveals misunderstanding) by requiring learners to carry out 
three tasks. They must first must predict the outcome of some event and must justify their prediction; 
then they describe what they see happen; and finally they must reconcile any conflict between 
prediction and observation. 
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o Excellent transition from one 
activity/media/idea to another 

Yes Smooth 

transition most 

of the time 

Smooth 

transition seen 

occasionally 

Links not evident 

 
EXAMPLE OF STANDARDS RUBRICS FOR NEEDS ANALYSIS -  SCIENCE LESSON 
DESIGN 

Additional Remarks: 

1. The use of the 5Es instructional model to define the various inquiry-based activities is 

effective.  

2. Activities incorporate many opportunities for collaborative learning among students. 

3. Discussions and questioning allows opportunities for student misconceptions to be 

addressed. 

Post-Review Discussion: 

…………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………………

…………………… 

…………………………………………………………………………………………………………………………………………………………………

………… 

 

Lesson / Show Approved 

 

Assessed By (Name) : Swapna Teckwani  

 

 

Signature / Date :        ________________ 

 

 

Needs Improvement 

 

Assessed By (Name) : 

___________________________________  

 

Signature / Date :        

____________________________________ 

                                                                                                                                                                          
                                                                                                                                                                                                                                                                                                                                                         
Page 2/3 
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Risk Assessment for Genes and Traits     Appendix B2 
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   Certification of delivery quality of class    Appendix C 
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Appendix D 

 

Preliminary List of Questions from Literature (draft cognitive test) 

 

Misconceptions Validated questions from literature 

Microbes, fungi and 

even plants are not 

living and do not 

contain DNA. 

 

(Lewis & Wood-

Robinson, 2000; 

Banet & Ayuso, 

2000). 

1. These are examples of different living things. Which of 

the following contains DNA? 

i)    tree 

ii) sunflower seed  

       iii) bread mould 

iv)  bacteria 

 

a)         i & ii 

e) i, ii & iii 

f) i, ii & iv 

g) all of the above 

 

 (Dairianathan, 2010) 

 

Children get their 

genes from their 

parents - get more 

from one parent 

 

Children get more 

genes from the same 

sex parent. 

  
(Clough & Wood-

Robinson, 1985; 

Kargbo et al., 1980) 

 

2. Which statements are true? 

i) DNA is responsible for your 

gender (whether you are a boy 

or girl). 

ii) DNA is different in different 

people. 

iii) Plants do not have DNA.  

iv) A baby gets its DNA from its 

father or its mother. 

 

a) i & ii 

b) i, ii & iii 

c) i, ii & iv 

d) all of the above 

 

 

3. Which statement about identical twins is true? 

    a) They have different fathers but same mother. 

    b) They have different genes from one another. 

    c) They come from eggs fertilised one right after the  

             other. 

    d) None of the above is true. 

 

(Dairianathan, 2010) 

 

4.Which statement is true? 

a. Girls get all of their genes from their mother. 

b. Girls get half of their genes from their mother. 

c. Girls get more than half of their genes from their 

mother. 

d. Girls get only the X chromosome from their mother. 
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.  

(adapted from Kilic & Sağlam, 2014) 

 

Confusion as to  the 

link between cell, 

nucleus, genes, 

chromosomes  

 (Lewis & Wood-

Robinson, 2000, 

Marbach-Ad, 2001)    

           

 

5. Which are arranged in the correct order of size starting 

from the largest to the smallest? 

 

a)   cell --- nucleus --- chromosome --- gene  

b)   chromosome--- gene --- nucleus --- cell 

c)   cell --- nucleus--- gene --- chromosome  

d)   nucleus --- chromosome --- gene --- cell 

 

(adapted from Lewis & Wood-Robinson, 2000; 

Dairianathan 2010) 

 

Different parts of the 

body have different 

genes 

 

 (Venville et al., 

2005). 

 

6. If skin cells have a gene (let’s call it gene A), which of 

the following types of cells will also have gene A? 

a. Muscle cells 

b. Nerve cells 

c. Lung cells 

d. All of the cells 

e. None of the cells 

 

(adapted from AAAS Science Assessment Project 2061) 

 

Location of DNA in 

the cell 

(Banet & Ayuso, 

2000) 

 

7. DNA is found in the nucleus of ____________. 

    a) only egg and sperm cells 

    b) almost every cell of our bodies 

    c) only cells that are involved in fertilisation 

    d)     only the cells of a growing embryo 

 

 

(Banet & Ayuso, 2000; Dairianathan, 2010) 

 

Link between 

observable traits and 

genes. 

(Banet & Ayuso, 

2000; Tsui & 

Treagust, 2010) 

 

8. Which feature is affected by our genes?  

    a) our hair length  

    b) the colour of our clothes 

    c) the language we speak 

    d) our eye colour 

 

 

9. Humans have two chromosomes that determine the sex 

of the baby - X and Y. Which of the following 

chromosome types would be a normal girl? 

    a) XX 

    b) XY 

    c) XXY 

    d) YY 

 

(Dairianathan, 2010) 
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Gamete cells have the 

same number of genes 

as normal cells 

(Lewis & Wood-

Robinson, 2000; 

AAAS Science 

Assessmen Project 

2061) 

 

10. Sex cells (sperm or egg cells) in mice contain 20 

chromosomes. How many chromosomes does the 

fertilised egg cell of a mouse contain?  

a. 10  

b. 20  

c. 40  

d. 80  

 

(AAAS Science Assessment Project 2061) 

 

Having  a boy or girl 

baby is connected to 

encounters or 

behaviours of parents, 

not randomness. 

(Kibuka-Sebitosi, 

2007) 

 

 

11. If your mother is the only girl and has four brothers 

And your father is one of five boys, your parents are  

more likely to have a _________? 

      a) 10% chance of a girl 

      b) 50% chance of a boy 

      c) 100% chance of a boy 

      d) 100% chance of a girl 

 

 

Acquired 

chracteriestics are 

passed to the next 

generation 

(Lawson & 

Thompson, 1988) 

 

12. A cat gets into a fight, and the tips of both of its ears 

get torn off.  If the cat has kittens later, how will this 

affect the shapes of its kittens’ ears?  

a. All of the kittens’ ears will be missing the tips.  

b. Some of the kittens’ ears will be missing the tips.  

c. All of the kittens’ ears will be slightly smaller.  

d. It will have no effect on the ears of any of the kittens.  

 

(AAAS Science Assessment Project 2061) 

 

Confusion over 

dominant and 

recessive traits  

(Banet & Ayuso, 

2000; Tsui & 

Treagust, 2010) 

13. The trait, curly hair, is dominant compared to straight  

hair. If we use “C” to represent the dominant allele (gene)  

for curly hair and “c” for the recessive allele, would a  

person with genotype Cc have curly hair? 

a) a) Yes 

b) b) No 

c) c) Don’t know 

 

Reason for the above: 

1. The person needs to have CC for curly hair. 

2. The dominant allele C is expressed in a Cc condition. 

3. The person may or may not have curly hair. 

4. The recessive allele c is expressed. 

 

14. Some dogs bark when following a scent, others are 

silent and are called silent trackers. Barking is dominant 

(allele B) to non-barking (allele b). A hunter owns a 

barker which he wants to use for breeding purposes. 

However, he wants to be sure it has a genotype of BB. 

What is the genotype of the bitch he should mate with this 
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dog? 

 

a) BB 

b) Bb 

c) bb 

 

Reason for the above: 

1. If any silent tracker appears in the offspring, the hunter 

can be sure that his dog’s genotype is Bb. 

2. If no silent trackers appear in the offspring, he can be 

sure that his dog’s genotype is BB. 

3. If the dog is Bb, the chances of getting silent trackers 

in the offspring are zero. 

 

 

15. Peter is an albino who was born without the ability to 

make a pigment in the skin.Albinism is a recessive 

characteristic. Suppose we use “A” for the dominant gene 

(allele) and “a” for the recessive gene, what would be 

Peter’s genotypes (genes) for albinism? 

 

a) AA or Aa 

b) Aa or aa 

c) aa 

d) Don’t know 

 

Reason for the above: 

1. Because Peter must have at least one recessive allele 

“a”. 

2. Because one recessive allele “a” does not make Peter 

an albino. 

3. Because recessive allele “a” is only expressed in Peter 

when present in “Aa” form. 

 

(Tsui & Treagust, 2010) 

 

A gene is passive and 

just transmitted from  

parent to child and 

represents the traits.  

(Lewis & Kattman, 

2004; Marbach-Ad, 

2001) 

 

16. Which one of the following is the best description of a 

gene? 

a) The smallest unit of structure in a chromosome. 

b) A sequence of instructions that codes for a protein. 

c) A segment in a DNA molecule. 

d) Don’t know. 

Reason for the above: 

1. It is about the information of a gene for producing a 

characteristic. 

2. It is about the structural relationship between a gene 

and a chromosome. 

3. It is about the chemical nature of a gene. 

4. It is about the gene being a protein. 
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(Tsui & Treagust, 2010) 

 

Children always look 

like their parents. 

 

 

17. Read what the parents and nurse are saying about the 

baby. Then circle whom you agree with and write why. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I agree with: 

Nurse: because _____________________ 

 

Mother: because ____________________ 

 

Father: because______________________ 

 

(Chin & Teou, 2010) 

 

 

 

 

      

 

 

Some people 
look totally 
different from 
their family 
members or 
relatives. They 
are just so 

Dear, I am sure 
he is ours. He 
looks like our 
parents. Your 
father has big 
eyes. Your 
mother has 
attached ear-
lobes and my 
father has curly 

This can’t be our 
baby! He doesn’t 
look like me at all. 
He has big eyes, 
curly hair and 
attached ear-lobes, 
but I have small 
eyes, straight hair 
and free ear-lobes. 
He doesn’t look like 
my wife too!  
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Appendix E 

 Draft Student Feedback Form  

The questions below are designed to give us feedback to make future programmes at 

the DNA Learning Laboratory as meaningful as possible.  We would therefore 

appreciate your honest response to help us achieve this aim. 

Course Code: ____________________     Date: ___________________________ 

Class Level: Primary __________                

School:___________________________ 

Name:_________________________     Gender:  Boy  Girl  (circle option) 

 

 

 

(please circle your response) 

Educational Effectiveness      

1.  I was able to understand about DNA and genes better SA A N D SD 

2.  I have learnt about DNA and genes beyond the textbook SA A N D SD 

3. The lesson helped me build up my knowledge on DNA and 

genes learnt from textbooks. 

SA A N D SD 

4. The visual aids (video clips, Powerpoint presentation, 

demonstration etc.) helped me understand the topic better. 

SA A N D SD 

5.  I can better understand how DNA and genes are connected 

to daily life 

SA A N D SD 

6.  I am interested in learning more about DNA and genes in 

my body 

SA A N D SD 

Enjoyment of Lesson      

1. I enjoyed the way the lesson was conducted SA A N D SD 

2. Time passed by quickly during the lesson SA A N D SD 

3. I felt relaxed in the lab SA A N D SD 

4. The teacher made the lesson fun in the lab SA A N D SD 

5. The environment of the science centre made it fun to learn SA A N D SD 

6. I would like to try more experiments when I get back to 

school or at home 

SA A N D SD 

Hands-on Lab Activities      

1. I enjoyed the activities in the lab. SA A N D SD 

2. The activities in the lab are a good way to learn science SA A N D SD 

3. The activities helped me improve my science practical skills SA A N D SD 

4. The activities sparked my curiosity about DNA and genes SA A N D SD 

5. The activities helped me understand DNA and genes better SA A N D SD 

6. The activities allowed me to work with my classmates as a 

team.  

SA A N D SD 

7. I prefer lab activities compared to learning from a 

textbook. 

SA A N D SD 

SA = Strongly Agree    A = Agree    D = Disagree    SD = Strongly Disagree    Key: N = Neutral    
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List 

 

3 new things I have learnt in this lesson. 

 ____________________________________________________________________

_ 

 

 ____________________________________________________________________

_ 

 

 ____________________________________________________________________

_ 

 

 

2 things I would like to know more about. 

 ____________________________________________________________________

__ 

 

 ____________________________________________________________________

__ 

 

1 thing I enjoyed most in the lab  

 ______________________________________________________________ 

 

 

I would like to come for other types of DNA Lab programmes in the future.  

 

Yes    No    (why?) 

__________________________________________ 

 

Any other suggestions/comments. 

 

 

 
 

 

Thank You! 
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Appendix F1 

Preliminary checklist for Cognitive and Feedback instruments by DNA Lab Team 

This instrument consists of 17 MCQs to be completed in about 15 minutes. The 

objective of the evaluation instrument is to assess gains in learning from the difference 

in test scores before and after the enrichment programme (treatment). The feedback 

survey is to find out the student’s experience of the programme.  

  

 yes no remarks 

The questions can be understood 

by the level of students being 

evaluated 

√  Language used in the test is 

understandable by primary 

students 

The questions test the students’ 

understanding of the topic on 

genes and traits 

√   

The test is appropriate for the 

level being evaluated 

√ 
 

 Q13 option 1 in the reason tier is 

not incorrect, but not the best 

answer. At this level, students are 

not expected to see this difference 

so finely.  

The questions are clear and not 

vague 

√   

Each question has only one 

answer in the choices specified  

√  Q 13, 15, 16 the option ‘I don’t 

know’ is not useful.  

The time to complete the test is 

reasonable (15 min) 

  May need to give some extra time 

for slower students. Remove some 

questions.like Q3 to be 

incorporated in Q2, remove Q15 

which introduces new terms like 

albino. 

The responses accommodate most 

of the possible answers 

√   

The questions do not use 

emotionally loaded or vaguely 

defined word 

√ 
 

  

The questions do not use 

unfamiliar words or abbreviations 
√ 
 
 

 Q13. Use ‘trait’ rather than 

‘allele’.  

 

Q15 on albinism is unfamiliar to 

students, to change the question to 

more familiar situation. 

Each question can be answered 

independently without depending 

on responses to other questions 

√   

 

Preliminary instruments evaluated by DNA Lab Educator Team 

Ms Lim Syn Yin, Master Science Educator, Life Sciences 
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Ms Praba Saundarajoo,  Senior Science Educator, Life Sciences 

Mr Senthil Manogaran, Senior Science Educator, Life Sciences 

Ms Nurashikin Ramlan, Senior Science Educator, Life Science 

 

 

Feedback from DNA Lab Team on the cognitive test.  

3. Which statement about identical twins is true? 

    a) They have different fathers but same mother. 

    b) They have different genes from one another. 

    c) They come from eggs fertilised one right after the other. 

    d) None of the above is true. 

 

Suggestion: 

The question can be included as an option under Q2 

 

Revised  

Question 3 removed, incorporated in Q2.  

2. Which statements are true? 

i)          DNA is responsible for your gender (whether you are a boy or girl). 

ii)         DNA is the same in identical twins. 

iii)        Plants do not have DNA.  

iv)        A baby gets its DNA from its father or its mother. 

 

a)   i & ii 

b)   i, ii & iii 

c)   i, ii & iv 

d)   all of the above 

 

13. The trait, curly hair, is dominant compared to straight hair. If we use “C” to 

represent the dominant allele (gene) for curly hair and “c” for the recessive allele, 

would a person with genotype Cc have curly hair? 

a) Yes 

b) No 

c) Don’t know 

 

Reason for the above: 

1) The person needs to have CC for curly hair. 

2) The dominant allele C is expressed in a Cc condition. 

3) The person may or may not have curly hair 

4) The recessive allele c is expressed.  

 

 

Feedback: 

Remove option c as it is clearly guessing if they tick that option and select an answer in 

the reason tier. Student may still logically select reason tier option 3 in response to 

content tier option b) 

The term allele is not familiar to the students and to be replaced with ‘trait’ which helps 

to convey a similar idea.  

Under the reason tier, option 1) is not completely incorrect and may lead to confusion; 

to rephrase. 
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Revised 

13. The trait, curly hair, is dominant compared to straight hair. If we use “C” to 

represent the dominant trait (gene) for curly hair and “c” for the recessive trait, 

would a person with genotype Cc have curly hair?  

a) Yes      

b) No 

            

Reason for the above: 

1) The person will have curly hair only with CC genotype 

2) The dominant trait C for curly hair can be expressed in a Cc condition. 

3) The person may or may not have curly hair 

4) The recessive trait c for straight hair is expressed. 

 

 

14. Which one of the following is the best description of a gene? 

a) Smallest unit of structure in a chromosome. 

b) A sequence of instructions that codes for a protein. 

c) A segment in a DNA molecule. 

d) Don’t know  

 

Reason for the above: 

1. It is about the information of a gene for producing a characteristic. 

2. It is about the structure of a chromosome. 

3. It is about the chemical nature of a gene. 

4. It is about the gene being a protein. 

 

Feedback: 

In the content tier, replace option d (don’t know).  

Option a and c are also considered partly correct, and hence lead to confusion. To be 

rephrased for clarity. 

 

Revised 

14. Which one of the following is the best description of a gene? 

a) A structure in the nucleus. 

b) A sequence of instructions that gives rise to a trait. 

c) A segment of a protein molecule 

 

Reason for the above: 

1. It is about the information of a gene for producing a characteristic. 

2. It is about the structure of a chromosome. 

3. It is about the chemical nature of a gene. 

4. It is about the gene being a protein. 

 

 

15 Some dogs bark when following a scent, others are silent and are called silent 

trackers. Barking is dominant (allele B) to non-barking (allele b). A hunter owns a male 

barker which he wants to use for breeding purposes. However, he wants to be sure it has 

a genotype of BB. What is the genotype of the female dog he should mate with his dog? 
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a) BB 

b) Bb 

c) bb 

 

Reason for the above: 

1. If any silent tracker appears in the offspring, the hunter can be sure that his dog’s 

genotype   is Bb. 

2. If no silent trackers appear in the offspring, he can be sure that his dog’s genotype is 

BB. 

3. If the dog is Bb, the chances of getting silent trackers in the offspring are zero. 

 

Feedback: this is similar in concept understanding to question 10 and 12. The context 

again is unfamiliar and students may not understand the question fully. This question 

should be changed to a situation more familiar to the students, such as fur colour of 

mice. 

 

Replaced with the mouse example below 

15. The fur of mice can be either black or white in colour. White fur is a recessive trait. 

If we use “B” for the dominant trait (black fur) and “b” for the recessive trait (white 

fur), what would a white mouse’s genotype (genes) be for fur colour? 

 

a) BB  

b) Bb  

c) bb 

 

Reason for the above: 

1. Because the white mouse genotype is expressed in the “BB” form.  

2. Because you need two recessive traits “bb” for white fur. 

3. Because recessive trait “b” is only expressed in the mouse when present in “Bb” 

form. 

 

16. Peter is an albino who was born without the ability to make a pigment in the skin. 

Albinism is a recessive characteristic. Suppose we use “A” for the dominant gene 

(allele) and “a” for the recessive gene, what would be Peter’s genotypes (genes) for 

albinism? 

 

a) AA or Aa 

b) Aa or aa 

c) aa 

d) Don’t know 

 

Reason for the above: 

1. Because Peter must have at least one recessive allele “a”. 

2. Because one recessive allele “a” does not make Peter an albino. 

3. Because recessive allele “a” is only expressed in Peter when present in “Aa” form. 

 

Suggestion: 

To remove this question which is very unfamiliar and introduces new terms like 

‘albino’. 
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17. Read what the parents and nurse are saying about the baby. Then write down whom 

you agree with and why 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I agree with: 

Nurse: Because ______________________________________________ 

 

Mother: because ______________________________________________ 

 

Father: because________________________________________________ 

 

Suggestion: 

For clarity to phrase the question to follow the rest of the MCQ – a) nurse, b) mother 

and c) father. The reason for choosing the option can then be given as a free response in 

a line below the mcq 

 

 

 

 

Some people 
look totally 
different from 
their family 
members or 
relatives. 
They are just 
so SPECIAL!  

Dear, I am sure 
he is ours. He 
looks like our 
parents. Your 
father has big 
eyes. Your 
mother has 
attached ear-
lobes and my 
father has curly 
hair!  

This can’t be our 
baby! He doesn’t 
look like me at 
all. He has big 
eyes, curly hair 
and attached ear-
lobes, but I have 
small eyes, 
straight hair and 
free ear-lobes. 
He doesn’t look 
like my wife too!  
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Revised 

17. Read what the parents and nurse are saying about the baby. Then circle whom you 

agree with and write why. 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I agree with ________________. 

 

a) Nurse 

b) Mother 

c) Father 

 

Because ____________________________________________________________ 

 

___________________________________________________________________ 

 
 

 

 

 

Some people 
look totally 
different from 
their family 
members or 
relatives. 
They are just 
so SPECIAL! 

Dear, I am sure 
he is ours. He 
looks like our 
parents. Your 
father has big 
eyes. Your 
mother has 
attached ear-
lobes and my 
father has curly 
hair! 

This can’t be our 
baby! He doesn’t 
look like me at 
all. He has big 
eyes, curly hair 
and attached ear-
lobes, but I have 
small eyes, 
straight hair and 
free ear-lobes. 
He doesn’t look 
like my wife too! 
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Appendix F2 

Revised cognitive test/Student feedback 

        Revised Cognitive test

  

 

Class Level: Primary __________  School:___________________________ 

Name:______________________  Gender: Boy / Girl  (circle option) 

______________________________________________________________________ 

Answer all questions. Circle the correct answer for each question. Then circle your 

confidence level that your answer is correct (1- just guessing to 5 - very confident).  

 

1. These are examples of different living things. Which of the following contains DNA? 

i)    tree 

ii) sunflower seed  

       iii) bread mould 

iv)  bacteria 

 

a)         i & ii 

b)         i, ii & iii 

c)         i, ii & iv 

d)         all of the above 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

 

2.  Which statements are true? 

i)      DNA is responsible for your gender (whether you are a boy or girl). 

ii)        DNA is the same in identical twins. 

iii)       Plants do not have DNA.  

iv)       A baby gets its DNA from its father or its mother. 

 

a)   i & ii 

b)   i, ii & iii 

c)   i, ii & iv 

d)  all of the above 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 
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3. Which are arranged in the correct order of size starting from the 

largest to the smallest? 

 

a)   cell --- nucleus --- chromosome --- gene  

b)   chromosome--- gene --- nucleus --- cell 

c)   cell --- nucleus--- gene --- chromosome  

d)   nucleus --- chromosome --- gene --- cell 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

 

4. If skin cells have a gene (let’s call it gene A), which of the following types of cells 

will also have gene A? 

a. Muscle cells 

b. Nerve cells 

c. Lung cells 

d. All of the cells 

e. None of the cells 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

5. Which statement is true? 

a. Girls get all of their genes from their mother. 

b. Girls get half of their genes from their mother. 

c. Girls get more than half of their genes from their mother. 

d. Girls get only the X chromosome from their mother. 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

6. DNA is found in the nucleus of ____________. 

    a) only egg and sperm cells 

    b) almost every cell of our bodies 

    c) only cells that are involved in fertilisation 

    d) only the cells of a growing embryo 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 
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7. Which feature is affected by our genes?  

    a) our hair length  

    b) the colour of our clothes 

    c) the language we speak 

    d) our eye colour 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

8. The sex cells (sperm or egg) of a mouse contain 20 chromosomes each. How many 

chromosomes does the fertilised egg cell of a mouse contain? 

 a) 10 

 b) 20 

 c) 40 

 d) 80 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very 

confident 

 

9. Humans have two chromosomes that determine the sex of the baby - X 

and Y. Which of the following chromosome types would be a normal girl? 

    a) XX 

    b) XY 

    c) XXY 

    d) YY 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

10. If your mother is the only girl and has four brothers and your father is one of  

five boys, your parents are more likely to have a _________? 

      a) 10% chance of a girl 

      b) 50% chance of a boy 

      c) 100% chance of a boy 

      d) 100% chance of a girl 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 
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11. A cat gets into a fight and the tips of both its ears are torn off. If the cat has kittens 

later, how will this affect the shapes of the kittens’ ears? 

 a) All of the kittens’ ears will be missing the tips 

 b) Some of the kittens’ ears will be missing the tips 

 c) All of the kittens’ ears will be slightly smaller 

 d) It will have no effect on the ears of any of the kittens. 

 

 

The reason for my answer above: 
1)   The change in the mother cat’s ears will be passed into its genes and affect all the kittens 

2)   The change in the mother cat’s ears will be passed into its genes and may affect some  

       kittens 

3)  The change in the ears will only be seen in the third generation.  

4)  The genes of the cats are not affected. 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

 

12. The trait, curly hair, is dominant compared to straight hair. If we use “C” to 

represent the dominant trait (gene) for curly hair and “c” for the recessive trait, 

would a person with genotype Cc have curly hair?  

a) Yes      

b) No 

           

  

 

The reason for my answer above: 

1) The person will have curly hair only with CC genotype 

2) The dominant trait C for curly hair can be expressed in a Cc condition. 

3) The person may or may not have curly hair 

4) The recessive trait c for straight hair is expressed. 

  

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 
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13. Which one of the following is the best description of a gene? 
a)   A unit of structure in the nucleus. 

b)   A sequence of instructions that gives rise to a trait. 

c)   A segment of a protein molecule 

. 

The reason for my answer above: 

1. It is about the information of a gene for producing a characteristic. 

2. It is about the structure of a chromosome. 

3. It is about the chemical nature of a gene. 

4. It is about the gene being a protein. 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

 

14. The fur of mice can be either black or white in colour. White fur is a recessive trait. 

If we use “B” for the dominant trait (black fur) and “b” for the recessive trait (white 

fur), what would a white mouse’s genotype (genes) be for fur colour? 

 

a) BB  

b) Bb  

c) bb 

 

The reason for my answer above: 

1. Because the white mouse genotype is expressed in the “BB” form.  

2. Because just one recessive trait “b” does not give rise to white fur. 

3. Because recessive trait “b” is only expressed in the mouse when present in “Bb” 

form. 

 

 

Your confidence level that your answer is correct: (circle one number) 

1  

Just guessing 

2 3 4 5  

Very confident 
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15. Read what the parents and nurse are saying about the baby. Then circle whom you 

agree with and write why. 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I agree with ________________. 
a)   Nurse 

b)   Mother 

c)   Father 

 

Because ____________________________________________________________ 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

Thank You!     

Some people 
look totally 
different from 
their family 
members or 
relatives. 
They are just 
so SPECIAL! 

Dear, I am sure 
he is ours. He 
looks like our 
parents. Your 
father has big 
eyes. Your 
mother has 
attached ear-
lobes and my 
father has curly 
hair! 

This can’t be our 
baby! He doesn’t 
look like me at 
all. He has big 
eyes, curly hair 
and attached ear-
lobes, but I have 
small eyes, 
straight hair and 
free ear-lobes. 
He doesn’t look 
like my wife too! 
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Student Feedback Form (After the class) 

The questions below are designed to give us feedback to make future programmes 

at the DNA Learning Laboratory as meaningful as possible.  We would therefore 

appreciate your honest response to help us achieve this aim. 

 

Course Code: ____________________     Date: ___________________________ 

Class Level: Primary __________               School:___________________________ 

Name:_________________________     Gender:  Boy  Girl  (circle option) 

 

 

 

(please circle your response) 

 

Educational Effectiveness 

     

1.  I was able to understand about DNA and genes better SA A N D SD 

2.  I have learnt about DNA and genes beyond the textbook SA A N D SD 

3. The lesson helped me build up my knowledge on DNA and genes 

learnt from textbooks. 

SA A N D SD 

4. The visual aids (video clips, Powerpoint presentation, 

demonstration etc.) helped me understand the topic better. 

SA A N D SD 

5.  I can better understand how DNA and genes are connected to 

daily life 

SA A N D SD 

6.  I am interested in learning more about DNA and genes in my 

body 

SA A N D SD 

Enjoyment of Lesson      

1. I enjoyed the way the lesson was conducted SA A N D SD 

2. Time passed by quickly during the lesson SA A N D SD 

3. I felt relaxed in the lab SA A N D SD 

4. The teacher made the lesson fun in the lab SA A N D SD 

5. The environment of the science centre made it fun to learn SA A N D SD 

6. I would like to try more experiments when I get back to 

school or at home 

SA A N D SD 

Hands-on Lab Activities      

1. I enjoyed the activities in the lab. SA A N D SD 

2. The activities in the lab are a good way to learn science SA A N D SD 

3. The activities helped me improve my science practical skills SA A N D SD 

4. The activities sparked my curiosity about DNA and genes SA A N D SD 

5. The activities helped me understand DNA and genes better SA A N D SD 

6. The activities allowed me to work with my classmates as a 

team.  

SA A N D SD 

7. I prefer lab activities compared to learning from a textbook. SA A N D SD 

SA = Strongly Agree    A = Agree    D = Disagree    SD = Strongly Disagree    Key: N = Neutral    
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List 
 

3 new things I have learnt in this lesson. 

 _____________________________________________________________________ 

 

 _____________________________________________________________________ 

 
 

 _____________________________________________________________________ 

 
 

 

2 things I would like to know more about. 

 ______________________________________________________________________ 

 

 ______________________________________________________________________ 

 
 

1 thing I enjoyed most in the lab  

 ______________________________________________________________ 

 

 

I would like to come for other types of DNA Lab programmes in the future.  
 

Yes    No    (why?) 
__________________________________________ 

 

Any other suggestions/comments. 
 

 

 
 

 

Thank You! 
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         Appendix  F3 

Validators’ feedback on cognitive test/student feedback 

(validators had no comments on the survey, all feedback for improvement was made on 

the cognitive test) 

Checklist for Cognitive test and Feedback survey 

This test quiz consists of 15 MCQ to be completed in about 15 minutes. The objective 

of the evaluation instrument is to assess gains in learning from the difference in test 

scores before and after the enrichment programme (treatment). The student feedback is 

to gauge student self reported learning and interest in the programme. 

 Yes no Remarks 

The questions can be understood 

by the level of students being 

evaluated 

Yes  All students were able to take the 

test independently and were able to 

answer all the questions. 

The questions test the students’ 

understanding of the topic on 

genes and traits 

Yes  Agree, students understood all the 

questions before they answer. They 

understood the topic well on genes 

and traits.. 

The test is appropriate for the 

level being evaluated 

Yes  I agree.  

The questions are clear and not 

vague 

Yes  True. Simple language was used. 

Each question has only one 

answer in the choices specified  
Yes  Some questions has more choices 

in the form of statements. 

The time to complete the test is 

reasonable (15 min) 

Yes  All students were able to complete 

the quiz within the time. 

The responses accommodate most 

of the possible answers 

Yes  I agree 

The questions do not use 

emotionally loaded or vaguely 

defined words 

Yes   I agree 

The questions do not use 

unfamiliar words or abbreviations 

Yes  I agree 

Each question can be answered 

independently without depending 

on responses to other questions 

Yes  I agree 

Overall remarks 

 

 

  Overall test quiz was well framed 

and prepared.  

 

Dr Savita Sharma 
Senior Manager, Life Sciences • Tel: +65 6425 2517  

Science Centre Singapore • 15 Science Centre Road, Singapore 609081 • http://www.science.edu.sg 
Passion • Innovation • Professionalism • Quality 
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Checklist for Cognitive test and Feedback survey 

This test quiz consists of 15 MCQ to be completed in about 15 minutes. The objective 

of the evaluation instrument is to assess gains in learning from the difference in test 

scores before and after the enrichment programme (treatment). The student feedback is 

to gauge student self reported learning and interest in the programme. 

 

 Yes no Remarks 

The questions can be understood 

by the level of students being 

evaluated 

√   

The questions test the students’ 

understanding of the topic on 

genes and traits 

√   

The test is appropriate for the 

level being evaluated 

√   

The questions are clear and not 

vague 

√   

Each question has only one 

answer in the choices specified  

 

√  With the exception of question 15 

which is meant to measure 

students’ ability to support their 

answers based on the choice made. 

The time to complete the test is 

reasonable (15 min) 

√   

The responses accommodate most 

of the possible answers 

√   

The questions do not use 

emotionally loaded or vaguely 

defined words 

√   

The questions do not use 

unfamiliar words or abbreviations 

√   

Each question can be answered 

independently without depending 

on responses to other questions 

 

√  With the exception of the 2-tiered 

questions which measures students’ 

reasoning abilities to support their 

chosen option. 

Overall remarks 

 

 

√  Overall, the questions are well 

crafted, keeping in mind the aim of 

the study. 

 

 

 

Swapna Teckwani 

Education Officer on attachment 
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ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

417 

 

 

Revisions based on Validators’ comments 

 

4. Which statement is true? 

a. Girls get all of their genes from their mother. 

b. Girls get half of their genes from their mother. 

c. Girls get more than half of their genes from their mother. 

d. Girls get only the X chromosome from their mother. 

 

Suggestion: 

Girls get all the genes on one X chromosome only from the mother. 

(suggestion does not make the question clearer and can also be considered a correct 

answer.as students do not learn genetic recombination at this stage.. Purpose of question 

is to check student’s understanding for equal parental genetic contribution, so to  

underline and emphasise the amount of parental contribution. 

 

Revised 

4. Which statement is true? 

a. Girls get all of their genes from their mother. 

b. Girls get half of their genes from their mother. 

c. Girls get more than half of their genes from their mother. 

d. Girls get only the X chromosome from their mother. 

 

 

Confidence scale 

The students in the pilot study had no problem in understanding the scale so it was not 

revised 

 

Final evaluation by  

Dr Florence Francis, Asst Director, Organisational Excellence  

Dr Savita Sharma Senior Manager, Life Sciences 

Ms Swapna Teckwani, Education Officer, Ministry of Education  
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          Appendix G 

 

Revised cognitive test 

Programme: Genes & Our Traits      Final Cognitive test               

         

Class Level: Primary __________                     

School:___________________________ 

Name:_______________________________      Gender:  Boy Girl  (circle option) 

Answer all questions. Circle the correct answer for each question. Then circle your 

confidence level that your answer is correct (1- just guessing to 5 – very confident).  

1. These are examples of different living things. Which of the following contains 

DNA? 

i)    tree 

ii) sunflower seed  

       iii) bread mould 

iv)  bacteria 

 

a)         i & ii 

b)         i, ii & iii 

c)         i, ii & iv 

d)        all of the above 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

2.  Which statements are true? 

i) DNA is responsible for your gender (whether you are a boy or girl). 

                  ii)   DNA is the same in identical twins. 

                 iii)   Plants do not have DNA.  

                 iv)   A baby gets its DNA from its father or its mother. 

 

a)   i & ii 

b)   i, ii & iii 

c)   i, ii & iv 

d)  all of the above 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 
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3. Which are arranged in the correct order of size starting from the 

largest to the smallest? 

 

a)   cell --- nucleus --- chromosome --- gene  

b)   chromosome--- gene --- nucleus --- cell 

c)   cell --- nucleus--- gene --- chromosome  

d)   nucleus --- chromosome --- gene --- cell 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

4. If skin cells have a gene (let’s call it gene A), which of the following types of cells 

will also have gene A? 

a. Muscle cells 

b. Nerve cells 

c. Lung cells 

d. All of the cells 

e. None of the cells 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

5. Which statement is true? 
a. Girls get all of their genes from their mother. 

b. Girls get half of their genes from their mother. 

c. Girls get more than half of their genes from their mother. 

d. Girls get only the X chromosome from their mother. 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

6. DNA is found in the nucleus of ____________. 

    a) only egg and sperm cells 

    b) almost every cell of our bodies 

    c) only cells that are involved in fertilisation 

    d) only the cells of a growing embryo 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 
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7. Which feature is affected by our genes?  
    a) our hair length  

    b) the colour of our clothes 

    c) the language we speak 

    d) our eye colour 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

8. The sex cells (sperm or egg) of a mouse contain 20 chromosomes each. How 

many chromosomes does the fertilised egg cell of a mouse contain? 

 a) 10 

 b) 20 

 c) 40 

 d) 80 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very 

confident 

 

9. Humans have two chromosomes that determine the sex of the baby – 

X and Y. Which of the following chromosome types would be a normal 

girl? 

    a) XX 

    b) XY 

    c) XXY 

    d) YY 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

10. If your mother is the only girl and has four brothers and your father is one of  

five boys, your parents are more likely to have a _________? 
      a) 10% chance of a girl 

      b) 50% chance of a boy 

      c) 100% chance of a boy 

      d) 100% chance of a girl 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

421 

 

11. A cat gets into a fight and the tips of both its ears are torn off. If the cat has 

kittens later, how will this affect the shapes of the kittens’ ears? 

 a) All of the kittens’ ears will be missing the tips. 

 b) Some of the kittens’ ears will be missing the tips. 

 c) All of the kittens’ ears will be slightly smaller. 

 d) It will have no effect on the ears of any of the kittens. 

 

 

The reason for my answer above: 
1)   The change in the mother cat’s ears will be passed into its genes and affect all the kittens. 

2)   The change in the mother cat’s ears will be passed into its genes and may affect some    

       kittens. 

3)   The change in the ears will only be seen in the third generation.  

4)   The genes of the cats are not affected. 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

 

12. The trait, curly hair, is dominant compared to straight hair. If we use “C” to 

represent the dominant trait (gene) for curly hair and “c” for the recessive 

trait, would a person with genotype Cc have curly hair?  

a)  Yes      

b)  No 

           

  

 

The reason for my answer above: 

1) The person will have curly hair only with CC genotype 

2) The dominant trait C for curly hair can be expressed in a Cc condition. 

3) The person may or may not have curly hair 

4) The recessive trait c for straight hair is expressed. 

  

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 
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13. Which one of the following is the best description of a gene? 
a)   A unit of structure in the nucleus. 

b)   A sequence of instructions that gives rise to a trait. 

c)   A segment of a protein molecule 

. 

The reason for my answer above: 

1. It is about the information of a gene for producing a characteristic. 

2. It is about the structure of a chromosome. 

3. It is about the chemical nature of a gene. 

4. It is about the gene being a protein. 

 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

 

 

14. The fur of mice can be either black or white in colour. White fur is a recessive 

trait. If we use “B” for the dominant trait (black fur) and “b” for the recessive 

trait (white fur), what would a white mouse’s genotype (genes) be for fur colour? 

 

a) BB  

b) Bb  

c) bb 

 

The reason for my answer above: 

1. Because the white mouse genotype is expressed in the “BB” form.  

2. Because just one recessive trait “b” does not give rise to white fur. 

3. Because recessive trait “b” is only expressed in the mouse when present in “Bb” 

form. 

 

 

Your confidence level that your answer is correct: (circle one number) 

1  

Just guessing 

2 3 4 5  

Very confident 

 

 

 

 

 

 

 

 

 

 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

423 

 

 

 

15. Read what the parents and nurse are saying about the baby. Then circle whom 

you agree with and write why. 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I agree with ________________. 

a)   Nurse 

b)   Mother 

c)   Father 

 

Because _______________________________________________________________ 

Your confidence level that your answer is correct: (circle one number) 

1 

Just guessing 

2 3 4 5 

Very confident 

 

Thank You!     

Some people 
look totally 
different from 
their family 
members or 
relatives. 
They are just 
so SPECIAL! 

Dear, I am 
sure he is 
ours. He looks 
like our 
parents. Your 
father has big 
eyes. Your 
mother has 
attached ear-
lobes and my 
father has 
curly hair! 

This can’t be our 
baby! He 
doesn’t look like 
me at all. He 
has big eyes, 
curly hair and 
attached ear-
lobes, but I have 
small eyes, 
straight hair and 
free ear-lobes. 
He doesn’t look 
like my wife too! 
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         Appendix H 

Student Feedback Form  

The questions below are designed to give us feedback to make future programmes at the 

DNA Learning Laboratory as meaningful as possible.  We would therefore appreciate your 

honest response to help us achieve this aim. 

 

Course Code: ____________________           Date: 

___________________________ 

 

Class Level: Primary __________                     

School:___________________________ 

 

Name:_______________________________      Gender:  Boy Girl  (circle option) 

 

 

 

(please circle your response) 

 

Educational Effectiveness 

     

1.  I was able to understand about DNA and genes better SA A N D SD 

2.  I have learnt about DNA and genes beyond the textbook SA A N D SD 

3. The lesson helped me build up my knowledge on DNA and genes 

learnt from textbooks. 

SA A N D SD 

4. The visual aids (video clips, Powerpoint presentation, 

demonstration etc.) helped me understand the topic better. 

SA A N D SD 

5.  I can better understand how DNA and genes are connected to 

daily life 

SA A N D SD 

6.  I am interested in learning more about DNA and genes in my 

body 

SA A N D SD 

 

Enjoyment of Lesson 

     

1. I enjoyed the way the lesson was conducted SA A N D SD 

2. Time passed by quickly during the lesson SA A N D SD 

3. I felt relaxed in the lab SA A N D SD 

4. The teacher made the lesson fun in the lab SA A N D SD 

5. The environment of the science centre made it fun to learn SA A N D SD 

6. I would like to try more experiments when I get back to school or 

at home 

SA A N D SD 

 

Hands-on Lab Activities 

     

1. I enjoyed the activities in the lab. SA A N D SD 

2. The activities in the lab are a good way to learn science SA A N D SD 

3. The activities helped me improve my science practical skills SA A N D SD 

4. The activities sparked my curiosity about DNA and genes SA A N D SD 

5. The activities helped me understand DNA and genes better SA A N D SD 

6. The activities allowed me to work with my classmates as a team.  SA A N D SD 

7. I prefer lab activities compared to learning from a textbook. SA A N D SD 

SA = Strongly Agree    A = Agree    D = Disagree    SD = Strongly Disagree    Key: N = Neutral    
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List 

 

3 new things I have learnt in this lesson. 

 _____________________________________________________________________ 

 

 _____________________________________________________________________ 

 
 

 _____________________________________________________________________ 

 
 

 

2 things I would like to know more about. 

 ______________________________________________________________________ 

 

 ______________________________________________________________________ 

 
 

1 thing I enjoyed most in the lab  

 ______________________________________________________________ 

 

 

I would like to come for other types of DNA Lab programmes in the future.  

 

Yes    No    (why?) __________________________________________ 

 

Any other suggestions/comments. 

 

 

 
 

 

Thank You! 
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         Appendix I 

Observation of Genes and our Traits class 

Introduction: 

Genes and our Traits is an enrichment programme for upper primary students at the 

science centre. The observations that are documented here were used as supporting 

evidence for feedback and reflections from teachers, science educators and students.  

Programme 426isuali  

Date   - 5 May 2017 

Duration  -  2.30 pm – 4.30 pm (2 hours) 

Venue   -  DNA lab at the science centre 

Topic   - Genes and our Traits 

Class Level  - Primary five 

Participants  -  Forty students, one teacher and a parent chaperone 

The enrichment programme was conducted by one of the science educators (SE) 

certified to conduct this programme. These Ses are full time staff of the science centre. 

The SE arrived at the venue 10 minutes in advance of the scheduled time to organise 

and check video CD, microphone, 426isualise and lab set up for the programme. The 

class arrived on time. The SE received the class at the door and showed students their 

seating arrangements.  

The programme was conducted in a lab equipped for DNA and molecular biology 

programmes. The layout of the lab is illustrated below. 
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Observation of Student Behaviour in Genes and Traits Programme 

Science Educator (SE): Ms Sally 

Pre-class preparation  

Arrived early to check materials for teaching, namely worksheets, lab materials for 

demonstration and for student activities, AV set-up was on and working.  

 

Programme 

The SE received the class with a friendly greeting and introduction of self. There were 

some pre-class instructions, how to get seated and place school bags, location of 

restrooms, fire exit, and other house rules before the students entered the lab to get 

seated. 
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Layout of Lab 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend 

 Science Educator teaching the class 

 Students in the class (4 per table) 

1 Main entrance 

2 Projection screen 

3 Teacher table  

4 Student table (10 in total) 

5 Side cabinets in the class with chromosome 
illustrations 

6 Large wall posters of plant and animal cells on 
ceiling and walls 

7 Back exits 

 

 

1 

2 

3 

4 

5 

7 

5 

7 

4 4 4 

4 4 4 4 

4 4 

2 

6 

6  
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Observation of Science Enrichment Programme Genes and our Traits 

Name of Programme : Genes and our Traits 

School  : L  Primary School 

Date: 5/5/17 

Class level : Primary  5 

 

Observer: Researcher 

 

Duration : 2 Hours  Time: 2.30pm 

 

Tally 

sheet 

Observing Science Educator (SE) in the Enrichment Programme Yes √ 

No  × 

1. 

5 min 

At the start of the lesson, the SE stood at the entrance and welcomed 

the students: 

(a) at the entrance door of the lab  

(b) at the back of the lab  

(c) at the teacher’s desk 

(d) other locations 

 

Qualitative descriptors of SE’s behaviour  at the beginning of 

the programme: 

 

 SE greeted students and gave guidelines on seating for the 

students at the tables. 

 Class teacher sat at the back on an extra chair as all the 

tables had 4 students  

 Class teacher checked that all students were seated. The 

teacher did not interfere during the conduct of the 

programme and quietly took notes through the programme 

when there was instruction. 

 Established ground rules – e.g. sit in 4s/table, location of 

washrooms to go before the class started, each individual 

should have their own worksheet to take home, clarify about 

taking photos in the lab and lab precautions.  

 She explained about needing them to listen to her when she 

called for their attention to start an activity or give 

information, but otherwise they were free to discuss and 

conduct their activities.  

 Students were excited and eager to participate 

 

 

 
 
√ 

× 

× 

× 

 
 
 

2 

25 

min 

Introduction  

Established a relaxed atmosphere where students were allowed to 

offer opinions and views.  

Started with asking questions and getting students to answer to 

establish prior knowledge. The students were very participative, 

giving answers. The students had learnt about the topic, the cell, 

nucleus and genes in the body. They had heard about the term 

chromosomes but did not know what it was. SE used the analogy of 
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instant noodles that were coiled up to describe the chromosome as a 

tightly coiled piece of DNA.  

 

Followed the lesson plan, and referring to slides, models, worksheet 

or items around the lab at various points during the programme e.g. 

cell wall posters on wall, ceiling mural of structure of DNA, 

chromosomes.  

Topic of DNA, chromosomes and traits was explained stepwise, 

systematically. Invited students’ responses as she was speaking and 

asking questions to establish if they were following the lesson.  

Went through the types of traits such as widow’s peak, attached 

earlobes, etc for the individual activity on Traits Wheel and the 

class activity Traits Tree.  

 

Allowed time for students to work through the traits in pairs.  

 

After the Traits Wheel, introduced the topic of DNA and the activity 

of extracting from wheatgerm.  

 

 

   
2. During the programme instruction, the SE positioned herself 

(a) In front of the students in full view 

(b) Near the student tables 

(c) Near the whiteboard 

(d) Other locations 

 

 

Qualitative descriptors of SE’s behaviour during the hands-on 

activities: 

 Explained the activity objective and confirmed that everyone 

knew what to do. She left the students to do the activity on 

their own and walked round to every table to check on 

progress. 

 Next activity on wheatgerm dna needed more careful 

explanation and reason for each step of the process.- done 

well, scanning the class to ensure all were on task. This is an 

activity that has a wow effect on participants, including the 

teachers. SE answered questions that students asked 

individually about dna, and she was patient to explain using 

models and pictures in the lab and on the teacher’s table.  

 Patient and waits for groups to complete each activity before 

moving on, so the pace is unhurried but not slow or boring 

 Each activity was interspersed with information to lead the 

students to the next activity - in this case the chromosomes 

were explained before an activity on determining gender 

through the sex chromosomes. Students were attentive and 

bright asking questions about the sex (genetically) of 

transgender individuals and homosexual orientation which 

she answered. The activity was conducted by the students 

 
√ 

√ 

× 

× 
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and their results recorded on the worksheet (pg 4) 

 Last activity introduced illustrated the most difficult concept 

– of alleles and dominant/recessive traits. The students 

worked in pairs again to work out eye colour in children 

from parents in the examples – results also recorded in their 

worksheet. This concept took some longer explanation and 

after pair work, SE went through different scenarios which 

the students worked out using the activity materials. This 

was to ensure that the students were able to understand how 

the blue/brown eye colour in the children was derived. 

Again, there were many questions from students about 

examples they had read about or experienced in everyday 

life, for example heterochromia.  

 

3. During the hands-on activities the SE’s interaction with students: 

(a) stays at the teachers desk 

(b) with the students 

(c) with every group 

(d) stays in other locations 

 

Qualitative descriptors of SE’s interaction with the students, 

during the hands-on activities: 

 SE was attentive to every student’s query  

 SE went round to every table for each activity checking on 

progress and answering any questions at the table. 

 

 
 
× 

√ 

√ 

× 

 

4. During the programme instruction, SE’s interaction with the 

students 

(a) at the beginning of the lesson  

(b) During the lesson 

(c) At the end of the lesson  

(d) Other times 

 

Qualitative descriptors of SE’s behaviour during delivery of the 

programme: 

 

 The instruction was very systematic with judicious use of 

terms and spaced out so that the students had sufficient time 

to learn one term at a time 

 Used the visualiser to demonstrate some important steps in 

the dna extraction so there were no missteps when the 

students did it on their own 

 Used the illustrations in the lab to point out DNA structures, 

the.effect of detergent on the plant cell wall as well as 

illustrated drawings of living things on the cupboards 

alongside the lab walls to illustrate number of chromosomes 

in different organisms – this was also a surprise moment to 

see organism like apples having higher chromosome number 

than humans. 

 

 

 

√ 

√ 

√ 

× 
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5. During the lesson, were photographs taken by teacher?  

(a) at the beginning of the lesson  

(b) During the lesson 

(c) At the end of the lesson  

(d) Other locations 

 

Qualitative descriptors of teacher taking photographs during 

the lesson. 

 teacher took photographs when students were conducting the  

activities. . 

 helped students to take photos of themselves conducting the 

activities 

 

 
× 

√ 

× 

× 

 

 

6. During the lesson, the SE maintained class management 

 

(a) At the beginning of the lesson  

(b) During the lesson 

(c) At the end of the lesson  

(d) Other locations 

 

Qualitative descriptors of maintaining discipline in the class  

 The class teacher only checked student seating position at 

the beginning of the programme and the SE maintained 

discipline in the class  

 The SE was able to engage the students throughout the two-

hour session and so there were no moments of disengaged 

behaviour  

 

 
 
√ 

√ 

× 

× 
 
 
 

7. During the programme the class teacher displayed affective 

engagement: 

(a) At the beginning of the lesson  

(b) During the lesson 

(c) At the end of the lesson  

(d) Other times 

 

Qualitative descriptors of teacher’s behaviour during the lesson. 

 teacher was smiling when her students wore lab coats.    

 teacher was very engaged with the activities 

 Wow factor: when students showed their teacher the DNA 

precipitating from the wheatgerm and the traits tree results 

 Shared the interest of the students as they showed her their 

results from the activities 

 Teacher filled out the feedback form while the students 

filled out the post-test and survey. The feedback showed that 

the teacher appreciated the delivery of a good programme 

which her students enjoyed. 

 

 

 

√ 

√ 

√ 

× 

 

8 Conclusion of the programme 

At the conclusion of the lesson, the SE stood at the front of the class 
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      (a)  at the front of the class  

(b) at the back of the lab  

(c) at the teacher’s desk 

(d) other locations 

 

Qualitative descriptors of SE’s behaviour concluding the 

programme: 

 

 SE asked groups to clear up materials and place them into 

respective containers 

 When the students completed, she used the last few slides to 

recap the main concepts covered in the programme and 

about nature and environment influence. This ended with a 

short quiz. 

 She asked the students if they had any questions to ask about 

the class or any other related questions about genes. There 

were no further questions at this point because the students 

had asked quite a number of questions during the class at the 

activity or when she checked on them during group work. 

 She saw the class out and gave the poster board with the 

Traits Tree to the teacher for the class to take back for their 

classroom 

 

√ 

× 

× 

× 
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          Appendix J 

Teacher Feedback Form        

Course Code: ____________________Date:___________________________ 

Class Level: Primary   1     2     3    4     5     6  (Please circle)    

Name:__________________________________   

School:__________________________ 

Contact Number: __________________________ 

 

The purpose of this survey form is to get your honest views on the lesson that you have 

just attended.  Answer all items. There are five responses to each statement. Circle the 

response that best describes your view using the following key:  

 

 

 

How would you rate the following? (please circle the appropriate number)  

Pr. 

 

Fr. 

 

Av. 

 

Gd. 

 

V.Gd 

GENERAL 

Overall impression of the programme content and materials. 1 2 3 4 5 

Effectiveness of the presentation 1 2 3 4 5 

  

INSTRUCTOR  

Overall impression of the programme delivery. 1 2 3 4 5 

Clarity of instructor’s explanation. 1 2 3 4 5 

Ability to stimulate interest in students 1 2 3 4 5 

PROGRAMME 

Appropriateness of information. 1 2 3 4 5 

Helpfulness and appropriateness of the laboratory/hands-on 

activities. 

1 2 3 4 5 

Worksheet 1 2 3 4 5 

Powerpoint presentation, and/or video clips 1 2 3 4 5 

Instructor demonstration 1 2 3 4 5 

Overall programme duration. Too long   Just nice   Too short   

Pace of programme. Too fast   Just nice   Too slow   

Would you recommend this programme to others in the future?  

Yes    No   (why?) _________________________________________________ 

What did you find most helpful or interesting in today’s lesson? 

 

 

How could the programme have been more useful?  What would you add, drop or change? 

 

 

What other programme(s) would you like to see offered? 

 

Any other suggestions/comments. 

 

 

1 = Poor 2 = Fair   3 = Average 4 = Good Key: 5 = Very Good    
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Teacher’s interview (post visit) 

1. Role in school: a) teacher (sciences/ 

social studies/language arts) b) department or subject head c) other ——. 

d) any role in decision making in selection of the programme 

 

Preparation 

2. What was the reason for visiting the science centre/selecting the enrichment 

programme 

3. Do you know the programme from previous experience?  

4. How was the visit planned? What was your role in coordinating the visit/ 

planning the activities? 

5. Was there any pre-visit preparation? How long before the visit? Please describe the 

preparation. 

6. Did the science centre have any requests such as prior preparation, size of groups, 

accompanying teachers . . . ? 

7. Is it a single experience at the science centre planned by you, or one of a series of 

visits on a continuous programme planned with the department? 

 

The Visit 

8. Were you familiar with the enrichment program and the time scheduled? 

9. What did you think about students’ learning of the programme, content, skills learnt 

enjoyment, teamwork? 

10. What was your impression of the Science Centre facilitator? What did he/she do 

very well? What could be improved? 

11, Do you think the programme could be replicated in school? 

12. What are your general impressions of the teacher about the enrichment programme? 

 

Postvisit 

13. Did you plan to follow up after this enrichment programme? What did you plan to 

do? Were there any post-visit activities at school? How does the visit connect to what is 

being learned in class? 
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          Appendix K 

Educator Interview Questions 

Academic background 

1. What is your academic background? Do you have a teaching qualification? Does 

your background help you in your practice as a science educator when teaching 

this topic? 

 

About the programme 

2. What elements of the lab-based program on ‘Genes and our Traits’ seem to 

explain the take-up of this program among schools? 

 

Teaching goals for the programme 

3.  When you teach this topic, what goal or goals do you have in mind…? 

a) in your teaching strategy  

b) in what you want the students to take away from the enrichment program? 

c) what about takeaways for class teacher, yourself? 

 

Teaching strategy/practice 

4. How do you plan your teaching strategy with the limited time you have to 

conduct the programme? Could you describe?  

  

5. What teaching approaches did you personally use when delivering the program? 

How effective do you feel they are?  

 

6.  What informs your teaching practice or style of delivery? 

 

7. As this is a class of students that you would likely be seeing for the first time, 

how do you assess student knowledge and understanding of the topic at the start 

of the program? Could you elaborate? 

 

8. How do you adapt to the variability of students’ prior knowledge on the topic?  

 What strategies do you use? Could you give examples or elaborate/ 
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In your experience, can you elaborate on any difference in students in their 

understanding of the content if they have covered the topic in school before 

attending the program?  

 

Personal experiences  

9. Do personal experiences have any impact on the way you interact with such 

students?  

Has the experience spent at this science centre conducting this programme 

changed your initial views or approaches to the lesson? Could you elaborate?  

 

10. Have you had any personal experiences/encounters with students/adults who had 

difficulty understanding the topic). How do these help you in teaching the topic? 

 

Science centre environment 

11. How the learning setting of the science centre affect the delivery of the 

program? Could you elaborate on your response?   

 

Other factors  

12. What is the role of technology in promoting learning among students in this 

program? 

 

Your impressions of the impact of the programme on students 

13. What are your impressions on the class dynamics when students do this 

programme ? 

 

14. After having conducted a number of sessions, what are your impressions of this 

programme?  Any suggestions for improvement, etc? How would you assess the 

effectiveness of the programme in facilitating the learning experiences of the 

students?  Could you elaborate? 

 

Role of accompanying teacher in the class 

15. How do you see the teacher supporting the students? 

- Before, during and after programme back in school 

- How aware are teachers of their roles during the programme? 
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          Appendix L 

Student interview questions and probes 
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ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

440 

 

 

         Appendix M 

Reflection of Science Educators on Genes and our Traits. 

SEs requested for written feedback to allow them time to reflect on the questions 

Science Educator: Sally (S) 

1.   When you teach this topic, what goal or goals do you have in mind…? 

a) in your teaching strategy  

b) in what you want the students to take away from the enrichment program? 

c) for the school, teacher, yourself? 

 

S: 

a) Clear explanation for difficult concept to grasp, in a way that primary school 

students will be able to understand. 

b) I wanted the students to understand the mode of inheritance in genetics and at 

the same time, enjoy their time spent in Science Centre 

c) For us to complement what teachers have taught in school or are not able to do 

in school 

 

2. How do you plan your teaching strategy with the limited time you have to 

conduct the  

    the programme? Could you explain a little?  

 

S: 

By breaking the programme into portions. E.g. 1
st
 portion: Introduction/Revision on 

DNA and looking at DNA with hands-on experiments on traits and DNA, 2
nd

 portion: 

How DNA is passed down and a hands-on activity on X and Y chromosome, 3
rd

 

portion: Mode of inheritance and a hands-on activity on eye colour. This also helps to 

break the monotony of the lesson by spreading out the hands-on activities in the 

programme. 

  

3. What elements of the lab-based program on ‘Genes and our Traits’ seem to 

explain the take-up of this program among schools? 

 

S: 

The hands-on portion where students were able to extract DNA from plant cells as well 

as other activities such as the making of the traits tree where the class would be able to 

bring back the class traits tree. 

 

4. What teaching approaches did you personally use when delivering the program? 

How effective do you feel they are?  

 

S: 
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Elements of story-telling and examples of real-life or movie scenario so that students 

are able to relate. 

Step by step instructions so that students are able to follow well.  

Videos to explain DNA inheritance and on effect of 2 recessive disease genes that were 

passed down from parents to the child. 

 

5.   What informs your teaching practice or style of delivery? 

For example, do you use support a particular mode of educational theory or 

teaching practice, past experiences with teaching students, background as a 

classroom educator?  

 

S: 

Mix of videos, hands-on and stories to appeal to different sensory learners. Past 

experience with teaching and as a student, having preference for styles where the topics 

appeal to my curiosity. 

 

6. What is your academic background? Do you have a teaching qualification? Does 

your background help you in your practice as a science educator when teaching 

this topic? 

 

S: 

I majored in Biological Sciences in university. Prior to this, I do not have a teaching 

qualification but have taught secondary and primary school sciences to hearing-

impaired students. It does help as being equipped with the scientific knowledge, I was 

able to teach without introducing misconceptions that normally surround the topic. 

Also, from my experience teaching hearing-impaired students, I had to substitute 

scientific words with other layman words as they may not have the sign language 

equivalent. This helps me in the teaching of a difficult to grasp concept to primary 

school students such as dominant and recessive alleles.  

  

7. Do personal experiences have any impact on the way you interact with such 

students?  

For example, having visited science centre yourself as a student or receiving 

feedback from relatives, acquaintances who had visited the science centre. Has 

the experience spent at Science Centre conducting this programme changed your 

initial views or approaches to the lesson? 

 

S: 

Yes, students learn better when they enjoy a particular topic. From past student 

feedback and watching other colleagues who taught the same lesson, I have tweaked the 

class to introduce stories that will be interesting to students so that they have a vested 

interested in the topic.  

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

442 

 

8. Have you had any personal experiences/encounters with students/adults who had 

difficulty understanding the topic). If yes, did these help you in teaching the 

topic? 

 

S: 

Yes. The hands-on activity on eye colour helped in teaching about the mode of 

inheritance.  

 

 

9 How would you assess the effectiveness of the hands-on activities in facilitating 

the learning experiences of the students?  Could you elaborate on your response 

in terms of the various activities students need to do in the lab? 

 

S: 

The hands-on experience not only allowed students to do something beyond the 

classroom but they also felt a sense of achievement and accomplishment at having done 

an experiment on their own. The ability to look at DNA after extracting it allowed them 

to relate what they have learnt to something distinct and concrete, thus emphasising 

their learning experience. 

 

10. As this is a class of students that you would likely be seeing for the first time, 

how do you assess student knowledge and understanding of the topic at the start 

of the program? Could you elaborate? 

 

S: 

A simple question and answer session to know their prior knowledge. However, by 

doing this, one may also discover that the class may be a mix of students with different 

prior knowledge due to some having been given tuition at home.  

 

11. How do you adapt to the variability of students’ prior knowledge on the topic?  

 What strategies do you use? Could you give examples or elaborate/ 

 

S: 

Having students who had the correct prior knowledge to help explain or answer 

questions at the beginning of class. After teaching the class, having the students who 

may not have prior knowledge to answer questions posed. In this way, we may find out 

if the prior knowledge the students possess is correct from the start and if it is not, able 

to address it during the course of the lesson. Also, by having them explain to other 

students, it will ensure that they are not bored of the lesson having to accommodate 

students who did not have the prior knowledge and also help to instil confidence in 

them. 
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12. In your experience, have you encountered any difference in students in their 

understanding of the content if they have covered the topic in school before 

attending the program?  

 

S: 

Students who have at least learnt about DNA and chromosomes before attending the 

programme are able to grasp the concept better and learn at a faster rate. This is also due 

to them not having too many topics to comprehend when they attend the session. 

Students who have not learnt about DNA have to be given the basic knowledge of DNA 

and as the foundation of molecular biology is not laid out yet, it is too soon to teach 

them about the mode of inheritance. 

 

13. Does the setting of the science centre contribute to the effective delivery of the 

program? Could you elaborate on your response?   

.  

S: 

Being outside of a school, students have a tendency to view coming to the science 

centre as play instead of learning and this works well as I feel that learning through play 

is more impactful. People tend to remember something that they enjoy more than 

something that they are forced to do. This allows learning to be more natural. Apart 

from that, the lab setting plays a crucial role in the conduciveness of the class. Tables 

arranged in groups with ample space for experiments minimise distractions for the 

students and work effectively as individuals or as teams. 

 

14. What is the role of technology in promoting learning among students in this 

program? 

. 

S: 

Minimal use of high-end technology was used for the Genes and our Traits class. While 

technology may enhance the learning experience, a combination of intensive hands-on 

session and high usage of technology may become overwhelming instead. However, it 

is still good to explore how technology, especially IT, can be used in the classroom to 

keep up with the current times. 

 

15. Comment on the class dynamics when students do this program – for example, 

interactions among students, curiosity in wanting to find about their own and 

others’ traits, etc. S: 

The genes and our traits class has a combination of individual and group work 

Individual: DNA extraction from wheatgerm, traits wheel, predict whether a boy or a 

girl 

Group: Traits tree, eye colour dominant recessive activity 

 

Some of us have turned the eye colour activity to be a game to understand dominance 

and recessive. Students enjoyed competing with other groups to get the different 
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combination to get the dominant traits and were proud to get their boards displayed by 

the teacher as model answers. 

 

Even for individual activities, students enjoyed seeing the different result number they 

get as compared to their classmates and were amused when they see themselves sharing 

similar traits with their friends.  

The prediction of the gender of the baby was an activity they thoroughly enjoyed as it 

hits close to their heart. It also gives us an understanding of their thinking e.g. want of a 

sibling, preference of gender to the societal norms. In a way, it helps us to address 

issues which seems unrelated to science but is impacted by science. 

 

16. After having conducted a number of sessions of this program, what are your 

impressions of this program?  Any suggestions for improvement, etc? 

 

S: 

Genes and our traits class is quite a challenging class not because of the activities but 

because of the concepts that are being taught. It is best if students already have a 

foundation of DNA as they will be able to grasp dominance and recessive better once 

they have learned about the importance of DNA. 

Unfortunately, we do get classes who attend Genes and our Traits without first learning 

about DNA in school and we have to spend a bit of time laying a bit of foundation for 

them. As the students do not have time to absorb the information, straightaway learning 

about dominance and recessive will be overwhelming and confusing for the students. 

However, the hands-on activities explain the concepts clearly and aid us in the delivery 

of the programme. 

 

17.  What do you think about teacher support in the class? 

- Before class, during and after class back in school 

- Should teachers be made aware of specific roles during the program?  

 

S: 

Having teachers in class actually helps us as we spend lesser time in disciplining the 

students and more time in programme delivery. We usually get a lot of questions for the 

genes and our traits class, especially on having a trait not shown by both parents and 

having time for questions will be beneficial to the students as they are able to voice out 

their curiosity and also for us educators to gauge their understanding of the lesson. 

 

Yes, teachers should know their specific roles and for my class, this is usually conveyed 

at the start of the lesson when I inform students that they should look for their teachers 

if they need to ask permission to go toilet for example. In this way, teachers know they 

have a role to play in class. 
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Appendix N 

Interview with teacher 

Interviewer: Mdm A (A) 

Interviewee: Mr J (J), L Pri School 

 

A: What I was going to do is, is I am going to go through like a few categories. It is not 

very long, so that I know what your role is and what you do in school, whether did you 

planned the programme or not, or whether did you do any preparation and then most of 

it is about the programme at the science centre (SC) and then any post-visit. That is just 

about it. Okay, can I start? Thanks J for agreeing to this interview. So, let me just start 

off by asking you, what is your role in the school here? 

 

J: The role as in with this class that I am teaching.  

 

A: With this class, yes. 

 

J:I am actually the science teacher, in the science committee. And the role as teacher is 

to basically is to teach these students, as for going to the SC for the enrichment, is 

usually planned by the HOD (Science Department Head). So the HOD will actually 

give out the so-called calendar to the science level rep. We have a level rep, so what this 

level rep will do is to actually book the date that is available at SC. And after will that 

will notify us, which is the class teacher to bring them to the SC. 

 

A: So in the sense that this particular topic, "Genes and Traits", which you know you 

accompanied your class to attend. Was that something that was selected by your HOD 

or did you have any input in that? 

 

J: Actually, like I told you that I just came last year. It was already part of the school 

plan to bring the P5 students for this DNA enrichment class. So if I am not wrong 

earlier on, this has been in practice so every level they will have a specific programme 

for them to go. 

 

A: So is this particular class, one that the school, do they book every year? Or they 

change? 

 

j: They book it every year. If I am not wrong, it's just like the HOD will have certain 

programmes meant for certain levels and then when these students come this level. This 

becomes the programme that they will have to go. So when all P5s will go for this 

programme. 

 

A: And, do you know why this particular topic, class, this DNA class? 
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J: I think it is because in primary 5 they are learning cells. So naturally, there is some 

connection there although DNA is going a bit beyond that. But I think that there is some 

link. Yes. 

 

A: Before you brought the class, was this topic covered in class? 

 

J: Yes, it was already covered.  

 

A: So it was covered already. There was some kind of preparation of the children. They 

were familiar? 

 

J: Yes, they were familiar with the cell parts and function.  

 

A: Okay. Was any part of the class or workshop they attended in SCS, was it familiar to 

them? Or it was all something new? 

 

J: Like I said, the cells was familiar. But once you go beyond and you teach about DNA 

and traits, it becomes new. So that's why, furthermore, you have a very good facilitator. 

The one who facilitates is very important and you can see that this facilitator is, is she a 

teacher? Is she? No? 

 

A: Not with. 

 

J: MOE?  (Ministry of Education) 

 

A: She probably was Alice. Was that her? 

 

J: I can't remember her name but she could handle the students very well. 

 

A: Well, we selected only a few instructors for this programme. 

 

J: She is very systematic, so I though she looks like a teacher who knows what are the 

problems usually students will have and how to control them. She is very good with the 

kids. 

 

A: So, the kids were receptive to what she said and were attentive? 

 

J: Ya. 

 

A: Because I know that it is sometimes a long class. And it may not be easy to have the 

children listen. 

 

J: Yeah, but it is air-conditioned (laughs). That makes a lot of difference. Yes, yes. 

Because imagine if you try to teach and it is very hot and stuffy. Like my supplementary  
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class in the afternoon, it's quite difficult to get attention so like afterwards (laughs). 

 

A: Okay, so when you saw your students in the class, how, did you find their 

behaviour? I mean would you have any comments about how they behaved? 

 

J: You mean when they were in SC? 

 

A: In the workshop? Was it different from the way they behaved in class? 

 

J: Was it different?  

 

A: How would you describe? 

 

J: They love practical stuff, that means you have an experiment or activity. They like to 

get involved so when you were there because they get to handle and get to do things, 

they get to wear the coat. All these things actually excite them. So if you ask me 

whether there was any difference, Maybe the environment is different, the topic is 

different. So they actually enjoyed it. So behaviour wise, I am actually quite strict in the 

class also. I don't allow anyone to misbehave. So if you say compare their discipline, 

and how is it? They are okay.  

 

A: Thanks. So you notice that they enjoyed themselves. Was there any collaborative 

activity, because they are working in pairs or four in a group. Did you see any evidence 

of that happening? 

 

J: They took turns because they have like "I do this first, then you do this and I do this 

and then you do this". They you can see this is happening in almost every group. Then 

like I say, the person who is in charge has a lot to do with it. Because the instruction 

given was very clear and then after that what they must do and what to follow after that 

is clearly spelled out. So the students knew exactly what to do and collaboratively. Yes. 

they can, in every group no matter how. Even the so-called naughty ones, they are also 

doing and they are also collaborating. 

 

A: What about? Maybe in-terms when there was some movement from slides, to hands-

on, to teaching. How did you find that flow? You know. Because it was not all just 

talking. 

 

J: The first section I think is the lecture, which is necessary and they were very 

attentive. That's why the teacher/facilitator knows exactly how to move on from one to 

another very smoothly. She will state "what is this and what is this? And them prepare 

them for this, we are going to do this and when we do this, this is what I want you to 

do". So everything that was being said was very systematic. So the students knew what 

to do and when they knew what to do, they usually won't have much problem. Because 

if the person is not clear, then the students are not clear, they will start to do a lot of 
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things which is not right. But everybody knew exactly what to do because her 

instruction will be like "First you have to do this, this and then you wait. Okay? Then 

after that when you finish, this is what we are going to do. The ones who finish, you 

wait."  And then she will go around to take a look. And all this helps in making sure that 

everybody is learning at the same pa 

ce. 

A: Okay, that's great. 

 

J: I dunno where you found that lady.  

 

A: So, one of the questions I was going to ask was, what did the facilitator do very 

well? But I think you have already answered quite a bit of that which is good. 

J: Because there are times when I have facilitators in other kinds of lessons in SC who 

are not good. And because they are not good, you can tell. Because the students become 

restless and the students were talking and when they were talking, they are not 

interested but they are interested in what they are doing. And I can tell you who these 

people are in SC. And then, I was telling the other teachers and I hope you don't get this 

one. Because if you get this one, you are going to have problems. And it is really true, 

really true. 

 

A: That’s definitely good feedback for us as well. So, I was just wondering if let's say, it 

does look like there was some learning as from the post-test, it looks like the students 

did learn something. What would you think from a teacher's perspective who was in the 

class, would have contributed to the learning?  

 

J: What would have contributed? Quite a number of factors, environment, because it is a 

different person who is speaking which is not me, they do things differently, you wear 

something, you learn new stuff, you get to do things which you cannot do in school 

which makes it very exciting and SC seems to be a place where a lot of new science 

stuff is being done. So when they are going there, they are already anticipating that we 

are going to do something great, you know. The feeling is already there so when they 

went there and they start learning, it confirms their feeling, that it is very interesting. 

Then I went around taking their pictures. So when I went around taking their picture 

that makes it more exciting because they say, "Hey, the teacher is taking a picture of us 

doing this". And because I do post their pictures up. And that helps also in making sure, 

then they will even do it even better. They will make sure they do it very properly so 

that when you take their pictures it be like you know; I want to be showcasing myself. 

So, these are the things, how and why it can be very successful.  

 

A: And you also mention their facilitator. 

 

J: And that one actually, that is one of the most important. Even it is just a normal 

teacher, any class you teach, it is the teacher that decides whether it is going to be fun or 

boring. It is the teacher. Not anything else. We can teach the same content but I can 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

449 

 

present it in a different way from the other teachers. And the students will be able to tell 

which is more interesting, which is more boring. Can so … But because the facilitator 

has not just the knowledge and not just the system, was able to make it not boring and 

because it is not boring that makes it even better. No student like a boring lesson.  

A: I agree. So, I think that was about it and you have answered quite a lot. You said 

something about in your feedback that what did you like the class most, you said 

something about the enrichment is more than it is in Primary 5.  

 

A: Ya 

 

A: Something like that? 

 

J: Yes, because let's say we only learn about basic cell parts. That is basically it. But 

when you go into DNA, how it forms and when she started to tell about chromosomes, 

about male and female. And she started to get the students to interact and I think when 

this mix with this, what would you get? And most of them would get it, which we 

actually don't teach. That is why I was very surprised that a lot of groups would be able 

to understand and match and get the correct one. So i find that there is something 

(surprised). I didn't expect them to be able to do it, chromosomes and all that stuff. But 

most of them, this will be the first time introducing such a term. 

 

A: Did you think you might want to revisit this in school after the lesson? 

 

J: Couldn't, I think we all teachers understand that we have a syllabus. And the number 

of periods the ministry gave to us (MOE) is not enough. That's is why we have supp 

(supplementary) class because the supp (supplementary) class helps us to teach what we 

need to teach, on top of that practice, drill, do a lot of things. We just have 5 periods and 

sometimes we have holidays so it eats up everything. Then how? So if you say I want to 

do something additional, I would use my supplementary class to do. But my 

supplementary class is not enough to cover what I need to cover, I wouldn't. Because in 

the end, they take exams. And then, all teachers, no matter what we are teaching, we 

need to teach what the syllabus is testing. So, if I were to teach DNA and all that 

chromosomes, teach them well and they know everything. But in the end will it be 

tested, no. But I teach these at the expense of the rest and what is going to happen to my 

students, they are not going to do well and the parents is not going to be happy with me. 

"Oh very good, you have taught very well, you teach extra but all never came out". But 

you see, the teachers, we are tied. So it's not that we don't want to teach extra, we want. 

But the time that is given to us and the system that we are now in, doesn't allow us to do 

that. But, going for enrichment, yes. Because the enrichment gives us that time for the 

students to learn extra. But they are not tested. Okay. That’s the difference, they are not 

tested but most of us when we teach, we are being tested. 

 

A: Okay, so yes I understand. I think that is a common issue. 
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J: I understand that it has been like that for years and I don't think it's going to change or 

make any difference in the next few years. 

 

A: Yeah, so yes. Thanks, I think we have sort of covered. Do you have any last things 

about what you think you saw that you could have improved? 

 

J: Improved?  No, I think they do a great job, really great job. Really. But because I was 

wondering certain course that you run at the SC is free. But certain courses are payable. 

Why is that? 

 

A: It's the cost of the materials. So the cost of the materials that is at the lab actually is 

way over what is actually the programme fee. The ministry gives us a subsidy for these 

kinds of programmes for schools so they subsidise that but we do need to recover back 

some. The others where it is below a certain minimum cost, the cost is just absorbed. 

There are free class. 

 

J: Yeah, I know. The pond and the community are free. All Primary 6 students will go 

for that. We are asking like is because as long as we can find a programme which ties 

very nicely with the syllabus, that level will go. And because schools are, they have a 

fixed budget. they don't have especially now we are merging because we have a 

dwindling enrolment. And because of that, so you notice we have less students so less 

amount. Ministry gives the money to schools based on enrolment. So enrolment with 

1200 or 1000, you get lots from the ministry every year. But if your number is dropping, 

the ministry is not going to give you as much. And then how you going to run all those 

programmes again like, going to SC? If our number drops further, we might not even go  

SC, the payable ones. Because we couldn't afford. And then you say the students pay. 

The student's parents might not want. So, you see, it is all linked, it is really all linked 

together.  

 

A: Okay, that's great. Thanks J. Thank you very much for your feedback.       
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         Appendix O 

Interview with  students 

Interviewer: (S) 

Interviewees: (A), (E),  (Z) 

School: C Primary School  

S: Okay. Alright. Hi guys, my name is Ms Swapna and I'm from Science Centre. We are 

conducting this interview to find out a bit more about what you've learnt on the topic of 

genes and traits at Science Centre. And, please remember this is not going to be a test. 

Okay? So feel free to let us know your honest opinions without any kind of fear that 

we're going to grade you or anything. Is that alright? Okay? So, err.. to make sure that I 

don't miss out anything that you've said, I'm going to record all of you. Okay? So let's 

start off with you guys introducing yourselves first. Okay? Let's have you first.  

Z: okay, my name is Zhi Ting.  

S: Zhi Ting.  

A: My name is Amelia.  

S: Hi, Amelia.  

E: I'm Emma.  

S: Okay. Hi guys. Thank you for being here with us today. now err... let's start off by 

talking about genes and traits and DNA. So before coming to Science Centre, have you 

actually covered this topic in school before? 

E: Err... yes we did but we didn't touch so much on genes and traits because basically 

our teacher - we were learning on the topic of cells. So erm... my teacher did touch a bit 

on cells and genes, but then he didn't really teach us more about traits because erm... 

traits did la but then not too much... 

S: Mmhmm... Mmhmm... 

E: But I learnt more in Science Centre when I was in the laboratory, get to understand 

more because there was more experiments and then I could understand better.  

S: Oh, that's very good in fact, Emma. Thank you for that detailed description. Now, 

err... how about for the other two of you - Amelia and Zhi Ting, do you guys have 

anything to add on? 

Z: Erm... my teacher is those types who likes telling stories during class. So, we did 

cover a bit but it wasn't really that detailed as he didn't really have that much time as he 

- since he has to rush through the syllabus.  

S: Ya.  
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Z: So, throughout - when I went to Science Centre, I get to do expe - hands-on 

activities. I could understand more about traits and gain more knowledge as well.  

S: Okay, that's very good, Zhi Ting. How about for you, Amelia? 

A: Nothing to say (Whispers) 

S: Nothing to say? Is it the same as the two of them?  

A: (Nods) 

S: Okay, that's perfectly alright. Okay, so now so that means you guys have actually 

heard about the words DNA and genes and traits before coming to Science Centre. Am I 

right?  

A + E + Z: (nods) 

S: Okay, great! So now when you attended this class at Science Centre, how did you 

find the explanation of the whole session? Okay? So maybe I'll start with you, Amelia?  

A: It was very clear and the fact that they did experiments made it more interesting and 

err... helped me understand more about it because in school, they just like tell us that 

DNA is what - it's characteristics are passed down from parents and - but in the Science 

Centre we actually learn more. Like, the meaning of the words and ...  

S: Mmm...  

A: All of the - you know more in depth.  

S: That's good, that's good, Amelia. I'm glad to know that. How about for the other two 

of you? For Emma or Zhi Ting? How did you all find the explanation of the whole err... 

class?  

E: It was very clear.  

S: Mmm...  

E: Erm... the instructor took a lot of time to explain to us especially, we are from 

different classes. So we have different grades of understanding about the topics. So, the 

instructor did clear our thoughts and we - and she even like erm... explained to us like 

the rules of the explanation. And is- and the class was easy-going. So, ... 

S: That's nice.  

E: The instructor had erm... did really like explain every single detail and answered all 

our questions and cleared all our thoughts. So ya.  

S: Very good. So that's how you found that it was actually quite easy to understand the 

whole - follow the whole session. That's good. And err... how about other things in the 

programme? Was there anything that erm... really helped you err... deepen your 
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understanding in the programme itself? It could be any part of the programme. It could 

be the teacher, it could be the videos, it could be the slides, it could be the activities, 

anything at all.  

Z: Err... personally, I like activities as I find that we do activities you personally can 

understand better.  

S: Mmhmm....  

Z: As you get to really experience it and see with our own eyes about the results that 

you'll get through the experiment and what changed variable actually result in. 

S: Okay, okay, that's great! And how about for you, Amelia? Do you have any part of 

the lesson that was very very important, that helped you remember? Was it like I'd 

asked him, was it the video, the activites, anything.   

A: Ya, the activities really helped me remember because we don't do many experiments 

in school also.  

S: Mmmm....  

A: And as Zhi Ting said, we get to see with our own eyes...  

S: Yes.  

A: Which helped us understand more. And also the teacher spoke like it wasn't 

monotonous voice.  

S: Yes.  

A: So it was very interesting and it caught our attention.  

S: Oh, that's beautiful. Thank you, Amelia. How about for you, Emma? Anything to add 

on? 

E: Erm... yes, I do agree with both of them saying that the activities helped to - us to 

actually understand more clearly. Well, erm... also when we talk about chromosomes, in 

each animal - at first we didn't understand what was chromosomes. So, the teacher 

explained to us - Oh, like a dog has like how many chromosomes, rats and all those.  

S: Yes.  

E: So, ya, it was very fun and clear.  

S: That's very nice. I'm glad to know that. And then, okay, let's say now talking about 

the teacher per se, which was err... in your case it was Ms Nabilah, right? Yes? So, 

erm... err... other than her having very clear explanation, is there anything else about Ms 

Nabilah that any of you want to say which actually helped you in your lesson? 

Anything. Yes, Emma? 
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E: Err... the teacher is very strict. So, we didn't get our experiments wrong because after 

school I went to check my other classmates - for example the wheatgrain, when we put 

the alcohol and detergent, we were not allowed to touch them. So, we did actually do 

everything very slowly, but yet we did it with erm... more understanding and the teacher 

also explained and all those. So, and our results we gained was actually more clear than 

oser-other classes.  

S: Mmm... 

E: That ya - That did the experiment.  

S: Okay, okay. That's very nice. That's good to know. How about for you, Zhi Ting?  

Z: I think that the teacher was actually quite strict as every class has - confirmed going 

to be a few naughty students.  

S: Yes.  

Z: I think that actually helped to calm down the ...  

S: Naughty ones.  

Z: The naughty ones and actually reduce the noise level. So it was err.. quite a nice 

environment to do the experiments in and study.  

S: Great! good, very good, Zhi Ting. Anything else to add on? No? Okay, alright. So 

now let's move down straight to the activities. Now, we did like a whole lot of activities, 

right? So we started off with like for example, the trait tree. Then we had the trait wheel. 

Then we had the wheatgerm DNA extraction. We had the X and Y pick up sticks, right, 

to determine the gender of the baby. Then we also had the eye activity, the blue and 

brown eyes, right? All these. So which of them was your favourite and really helped 

you remember. So let's start with Amelia first.  

A: Err... my favourite was the wheatgerm activity because erm... it was very hands-on 

and it was like an experiment as if we were real scientist. So it was very fun. 

S: Mmhmm... 

A: And it really helped capture my attention and helped me understand more about 

DNA and chromosomes and all.  

S: That's very good, Amelia. Thank you. How about for, Zhi Ting?  

Z: I find that the activity about extracting DNA from the wheatgrain as the most 

exciting one also.  

S: Mmhmm... 

Z: As it is the first time that I get to see such thing hap-happening and did something 

like that for the first time.  
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S: Mmhmm... 

Z: My sister has also told something like this about me in her school and she's also from 

secondary but I always wanted to try doing that on myself. So, I was quite excited about 

it.  

S: Oh, that's very nice, Zhi Ting. Thank you. How about you, Emma? Your favourite? 

E: Mmm... actually I have no favourite because I find all activities actually arranged 

very clearly and very organised.  

S: Mmm... 

E: So, all activities actually helped us to erm... remember each and every topic, example 

like blue eyes and the dominant trait... 

S: Mmhmm... 

E: Ya, so dominant traits- the -your-paste- erm... the different 'D', the capital and the 

small letter 'd's. So, ya, it was very - it was a very interesting way to conduct lessons for 

Science.  

S: Mmhmm... 

E: Because our teachers in school, they don't really have a lot of time to do this. But, in 

the Science Centre, I opened up my eyes and see how teachers conducted lessons. So, 

next time I maybe can give some suggestions to my teachers to conduct this type of fun 

and exciting classes.  

S: Ah... that's beautiful. I'm so glad to hear that, Emma. Thank you. Okay, so now, this 

is what err... the-the last part that I'm going to touch on is actually - you guys actually 

did this class in a lab, correct? In a - in a DNA lab. So, how did it feel like being in that 

environment? Anyone of you could go first. Yes, Zhi Ting? 

Z: Err... We actually went to a - our school lab before. It was actually quite small and 

you know, one big class squeezing into one small room... 

S: Yes. 

Z: It didn't have much space. 

S: Of course.  

Z: But, now it is under construction.  

S: Mmhmm... 

Z: It is down now so, we actually don't get to go to the Science lab anymore.  

S: Right.  
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Z: So I find that going to a bigger Science lab, having hands-on activities with this type 

of experiments, and equipments that we never did before, is actually quite interesting.   

S: Oh, that's nice, Zhi Ting. How about for you, Amelia? 

A: I found it very interesting because of like a lot of high-tech equipment.  

S: Yes.  

A: And the results of the experiment were more accurate than if we did them in school 

because of all the equipment.  

S: Sure.  

A: And the temperatures were all like kept constant, so... 

S: Yes.  

A: Most of us got the same results from it.  

S: Ahh... 

A: And it was more fun, and it was a more cosy environment than the one in our school 

because there was air-con and all of that.  

S: (Laughs) Right, okay, okay. How about you, Emma? 

E: Well, when we say Science Centre, everybody gets excited because Science Centre's 

like - we don't really go to the Science Centre everyday. But for Science labs we walk 

past it and we're like "Ugh" - However, - so in the Science Centre there's a different 

type of environment. Like you see more high-tech equipment, everybody goes - 

"Wow!" And then...  

S: Yes.  

E: Erm... and you see the high chairs and everybody goes like - "Wow"... and then you 

see the coats - like you put on the coats and you feel like, "I'm a real scientist, man".  

S: Oh... yes.  

E: So, you will be more passionate to actually like go to the Science Centre and do more 

experiments. Ya.  

S: Yes.  

E: So, the environment is very nice. 

S: That's beautiful. Great job, great job. Thanks guys for your sharing. Now, I'm going 

to move on to the next part of this interview in which I'm going to show you some 

photos or pictures, and I'm going to ask you some questions about them, okay? So, let's 
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start off with the first one. Now, I have this boy here. His name is Robert. And, err... the 

question that I have for you is - How many cells do you think Robert has in his entire 

body? Just give me a number. Any one of you. Yes, Amelia? Any number.  

A:  I think ...  

Z: Estimate, just estimate.  

S: Any number like ... (school bell rings) 

A: One million.  

S: one million? Okay. Perfectly fine. Yes, Zhi Ting?  

Z: Err... One thousand, maybe? 

S: A thousand, maybe.  

E: Hundred plus.  

S: Hundred plus. Okay. So am I right to say that it is definitely more than one.  

A: Of course.  

E: Yes.  

S: Of course, right? Okay, great. Now, do you think all of these cells that Robert has 

contains DNA? 

Z + E: Yes.  

S: Amelia, what do you think?     

Z: Not, not ... all. Except for the red blood cell.  

S: All, only if - you think the red blood cell doesn't have. Okay, fair enough.  

E: Most of them.  

S: Most of them have it. And, what can I say about the DNA? Can - if let's say I was to 

compare err... Robert's err... skin cell with his cheek cell, what can you tell me about the 

DNA in his cells?  

Z: It'll be the same.  

A: They'll be the same.  

S: Okay, so Amelia and Zhi Ting think it'll be the same. Emma you?  

E: It'll be the same.  
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S: Why will it be the same? Can someone tell me? 

A: Because Robert comes from the same parents.  

S: Robert comes from the same parents?  

E: And each parent gives him twenty-three chromosomes - twenty-three chromosomes. 

So, it'll be either dominant or recessive. So he does have both but then his traits will be 

decided, whether it was do - whether it's like example, brown eyes or blue eyes.  

S: Okay.  

E: So, ya.  

S: So you believe that the DNA will be exactly the same in all his cells, right?  

A: Yes.  

S: Okay, now let's move on. now, Robert says he actually has a best friend and his best 

friend's name is John. Okay? Now, Robert says no, John is my best friend, and because 

he's my best friend, our DNA is exactly the same. Is Robert right? 

A + E + Z: No.  

S: Oh no... all of you say no. Now please tell me why? 

Z: Err.. can I say? 

S: Yes Zhi Ting, you can.  

Z: Err... as they're not from the same parents, and they're not identical twins, in the 

whole world, the only way you can have the same DNA as the pther person is unless 

you're identical twins. And, they're best friends and they're not identical twins, so their 

DNA is not the same.  

S: Okay. Anything else to add on, Emma? 

E: Mmm...  

S: Or is your explanation the same? 

E: Ya same.  

S: It's the same. Okay. So that means if I take Robert's cheek cell and John's cheek cell, 

although both are cheek cells, but their DNA will not be the same, am I right?    

A + E + Z: Yes. 

S: Okay. Fine. Now, let's move on to the next scenario. Okay, in this next scenario, I'm 

actually, oops, sorry. I'm actually going to show you err... about - share with you about 
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this man. His name is Mr Danny. And Mr Danny is twenty-five years old. He's a taxi 

driver. And recently he got involved in a very bad taxi crash or a car accident. And 

because of that his legs were actually smashed very badly. And due to that, the doctor 

actually did tell him that your legs have to be amputated. Amputated means cut off, 

right? And err... that's because they were not possible to fix back properly. So right 

now, Mr Danny looks like this. Okay? So you can see, it's a bad sad ya. And err... this is 

his err... err... fiancée, or the person he's going to marry. Her name is Ms Lucy. Now, 

Ms Lucy says she really loves Mr Danny and they want to get married. But she has a 

question, in the future when they have their own children, Ms Lucy wants to find out 

whether will her children have legs or no legs? 

Z: The children will have legs as the DNA inside was not altered. It was just the 

physical appearance which has been changed. So in Mr Danny err.. DNA, he will - 

when err... both of them get married and they have err... children, the child will have 

legs.  

S: Okay. How about what do you think, Amelia? 

A: The DNA of Mr Danny, wasn't affected because erm... his legs got cut off...  

S: Mmm... 

A: But it wouldn't affect the DNA because it was only after he was - his DNA was like 

confirmed, I guess. When he was given birth to.  

S: Okay, if I'm an-understanding it right I hope. Then how about for you, Emma? Do 

you think the same as well? 

E: Mmm... I do think that Mr Danny's children will be - will have legs unless maybe 

their genes change, but then it is not very possible because Mr Danny's traits will be 

given to him. And since Ms Lucy also has erm... 

S: Legs.  

E. Legs, she will also give the traits to the children. So it's very unlikely that the 

children will not have legs.  

S: Okay, now let's say they decide to have four children, right? So err.. will it - will 

there be a situation where two children have legs and two children don't? 

 Z: No.  

S: Do you think so that could happen? 

A: There is DNA that was recessive like if - for example, Mr Danny's err.. great great 

grandparents or something like that ...  

S: Ya...  

A: Had no legs, then it may happen.  
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S: But otherwise, directly from Mr Danny to the kids, no.  

A + E + Z: No. 

S: Okay, will there ever be a child who has one leg only? 

Z: There might be if the - if the grandparents or (inaudible) wasn't there cos' traits - cos' 

it can skip generations  

S: Yes.  

Z: Traits can skip generation.  

S: Yes. 

Z: So other than that, if anyone in the family tree has legs it is very unlikely. 

S: That the children will not, right? That means they will definitely have two. Okay, 

great. Now, moving on to my third activity here. In this activity, what's going to happen 

is it's called err... trait or tradition. So what it means is I'm going to show you five 

statements. And for every statement, you have to tell me whether or not this is a trait, 

that means something that can be passed down from parents down to the child, or from 

grandparents down, or is it a tradition. Something that can be done by yourself. You 

don't have to err.... have err... err... have it in your DNA, for example. Okay? So let's 

start with the first one. The first one says I am left-handed. Trait or tradition.  

Z: I think it's trait.  

S: Zhi Ting says trait.  

A: Trait.  

S: Trait for you, Amelia.  

E: Tradition.  

S: Emma says tradition. Now I need to know why? Why do you say trait? Zhi Ting? 

Z: Cos' when you're born, you - you actually know which had is more comfortable for 

writing. 

S: Sure.  

Z: So if you're born, you start writing with left hand, then you-you use left hand.  

S: Yes.  

Z: You start writing with right hand, you will use right hand.  

S: Okay.  
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Z: Unless it's like in the olden days your grand- cos' when you write Chinese words, 

they think that if you write with left hand, the - you won't be correct.  

S: Oh... 

Z: So they'll actually force the children to use right ... 

S: The right hand. Wow! That's interesting, that's interesting. How about for you 

Amelia? You also said it's trait right? 

A: Ya.  

S: Why? 

A: Because you can't really change your dominant hand, unless you like really train... 

S: Right.  

A: And keep writing with it.  

S: Mmhmm...  

A: But if you really train them, then it should be ambidextrous...  

S: Yes.  

A: Not only left-handed.  

S: Correct, correct. That's right. Okay. How about you, Emma? You said it's tradition. 

Why? 

E: Erm... because when you're born I have like erm... a friend who's still quite young. 

He's a toddler. So, he actually can write with his right hand. But then, some are- erm... 

he has classes for him to write - so he's actually right-handed. But then he somehow was 

like he could use his left hand to draw.  

S: Oh... Okay.  

E: Yes, so ...  

S: So, he's ambidextrous... 

E: He but then - ah, ya. So, he couldn't draw with his right hand apparently. But he only 

can draw with his left. And his left hand cannot write, cannot write words.  

S: Can only draw. Okay. Interesting, interesting. So that's why you think it's a tradition. 

Okay. That's fine. Next one, I greet others with a smile. Trait or tradition.  

A: It's a tradition.  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

462 

 

Z: Tradition.  

E: It's a tradition.  

S: Tradition. Why? 

E: Cos' it depends on your parents. If your parents like erm... like make you obey and 

then you will like smile, so it's naturally like erm... hi, and then you smile at the person. 

If like, a lot of gentleness and kindness. Ya.  

S: So if it's passed down from your parents it should be trait right? 

E: No, because your parents teach you, it's not like ...  

S: Ahh... so it's not in the DNA.  

E: Yes.  

S: Something that you can learn, right? Amelia, anything to add on to this.  

A: It's the same as Emma.  

S: Same as Emma. Okay. Now let's move on to the next one. My natural hair colour is 

brown. Trait or tradition? 

A + E + Z: Trait.  

S: Wow! All three say trait. Why? 

A: Because it's a natural hair colour and your natural hair colour is a hair colour that 

you're born with. So it's from your DNA.  

S: Very good, very good. Do you all agree?  

Z: Yes. 

S: The other two of you? Yes? Okay. Next. I have dimples.  

A + E + Z: Trait.  

S: Wow! Okay, I need to know why? 

Z: Because me and my sister ...  

S: Mmm...  

Z: Err... I have dimples but my sister don't have. But my father have dimples but my 

mother don't have.  

S: Okay.  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

463 

 

Z: So, it's like err... when I smile I have dimples but my sister don't have. So I find this 

is a trait that we get down from our parents.  

S: okay, fair enough. How about for you, Amelia? 

A: You can't change yourself to have dimples.  

S: (laughs) Yes.  

A: So it's ...  

Z: You can't like poke a hole in your cheek hoping that it will stay and that ... - What 

will happen when you smile, you will hope that you will have that dimple over there. It 

is impossible.  

S: Sure, sure, that's true, that's true. How about you, Emma? You said it's a trait too.  

E: Mmm... ya. It is. because - Actually my family, I'm like the only one, like between 

my parents, my sisters, I'm like the only one who has dimples in the family. So when I 

was learning about cells and traits, erm...not in Science Centre, before that.... 

S: Yes.  

E: In class, I was like, I went home and then I told my mum - Why am I the only one 

with dimples? My mum's like - you go and find out yourself.  

S: Aha... 

E: So that was how I learnt about skip generation. So I was very curious. So the next 

day I went to my grandma's house and I was like - I looked at their faces - like, who has 

dimples, who was the one who gave me that? Then after that, my-my grandma's like 

"Tadaa" -  

S: Aah... 

E: Then after that I was like oh... skip generation.  

S: Yes, that means you got it from your grandma.  

E: Ya, so it's a trait.  

S: That's nice. Very good, very good. I like that. Okay, next, last one - I lay in the sun to 

get a sun tan.  

Z: Tradition.  

S: Trait or tradition? 

Z: Tradition.  
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A + E: It's a tradition.  

S: Tradition? 

Z: You're not born with the trait to lie down in the sun to get a tan ... (laughs)... It's 

whether if you want or not. It's not like err... when I was born I was...  

S: With a sun tan.  

Z: Ya, I was born to have a su- to lay in the sun to get a tan. No.  

S: So obviously this is something that you can choose, right? So therefore, it makes it a 

tradition. Right? Okay. Great, great, great! Good job guys. Okay, so now I'm reaching 

to the last part of the-the entire interview. Now in this last part, all you need to tell me is 

err... more of your own personal experience. So what can you tell me more about your 

personal experience at the Science Centre or at the DNA lab? 

Z: Err...  

S: Anything else to add on from what you've already told me.  

Z: Maybe personal experience like how I felt during the ...  

S: Yes.  

Z: Err.. I felt quite excited... 

S: Mmm... 

Z: And throughout the whole time I was actually quite curious in what else we're going 

to do.  

S: Yes.  

Z: Excited as it was first - one of the first times that I'd be in a Science Centre lab - one-

one of the times.  

S: Okay.  

Z: Cos' we don't often go into the Science lab at the Science Centre.  

S: Right.  

Z: In-in school the Science Centre ... 

S: The Science lab you mean? 

Z: Ya, the Science lab is very small and the equipment is very limited. 
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S: Sure, sure, sure. So you were very excited being there. Okay then my next question is 

- what did you learn from the activities in Science Centre that you would not be able to 

learn in class or in school.  

E: Err... maybe how the teacher controls the class. Because each teacher has a unique 

way to control the class.  

S: Mmhmm...  

E: Okay? so ya. For the teacher who taught us in the Science Centre, ... 

S: Yes.  

E: Well she could control her-her class with her magical hands. She does this ... 

(Student gestures with hand) and then after that I will stare at her and she will be like - 

and she will be like "Shh...". And then after that I'll be like oh oh okay. Cos' I like to 

talk talk talk talk talk and the teacher is just "Shh..." and then I'll be like oh, okay. Only 

to me. And then ya- and then the teacher also she likes friendly competitions like, who's 

the first one to put back the detergent in the correct place.  

S: Yes.  

E: So this also speeds up the class. Erm... so the class had actually more time to like, do 

other experiments.  

S: Sure.  

E: Ya.  

S: Okay. So anything else to add on, Amelia? 

A: Err... ya. We can't like do the experiments in school also because err... we don't have 

the high-tech equipment and for the experiments you need like a specific temperature... 

S: Mmm... 

A: For the detergent... 

S: Yes.  

A: Specific temperature for the alcohol... 

S: Yes.  

A: To make it work. 

S: Yes.  

A: And in school we don't have that.  
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S: Mmm...  

A: So I think like in the Science Centre is the only place where you can do it.  

S: Okay, fair enough. Okay, the last part now. Okay, so err... what did you learn at 

Science Centre that was connected to what you have learnt in school before? Like, 

something that you saw at Science Centre when the teacher was teaching and you're like 

oh yes, I have done that in school before or I have learnt in school before. Anything?  

A: The traits where if you have the girl and the boy... 

S: Uh huh...  

A: Yeah, because the girl is the YY...  

Z: YY? (Laughs) 

A: Oh wait, oh it's not, the girl is the XX (Laughs) 

S: And for boys it is?  

A: The XY.  

S: So you've studies that in school before.  

A: Ya.  

S: Great, great. Anything else that you've studied in school? 

E: Yes, erm... I want to add on on what Amelia said. So the traits is actually erm... XY, 

she was talking about like chromosome and all those.  

S: Yes.  

E: Yes. So I also - my teacher also told me that - in the past erm... the Chinese tradition 

- you prefer boys to girls.  

S: Yes.  

E: Ya. So I've always had this question erm... in my mind saying that - hmmm... if like 

people want to get like erm... boys, why is it so rare?  

S: Yes.  

E: They get boys and why is it so often that there's girls. And every - and so far for all 

my classes from one - from P1 to P6, for I can remember, there's more girls than boys. 

So one day I asked my teacher - I went up to my teacher and said - teacher, can you 

please tell me why there erm... is always like there is always like sometimes there is a 

higher chance of having girls than boys.    
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S: Mmhmm...  

E: Then after that the teacher told me - oh... because of the chromosomes and then he 

rushed off because he had some meeting. Then I was like - you didn't answer my 

question. So when I came to Science Centre, I was like I get my answer, finally, after all 

these years.  

S: Right. Okay, okay. Interesting. Okay. Now the last part now here is err... what did 

you learn at Science Centre that was connected to things that you've learnt outside of 

school. Like maybe erm...  

E: Tuition?  

S: Ya on TV, from tuition, on reading something. Was there-was there anything that 

you did at Science Centre that connected with you like - Oh ya, I've read about it 

before?  

Z: Mmm... 

S: No? No? Not really? 

Z: Not much though. 

S: Not much?  

Z: Because I am not a fan of documentary.  

S: Ahh... okay, okay. Now, it doesn't have to be TV. It could be like a movie or did you 

like go back home and discuss with your family about the class that you'd attended at 

the Science Centre?  

Z: Oh... 

S:  Yes?  

Z: All I did was get more information about it because when I learn about it it was like 

do you-do you know - do you know about all this. Then after that it is kind of adding 

on, adding on. 

S: Yes.  

Z: And then it gets so complex until I didn't even know what they're talking about 

anymore. Whether it was the still the same topic or not.  

S: (Laughs) 

Z: Because my sister's like Sec three. She's taking pure Science and my father and 

mother are basically adults.  

S: Yes.  
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Z: They have gone through that stage. So their level of Science is a whole new level for 

me. I just scraped past that level and they already push me so far ahead.  

S: (Laughs) 

Z: So... 

S: Great, great. But you did - you did go home and share it with them. How about for 

you both? Amelia or Emma, did you guys go home and share with your family?  

E: Yes. I was like - Hey sis, do you know there is like twenty chromosomes and like 

different type- erm... different number of chromosomes in each-each animal and she 

stared at me like - I’m sec two you know, not like P1. Don't tell me all this, i know it, I 

study Science also okay?   

S: So you guys did go home and discuss... 

E: And then I went to tell my younger sister and she's like - oh, oo la la... What is the 

difference? My sis go and tell my mum. Then my mum also like Zhi Ting's family, 

pushed me all the way like I don't know what they're talking about also.  

S: (laughs) Okay good. how about you, Amelia? Did you share with your parents?  

A: Ya, I shared it with my parents. but, they are not very good at Science.  

S: (Laughs) 

A: So they - they'll - they will like - "Wow!" that I knew all of this information.  

S: Interesting. That's nice. That's good, that's good. Okay guys, do you guys have 

anything else to add on for me? 

Z: No.  

S: Anything to tell me?  

Z: Nothing.  

A: No.  

S: No?  

Z: No.  

E: I will recommend this for other - Like maybe if the school, like our school this year 

they keep asking us for feedback. So I will always - I always tell my school to bring us 

to this Science Centre, this - this err... programme, again. The genes and traits...  

S: Ahaa... yup.  
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E: Because you do learn something out of the classroom. 

S: Mmhmm...  

E: You don't stay in the class and then you don't really like learn the same things and 

then sometimes like seniors like us we like to share so maybe this erm... school should 

actually bring erm... children to this workshop when they learn about cells because this - 

I find this topic a bit linking to the cells... 

S: Yes.  

E: And the (inaudible) actually learning... 

S: Yes.  

E: Ya, so I will recommend this to my teachers.  

S: Oh, that's really nice to know. Thank you so much guys for all your time and we 

really appreciate it. Okay, thank you! 

Z: Thank you.  

A: Thank you. 

E: Thank you.  
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          Appendix P 

    Post visit stimulated recall slides 
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          Appendix Q 

Observation of post-visit recall activity in school 

Introduction: 

Genes and our Traits is an enrichment programme for upper primary students at the 

science centre. The observations that are documented here were used as supporting 

evidence for the stimulated recall component of the study. This session was conducted 

in the school 8 weeks after the science centre programme.  

Programme details  

Date   - 30 October 2017 

Duration  -  1.30 pm – 2.00 pm (30 minutes) 

Venue   -  Co Primary School 

Topic   - Genes and our Traits 

Class Level  - Primary five 

Participants  -  Forty students 

The stimulated recall was conducted by one of the science educators (SE) certified to 

conduct this programme. The SE arrived at the venue 10 minutes in advance of the 

scheduled time to organise and check venue set-up. The class arrived on time in the 

science lab. The SE conducted a 30-minute recall session with the students which 

included components of the Genes and Our Traits programme that students attended at 

Science Centre. The purpose of the session was to activate students’ content schema 

prior to attempting the delayed post-test. 

The recall session was conducted in the school science lab. The layout of the lab is 

illustrated below. 
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Observation of Student Behaviour in Genes and Traits stimulated recall 

Pre-class preparation  

Arrived early in school to check materials for teaching, namely deck of PowerPoint 

slides and materials for demonstrations. 

Programme 

Students arrived at their school science lab during their Science lesson.  

  

 

 

 

 

 

 

 

 

 

 

 

  

 

Legend 

 Science Educator teaching the class 

 Students in the class (5 per table) 

1 Main entrance 

2 Whiteboard and Projector Screen 

3 Teacher table  

4 Student table (8 in total) 

5 Side cabinets in the class  

6 Back exit 

2 

3 

4 

5 

4 4 4 

4 4 4 4 

 

1 

6 
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Observation of Science Enrichment Programme Genes and our Traits 

Name of Programme : Genes and our Traits 

School  : Co Primary School 

Date: 30/10/17 

Class level : Primary  5 

 

Observer: myself 

 

Duration : 30 minutes 

 

Time Observing students during the stimulated recall group activity session in the school  

4 min Introduction 

At the start of the recall session, the SE started off with greeting the students and 

introduced herself. Students were shown a slide with the picture of Science Centre 

followed by a photograph of their SE that conducted the Genes and Our Traits 

programme at Science Centre. Students were asked to recall and reflect on their 

moments at Science Centre during the programme. 

 

Qualitative descriptors of student behaviour at the beginning of the programme: 

 

 Students were excited and eager to participate 

 When shown the photograph of Science Centre and asked where this is, 

students were able to excitedly answer.  

 When shown a photograph of their SE that had conducted the Genes and Our 

Traits programme with them at Science Centre, students were able to recall the 

name of their SE. 

 Students were also asked the title of the programme that they had attended and 

based on that trigger, students were able to recall some of the hands-on 

activities that they had done at the Science Centre. 

 

6 min Activity 1 

In this activity, students were shown slides on the traits tree and traits wheel. These 

were two activities that students had done during the programme at Science Centre. 

These served to activate their prior knowledge of these activities.  The students raised 

their hands to give responses and explain what they were doing in the slide. The SE 

prompted for as much information as the students could give although it was not very 

necessary as students were able to spontaneously recall each activity in detail. 

 

Qualitative descriptors of student behaviour at the beginning of the programme: 

 

 Students were asked to name a few traits that they had learnt about during the 

programme at Science Centre.  

 They were successfully able to recall and share about these traits with their 

classmates. They also could recall their ‘number’ which corresponded to a 

combination of a set of traits.  

 The students were very participative in giving answers.  
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 Students could recall their traits as SE then showed some of the traits such as 

curly hair, attached earlobes, etc for the traits wheel and the class activity traits 

tree. Students mentioned the traits tree in their class without prompting which 

they had brought back after the programme at the science centre.  

 Students were asked if traits were permanent and they were able to identify hair 

rebonding and coloured contact lens to change eye colour as temporary and not 

traits. 

 

5 min Activity 2 

After recalling about traits, SE showed a slide of DNA extraction from wheatgerm.  

 

Qualitative descriptors of students’ behaviour during the hands-on activity: 

Students were asked to recall aspects of the activity with prompting from the SE, e.g. 

What is happening in this picture? 

What is the white stuff? 

What is being poured into the test tube? Can someone explain what he or she did? 

 (a student volunteered to explain what he did and went into detail on the 

reagents used and the sequence also explaining that it was important not to mix 

roughly but to slowly trickle the alcohol down the test tube as the DNA would 

precipitate at the junction of the two layers of water and alcohol. The 

classmates chimed in when he paused at any part, to add on further explanations 

such as the detergent was hot,  

 Students were able to recall the white mass in the image as DNA precipitate. 

 Students were able to recall the protocol (steps) for extracting the DNA from 

the wheatgerm. 

 Students were asked to explain the abbreviation for DNA. They were excitedly 

able to answer.  

 Most students shared with the SE that they particularly enjoyed this hands-on 

activity the most. 

 

3 min Activity 3 

SE showed a slide containing different groups of living things such as tree, bacteria, 

fungi etc. Students were tasked to identify which of these groups contain DNA. 

Students had to use hand signs to demonstrate this.  

 

 Students were very participative and involved in this part of the session 

 They were able to identify the groups that contain DNA. In this case, all the 

groups contain DNA since they are all living things.  

 

Students were then engaged in some question-answer session whereby the SE showed a 

photograph of a human baby. Students were asked questions such as: 

o Is the DNA the same in all of the cells? 

o Where do we get our DNA from? 

o Are there any two people with exactly the same DNA composition? 

 

Students were eager to answer these questions and were able to answer them accurately 

to a large extent.  
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6 min Activity 4 

The SE showed the slide of students doing the blue and brown eyes activity.  The 

students were asked to describe the activity. Students were able to share that the brown 

eye colour gene was dominant to blue eye colour gene which was recessive. The 

students who answered used these terms correctly when describing the eye colour 

activity.  They had more difficulty recalling the term ‘allele’. 

 

Once students had recalled about genes, SE asked why genes come in pairs. To this, 

students were successfully able to answer that in a pair of genes, one set is contributed 

by the mother, while the other is by the father. They were also able to recall that there 

are two alternative forms of a gene – Dominant and Recessive. 

 

SE posed different scenarios to the students to determine the effects of dominant and 

recessive genes on the trait. One of the scenarios posed involved the fur colour of two 

mice and how their genotype would affect their offspring. Students were excited to 

answer the questions related to this scenario as they recalled their prior content 

knowledge. In the group activity, students were very sure and quick in being able to 

predict the white fur colour of the mouse in the slide when there were two recessive 

alleles. In this class, students were also able to predict the colour of the mouse fur from 

the genotype (BB, Bb and bb) 

 

5 min Activity 5 

In this part of the session, the SE showed the slide of students doing the ice cream 

sticks activity.  As students excitedly raised their hands to answer these questions, they 

also recollected the ice-cream stick activity that they had done at Science Centre during 

the Genes and Our Traits lesson.  

 

Students could recall the total number of chromosomes in a human cell. Students were 

asked to compare this to the number of chromosomes in sex cells. They were also 

asked to explain how sex cells determine the gender of an individual. They were able to 

recall without hesitation that it is the male that determines the gender of a child and that 

XX is a girl and XY is a boy.  

Then the SE summarised by showing a slide on XY chromosomes.  

 

1 min Conclusion 

Students were asked to answer three True-False statements to express their 

understanding of the main concepts covered during the Genes and Our Traits 

programme, by raising their hands for a true or false answer. Most of the students were 

able to answer all the three statements correctly.  

 

 

After the group activity, students completed the delayed post-test and six students 

stayed on for another 15 minutes for the interviews.  
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          Appendix R 

     IRB Approval for Study 
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          Appendix S 
9 February 2017 
 

Participant Information Sheet for Parents 
 
Dear Parent/Guardian, 
 
I am currently conducting a research study on the effectiveness of a science 
enrichment program on inheritance at Science Centre Singapore.  Through this 
research, we seek to get a better understanding of how students learn about 
inheritance through the hands-on science enrichment program when they come as part 
of a class from their school. We are writing to ask for permission to include your child in 
this study. As this is an educational research project, there is no risk involved to 
participants. 
 A few students may be further interviewed to get a better understanding of the science 
enrichment program experience from their perspective. This will be either audio-
recorded or hand-transcribed, depending on the preference of the interviewed child.  
We are also seeking agreement for your child to be interviewed, if s/he is selected, and 
for the interview to be recorded. 
The findings on the effectiveness of the enrichment program will also be shared with 
schools.   
  
The Ministry of Education has given approval for the study.  Also, the Institutional 
Review Board of the Nanyang Technological University has reviewed and approved the 
ethics application for this study. Results from your child will be treated as confidential, 
with access restricted to researchers taking part in the study.  Only summarised data 
will be used in the reporting of findings; your child's results will not be identifiable from 
the summarised data.   
 

Though your child's participation is both highly appreciated and is of vital importance to 
this study, participation is voluntary and you or your child can withdraw at any time 
without penalty.  If you wish to allow your child to participate, please complete the form 
printed on the other side of this letter.  Please make sure you sign and date BOTH your 
copy and the NIE copy.  Keep your copy and return the NIE copy to the school. If you 
require any further information or have any questions, please feel free to contact me at 
6425 2516 

Thanking you in anticipation, 

 
Mrs Anne Dhanaraj 
Senior Director, Education Programmes 
Science Centre Singapore 
 
 
 If you have any complaints related to this project, please write to the NTU IRB at irb@ntu.edu.sg  
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YOUR COPY  

Consent Form 

 

 

 Parent/Guardian Consent Form 

 

I agree to allow my child/ward to participate in the study described overleaf.  I have 
read and understand the requirements of the study. Furthermore, I understand that (a) 
participation is voluntary, (b) both my child/ward and I have the right to terminate 
participation at any time, and (c) both my child/ward and I have the right to have 
collected data treated in a secure and confidential manner.  

 

I also allow my child to be interviewed and recorded, if s/he is selected for this. 

 

______________________________  _________________ 
 ________  

Your name (in BLOCK letters)   Signature   Date   

 

______________________________ 

Your child’s/ward’s name (in BLOCK letters)   
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9 February 2017                           

 Participant Information Sheet for Parents 

Dear Parent/Guardian, 

I am currently conducting a research study on the effectiveness of a science 
enrichment program on inheritance at Science Centre Singapore.  Through this 
research, we seek to get a better understanding of how students learn about 
inheritance through the hands-on science enrichment program when they come as part 
of a class from their school. We are writing to ask for permission to include your child in 
this study. As this is an educational research project, there is no risk involved to 
participants. 

A few students may be further interviewed to get a better understanding of the science 
enrichment program experience from their perspective. This will be either audio-
recorded or hand-transcribed, depending on the preference of the interviewed child.  
We are also seeking agreement for your child to be interviewed, if s/he is selected, and 
for the interview to be recorded. 

The findings on the effectiveness of the enrichment program will also be shared with 
schools.   

 
The Ministry of Education has given approval for the study.  Also, the Institutional 
Review Board of the Nanyang Technological University has reviewed and approved the 
ethics application for this study. Results from your child will be treated as confidential, 
with access restricted to researchers taking part in the study.  Only summarised data 
will be used in the reporting of findings; your child's results will not be identifiable from 
the summarised data.   
Though your child's participation is both highly appreciated and is of vital importance to 
this study, participation is voluntary and you or your child can withdraw at any time 
without penalty.  If you wish to allow your child to participate, please complete the form 
printed on the other side of this letter.  Please make sure you sign and date BOTH your 
copy and the NIE copy.  Keep your copy and return the NIE copy to school.  If you 
require any further information or have any questions, please feel free to contact me at 
6425 2506 

 

Thanking you in anticipation, 

 
Mrs Anne Dhanaraj 
Senior Director, Education Programmes 
Science Centre Singapore 
 

           If you have any complaints related to this project, please write to the NTU IRB at irb@ntu.edu.sg  
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NTU COPY  

Consent Form 
 

 Parent/Guardian Consent Form 

 

I agree to allow my child/ward to participate in the study described overleaf.  I have 
read and understand the requirements of the study. Furthermore, I understand that (a) 
participation is voluntary, (b) both my child/ward and I have the right to terminate 
participation at any time, and (c) both my child/ward and I have the right to have 
collected data treated in a secure and confidential manner.  

 

I also allow my child to be interviewed and recorded, if s/he is selected for this. 

 

______________________________  _________________    

Your name (in BLOCK letters)   Signature Date   

 

______________________________ 

Your child’s/ward’s name (in BLOCK letters)   
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        Appendix T 
 

Participant Information Sheet for Science Educators 
 
I am currently conducting a research study on the effectiveness of a science 
enrichment program on inheritance at Science Centre Singapore.  Through this 
research, we seek to get a better understanding of how students learn about 
inheritance through the hands-on science enrichment program. As this is an 
educational research project, there is no risk involved to participants. 
 
I am writing to invite science educators conducting the enrichment program at the 
science centre for school students to participate in this study. As part of this aspect of 
the study, you would be asked to complete an open-ended survey form, seeking your 
views on certain aspects of the enrichment program – this will take about 20 minutes. 
Where necessary, we would also like to interview you to seek clarifications on some of 
the responses given in the survey form - this will also take about 20 minutes. We are 
also seeking your agreement for the interview to be recorded either via transcribing on 
a sheet of paper or audio-recording. We expect your inputs to provide us with a good 
understanding of the effectiveness of the enrichment program on inheritance as well as 
ascertain if any improvements are necessary.  
 
The Institutional Review Board of the Nanyang Technological University has reviewed 
and approved the ethics application for this study. Your responses to the 
survey/interviews will be treated as confidential, with access restricted only to re-
searchers taking part in this study. Only summarised data will be used in the reporting 
of findings and there is no way your own responses will be identifiable from the 
summarised data.   
 
Though your participation is both highly appreciated and is of vital importance to this 
research study, participation is voluntary and you can withdraw at any time without 
penalty.  If you are able to participate, please complete the form printed on the other 
side of this letter. Please make sure you sign and date BOTH your copy and the NTU 
copy.  Keep your copy and return the NTU copy to us. If you require any further 
information or have any questions, please feel free to contact me at 6 4252 500. 
 
Thanking you in anticipation 
 
Sincerely  
 
 
Anne Dhanaraj 
Senior Director, Education Programmes 
Science Centre Singapore 
 

If you have any complaints related to this project, please write to the NTU IRB at 

irb@ntu.edu.sg 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.

mailto:irb@ntu.edu.sg


 

491 

 

 

 

YOUR COPY  

Consent Form 
 

 

I agree to participate in the study described overleaf.  I have read and understand the 
requirements of the study. Furthermore, I understand that (a) participation is voluntary, 
(b) I have the right to terminate participation at any time, and (c) I have the right to have 
collected data treated in a secure and confidential manner.  

I also allow myself to be interviewed and recorded, if selected for this. 

 

______________________________  ______________________    

Your name (in BLOCK letters)   Signature  Date   
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Participant Information Sheet for Science Educators 

 
I am currently conducting a research study on the effectiveness of a science 
enrichment program on inheritance at Science Centre Singapore.  Through this 
research, we seek to get a better understanding of how students learn about 
inheritance through the hands-on science enrichment program. As this is an 
educational research project, there is no risk involved to participants. 
 
I am writing to invite science educators conducting the enrichment program at the 
science centre for school students to participate in this study. As part of this aspect of 
the study, you would be asked to complete an open-ended survey form, seeking your 
views on certain aspects of the enrichment program – this will take about 20 minutes. 
Where necessary, we would also like to interview you to seek clarifications on some of 
the responses given in the survey form - this will also take about 20 minutes. We are 
also seeking your agreement for the interview to be recorded either via transcribing on 
a sheet of paper or audio-recording. We expect your inputs to provide us with a good 
understanding of the effectiveness of the enrichment program on inheritance as well as 
ascertain if any improvements are necessary.  
 
The Institutional Review Board of the Nanyang Technological University has reviewed 
and approved the ethics application for this study. Your responses to the 
survey/interviews will be treated as confidential, with access restricted only to re-
searchers taking part in this study. Only summarised data will be used in the reporting 
of findings and there is no way your own responses will be identifiable from the 
summarised data.   
 
Though your participation is both highly appreciated and is of vital importance to this 
research study, participation is voluntary and you can withdraw at any time without 
penalty.  If you are able to participate, please complete the form printed on the other 
side of this letter. Please make sure you sign and date BOTH your copy and the NTU 
copy.  Keep your copy and return the NTU copy to us. If you require any further 
information or have any questions, please feel free to contact me at 6 4252 500. 
 
Thanking you in anticipation 
 
Sincerely  
 
 
 
Anne Dhanaraj 
Senior Director, Education Programmes 
Science Centre Singapore 
 

If you have any complaints related to this project, please write to the NTU IRB at 

irb@ntu.edu.sg 
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NTU COPY  

Consent Form 
 

 

I agree to participate in the study described overleaf.  I have read and understand the 
requirements of the study. Furthermore, I understand that (a) participation is voluntary, 
(b) I have the right to terminate participation at any time, and (c) I have the right to have 
collected data treated in a secure and confidential manner.  

I also allow myself to be interviewed and recorded, if selected for this. 

 

______________________________  _________________    

Your name (in BLOCK letters)   Signature   Date   
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         Appendix U 
Participant Information Sheet for Teachers 

 
I am currently conducting a research study on the effectiveness of a science 
enrichment program on inheritance at Science Centre Singapore.  Through this 
research, we seek to get a better understanding of how students learn about 
inheritance through the hands-on science enrichment program. As this is an 
educational research project, there is no risk involved to participants. 
 
I am writing to invite teachers accompanying their students to the science centre for the 
enrichment program to participate in this study. As part of this aspect of the study, you 
would be asked to complete an open-ended survey form, seeking your views on certain 
aspects of the enrichment program – this will take about 20 minutes. Where necessary, 
we would also like to interview you to seek clarifications on some of the responses 
given in the survey form - this will also take about 20 minutes. We are also seeking 
your agreement for the interview to be recorded either via transcribing on a sheet of 
paper or audio-recording. We expect your inputs to provide us with a good 
understanding of the effectiveness of the enrichment program on inheritance as well as 
ascertain if any improvements are necessary.  
 
The Institutional Review Board of the Nanyang Technological University has reviewed 
and approved the ethics application for this study. Your responses to the 
survey/interviews will be treated as confidential, with access restricted only to re-
searchers taking part in this study. Only summarised data will be used in the reporting 
of findings and there is no way your own responses will be identifiable from the 
summarised data.   
 
Though your participation is both highly appreciated and is of vital importance to this 
research study, participation is voluntary and you can withdraw at any time without 
penalty.  If you are able to participate, please complete the form printed on the other 
side of this letter. Please make sure you sign and date BOTH your copy and the NTU 
copy.  Keep your copy and return the NTU copy to us. If you require any further 
information or have any questions, please feel free to contact me at 6 4252 516. 
 
Thanking you in anticipation 
 
Sincerely  
 
 
Mrs Anne Dhanaraj 
Senior Director, Education Programmes  
Science Centre Singapore 
 

 

If you have any complaints related to this project, please write to the NTU IRB at 

irb@ntu.edu.sg 
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YOUR COPY  

Consent Form 
 

 

I agree to participate in the study described overleaf.  I have read and understand the 
requirements of the study. Furthermore, I understand that (a) participation is voluntary, 
(b) I have the right to terminate participation at any time, and (c) I have the right to have 
collected data treated in a secure and confidential manner.  

I also allow myself to be interviewed and recorded, if selected for this. 

 

______________________________  _________________    

Your name (in BLOCK letters)   Signature   Date   
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Participant Information Sheet for Teachers 
 
I am currently conducting a research study on the effectiveness of a science 
enrichment program on inheritance at Science Centre Singapore.  Through this 
research, we seek to get a better understanding of how students learn about 
inheritance through the hands-on science enrichment program. As this is an 
educational research project, there is no risk involved to participants. 
 
I am writing to invite teachers accompanying their students to the science centre for the 
enrichment program to participate in this study. As part of this aspect of the study, you 
would be asked to complete an open-ended survey form, seeking your views on certain 
aspects of the enrichment program – this will take about 20 minutes. Where necessary, 
we would also like to interview you to seek clarifications on some of the responses 
given in the survey form - this will also take about 20 minutes. We are also seeking 
your agreement for the interview to be recorded either via transcribing on a sheet of 
paper or audio-recording. We expect your inputs to provide us with a good 
understanding of the effectiveness of the enrichment program on inheritance as well as 
ascertain if any improvements are necessary.  
 
The Institutional Review Board of the Nanyang Technological University has reviewed 
and approved the ethics application for this study. Your responses to the 
survey/interviews will be treated as confidential, with access restricted only to re-
searchers taking part in this study. Only summarised data will be used in the reporting 
of findings and there is no way your own responses will be identifiable from the 
summarised data.   
 
Though your participation is both highly appreciated and is of vital importance to this 
research study, participation is voluntary and you can withdraw at any time without 
penalty.  If you are able to participate, please complete the form printed on the other 
side of this letter. Please make sure you sign and date BOTH your copy and the NTU 
copy.  Keep your copy and return the NTU copy to us. If you require any further 
information or have any questions, please feel free to contact me at 6 4252 500. 
 
Thanking you in anticipation 
 
Sincerely  
 
 
Mrs Anne Dhanaraj 
Senior Director, Education Programmes 
Science Centre Singapore 
 

 

If you have any complaints related to this project, please write to the NTU IRB at 

irb@ntu.edu.sg 
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NTU COPY  

Consent Form 
 

 

I agree to participate in the study described overleaf.  I have read and understand the 
requirements of the study. Furthermore, I understand that (a) participation is voluntary, 
(b) I have the right to terminate participation at any time, and (c) I have the right to have 
collected data treated in a secure and confidential manner.  

I also allow myself to be interviewed and recorded, if selected for this. 

 

______________________________  _________________   

Your name (in BLOCK letters)   Signature   Date   
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          Appendix V 

    Letter to Validators 

 

18 March 2017 

 

Dr Florence Francis 

Asst Director, Organisational Excellence 

Science Centre Singapore 

 

 

Dear Florence 

 

As you are aware I am conducting a study on the use of a DNA Lab enrichment 

programme, Genes and our Traits to evaluate its effectiveness in facilitating 

understanding of concepts among upper primary students. 

 

Thank you very much for kindly agreeing to evaluate the instruments for the 

programme. These are to 

a) evaluate gains in learning after the intervention 

b) get student feedback on their experience of the programme 

 

I have attached the following: 

a) cognitive test consisting of 15 questions with a confidence scale 

b) feedback form for the students 

c) checklist which I hope is helpful for you to indicate your feedback 

 

 

Thank you very much for your help with looking over the instruments. I truly appreciate 

your kind help. 

 

 

 

Yours sincerely 

 

 

Anne Dhanaraj 

 

 

 

 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

499 

 

18 March 2017 

 

Dr Savita Sharma 

Senior Manager, Life Sciences 

Science Centre Singapore 

 

 

Dear Dr Sharma 

 

As you are aware I am conducting a study on the use of a DNA Lab enrichment 

programme, Genes and our Traits to evaluate its effectiveness in facilitating 

understanding of concepts among upper primary students. 

 

Thank you very much for kindly agreeing to evaluate the instruments for the 

programme. These are to 

a) evaluate gains in learning after the intervention 

b) get student feedback on their experience of the programme 

 

I have attached the following: 

a) cognitive test consisting of 15 questions with a confidence scale 

b) feedback form for the students 

c) checklist which I hope is helpful for you to indicate your feedback 

 

 

Thank you very much for your help with looking over the instruments. I truly appreciate 

your kind help. 

 

 

 

Yours sincerely 

 

 

 

Anne Dhanaraj 
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18 March 2017 

 

Ms Swapna Teckwani 

Education Officer on Attachment 

 

 

Dear Swapna 

 

As you are aware I am conducting a study on the use of a DNA Lab enrichment 

programme, Genes and our Traits to evaluate its effectiveness in facilitating 

understanding of concepts among upper primary students. 

 

Thank you very much for kindly agreeing to evaluate the instruments for the 

programme. These are to 

a) evaluate gains in learning after the intervention 

b) get student feedback on their experience of the programme 

 

I have attached the following: 

a) cognitive test consisting of 15 questions with a confidence scale 

b) feedback form for the students 

c) checklist which I hope is helpful for you to indicate your feedback 

 

 

Thank you very much for your help with looking over the instruments. I truly appreciate 

your kind help. 

 

 

 

Yours sincerely 

 

 

 

Anne Dhanaraj 
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Appendix W1 

Coding responses of teachers 

Teacher interview: Mr J 

Category Codes/Labels Preliminary codes Teacher interviews 

Interview Question: Role in school, any role in decision making in selection of the 

programme 

Category Codes/Labels Codes from 

interview 
Extract from interview 

Programme 

is selected 

by the 

school 

science 

department  

Planned at 

dept level 

planned by the 

HOD 

I am actually the science 

teacher, in the science 

committee. And the role as 

teacher is to basically is to teach 

these students, as for going to 

the SCS for the enrichment, is 

usually planned by the HOD 

 

Interview Question: Why this class topic 

Category Codes/Labels Codes from 

interview 

Extract from interview 

Link to 

syllabus and 

related 

extension 

of the topic 
 

Linked to 

topic of cells 

 

 

enrichment  

learning cells 

 

 

DNA is going a 

bit beyond that 

in primary 5 they are learning 

cells. So naturally, there is some 

connection there although DNA 

is going a bit beyond that. But I 

think that there is some link. 

Interview Question: Was the topic covered in class before the Learning Journey? 

Category Codes/Labels Codes from 

interview 

Extract from interview 

Covered 

cells in class 

 

 

 

Covered cells 

in class 

already covered,  

they were familiar 

with the cell parts 

and function 

Yes, it was already covered, 

they were familiar with the cell 

parts and function.  

Interview Question: Impression of student behaviour during the programme 

Category Codes/Labels Codes from 

interview 

Extract from interview 

Programme  

 

 

Environment  

 

 

Environment   

 

 

Programme  
 

 

Experience  

 

hands on 

activities
 

 

lab coat
 

 

 

Different 

environment
 

 

Different topic
 

 

 

Excited
 

Students 

enjoyed 
 

 

Love practical 

stuff,  

like to get 

involved Handle 

and get to do 

things 

 

 

 

Wear the lab coat 

Excite them 

 

Environment is 

different 

Topic is different 

They enjoyed  

 

They love practical stuff, that 

means you have an experiment 

or activity. They like to get 

involved so when you were 

there because they get to handle 

and get to do things, they get to 

wear the coat. All these things 

actually excite them. So if you 

ask me whether there any 

difference, Maybe the 

environment is different, the 

topic is different. So they 

actually enjoyed it. 
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Interview Question: Did you observe any collaborative activity 

Category Codes/Labels Codes from 

interview 

Extract from interview 

Programme  

  

 

 

 

Facilitator
 

 

 

 

 

 

 

Programme  

 

Taking turns 

 

 

 

 

Clarity of 

instruction
 

 

 

 

 

 

Collaborative 

activity 
 

They took turns 

happening in 

almost every 

group 

 

 

instruction given 

was very clear 

 

students knew 

exactly what to do  

 

 

collaboratively in 

every group  

They took turns because they 

have like "I do this first, then 

you do this and I do this and 

then you do this". They you can 

see this is happening in almost 

every group. Then like I say the 

person who in charge has a lot. 

Because the instruction given 

was very clear and then after 

that what they must do and what 

to follow after that is clearly 

spelled out. So the students 

knew exactly what to do and 

collaboratively. Yes. they can, in 

every group no matter how. 

Even the so-called naughty one, 

they are also doing and they are 

also collaborating. 

Interview Question: Teacher’s impression of lesson 

Category Codes/Labels Codes from 

interview 

Extract from interview 

Programme 

 

 

Programme  

 

 

 

 

 

Facilitator  

Good use of 

resources
9 

 

Good choice 

of resources
9 

 

 

 

 

Check for 

understanding
1 

 

 

the use of the 

resources 

 

the choice of 

resources.  

they (instructors) 

have made good 

use of it 

 

to answer 

questions and give 

immediate 

feedback 

the use of the resources, the 

choice of resources. I think they 

(instructors) have made good 

use of it. initially, I realise that 

they couldn't get what's going 

on. But, eventually, everyone 

could answer the questions. So I 

think they are able to make good 

use of the whiteboards to answer 

questions and give immediate 

feedback to their answers. 

example: as in dominant and 

recessive traits right? What will 

they get? What was the 

possibility? So instead of asking 

them to tell her verbally, so she 

(instructor) managed to get them 

to show the answer and gave 

immediate feedback 

Interview Question: flow of lesson, what made it successful? 

Category Codes/Labels Codes from 

interview 

Extract from interview 

Environment  Physical 

comfort
 

air-conditioned Yeah, but it is air-conditioned 

(laughs). That makes a lot of 

difference. Yes, yes. Because 

imagine if you try to teach and it 

is very hot and stuffy. Like my 

supplementary class in the 

afternoon, it's quite difficult to 

get attention so like afterwards . 
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Facilitator 

 

 

Facilitator
 

 

 

 

 

Facilitator 

Good pace
 

 

 

Class 

management
 

 

 

 

Systematic
 

teacher/facilitator 

knows exactly 

how to move on 

from one to 

another very 

smoothly 

 

prepare them  

 

everything that 

was being said 

was very 

systematic. 

students knew 

what to do 

The first section I think is the 

lecture, which is necessary and 

they were very attentive. That's 

why the teacher/facilitator 

knows exactly how to move on 

from one to another very 

smoothly. She will state "what is 

this and what is this? And then 

prepare them for this, we are 

going to do this and when we do 

this, this is what I want you to 

do". So everything that was 

being said was very systematic. 

So the students knew what to do 

and when they knew what to do, 

they were usually won't have 

much problem. 

Interview Question: Teacher’s view  of the facilitator 

Category Codes/Labels Codes from 

interview 

Extract from interview 

Facilitator 

 

 

 

 

Facilitator 

 

 

 

 

 

Engagement 

(affective) 

Systematic  

 

 

 

 

Class 

management
 

 

 

 

 

Approachable
 

who facilitates is 

very important 

She is very 

systematic 

 

knows what are 

the problems 

usually students 

will have and how 

to control them 

 

She is very good 

with the kids 

The one who facilitates is very 

important and you can see that 

this facilitator is, is she a 

teacher? She is very systematic, 

so I thought she looks like a 

teacher who knows what are the 

problems usually students will 

have and how to control them. 

She is very good with the kids. 

Interview Question: Your view of the programme  from a teachers perspective 

Category Codes/Labels Codes from 

interview 

Extract from interview 

Environment 

 

 

Facilitator 

 

 

 

Environment 

 

 

Programme 

 

Experience 

 

Experience 

 

Experience 

 

New 

environment 

 

New 

facilitator
 

 

 

Lab coat
 

 

 

Activities
 

 

Exciting
 

 

Anticipation
 

 

Recording 

experience
 

environment, 

because it is a 

different person 

who is speaking 

which is not me, 

they do things 

differently, you 

wear something 

 

you get to do 

things which you 

cannot do in 

school 

 

Very exciting 

 

they are already 

anticipating that 

environment, because it is a 

different person who is speaking 

which is not me, they do things 

differently, you wear something, 

you learn new stuff, you get to 

do things which you cannot do 

in school which makes it very 

exciting and SCS seems to be a 

place where a lot of new science 

stuff is being done. So when 

they are going there, they are 

already anticipating that we are 

going to do something great, 

you know. The feeling is already 

there so when they went there 

and they start learning, it 

confirms their feeling, that it is 

very interesting. Then I went 
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Facilitator 

 

 

 

 

 

 

 

 

Engaging 

facilitator
1 

we are going to do 

something great 

 

went around 

taking their 

picture that makes 

it more exciting 

 

The facilitator that 

is one of the most 

important. 

 

it is the teacher 

that decides 

whether it is going 

to be fun or boring 

around taking their pictures. So 

when I went around taking their 

picture that makes it more 

exciting because they say, "Hey, 

the teacher is taking a picture of 

us doing this". And because I do 

post their pictures up. And that 

helps also in making sure, then 

they will even do it even better. 

They will make sure they do it 

very properly so that when you 

take their pictures it be like you 

know; I want to be showcasing 

myself. So, these are the things, 

how and why it can be very 

successful. The facilitator that is 

one of the most important. Even 

it is just a normal teacher, any 

class you teach, it is the teacher 

that decides whether it is going 

to be fun or boring. It is the 

teacher. Not anything else.  

Interview Question: Any follow-up in school after the lesson? 

Category Codes/Labels Codes from 

interview 

Extract from interview 

Time factor 

 

Focus on 

syllabus  

 

No time 

 

Not in 

syllabus  

 

enrichment 

the time that is 

given to us and the 

system that we are 

now in, doesn't 

allow us to do 

that. 

 

the enrichment 

gives us that time 

for the students to 

learn extra. But 

they are not tested. 

it's not that we don't want to 

teach extra, we want. But the 

time that is given to us and the 

system that we are now in, 

doesn't allow us to do that. But, 

going for enrichment, yes. 

Because the enrichment gives us 

that time for the students to 

learn extra. But they are not 

tested. 

 

Interview Question: Do you think that programme would be something you think 

can be replicated back in school? 

Category Codes/Labels Codes from 

interview 

Extract from interview 

Time factor 

 

 

 

Focus on 

syllabus  

 

 

 

Lesson too 

long for class 

period 

 

Not in 

syllabus 

 

the duration 

maybe a bit long. 

 

is it important to 

know all these 

things 

 

we need to talk 

about how useful 

all these 

information are 

 

it might not be 

the duration maybe a bit long. 

Then, I think the relevance,  is it 

important to know all these 

things? We have to maybe look 

back whether do we really need 

to know about all these. Maybe 

we need to talk about how 

useful all these information are? 

Then, it will make more sense to 

have it in school. It might not be 

important, it might not be 

essential to learn more on this 

(syllabus) 
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essential to learn 

more on this 

(syllabus) 

Interview Question: Would resources help in a post-visit follow up? 

Categories Codes/Labels Codes from 

interview 

Extract from interview 

Focus on 

syllabus  

 

 

 

Time factor 

 

 

Focus on 

results 

Not in 

syllabus 

 

 

 

No time  

 

 

parents and 

school 

expectations 

 

 

in the end will it 

be tested, no. 

 

 

teach these at the 

expense of the rest  

 

 

teachers, we are 

tied 

the time that is 

given to us and the 

system that we are 

now in, doesn't 

allow us to do 

that. 

if I were to teach DNA and all 

that chromosomes, teach them 

well and they know everything. 

But in the end will it be tested, 

no. But I teach these at the 

expense of the rest and what is 

going to happen to my students, 

they are not going to do well and 

the parents is not going to be 

happy with me. "Oh very good, 

you have taught very well, you 

teach extra but all never came 

out". But you see, the teachers, 

we are tied. So it's not that we 

don't want to teach extra, we 

want. But the time that is given 

to us and the system that we are 

now in, doesn't allow us to do 

that. 

 

List of codes reference 

(codes are derived from all teacher interviews) 

 
No Codes description 

  Who selected programme 

1 Planned at dept level  

  Selection of this programme 

2 Linked to topic of cells  

3 Linked to syllabus  

4 Enrichment  

5 Exposure on topic The whole level has a chance to 

experience the class 

6 Relatable for weaker students  

  Pre-visit instruction 

7 Covered cells in class  

8 Covered traits/genetic information 

briefly 

 

9 Did not cover genes/DNA not in syllabus  

   

10 New facilitator Different facilitator from the class 

teacher 

11 Competent facilitator  

12 Uses examples Used clear, relevant examples 

13 Relates to life Related to themselves or 

something familiar they would 

encounter 

14 Check for understanding Eliciting and checking students 

responses  

15 Systematic Systematic instructions by 

facilitator 
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16 Class management Manages the students, time well  

17 Good pace Pace of lesson suitable for 

students by facilitator 

18 Clarity of instruction/explanation Instructions were clear; 

Teaching was clear 

19 Demonstrations Facilitator demonstrating 

procedures 

20 Reinforcement of concepts  

21 Pitched correctly  Pitched correctly for level of 

students’ understanding 

22 Patient Answers all questions ; gives wait 

time 

23 cheerful  

24 approachable Students ask questions; not afraid 

of facilitator 

25 Answered questions  

26 Addressed misconceptions  

27 Good interaction Interacts well with the students 

28 Engaging facilitator Facilitator engages students, able 

to hold interest and attention 

29 Relates well with students
 

 

30 Understands student difficulties  

   

31 Group work  

32 Good group size Size of pairs or 4 

33 Individual activity Every child carried out own 

activity  

34 Collaborative activity  

35 Taking turns  

36 Guiding their friends
 

Helping friends, reminding them 

about instructions and procedures 

37 Coordinate work and resources Coordinate work among the team  

38 Cooperative learning Able to collaborate and learn from 

one another, even weaker ones are 

able to catch up 

   

39 Activities  Reference to hands-on activities, 

experiments, activities not done in 

school 

40 Programme structure The outline and structure of the 

whole lab programme, the set-up 

41 New content Content of programme 

42 Lesson resources/worksheet The resources for the lesson were 

good 

43 Choice of resources  resources selected by the 

facilitator for the class 

44 Lesson content The content covered in the lesson 

45 Interesting lesson  

46 Relatable topic Relates to life/relates to class 

content 

47 New/different topic Topic not covered in school 

48 Quality of programme 

 

Overall impression of the 

programme quality 

49 Understood content Students understood the content 

50 Lab coat Lab coat the student wore 

51 Science lab setting Lab setting was stimulating for 

learning 
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52 Physical comfort Physical comfort was conducive 

for learning (air-con, tidy, 

organised) 

53 New /different environment Novel or stimulating environment  

54 Science centre environment  

55 Enjoy outdoor learning  

56 Enjoyed  

57 Excited  

58 Anticipation  

59 Attentive Remembered instructions, 

listening to facilitator,  

60 Interested  

61 Engaged   

62 Understood  Students understood the content 

63 Helps learning  

64 Recollect what they did Students can recall the experience 

65 Recording the experience Teacher taking photos 

   

66 Lesson too long for class period  

67 Not in syllabus  

68 Enrichment is best done at SC  

69 No time   

70 parents and school expectations Teacher has to manage 

expectations of school to 

complete syllabus/parents to 

prepare for exam 

   

71 Approach can be replicated  

72 May not have resources to run  

73 Possible to replicate lesson  

74 Lesson can be replicated but  

not so effective 
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Teacher interview codes Mr J: raters’ agreement 

Role in school, any role in decision making in selection of the programme 

Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Planned at dept 

level 

planned by the HOD I am actually the science 

teacher, in the science 

committee. And the role as 

teacher is to basically is to 

teach these students, as for 

going to the SCS for the 

enrichment, is usually planned 

by the HOD 

 

√ √ 

Interview Question: Why this class topic 

Codes/Labels Codes from interview Extract of interview R1 R2 

Linked to topic 

of cells 

 

enrichment  

learning cells 

 

 

DNA is going a bit 

beyond that 

in primary 5 they are learning 

cells. So naturally, there is 

some connection there 

although DNA is going a bit 

beyond that. But I think that 

there is some link. 

√ 

 

 

√ 

√ 

 

 

√ 

Interview Question: Was the topic covered in class before the Learning Journey? 

Codes/Labels Codes from interview Extract of interview R1 R2 

Covered cells in 

class 

already covered,  

they were familiar 

with the cell parts and 

function 

Yes, it was already covered, 

they were familiar with the cell 

parts and function.  

√ √ 

Interview Question: Impression of student behaviour during the programme 

Codes/Labels Codes from interview Extract of interview R1 R2 

hands on 

activities
 

 

 

 

 

lab coat
 

Excited
 

 

Different 

environment
 

Different topic
 

Enjoyed  

 

Love practical stuff, 

like to get involved.  

Handle and get to do 

things 

 

 

Wear the lab coat 

Excite them 

 

Environment is 

different 

Topic is different 

They enjoyed  

They love practical stuff, that 

means you have an experiment 

or activity. They like to get 

involved so when you were 

there because they get to 

handle and get to do things, 

they get to wear the coat. All 

these things actually excite 

them. So if you ask me whether 

there any difference, Maybe 

the environment is different, 

the topic is different. So they 

actually enjoyed it. 

√ 

 

 

 

 

 

√ 

√ 

 

√ 

 

√ 

√ 

√ 

 

 

 

 

 

√ 

√ 

 

√ 

 

√ 

√ 

Interview Question: Did you observe any collaborative activity 

Codes/Labels Codes from interview Extract of interview R1 R2 

Taking turns 

 

 

 

 

Clarity of 

instruction
 

 

 

 

 

They took turns 

happening in almost 

every group 

 

 

instruction given was 

very clear 

 

students knew exactly 

what to do  

 

They took turns because they 

have like "I do this first, then 

you do this and I do this and 

then you do this". They you 

can see this is happening in 

almost every group. Then like I 

say the person who in charge 

has a lot. Because the 

instruction given was very 

clear and then after that what 

they must do and what to 

√ 

 

 

 

 

√ 

 

 

 

 

 

√ 

 

 

 

 

√ 
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Collaborative 

activity 
 

 

collaboratively in 

every group  

follow after that is clearly 

spelled out. So the students 

knew exactly what to do and 

collaboratively. Yes. they can, 

in every group no matter how. 

Even the so-called naughty 

one, they are also doing and 

they are also collaborating. 

 

√ 

 

√ 

Interview Question: Teacher’s impression of lesson 

Codes/Labels Codes from interview Extract of interview R1 R2 

Good use of 

resources
9 

 

Good choice of 

resources
9 

 

 

 

 

Check for 

understanding
1 

 

 

the use of the 

resources 

 

the choice of 

resources.  

they (instructors) 

have made good use 

of it 

 

to answer questions 

and give immediate 

feedback 

the use of the resources, the 

choice of resources. I think 

they (instructors) have made 

good use of it. initially, I 

realise that they couldn't get 

what's going on. But, 

eventually, everyone could 

answer the questions. So I 

think they are able to make 

good use of the whiteboards to 

answer questions and give 

immediate feedback to their 

answers. example: as in 

dominant and recessive traits 

right? What will they get? 

What was the possibility? So 

instead of asking them to tell 

her verbally, so she (instructor) 

managed to get them to show 

the answer and gave immediate 

feedback 

√ 

 

 

 

Good 

resources 

 

 

 

√ 

√ 

 

 

 

√ 

 

 

 

 

√ 

Interview Question: flow of lesson, what made it successful 

Codes/Labels Codes from interview Extract of interview R1 R2 

Physical 

comfort
 

air-conditioned Yeah, but it is air-conditioned 

(laughs). That makes a lot of 

difference. Yes, yes. Because 

imagine if you try to teach and 

it is very hot and stuffy. Like 

my supplementary class in the 

afternoon, it's quite difficult to 

get attention so like afterwards 

. 

√ √ 

Good pace
 

 

 

Class 

management
 

 

 

 

Systematic
 

teacher/facilitator 

knows exactly how to 

move on from one to 

another very 

smoothly 

 

prepare them  

 

everything that was 

being said was very 

systematic. 

 

students knew what 

to do 

The first section I think is the 

lecture, which is necessary and 

they were very attentive. That's 

why the teacher/facilitator 

knows exactly how to move on 

from one to another very 

smoothly. She will state "what 

is this and what is this? And 

then prepare them for this, we 

are going to do this and when 

we do this, this is what I want 

you to do". So everything that 

was being said was very 

systematic. So the students 

knew what to do and when 

they knew what to do, they 

were usually won't have much 

problem. 

√ 

 

 

 

√ 

 

 

 

√ 

 

 

Class mgt 

 

 

 

√ 

 

 

 

√ 
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Interview Question: View  of the facilitator 

Codes/Labels Codes from interview Extract of interview R1 R2 

Systematic  

 

 

 

 

Class 

management
 

 

 

 

 

Approachable
 

who facilitates is very 

important 

She is very 

systematic 

 

knows what are the 

problems usually 

students will have 

and how to control 

them 

 

She is very good with 

the kids 

The one who facilitates is very 

important and you can see that 

this facilitator is, is she a 

teacher? She is very 

systematic, so I thought she 

looks like a teacher who knows 

what are the problems usually 

students will have and how to 

control them. She is very good 

with the kids. 

√ 

 

 

 

 

√ 

 

 

 

 

 

√ 

 

√ 

 

 

 

 

√ 

 

 

 

 

 

Relates 

well 

Interview Question: Your view of the programme  from a teachers perspective 

Codes/Labels Codes from interview Extract of interview R1 R2 

New 

environment 

 

New facilitator
 

 

 

Attire 

 

Activities
 

 

Exciting
 

 

 

Anticipation
 

 

 

 

 

 

 

 

Recording 

experience
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Engaging 

facilitator
 

environment, because 

it is a different person 

who is speaking 

which is not me, they 

do things differently, 

you wear something 

 

you get to do things 

which you cannot do 

in school 

 

Very exciting 

 

they are already 

anticipating that we 

are going to do 

something great 

 

 

 

 

went around taking 

their picture that 

makes it more 

exciting 

 

 

 

 

 

 

 

 

 

 

 

The facilitator that is 

one of the most 

important. 

it is the teacher that 

decides whether it is 

going to be fun or 

boring 

environment, because it is a 

different person who is 

speaking which is not me, they 

do things differently, you wear 

something, you learn new stuff, 

you get to do things which you 

cannot do in school which 

makes it very exciting and SCS 

seems to be a place where a lot 

of new science stuff is being 

done. So when they are going 

there, they are already 

anticipating that we are going 

to do something great, you 

know. The feeling is already 

there so when they went there 

and they start learning, it 

confirms their feeling, that it is 

very interesting. Then I went 

around taking their pictures. So 

when I went around taking 

their picture that makes it more 

exciting because they say, 

"Hey, the teacher is taking a 

picture of us doing this". And 

because I do post their pictures 

up. And that helps also in 

making sure, then they will 

even do it even better. They 

will make sure they do it very 

properly so that when you take 

their pictures it be like you 

know; I want to be showcasing 

myself. So, these are the 

things, how and why it can be 

very successful. The facilitator 

that is one of the most 

important. Even it is just a 

normal teacher, any class you 

teach, it is the teacher that 

decides whether it is going to 

be fun or boring. It is the 

teacher. Not anything else.  

√ 

 

 

√ 

 

 

√ 

 

 

√ 

 

√ 

 

 

√ 

 

 

 

 

 

 

 

√ 

 

 

 

 

 

 

 

 

 

 

 

 

 

competent 

√ 

 

 

√ 

 

 

√ 

 

 

√ 

 

√ 

 

 

√ 

 

 

 

 

 

 

 

√ 

 

 

 

 

 

 

 

 

 

 

 

 

 

√ 
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Interview Question: Any follow-up in school after the lesson? 

Codes/Labels Codes from interview Extract of interview R1 R2 

No time 

 

Not in syllabus  

 

 

 

enrichment 

the time that is given 

to us and the system 

that we are now in, 

doesn't allow us to do 

that. 

 

the enrichment gives 

us that time for the 

students to learn 

extra. But they are 

not tested. 

it's not that we don't want to 

teach extra, we want. But the 

time that is given to us and the 

system that we are now in, 

doesn't allow us to do that. But, 

going for enrichment, yes. 

Because the enrichment gives 

us that time for the students to 

learn extra. But they are not 

tested. 

 

√ 

 

√ 

 

 

 

√ 

 

√ 

 

√ 

 

 

 

√ 

 

Interview Question: Do you think that programme would be something you think can be replicated 

back in school? 

Codes/Labels Codes from interview Extract of interview R1 R2 

Lesson too long 

for class period 

 

Not in syllabus 

 

the duration maybe a 

bit long. 

 

is it important to 

know all these things 

 

we need to talk about 

how useful all these 

information are 

 

it might not be 

essential to learn 

more on this 

(syllabus) 

the duration maybe a bit long. 

Then, I think the relevance,  is 

it important to know all these 

things? We have to maybe look 

back whether do we really need 

to know about all these. Maybe 

we need to talk about how 

useful all these information 

are? Then, it will make more 

sense to have it in school. It 

might not be important, it 

might not be essential to learn 

more on this (syllabus) 

√ 

 

 

 

√ 

 

 

enrichment 

 

 

 

enrichment 

 

√ 

 

 

 

√ 

 

 

√ 

 

 

 

√ 

 

Interview Question: Would resources help in a post-visit follow up? 

Codes/Labels Codes from interview Extract of interview R1 R2 

Not in syllabus 

 

 

No time  

 

 

 

 

parents 

expectations 

 

 

 

 

 

 

 

No time  

 

in the end will it be 

tested, no. 

 

teach these at the 

expense of the rest 

 

 

 

not going to do well 

and the parents is not 

going to be happy 

with me 

 

 

teachers, we are tied 

 

the time that is given 

to us and the system 

that we are now in, 

doesn't allow us to do 

that. 

if I were to teach DNA and all 

that chromosomes, teach them 

well and they know everything. 

But in the end will it be tested, 

no. But I teach these at the 

expense of the rest and what is 

going to happen to my 

students, they are not going to 

do well and the parents is not 

going to be happy with me. 

"Oh very good, you have 

taught very well, you teach 

extra but all never came out". 

But you see, the teachers, we 

are tied. So it's not that we 

don't want to teach extra, we 

want. But the time that is given 

to us and the system that we 

are now in, doesn't allow us to 

do that. 

√ 

 

 

 

 

√ 

 

 

√ 

 

 

 

 

 

- 

 

 

√ 

 

 

 

√ 

 

 

 

 

√ 

 

 

- 

 

 

 

 

 

- 

 

 

√ 

 

40 codes   35 agreement  87.5% 
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Aspects of the programme that contribute to student learning (teachers’ 

perspective) 

 
Aspects of the  

programme  

Category Codes/labels 

Social 

 

 

Facilitator 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group work 

New facilitator, Competent facilitator 

students 

Engaging facilitator 

Uses examples, Relates to life, Checks 

for understanding 

Demonstration 

Systematic 

Class management, Good pace 

Clarity of instruction/explanation 

Understand s student difficulties 

Reinforcement of concepts, Answered 

questions, Addressed misconceptions 

Pitched correctly 

Affective engagement (Patient, 

Cheerful, Approachable, good 

interaction) 

Relates well with  

 

 

Group work, Good group size, 

Individual activity 

Collaborative activity, Coordinate 

work and  resources,  

Cooperative learning, Guiding their 

friends, Taking turns 

 

Cognitive 

Active learning  

Programme Activities 

Programme structure  

Helps learning 

Lesson resources (including worksheet) 

Choice of resources 

Content of lesson, New content 

Interesting lesson 

New/different topic, Relatable topic 

Quality of programme 

Recollect what they did 

Understood content 

 

Environment 

 (novel stimulating 

environment) 

 

Environment Attire  

Science lab setting 

New /different environment 

Science centre environment 

Physical comfort 

 

Affective 

 (enjoyment, 

engagement) 

 

Experience Enjoyed 

Excited, 

Anticipation 

Interested, engaged, attentive 

Enjoy outdoor learning 

Recording the experience 
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School factors for 

choice of programme 

and follow-up 

Category Codes 

Linked to the syllabus 

and related extension 

Link to syllabus and 

related extension of the 

topic 

Planned at dept level 

Linked to topic of cells/syllabus 

Enrichment 

Covered topic in class 

Relatable for weaker students 

Covered taits/genetic information 

briefly 

Did not cover genes/DNA not in 

syllabus 

 

Time Time factor 

Focus on syllabus 

Focus on results 

Lesson too long for class period 

Not in syllabus 

No time 

parents and school expectations 

 

Not easily replicable in 

school 

Potential to do similar 

class in school exists  

Enrichment best done at science centre 

Approach can be replicated 

May not have resources to run 

Possible to replicate lesson 

Lesson can be replicated but  

not so effective 
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            Appendix W2 

 

Coding of responses for science educator reflections 

Science Educator Sally 

 
Interview question: When you teach this topic, what goal or goals do you have in mind…? 

 in your teaching strategy,  in what you want the students to take away from the enrichment program? 

for the school, teacher, yourself? 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Create 

engagement 

 

 

 

 

 

 

Ensure good 

understanding  

 

 

 

 

Ensure good 

understanding  

 

 

 

 

Engage students  

 

 

 

 

 

 

 

Memorable 

learning 

 

 

 

 

Complement  

school content 

be as engaging as 

possible 

 

capture their attention 

quickly and keep them 

engaged throughout 

the lesson 

 

memorable learning 

experience that is 

different from what 

they experience in 

their daily classrooms 

 

programmes offered 

by Science Centre a 

useful tool to enhance 

lessons that are taught 

at school 

My teaching strategy is to be as 

engaging as possible – I have only 1.5 

to 2hours with the students. Therefore, 

I need to ensure that I can capture 

their attention quickly and keep them 

engaged throughout the lesson. 

 

 

- I want the students to have a 

memorable learning experience that is 

different from what they experience in 

their daily classrooms. 

 

 

 - the programmes offered by Science 

Centre can be a useful tool to enhance 

lessons that are taught at school. 

 

Interview question: How do you plan your teaching strategy with the limited time you have to conduct 

the the programme? 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Create 

engagement 

 

 

 

 

 

Create 

engagement 

 

 

Communication 

strategies 

 

 

Engage students 

 

 

 

 

 

 

excited 

 

 

Structured 

lesson plan  

 

Time 

management 

convince the students 

that a fun lesson 

awaits them 

 

when I have their 

attention, I dive into 

the content and 

activities 

 

already very excited to 

be at the Science 

Centre 

 

follow a lesson plan 

which keeps the flow 

of the lesson in check 

with the limited time I 

have helps ensure you 

meet the lesson 

objectives 

 

-The first 10 minutes of the lesson is 

the key. During start of the lesson, I 

try to convince the students that a fun 

lesson awaits them and when I have 

their attention, I dive into the content 

and activities. Most of the time, they 

are already very excited to be at the 

Science Centre for a class. 

-I follow a lesson plan which keeps 

the flow of the lesson in check with 

the limited time I have with the 

students. Following a well-structured 

lesson plan helps ensure you meet the 

lesson objectives. 

 

Interview question:What elements of the lab-based program on ‘Genes and our Traits’ seem to explain 

the ‘popularity’ of this program among schools? 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

515 

 

Environment 

 

 

 

Self 

development 

 

 

Self 

development 

Not easily 

replicated in the 

class 

 

Competent 

Facilitators 

(subject matter) 

 

Competent 

Facilitators 

(delivery) 

Difficult to replicate 

lesson back in the 

school 

Instructors are subject 

matter experts 

experience in 

delivering the topic to 

an audience who may 

have limited prior 

knowledge 

Difficult to replicate lesson back in 

the school (lab environment, 

equipment, wet lab experiment) 

Instructors are subject matter experts 

and have experience in delivering the 

topic to an audience who may have 

limited prior knowledge to the subject 

of ‘genes and traits’ 

Interview question: What teaching approaches did you personally use when delivering the program? 

How effective do you feel they are? 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Communication 

strategies 

 

 

 

 

 

 

 

Create 

engagement 

Connect to real 

life 

 

 

 

 

 

 

 

Spark student 

curiosity 

 

Relevant and familiar 

 

 

 

 

 

 

 

 

Questioning to draw 

curiosity 

i) Relevant and familiar 

I always try to relate each topic with 

something students are familiar with. 

Eg: I typically focus on ‘traits’ before 

introducing the concept of genes. 

Students are able to observe the 

physical traits on themselves, their 

friends and also their family members.  

 

ii) Questioning to draw curiosity – I 

like asking questions to spark of 

more questions amongst students. 

Eg: How many of you look like 

your parents?  

 

Interview question:  What informs your teaching practice or style of delivery? 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

 

Self-

development 

 

 

 

Self-

development 

 

 

Self-

development 

 

 

 

Reflective 

practice 

Attend PD 

training  

 

Modelling good 

practices 

 

 

Inquiry based 

approach in 

teaching 

 

Observing senior 

educators 

 

Improving from the 

feedback received 

from past teaching 

experiences 

 

Exposure and training 

received during 

professional 

developments courses. 

 

support the inquiry 

based learning 

teaching strategies 

My teaching practice and style of 

delivery is built from:  

iv) Observing senior educators 

v) Improving from the feedback 

received from past teaching 

experiences 

vi) Exposure and training 

received during professional 

developments courses. 

 

I support the inquiry based learning 

teaching strategies where students are 

encouraged to lead their own learning 

through questioning and discovering 

new knowledge through 

experimentation. 

 

Interview question: What is your academic backround 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Self 

development 

Post-graduate 

qualification 

background is in 

Biomedical Sciences 

and Science 

Communication 

My academic background is in 

Biomedical Sciences and Science 

Communication. Yes, my academic 

background certainly helps in both the 

content knowledge and 

communication skills. 
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Interview question: Do personal experiences have any impact on the way you interact with such 

students? For example, having visited science centre yourself as a student or receiving feedback from 

relatives, acquaintances who had visited the science centre. Has the experience spent at Science Centre 

conducting this programme changed your initial views or approaches to the lesson? 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Self-

development 

 

 

Learning from 

best practices in 

interaction 

methods in other 

museums  

my visits to other 

museums 

 

analyse the type of 

interaction methods 

used, apply the best 

practices back in my 

classes 

 

Yes, my personal experiences have 

impacted the way I interact with 

students. During my visits to other 

museums, I play the information 

receiver role and analyse the type of 

interaction methods used. From there I 

learn what works well and apply the 

best practices back in my classes. 

 

Interview question: Have you had any personal experiences/encounters with students/adults who had 

difficulty understanding the topic). If yes, did these help you in teaching the topic? 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Understanding 

learner 

difficulties - 

empathy 

Communication 

strategies used 

 

Communication 

strategies used 

Topic difficult to 

understand  

 

 

Check prior 

knowledge 

 

Adjust teaching 

for student 

understanding 

lots of adults and 

children have 

difficulty 

understanding 

genetics or have 

misconceptions about 

this topic 

helps in shaping the 

approach and scope of 

my lessons 

 

Yes, lots of adults and children have 

difficulty understanding genetics or 

have misconceptions about this topic. 

Being familiar with their 

misconceptions and their prior 

knowledge of the topic helps in 

shaping the approach and scope of my 

lessons. 

 

Interview question: How would you assess the effectiveness of the hands-on activities in facilitating 

the learning experiences of the students?  Could you elaborate on your response in terms of the various 

activities students need to do in the lab? 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Group work / 

Active learning  

 

 

Create 

engagement 

Facilitate 

understanding  

 

 

Engage students  

very effective in 

enhancing learning 

 

pay more attention 

when they get a 

chance conduct the 

experiments on their 

own 

Hands-on activities are very effective 

in enhancing learning because 

students tend to pay more attention 

when they get a chance conduct the 

experiments on their own or as a team. 

Eg: there is a great difference between 

showing a diagram of a step-by-step 

DNA extraction with students doing 

the actual experiment. 

 

Interview question: As this is a class of students that you would likely be seeing for the first time, how 

do you assess student knowledge and understanding of the topic at the start of the program? Could you 

elaborate? 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Communication 

strategies used 

Check prior 

knowledge 

 

throw out key words 

and ask students to 

share on what they 

know about those 

words.  

During class, I do not have a lot of 

time to assess their prior knowledge. 

In the first 5 – 10 minutes of the 

lesson, I throw out key words and ask 

students to share on what they know 

about those words. From there, it 

leads to an opportunity for the class to 

have a quick discourse about the topic 

on a broad scale. 
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Interview question: How do you adapt to the variability of students’ prior knowledge on the topic?  

What strategies do you use? Could you give examples or elaborate In your experience, have you 

encountered any difference in students in their understanding of the content if they have covered the 

topic in school before attending the program? 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Communication 

strategies used 

 

 

 

Communication 

strategies used 

 

Group work / 

Active learning 

 

 

Group work / 

Active learning 

 

 

Teacher 

support 

 

Teacher 

support 

 

 

 

Clear 

explanation for 

concepts 

including basics  

 

Use of visuals 

for explanation 

 

Group work and 

peer learning 

 

 

Time for 

questions 

 

 

Prior instruction 

allows deeper 

learning/ 

More confident 

learners  

More engaged 

learners 

Never skip the basics  

 

 

 

visual aids to give a 

good overview 

 

Group work to 

encourage peer 

learning and 

teamwork 

 

Allow time for 

question and answers 

 

pick up the basics 

quicker and we will 

have more time to go 

through the content in 

more details. They are 

also a lot more 

confident and engaged 

to the hands-on 

activities. 

 

Never skip the basics even when 

majority of the students are well 

versed with the content.  

 

Use visual aids such as videos or 

diagrams to give a good overview of 

the content. 

 

Group work or challenges to 

encourage peer learning and 

teamwork. 

 

Allow time for question and answers. 

 

 

 

Yes, they pick up the basics quicker 

and we will have more time to go 

through the content in more details. 

They are also a lot more confident and 

engaged to the hands-on activities 

conducted during the lesson. 

 

Interview question: Does the setting of the science centre contribute to the effective delivery of the 

program? Could you elaborate on your response?   

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Environment 

Role of setting 

 

 

Create 

engagement 

Create 

engagement 

Conducive 

environment for 

learning 

 

Excited 

 

Anticipation 

ambience of learning 

and working in a 

DNA Lab 

 

mood for the students 

to be excited about 

learning 

enter the lab with an 

expectation  

 

The ambience of learning and working 

in a DNA Lab (putting on a lab coat, 

conducting experiments with lab 

equipment – test tube, droppers) sets 

the mood for the students to be excited 

about learning. They enter the lab with 

an expectation that the lesson would 

involve cool experiments and science 

hands-on activities 

Interview question: What is the role of technology in promoting learning among students in this 

program? 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Communication 

strategies used 

Videos facilitate 

learning 

Videos provides an 

animated and 

condensed display of 

topics 

 

 

 

 

 

 

 

Videos provides an animated and 

condensed display of topics that are 

not easily expressed in words. 
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Interview question: Comment on the class dynamics when students do this program – for example,   

interactions among students, curiosity in wanting to find about their own and others’ traits, etc. 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Create 

engagement  

 

Create 

engagement  

 

Group work / 

Active learning  

 

Engage students  

 

 

Spark student 

curiosity 

 

Activities 

stimulate active 

peer sharing and 

discussion 

 

Students are engaged 

they are the subject of 

study 

 

curious to find out 

whether they have 

them but also  

start to compare with 

their peers. 

 

Students are automatically engaged 

when they become the subject of 

study. When we introduce traits that 

they are less aware of (eg: ‘widows 

peak, detached earlobes, mid –digit 

hair’), they are not only curious to 

find out whether they have them but 

also start to compare with their peers. 

 

Interview question: After having conducted a number of sessions of this program, what are your  

impressions of this program?  Any suggestions for improvement, etc? 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Ensure good 

understanding  

 

 

Ensure good 

understanding  

 

Good 

introduction to 

the topic 

 

Challenging 

topic/Difficult to 

understand 

an introduction to the 

topic of inheritance 

 

challenging part to is 

link something that 

the students can 

observe (physical 

traits) to something at 

the molecular level 

(DNA). 

 

This programme is probably an 

introduction to the topic of 

inheritance. The most challenging part 

to is link something that the students 

can observe (physical traits) to 

something at the molecular level 

(DNA). 

 

Interview question: What do you think about teacher support in the class? Before class, during and 

after class back in school 

Category Codes/Labels Preliminary codes 

from interview 

Extract of interview 

Teacher 

support 

 

Teacher 

support 

 

 

 

Teacher 

support 

Pre-visit 

preparation 

 

Post visit follow 

up reinforce 

learning 

 

Teacher 

involvement 

benefits students 

Teachers should 

introduce the topic to 

the students before the 

class and do a follow 

up after the class 

reinforce the learning 

and retention of 

information 

teacher involved in the 

lesson will definitely 

make the lesson more 

impactful 

 

Teachers should introduce the topic to 

the students before the class and do a 

follow up after the class. This may 

help reinforce the learning and 

retention of information amongst the 

students. 

 

Yes, having the teacher involved in 

the lesson will definitely make the 

lesson more impactful for the 

students. 
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Codes for science educator reflections 

(Codes are derived from all the science educator reflections) 

 
No Codes Description 

1 Understand key concepts of inheritance  

2 Have correct concepts  

3 Science is part of everyday life Relevant in our daily lives 

4 Scientific mindset make objective observations of things 

around them 

5 Inspire students  

6 Enjoyable learning experience  

7 Clear explanation for difficult concepts  

8 Complement school content  

9 Demonstrate understanding of key concepts  

10 Stimulate interest in science  

11 Fulfil curriculum  needs  

12 Connect to real life  

13 Systematic approach  

14 Adjust teaching for student understanding  

15 Check prior knowledge  

16 Create new learning opportunities in school  

17 Engage students/ Engage students  in active 

discussion 

 

18 Memorable learning  

19 Stimulate student interest  

20 Sense of wonder  

21 Adjust speed and content Teaching strategy with limited time 

22 Deliver programme in smaller segments/ Break 

up content into smaller chunks for 

understanding 

 

23 Alternate hands-on activities with theory  

 Understand key concepts of inheritance  

24 Use relevant analogies and examples  

25 Clear instructions   

26 Check for student understanding of instructions   

27 Time management  

28 Structured lesson plan   

29 Reflective practice  

30 Hands-on activities  

31 Not easily replicated in the class  

32 Teaching approach  

33 Facilitator interaction  

34 Peer interaction  

35 Linked to syllabus  

36 Competent Facilitators (subject matter)  

37 Competent Facilitators (delivery)  

38 Established programme  

39 Difficult topic to teach and understand  

40 Check for student understanding throughout the 

programme 

 

41 Empower students to conduct their own 

experiments 

 

42 Add variety to presentation Voice modulation to add variety to 

presentation 

43 Use of storytelling  

44 Encourage student questions  
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No Codes Description 

45 Spark student curiosity  

46 Engage in active discussion  

47 Adjust presentation to the class I switch my teaching style constantly 

according to the class profile. 

48 Appeal to different types of learners  

49 Use of videos  

50 Relate to students  interested to find out things about 

themselves. 

51 Attend PD training  

52 Modelling good practices Watch colleagues with good delivery 

practices 

53 Post-graduate qualification Post graduate diploma in education (1) 

Masters in Sc Communication (1) 

Masters in life sciences (2) 

54 Degree in life science B.Sc (Hons) biomedical sciences (2) 

B.Sc (biological sciences) (5) 

experience teaching special needs 

students (1) 

55 Personal experience has no impact on teaching  

56 Feedback from colleagues  

57 Role play  

58 Student feedback   

59 Modelling good practice watching other colleagues who taught the 

same lesson 

60 Inspired by own teacher  

61 Learning from best practices in interaction 

methods in other museums   

 

62 Students better prepared with prior instruction  

63 Adults with no exposure to topic  

64 Explanation to take into account learner’s lack 

of exposure to topic 

 

65 Activities facilitate understanding  

   

66 Misconceptions exist even in adults  

67 Seek resources for clarity of explanation in class  

68 Simple and clear explanation for learner 

understanding 

 

69  Doing activities gives sense of achievement  

70 Extend learning from classroom allow students to do something beyond 

the classroom 

71 Reinforce learning  

72 Wow factor in activity  

73 Check with teacher clarify with the teachers if the students 

need more time on certain concepts/skip 

some of the activities or learning 

concepts 

74 use of mind map my basic assessment of the student’s pre-

knowledge 

75 Clear explanation for concepts including basics   

76 Engage groups differently  

77 Spend more time with groups needing more 

instruction  

 

78 Adjust instruction according to lowest 

understanding 

the level of understanding of the content 

varies within a class. I will have to teach 

according to the level of the student with 

the weakest understanding. 
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No Codes Description 

79 Have students with correct prior knowledge 

explain  

 

80 Have beginner students answer questions  

81 Prior knowledge/instruction of topic facilitates 

understanding 

 

82 Focus on fewer concepts  

83 Reinforcement reinforcing the core points 

84 Focus on simpler concepts 

 

Focusing on the easier concepts than the 

difficult ones 

85 Use of visuals for explanation  

86 Group work and peer learning  

87 Time for questions  

88 Prior instruction allows deeper learning 

 

they pick up the basics quicker and we 

will have more time to go through the 

content in more details 

89 More confident learners  With prior instruction 

90 More engaged learners With prior instruction 

91 Conducive  environment for learning T 

92 Setting engages students This ambience keeps the students 

interested. This interest makes them 

actively participate in the hands-on 

activities.   

 

93 Active participation This ambience keeps the students 

interested. This interest makes them 

actively participate in the hands-on 

activities.  

 

94 Students relax   

95 New environment  

96 Excited Gets students excited 

97 Interested in science Gets students more interested in science 

98 Well equipped lab  

99 Anticipation They enter the lab with an expectation 

that the lesson would involve cool 

experiments 

100 Exhibits to enrich learning  

101 Audio-visual resources  

102 Animations engage learners  

103 Minimal high tech  

104 Lot of tech may overwhelm learner together 

with activities  

 

105 Use to engage learners  

106 Videos facilitate learning Videos provides an animated and 

condensed display of topics 

107 Videos and animations freely available Free access to resources on the internet 

108 Authentic learning Connect to real life  

109 Activities encourage teamwork  

110 Activities stimulate active peer sharing and 

discussion  

 

111 Students listen during theory  

112 Activities stimulate curiosity  

113 Activities foster teamwork  

114 individual and group work  

115 Student ask many questions  

116 Topic stimulates active peer sharing and 

discussion  
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No Codes Description 

117 Activities facilitate participation from every 

student 

 

118 Good foundation for learning about genes/ 

Good introduction to the topic 

 

119 Good lesson design  

120 Challenging topic  

121 Prior instruction in school facilitates learning 

about the concepts in the programme 

 

122 Good programme  

123 Programme is a blend of science, and values   

124 Investigative approach to solve a problem on 

heredity 

 

125 Pre-visit preparation by teachers  

126 Facilitate in the lab  

127 Aid in keeping discipline  

128 Aid in creating conducive environment for 

learning 

 

129 Post-visit follow up to reinforce learning  

130 Focus on slower learners  

131 Allow time for student questions  

132 Answer student questions  

133 Teacher involvement benefits students  
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Science Educator reflections Sally: raters’ agreement 

 
Interview question: When you teach this topic, what goal or goals do you have in mind…? 

 in your teaching strategy,  in what you want the students to take away from the enrichment program? 

for the school, teacher, yourself? 

Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Engage students  

 

 

 

 

 

 

 

 

 

Memorable 

learning 

 

 

 

 

 

 

 Complement  

school content 

be as engaging as 

possible 

 

capture their 

attention quickly 

and keep them 

engaged 

throughout the 

lesson 

 

memorable 

learning 

experience that is 

different from 

what they 

experience in their 

daily classrooms 

 

programmes 

offered by Science 

Centre a useful 

tool to enhance 

lessons that are 

taught at school 

My teaching strategy is to be as 

engaging as possible – I have only 

1.5 to 2hours with the students. 

Therefore, I need to ensure that I 

can capture their attention quickly 

and keep them engaged 

throughout the lesson. 

 

 

 

- I want the students to have a 

memorable learning experience 

that is different from what they 

experience in their daily 

classrooms. 

 

 

 

-  I want schools and teachers to 

identify Science Centre as their 

partner - the programmes offered 

by Science Centre can be a useful 

tool to enhance lessons that are 

taught at school. 

 

√ 

 

 

 

 

 

 

√ 

 

 

 

 

 

 

 
enrichment 

√ 

 

 

 

 

 

 

√ 

 

 

 

 

 

 

 

√ 

How do you plan your teaching strategy with the limited time you have to conduct the the programme? 
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Engage students 

 

 

 

 

 

 

 

 

excited 

 

 

 

Structured lesson 

plan  

 

Time management 

convince the 

students that a fun 

lesson awaits them 

 

when I have their 

attention, I dive 

into the content 

and activities 

 

already very 

excited to be at the 

Science Centre 

 

follow a lesson 

plan which keeps 

the flow of the 

lesson in check 

with the limited 

time I have helps 

ensure you meet 

the lesson 

objectives 

 

-The first 10 minutes of the lesson 

is the key. During start of the 

lesson, I try to convince the 

students that a fun lesson awaits 

them and when I have their 

attention, I dive into the content 

and activities. Most of the time, 

they are already very excited to be 

at the Science Centre for a class. 

-I follow a lesson plan which 

keeps the flow of the lesson in 

check with the limited time I have 

with the students. Following a 

well-structured lesson plan helps 

ensure you meet the lesson 

objectives. 

 

Capture  

attention 
 

 

 

 

 

 

√ 

 

 

√ 

 

√ 

√ 
 

 

 

 

 

 

 

 

√ 

 

 

√ 

 

√ 
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Interview question: What elements of the lab-based program on ‘Genes and our Traits’ seem to explain 

the ‘popularity’ of this program among schools? 
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Not easily 

replicated in the 

class 

 

Competent 

Facilitators 

(subject matter) 

 

Competent 

Facilitators 

(delivery) 

Difficult to 

replicate lesson 

back in the school 

Instructors are 

subject matter 

experts 

experience in 

delivering the 

topic to an 

audience who may 

have limited prior 

knowledge 

Sally 

Difficult to replicate lesson back 

in the school (lab environment, 

equipment, wet lab experiment) 

Instructors are subject matter 

experts and have experience in 

delivering the topic to an audience 

who may have limited prior 

knowledge to the subject of ‘genes 

and traits’ 

√ 

 

 

 

√ 

 

 

√ 

√ 

 

 

 

√ 

 

 

√ 

What teaching approaches did you personally use when delivering the program? How effective do you  

feel they are? 
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Connect to real life 

 

 

 

 

 

 

 

 

 

Spark student 

curiosity 

 

Relevant and 

familiar 

 

 

 

 

 

 

 

 

Questioning to 

draw curiosity 

iii) Relevant and familiar 

I always try to relate each topic 

with something students are 

familiar with. Eg: I typically focus 

on ‘traits’ before introducing the 

concept of genes. Students are 

able to observe the physical traits 

on themselves, their friends and 

also their family members.  

 

iv) Questioning to draw curiosity 

– I like asking questions to 

spark of more questions 

amongst students. Eg: How 

many of you look like your 

parents?  

√ 

 

 

 

 

 

 

 

 

√ 

√ 

 

 

 

 

 

 

 

 

√ 

What informs your teaching practice or style of delivery? 
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Modelling good 

practices 

 

Reflective practice 

 

 

 

 

 

 

Attend PD training  

 

 

 

 

 

 

Inquiry based 

approach in 

Observing senior 

educators 

 

Improving from 

the feedback 

received from past 

teaching 

experiences 

 

 

Exposure and 

training received 

during 

professional 

developments 

courses. 

 

support the 

inquiry based 

My teaching practice and style of 

delivery is built from:  

Observing senior educators 

Improving from the feedback 

received from past teaching 

experiences 

Exposure and training received 

during professional developments 

courses. 

 

I support the inquiry based 

learning teaching strategies where 

students are encouraged to lead 

their own learning through 

questioning and discovering new 

knowledge through 

experimentation. 

 

 

√ 
 

 

√ 
 

 

 

 

 

√ 
 

 

 

 

 

 

√ 
 

 

√ 
 

 

 

 

 

√ 
 

 

 

 

 

√ 
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teaching learning teaching 

strategies 

 

 

 

Do personal experiences have any impact on the way you interact with such students? For example, 

having visited science centre yourself as a student or receiving feedback from relatives, acquaintances 

who had visited the science centre. Has the experience spent at Science Centre conducting this 

programme changed your initial views or approaches to the lesson? 

Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Learning from best 

practices in 

interaction 

methods in other 

museums  

my visits to other 

museums 

 

analyse the type of 

interaction 

methods used, 

apply the best 

practices back in 

my classes 

 

Yes, my personal experiences 

have impacted the way I interact 

with students. During my visits to 

other museums, I play the 

information receiver role and 

analyse the type of interaction 

methods used. From there I learn 

what works well and apply the 

best practices back in my classes. 

 

√ 
 

√ 
 

Have you had any personal experiences/encounters with students/adults who had difficulty 

understanding the topic). If yes, did these help you in teaching the topic? 
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Topic difficult to 

understand  

 

 

Check prior 

knowledge 

 

 

Adjust teaching for 

student 

understanding 

lots of adults and 

children have 

difficulty 

understanding 

genetics or have 

misconceptions 

about this topic 

 

helps in shaping 

the approach and 

scope of my 

lessons 

Yes, lots of adults and children 

have difficulty understanding 

genetics or have misconceptions 

about this topic. Being familiar 

with their misconceptions and 

their prior knowledge of the topic 

helps in shaping the approach and 

scope of my lessons. 

 

√ 
 

 

 

 

√ 
 

 

√ 
 

√ 
 

 

 

 

√ 
 

 

√ 
 

 

 

How would you assess the effectiveness of the hands-on activities in facilitating the learning 

experiences of the students?  Could you elaborate on your response in terms of the various activities 

students need to do in the lab? 
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Facilitate 

understanding  

 

 

Engage students  

very effective in 

enhancing 

learning 

 

pay more attention 

when they get a 

chance conduct 

the experiments 

on their own 

Sally 

Hands-on activities are very 

effective in enhancing learning 

because students tend to pay more 

attention when they get a chance 

to conduct the experiments on 

their own or as a team. Eg: there is 

a great difference between 

showing a diagram of a step-by-

step DNA extraction with students 

doing the actual experiment. 

 

√ 
 

 

 

Captures 

students’ 

attention 

 

√ 
 

 

 

√ 
 

As this is a class of students that you would likely be seeing for the first time, how do you assess student 

knowledge and understanding of the topic at the start of the program? Could you elaborate? 
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Check prior throw out key During class, I do not have a lot of √ √ 
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knowledge 

 

words and ask 

students to share 

on what they 

know about those 

words.  

time to assess their prior 

knowledge. In the first 5 – 10 

minutes of the lesson, I throw out 

key words and ask students to 

share on what they know about 

those words. From there, it leads 

to an opportunity for the class to 

have a quick discourse about the 

topic on a broad scale. 

  

How do you adapt to the variability of students’ prior knowledge on the topic? What strategies do you 

use? Could you give examples or elaborate In your experience, have you encountered any difference in 

students in their understanding of the content if they have covered the topic in school before attending 

the program? 
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Clear explanation 

for concepts 

including basics  

 

Use of visuals for 

explanation 

 

Group work and 

peer learning 

 

 

 

Time for questions 

 

 

 

Prior instruction 

allows deeper 

learning 

 

More confident 

learners  

 

More engaged 

learners 

Never skip the 

basics  

 

 

visual aids to give 

a good overview 

 

Group work to 

encourage peer 

learning and 

teamwork 

 

Allow time for 

question and 

answers 

 

pick up the basics 

quicker and we 

will have more 

time to go through 

the content in 

more details. They 

are also a lot more 

confident and 

engaged to the 

hands-on 

activities. 

 

Never skip the basics even when 

majority of the students are well 

versed with the content.  

 

Use visual aids such as videos or 

diagrams to give a good overview 

of the content. 

 

Group work or challenges to 

encourage peer learning and 

teamwork. 

 

Allow time for question and 

answers. 

 

 

 

Yes, they pick up the basics 

quicker and we will have more 

time to go through the content in 

more details. They are also a lot 

more confident and engaged to the 

hands-on activities conducted 

during the lesson. 

 

Start with 

basics 

 

 

√ 
 

 

√ 
 

 

 

 

√ 
 

 

 

√ 
 

 

√ 
 

 

√ 

√ 
 

 

 

√ 
 

 

√ 
 

 

 

 

√ 
 

 

 

√ 
 

 

√ 
 

 

√ 
 

Does the setting of the science centre contribute to the effective delivery of the program? Could you 

elaborate on your response?   
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Conducive 

environment for 

learning 

 

 

Excited 

 

 

 

 

Anticipation 

ambience of 

learning and 

working in a DNA 

Lab 

 

mood for the 

students to be 

excited about 

learning 

 

enter the lab with 

an expectation  

 

The ambience of learning and 

working in a DNA Lab (putting on 

a lab coat, conducting experiments 

with lab equipment – test tube, 

droppers) sets the mood for the 

students to be excited about 

learning. They enter the lab with 

an expectation that the lesson 

would involve cool experiments 

and science hands-on activities 

√ 
 

 

 

 

√ 
 

 

 

 

√ 

√ 
 

 

 

 

√ 
 

 

 

 

√ 
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What is the role of technology in promoting learning among students in this program? 
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Videos facilitate 

learning 

Videos provide an 

animated and 

condensed display 

of topics 

Videos provide an animated and 

condensed display of topics that 

are not easily expressed in words. 

 

√ 
 

√ 
 

Comment on the class dynamics when students do this program – for example,   interactions among 

students, curiosity in wanting to find about their own and others’ traits, etc. 
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Engage students  

 

 

 

Spark student 

curiosity 

 

Activities 

stimulate active 

peer sharing and 

discussion 

Students are 

engaged they are 

the subject of 

study 

 

curious to find out 

whether they have 

them but also  

start to compare 

with their peers. 

 

Students are automatically 

engaged when they become the 

subject of study. When we 

introduce traits that they are less 

aware of (eg: ‘widows peak, 

detached earlobes, mid –digit 

hair’), they are not only curious to 

find out whether they have them 

but also start to compare with their 

peers. 

 

√ 
 

 

 

√ 
 

 

√ 
 

√ 
 

 

 

√ 
 

 

√ 
 

After having conducted a number of sessions of this program, what are your  impressions of this 

program?  Any suggestions for improvement, etc? 
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Good introduction 

to the topic 

 

 

Challenging topic 

an introduction to 

the topic of 

inheritance 

 

challenging part to 

is link something 

that the students 

can observe 

(physical traits) to 

something at the 

molecular level 

(DNA). 

 

 

This programme is probably an 

introduction to the topic of 

inheritance. The most challenging 

part is to link something that the 

students can observe (physical 

traits) to something at the 

molecular level (DNA). 

 

√ 
 

 

 

√ 
 

√ 
 

 

 

√ 
 

What do you think about teacher support in the class? Before class, during and after class back in school 
Codes/Labels Preliminary codes 

from interview 

Extract of interview R1 R2 

Pre-visit 

preparation 

 

Post visit follow 

up reinforce 

learning 

 

 

 

Teacher 

involvement 

benefits students 

Teachers should 

introduce the topic 

to the students 

before the class 

and do a follow up 

after the class 

reinforce the 

learning and 

retention of 

information 

teacher involved 

in the lesson will 

definitely make 

the lesson more 

impactful 

Teachers should introduce the 

topic to the students before the 

class and do a follow up after the 

class. This may help reinforce the 

learning and retention of 

information amongst the students. 

 

 

 

Yes, having the teacher involved 

in the lesson will definitely make 

the lesson more impactful for the 

students. 

 

√ 
 

 

 

√ 
 

 

 

 

√ 
 

√ 
 

 

 

√ 
 

 

 

 

√ 
 

42 codes   37 (88.1% agreement) 
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Goals of Science Educator (SE) in an enrichment programme 

 

Theme SE Goals   Category Codes/labels 

Cognitive Understanding topic Understand key concepts of inheritance  

Understand key concepts of inheritance 

Have correct concepts 

Demonstrate understanding of key concepts 

Memorable learning 

 

Complement school content 

Fulfil curriculum  needs 

Create new learning opportunities in school 

 

Science is part of everyday life 

Scientific mindset 

 

 Communication strategies 

used  

Check prior knowledge and understanding 

at the start and during the programme 

- Check prior knowledge (5) 

- Check with teacher 

- Check for student understanding of 

instructions /throughout the 

programme/Have students with correct 

prior knowledge explain/Have 

beginner students answer questions (4) 

 

Systematic approach (4) 

Structured lesson plan/ Time management 

 

Clear instructions 

Clear explanation for concepts including 

basics 

Clear explanation for difficult concepts 

 

Adjust teaching for student understanding 

(7) 

 

Deliver programme in smaller segments (4) 

Alternate hands-on activities with theory 

 

Connect to real life (4)  

Use relevant analogies and examples (2) 

Relate to everyday life/ 

Use of storytelling (3) 

Use of videos 

Use of visuals for explanation 

 

Slower learners 

Focus on fewer concepts/ 

Reinforcement/Spend more time with 

groups needing more instruction 

 

Affective 

 

 Create engagement  

 

Spark student curiosity 

Activities stimulate curiosity 

Stimulate student interest (3) 

 

Excited, Anticipation 

Inspire students (2) 
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Students relax 

Enjoyable learning experience  (4) 

Memorable learning 

 

Engage students (6) 

Engage groups differently 

Add variety to presentation 

Appeal to different types of learners 

 

Role play scientist 

 

Social / 

Cognitive  

 

 

 

Group work / 

Active learning  

 

 

 

 

Activities facilitate understanding (6) 

Activities extend learning from classroom 

Activities reinforce learning 

 

Activities stimulate active peer sharing and 

discussion (3)  

Group work and peer learning 

participation from every student (3) 

Individual and group work  

 

Activities foster teamwork 

Activities encourage teamwork  

Topic stimulates active peer sharing and 

discussion 

 

Encourage student questions 

Time for questions 

Student ask many questions 

 

Doing activities gives sense of achievement 

Wow factor for activity 

 

 

Other factors that contribute to student learning (science educator’s perspective) 
Theme   Category Codes/labels 

Environment 

 

Environment 

Role of setting 

(Out-of-school, authentic lab 

setting) 

Conducive  environment for learning 

New environment 

Well equipped lab 

Not easily replicated in class 

Setting engages students 

Exhibits to enrich learning 

Not easily replicated in class 

 

Facilitator 

 

Self development Reflective practice (2) 

Attend PD training 

Modelling good practices (2) 

Learning from best practices in interaction 

methods in other museums   

Student feedback 

Feedback from colleagues 

Competent facilitator (subject 

matter/delivery) 

Engage students 

Life science graduate qualifications  or 

higher 

Inspired by own teacher 
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 Understanding learner 

difficulties - empathy 

 

 

 

 

 

 

 

Adults with no exposure to topic 

Explanation to take into account learner’s 

lack of exposure to topic 

Activities facilitate understanding 

Topic difficult to understand 

Misconceptions exist even in adults 

Seek resources for clarity of explanation in 

class 

Simple and clear explanation for learner 

understanding 

 

Class Teacher  Teacher support Teacher involvement benefits students 

Students better prepared with prior 

instruction  

More confident learners/More engaged 

learners 

Pre-visit preparation by teachers 

Post-visit follow up to reinforce learning 

 

Facilitate in the lab 

Focus on slower learners 

Aid in keeping discipline 

Aid in creating conducive environment for 

learning 

Allow time for student questions 

Answer student questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

531 

 

         Appendix W3 

Student interview: A, E, Z from C School 

Prompt: did you learn about topic of genes earlier? 
Category Numerical 

codes* 
Codes/Labels Preliminary 

codes from 

interview 

Extract of interview 

Prior knowledge 

of the topic 

1, 2, 4 Covered cells in 

class 

Touched on 

genes/DNA 

briefly 

Heard about 

genes from out-

of-school 

 

Covered cells in 

class 

A bit on genes  

in class 

Heard about the 

words DNA and 

genes 

yes we did but we didn't 

touch so much on genes 

and traits because 

basically our teacher - 

we were learning on the 

topic of cells. So erm... 

my teacher did touch a 

bit on cells and genes, 

but then he didn't really 

teach us more about 

traits 

 

But I learnt more in 

Science Centre when I 

was in the laboratory, get 

to understand more 

because there was more 

experiments and then I 

could understand better.  

heard about the words 

DNA and genes and 

traits before coming to 

Science Centre 

 

Prior knowledge 

of the topic 
1, 2, 4 Covered cells in 

class 

Touched on 

genes/DNA 

briefly 

 

Heard about 

genes from out-

of-school 

 

 

Covered cells in 

class 

cover a bit but it 

wasn't really that 

detailed  

Heard about 

genes 

my teacher is those types 

who likes telling stories 

during class. So, we did 

cover a bit but it wasn't 

really that detailed as he 

didn't really have that 

much time as he - since 

he has to rush through 

the syllabus.  

when I went to Science 

Centre, I get to do - 

hands-on activities. I 

could understand more 

about traits and gain 

more knowledge as 

well.  

heard about the words 

DNA and genes and 

traits before coming to 

Science Centre 

 

Prior knowledge 

of the topic 
1, 4 Covered cells in 

class  

Heard about 

genes from out-

of-school 

 

Covered cells in 

class 

Heard about 

genes 

the same as the two of 

them 

heard about the words 

DNA and genes and 

traits before coming to 

Science Centre 
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Prompt: Was it difficult to understand? Explanation in science centre 
Category Numerical codes Codes/Labels Preliminary 

codes from 

interview 

Extract of interview 

Can understand 6 Explanation 

(clear) 

It was very clear It was very clear.  

Can understand 6 Explanation 

(clear) 

clear Was clear 

Can understand  

 

6 Explanation 

(clear) 

Activities 

Aid 

understanding 

 

It was very clear It was very clear and the 

fact that they did 

experiments made it 

more interesting and 

err... helped me 

understand more about it  

 

Prompt: Anything helpful 
Category Numerical codes Codes/Labels Preliminary 

codes from 

interview 

Extract of interview 

Programme 

 

 

 

 

 

 

 

 

 

 

Programme 

10 Activities 

 

Aid 

understanding 

 

Fun 

 

 

 

 

 

Learning mode 

(prefer activities) 

 

activities helped  

we do activities 

you personally 

can understand 

better 

it was very fun 

and clear 

activities helped to - us 

to actually understand 

more clearly. 

it was very fun and 

clear.  

personally, I like 

activities as I find that 

we do activities you 

personally can 

understand better.  As 

you get to really 

experience it and see 

with our own eyes about 

the results that you'll get 

through the experiment 

and what changed 

variable actually result 

in. 

 

Programme 

 

 

Facilitator 

 

 

Experience 

9, 10 Activities 

 

 

Explanation 

(clear) 

 

interesting 

It was very clear 

experiments 

made it more 

interesting and  

helped me 

understand more 

It was very clear the fact 

that we did experiments 

made it more interesting 

and err... helped me 

understand more about it 

because in school, they 

just like tell us that DNA 

is 

 

Programme 

 

 

 

Facilitator 

9, 10 Activities 

 

 

 

Explanation 

(clear) 

the activities 

really helped me 

remember 

 

Explanation was 

very clear 

the activities really 

helped me remember 

because we don't do 

many experiments in 

school also.  

And also like Z, can see 

with ur own eyes helped 

us understand more 

Explanation was vey 

clear 

 

Programme 

 

10, 11 Activities 

 

as if we were real 

scientist 

it was very hands-on and 

it was like an experiment 
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Experience 

Programme 

 

Engaged 

Aid 

understanding 

capture my 

attention helped 

me understand 

more about DNA 

as if we were real 

scientist. It really helped 

capture my attention and 

helped me understand 

more about DNA 

 

Prompt: Activities you remember 
Category Numerical codes Codes/Labels Preliminary 

codes from 

interview 

Extract of interview 

Programme 

 

13, 14, 15, 16 All activities all activities 

actually arranged 

very clearly and 

very organised 

helped us to.. 

remember each 

and every topic 

 

I have no favourite 

because I find all 

activities actually 

arranged very clearly and 

very organised.  

all activities actually 

helped us to erm... 

remember each and 

every topic 

 

Programme 

 

15 DNA extraction the activity about 

extracting DNA 

from the 

wheatgrain as the 

most exciting 

the activity about 

extracting DNA from the 

wheatgrain as the most 

exciting one also.  

Programme 

 

15 DNA extraction  my favourite was 

the wheatgerm 

activity  

my favourite was the 

wheatgerm activity  

Prompt: Anything you remember about the facilitator? 
Category Numerical codes Codes/labels Preliminary 

codes from 

interview 

Extract of interview 

Facilitator 

 

 

 

 

 

 

 

Facilitator 

17, 18, 19 

 

 

 

 

 

 

 

18, 19 

Explanation 

(clear) 

Patient 

 

 

 

 

 

Answered 

questions 

Approachable  

the instructor 

took a lot of time 

to explain to us 

 

 

 

 

answered all our 

questions and 

cleared all our 

thoughts 

 

the instructor took a lot 

of time to explain to us 

especially, we are from 

different classes. So we 

have different grades of 

understanding about the 

topics. So, the instructor 

did clear our thoughts 

And the class was easy 

going.  

The instructor had erm... 

did really like explain 

every single detail and 

answered all our 

questions and cleared all 

our thoughts. So ya.  

Facilitator 21 Class 

management 

 

 

 

 

 

teacher is very 

strict.  

reduce the noise 

level. 

quite a nice 

environment to 

do the 

experiments 

... the teacher is very 

strict. So, we didn't get 

our experiments wrong 

actually helped to calm 

down thenaughty ones 

and actually reduce the 

noise level. So it was 

err.. quite a nice 

environment to do the 

experiments in and 

study.  
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Facilitator 20 Teaching mode the teacher -

voice caught our 

attention 

And also the teacher 

spoke like it wasn't 

monotonous voice.  So it 

was very interesting and 

it caught our attention 

 

Prompt: How do you find  learning at science centre? 
Category Numerical codes Codes/labels Preliminary 

codes from 

interview 

Extract of interview 

Environment 

 

 

 

Experience 

 

Environment 

 

 

 

Environment 

 

 

 

 

22 

 

 

 

27 

 

24 

 

 

 

22 

New 

environment  

 

 

Excited 

 

Lab coat/ 

Scientist role 

 

 

Conducive 

environment 

we don't really 

go to the Science 

Centre everyday 

excited 

 

you put on the 

coats and you 

feel like, "I'm a 

real scientist 

environment is 

very nice 

Because our teachers in 

school, they don't really 

have a lot of time to do 

this. when we say 

Science Centre, 

everybody gets excited 

because Science Centre's 

like - we don't really go 

to the Science Centre 

everyday. 

you see the high chairs 

and everybody goes like 

- "Wow"... and then you 

see the coats - like 

you put on the coats and 

you feel like, "I'm a real 

scientist, man".  

the environment is very 

nice. 

 

Environment 

 

 

Programme  

 

 

Programme  

 

 

Experience 

 

22 

 

 

23 

 

 

23 

 

 

27 

 

 

Conducive 

environment 

 

Activities\ 

 

Science 

equipment 

 

 

Interesting 

bigger Science 

lab, 

 

having hands-on 

activities with 

this type of 

experiments, and 

equipments that 

we never did 

before, is 

actually quite 

interesting 

We actually went to a - 

our school lab before. It 

was actually quite small 

and you know, one big 

class squeezing into one 

small room... 

I find that going to a 

bigger Science lab, 

having hands-on 

activities with this type 

of experiments, and 

equipments that we 

never did before, is 

actually quite 

interesting.   

 

Programme  

 

Experience 

 

Programme 

 

 

 

 

 

 

Programme  

 

 

23 

 

27 

 

26 

 

 

 

 

 

 

23 

 

 

Activities 

 

Interesting 

 

New content not 

taught in school 

 

 

 

 

Science 

equipment 

 

 

experiments 

made it more 

interesting 

 

in the Science 

Centre we 

actually learn 

more. Like, the 

meaning of the 

words 

 

high-tech 

equipment 

 

the fact that they did 

experiments made it 

more interesting and 

err... helped me 

understand more about it 

because in school, they 

just like tell us that DNA 

is what - it's 

characteristics are passed 

down from parents and - 

but in the Science Centre 

we actually learn more. 

Like, the meaning of the 

words and ...  
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Environment 

 

 

 

22 

 

 

 

Conducive 

environment 

 

 

 

 

more cosy 

environment, 

there was air-con 

: I found it very 

interesting because of 

like a lot of high-tech 

equipment And the 

results of the experiment 

were more accurate than 

if we did them in school 

because of all the 

equipment.  

And it was more fun, and 

it was a more cosy 

environment than the one 

in our school because 

there was air-con and all 

of that 

 

Prompt: Can you connect what you learnt  to class in school 
Category Numerical codes Codes/labels Preliminary 

codes from 

interview 

Extract of interview 

- 28 Link to school 

topic  

traits 

traits where if 

you have the girl 

and the boy... 

The traits where if you 

have the girl and the 

boy...XX and XY 

 28 Link to school 

topic  

cells 

linking a bit to 

the cells... 

 

I find this topic a bit 

linking to the cells... 

 

Prompt: Can you connect what you learnt to everyday life 
Category Numerical codes Codes/labels Preliminary 

codes from 

interview 

Extract of interview 

- 31 Link to everyday 

life 

New content not 

taught in school  

learn something 

out of the 

classroom 

The genes and 

traits... Because you do 

learn something out of 

the classroom  

Prompt: Robert’s cells all contain DNA – is it the same DNA 
Category Numerical codes Codes/labels Preliminary 

codes from 

interview 

Extract of interview 

Correct 

understanding 

34 Same DNA It'll be the same Yes, It'll be the same 

correct 

understanding 

34 Same DNA  It'll be the same Yes, It'll be the same 

correct 

understanding 

34 Same DNA They'll be the 

same 

all. Except for the red 

blood cell.  

They'll be the same.  

Prompt: Robert and John’s cells? Will they be the same? 
Category Numerical codes Codes/labels Preliminary 

codes from 

interview 

Extract of interview 

correct 

understanding 

37, 37 Different DNA No  A + E: No (unison) 

correct 

understanding 

37 Different DNA they're not from 

the same parents, 

and they're not 

identical twins 

they're not from the same 

parents, and they're not 

identical twins, in the 

whole world, the only 

way you can have the 

same DNA 

Question: Accident - will Danny’s children have legs 
Category Numerical codes Codes/labels Preliminary Extract of interview 
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codes from 

interview 

correct 

understanding 

38 Children will 

have legs 

Mr Danny's 

children will 

have legs 

... I do think that Mr 

Danny's children will 

have legs unless maybe 

their genes change, but 

then it is not very 

possible. 

correct 

understanding 

38 Children will 

have legs 

The children will 

have legs 

The children will have 

legs as the DNA inside 

was not altered. 

correct 

understanding 

38 Children will 

have legs 

DNA of Mr 

Danny, wasn't 

affected 

The DNA of Mr Danny, 

wasn't affected because 

erm... his legs got cut 

off...  

Prompt: experience at the science centre 
Category - Codes/labels Preliminary 

codes from 

interview 

Extract of interview 

Experience - excited excited everybody gets excited 

Experience - excited excited I felt quite excited Cos' 

we don't often go into 

the Science lab at the 

Science Centre 

Experience - Interesting 

fun 

Interesting 

fun 

I found it very 

interesting And it was 

more fun, 

Environment 

Programme 

 

 

Experience 

- 
 
 
 
- 

Scientist role 

Activities 

Aid 

understanding  

 

Fun 

Engaged 

 

as if we were real 

scientist 

it was very fun 

capture my 

attention 

understand more 

about DNA 

it was very hands-on and 

it was like an experiment 

as if we were real 

scientist. So it was very 

fun. it really helped 

capture my attention and 

helped me understand 

more about DNA 

 
Numerical codes* refers to the numbers attributed to responses to help in ‘quatitifying’ frequency of code across all 

interviews.  

Did you learn about topic of genes earlier? 
0=never heard, 1= covered cells in class, 2=covered a bit under cells or teacher mentioned about genes, 3=learnt 

about genes, 4=did not learn in class but heard about it through other sources (Nat Geo, Disc Channel, internet, etc) 
 

Was the topic difficult to understand? (Genes and our Traits programme)  

5=difficult; 6= can understand 

 

What was helpful for understanding the topic? 
7=video, 8= slides, 9= explanation,10= activities, 11=environment, lab coat,12=worksheet 

 

Activities you remember  
13=ice cream sticks,14=traits wheel,15=DNA extraction, 16=eye colour,  

 

Anything you remember about the facilitator? 
17=clear explanation, 18= time to explain/answer, 19=approachable, 20=teaching mode, 21=class management 

 

How do you find learning at science centre? 
22= new/conducive environment for learning, 23= many experiments unlike school, science equipment, 24= scientist 

role, lab coat, 25= working in groups,26= learn info not taught in school,  

27= fun, enjoyable, other affective reactions 

 

 

 Can you connect what you learnt to school? 
28=see link to school topic, 29=no link seen, 30=maybe in the future 
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Can you connect what you learnt to everyday life 
31=see link to everyday life, 32=no link seen, 33=maybe in the future 

 

Scenarios 

Robert’s cells all contain DNA – is it the same DNA 
34=same dna, 35=different dna 

 

Robert and John’s cells? Will they be the same? 
36=same dna, 37=different dna 

 

Will Danny’s children have legs 
38=children will have legs, 39= children will have no legs, 40=combination 

___________________________________________________________________________________ 

 

Codes reference for student interviews 

(The codes are derived from all student interviews) 

No codes description 

1 Never heard of genes and DNA Student exposure to genes 

2 Covered cells in class Student exposure to cells 

3 Touched on genes/DNA briefly Student exposure to genes 

4 Not covered in class Student exposure to genes 

5 Heard about genes from out-of-school Student exposure to genes 

6 Learnt about genes Student exposure to genes 

7 Activities Describes experiments, hands-on 

activities, etc 

8 Can understand Student able to understand the 

programme 

9 Difficult at first to understand  

10 Same DNA Codes for scenarios 

11 Different DNA Codes for scenarios 

12 Children will have legs Codes for scenarios 

13 Different combination (1 leg, 2 and none) Codes for scenarios 

14 Maybe no legs Codes for scenarios 

15 Video  

16 Slides  

17 Worksheet  

18 New/science centre environment  

19 Attire Wearing a lab coat 

20 New content not taught in school Content in programme not taught 

in schols 

21 Traits wheel/Traits tree  

22 Eye colour  

23 Ice cream sticks  

24 DNA extraction  

25 Engaging (science educator) Captures students’ attention 

26 Teaching mode Science educator (SE)  (funny, 

interesting presentation, not 

monotonous, uses examples, 

demonstrations, etc) 

27 Class management SE qualities 

28 Explanation/Instruction (clear) SE qualities 

29 Approachable SE qualities 

30 Helpful SE qualities 

31 Patient SE qualities 

32 Strict SE qualities 
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33 Time to explain SE qualities 

34 Answered questions SE qualities 

35 Funny (SE jokes) SE qualities 

36 Nice, kind (SE) SE qualities 

37 Relates well with students SE qualities 

38 Enthusiastic (SE) SE qualities 

39 Friendly (science educator) SE qualities 

40 Knowledgeable SE qualities 

41 Science lab setting  

42 Science equipment  

43 Conducive environment  

44 Can do many experiments  

45 No link to class/everyday life Student sees no link from 

programme to class content or 

everyday life 

46 There is link to class/everyday life Student sees link from 

programme to class content or 

everyday life 

47 Aid understanding Activities aid understanding 

48 Authentic experience  

49 Scientist role  

50 Working in groups  

51 Fun  

52 Excited Students’ affective response 

53 Enjoyable Students’ affective response 

54 unexpected Students’ affective response 

55 Interesting Students’ affective response 

56 Engaged (students) Students engagement 

57 Anticipation Students’ affective response 

58 Stimulate curiosity Students’ affective response 

59 Enjoyable  learning experience Students’ affective response 

60 More resources More resources at science centre 

lab 

61 Well organised lesson Activities very clear and well 

organised 

62 Guided learning Students are guided during the 

programme 

63 Systematic explanation Explanation of SE 

64 Learning mode Learning style of student (prefers 

hands-on) 

 

Features of the programme that help student learning and understanding (students’ 

perspective) 

 
Student 

background 

Category Codes 

Prior knowledge 

of topic 

Prior knowledge of topic Never heard of genes and DNA  

Covered cells in class 

Touched on genes/DNA briefly 

Not covered in class 

Heard about genes from out-of-school 

Learnt about genes 
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Helpful features 

of the  

programme  for 

learning and 

understanding 

Category Codes  

Social 

 

 

Facilitator 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group work 

Knowledgeable 

Engaging 

Class management, Strict 

Clear explanation/instruction 

Systematic explanation 

Guided learning  

Approachable, Friendly, Helpful, Patient 

Time to explain, Answered questions 

Funny (cracks jokes) 

Nice, Kind 

Relates well (cool, chill person) 

Enthusiastic 

 

Teaching mode (funny, interesting 

presentation, not monotonous, uses 

examples, demonstrations, etc) 

 

Working in groups  

 

Cognitive 

Active learning  

Programme Activities 

Aid understanding (activities) 

Can understand content 

Learning mode (prefer activities) 

Science equipment 

 

Well organised lesson 

Video, Slides, Worksheet 

New content not taught in school 

 

Link to school topic 

Link to everyday life 

 

Environment 

 (novel 

stimulating 

environment) 

 

Environment attire, scientist role 

science lab setting 

new/science centre environment 

more resources (can do many experiments) 

conducive environment 

 
Affective 

 (enjoyment, 

engagement) 

 

 

Experience Fun 

Interesting 

Enjoyable 

Unexpected 

Exciting,  

Anticipation,  

Engaged, Attentive 

Stimulate curiosity 

Enjoyable learning experience 

Authentic experience 
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