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ABSTRACT 

The presence of alternative conceptions (ACs) among students is a common difficulty 

in the learning of primary science. Myriad studies have adopted different approaches and 

instruments for the identification of ACs. This study used a new three-tier MCQ as an 

instrument for identification of ACs in primary science students. The theme of energy; with 

topics of heat, light cum photosynthesis, and energy forms and uses, was chosen as past studies 

have revealed learning difficulties and ACs associated with these topics. 

All students sat for the modified three-tier MCQ concept test so as to elicit their 

conceptual understanding on the theme of energy. This study uncovered a total of 23 ACs on 

the theme of energy, most of which were similar to what have been reported in the literature, 

but with the exception of five other ACs which have not been reported before. 

The notion of ACs being tenacious has been reported in several research studies, so 

much so that these hinder students’ ability to comprehend scientific concepts and generate new 

cognitive structures. Information and Communication Technologies (ICT) have been shown to 

have some effectiveness in addressing students’ ACs in science. Although this approach has 

been tried at the secondary level, it is currently under-explored at the primary level.  

This study thus also explored how ICT-based remediation packages, put together using 

simple ICT affordances, can be utilised to facilitate the learning processes and learning of 

primary science students as well as address their ACs. For instance, multimedia resources on 

the Web have been utilised in the development of this intervention package. This intervention 

study involved three groups (41 in control group, 81 in experimental 5E inquiry group, and 80 

in the experimental frontal teaching group) of students from five intact classes from primary 

six in a neighbourhood school in Singapore. In total, 202 students participated in this study.  

Students’ conceptual change on the theme of energy was evaluated through a pre- and 

post- concept test for each topic. Statistical analysis from one-way ANCOVA on students’ test 

scores after the ICT-based intervention suggests that this mode of intervention appears to be 

effective in helping students address their ACs to a good extent on the theme of energy. The 

experimental groups (experimental 5E and experimental frontal) showed a significant 

improvement (effect size > 0.8) on their test scores after the ICT-based intervention. The 

confidence of the students in the experimental groups, who answered the 1st and 2nd tiers of the 

items correctly also showed statistically significant gains. A perception survey on students’ 
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views of the ICT-based remediation package revealed that students found this method of 

conceptual remediation effective. Interviews of teachers further underscored this point. 

This study aims to bridge a gap in the literature on the integration of ICT to facilitate 

conceptual understanding in science and assess its efficacy in addressing ACs. Some 

implications of this study, such as the application of the modified three-tier MCQ format to 

identify ACs in primary science on the theme of energy, are examined. Notably, the 

metacognitive information derived from the confidence level, can better surface students’ 

levels of certainty for the correctness of their responses as well as their ACs. Also, the 

effectiveness of a short intervention using ICT is a point of interest.  

 In summary, this research reports on the development of a new diagnostic test format 

to uncover ACs; ACs of primary students on the topic of heat, light cum photosynthesis, and 

energy forms and uses; the development of conceptual change remediation packages, and an 

intervention that sought to address these ACs. Additionally, students’  and teachers’ views of 

the conceptual change package are reported. 
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CHAPTER 1 

INTRODUCTION 

Overview 

In the last three decades, understanding of how students view science concepts has been 

paramount in science education. Learning issues that hinder the effective mastery of science 

topics can be attributed to poor existing understandings, which leads to the formation of 

alternative conceptions (ACs) in learning. It is therefore crucial for educators to look into how 

students comprehend scientific concepts, and identify students’ ACs so that suitable strategies 

can be adopted to engineer conceptual change for effective learning of scientific concepts. 

 This chapter introduces the background, rationale and context for this study on 

identifying primary students’ alternative conceptions in Science and promoting conceptual 

change using information and communication technology (ICT) approaches.  The objectives 

and research questions as well as the definition of terms used in this study are also presented. 

Lastly, the significance of this study is discussed. 

 

1.1 Background and Rationale for the Study 

The topics of heat, light cum photosynthesis, and energy forms and uses, under the 

theme of energy, come from common phenomena in daily lives, yet the learning of these topics 

is not common sense to young learners. When children learn through interactions and 

observations of physical phenomena in the environment, they have a natural tendency to 

explain the world they interact with, through their self-developed constructs (Carlton, 2000). 

These self-developed constructs or conceptions are important aspects for students (Cepni et al., 

2017) as they formulate and build on these constructs from their daily and school interactions 

(Gurel et al., 2015). These constructs do lead children to form incorrect ideas in physics 

(Slykhius, 2005). These ideas and constructs are termed as ACs (Andre & Ding, 1991; Brown 

and Clement, 1989; Caillot & Xuan, 1993; Sungur et al., 2001). The term “ACs” has been used 

synonymously with other terms, such as preconceptions (Clement, 1982), misconceptions 

(Samsudin et al., 2018; Samsudin et al., 2017a; Fratiwi et al., 2017; Cataloglu & Ates, 2014), 

and alternative frameworks (Muthukrishna et al., 1993; Stromdahl, 2002) by various 

researchers.  
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In the late 1980s, research in educational physics has revealed that ACs are widespread 

and prevalent in all topics of physics (Fratiwi et al., 2018; Liu & Fang, 2016; Wong et al., 2016; 

Samsudin et al., 2016). This is especially so in electricity (Preston, 2017; Maloney et al., 2001), 

optics (Goldberg & McDermott, 1986, 1987; Feher & Meyer, 1992), mechanics (Vionnet, 

1979; Clement, 1982; Minstrell, 1982; Towbridge & McDermott, 1980, 1981; Hestenes et al., 

1992), and thermodynamics (Ericson, 1979; Shayer & Wyllam, 1981; Bar & Travis, 1991; 

Athee, 1993; Ma-Naim et al., 2002).  

Many students, unfortunately, start formal education harbouring ACs. As such, they 

develop only low levels of comprehension of science concepts even after teachers’ formal 

teaching (Driver & Oldham 1986; Duit & Treagust 1998; Driver et al., 2000). These ACs tend 

to affect the acquisition of scientific knowledge and can influence students’ sense-making of 

principles and concepts (Chang et al., 2007). Moreover, the ACs are generally hard to change 

and rectify (Liu & Fang, 2016; Samsudin et al., 2015; Costu, 2012) as these tend to be deeply 

rooted in students’ prior knowledge frameworks (Preston, 2017; Samsudin et al., 2016; 

Demirdogen et al., 2016). Hence, it would be worthwhile to find out whether students in 

Singapore face similar issues on these topics as well, and to explore possible ways to address 

a few of these issues.  

Diagnostic tests can be deployed to uncover students’ ACs (Fratiwi et al., 2017; Liampa 

et al., 2017; Chen et al., 2017). These are evaluation tools which can surface ACs or recurring 

learning problems. Science teachers can possibly utilise these to better grasp students’ 

understanding of the relevant topics as well as the causal nature of their conceptions. 

Alternative teaching methods can thus be deployed to correct students’ ACs (Gurel et al., 2015; 

Adams & Wieman, 2010; Kaltakci & Didis, 2007). Many researchers have used diagnostic 

tests (Purwanto et al., 2018; Gurel et al., 2017; Gurel et al., 2015; Samsudin et al., 2015; 

Cataloglu & Ates, 2014; Chen et al., 2013; Kaltakci & Didis, 2007) to probe students’ 

understanding of selected topics as well as the ACs they harbour. 

Recent studies on conceptual change learning are mostly teacher-centric. A few of these 

studies involve concept change models, concept change pedagogy, concept change texts, 

concept mapping, and analogies. The student-centric studies, on the other hand, involve hands-

on activities, active learning, inquiry, 5E and authentic problem solving.  Many studies have 

revealed that traditional science pedagogy is not effective in correcting conceptual mistakes 

and inaccuracies (Akgün & Aydın, 2009; Köse, 2004). Information and Communication 

Technologies (“ICT”)-based teaching and learning, based on students’ prior ACs, can be 
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effective in remediating ACs (Solomonidou & Kolokotronis 2008). 

Multimedia resources on the Internet can be put together as ICT-based remediation 

packages based on multimedia design for education (Clark & Mayer, 2003; Mayer, 2001, 2003; 

Mayer & Moreno, 2002) to facilitate conceptual change. The packages can be delivered in the 

form of a PowerPoint presentation with suitable insertion of multimedia elements to augment 

instruction (Hill et al., 2012; Craig & Amernic, 2006).  

 

1.2 Context 

1.2.1 Science literacy 

Science literacy has always been an emphasis of science education (Miller, 2007; 

Organization for Economic Co-operation and Development (OECD), 2007). It is defined as 

“understanding key scientific concepts and frameworks, the methods by which science builds 

explanations based on evidence, and how to critically assess scientific claims and make 

decisions based on this knowledge” (Impey et al., 2011). To facilitate the development of 

scientific habits of mind in students, science literacy is necessary (National Research Council 

(NRC), 2005), and it is essential to extend scientific concepts to real life scenarios (Impey et 

al., 2011; Miller, 2007; National Academy of Sciences, 2013).  

The teaching of science has traditionally adopted a “didactic, lecture-based format” 

(Lunetta, Hofstein, & Clough, 2007), based on behavioural theories (Skinner, 1957). This mode 

of teaching has been proven to be not very effective in promoting science learning and 

enhancing literacy levels in science (Lunetta et al., 2007; Scott, Asoko, & Leach, 2007). 

National and international studies have also revealed that when it comes to matters of science 

literacy, students are deficient in a number of areas (National Science Foundation & National 

Center for Science and Engineering Statistics, 2010; OECD, 2007). Understanding of concepts 

in science and depth of understanding remain a key drawback (Laugksch, 2000; NGSS, 2013; 

NRC, 2012; Roberts, 2007).  

A key focus in science education is to facilitate the meaningful structuring of concepts 

in the minds of students and to allow them to make sense of these concepts as well as apply 

them in their daily lives (Ahopelto, Mikkilä-Erdmann, Anto, & Penttinen, 2011). A 

constructivist approach, which uses hands-on learning via inquiry, can help students make 

linkages between prior knowledge and incoming knowledge, as well as promote science 
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learning outcomes (Fang & Wei, 2010; Guo, 2007; Lederman et al., 2014). ACs can be 

remediated when teaching builds on learners’ prior knowledge (Larking, 2012). Students thus 

have opportunities to re-look at their conceptions through observations, evidence gathering, 

and discourse. Therefore, effective science teaching and learning can engage students in 

metacognitive processes that can uncover and remediate ACs arising from their prior 

experiences and incomplete understanding. As noted, students’ prior knowledge in science is 

often erroneously aligned with scientific concepts due to partial information or lack of 

experience (National Research Council, 2005). As such, to improve science standards, 

educators should target on increasing science literacy and decreasing ACs (NGSS, 2013; NRC, 

2012).  

The Singapore Primary Science Syllabus, which takes cognizance of the desired 

outcomes of education for primary students, guides the teaching and learning of science in 

Singapore. This syllabus is an integral part of the science curriculum framework, which focuses 

on the need to strike a balance between the acquisition of science knowledge, process skills 

and attitudes towards science. In addition, where the topics lend themselves, social 

implications, technological applications and the value aspects of science are integrated. In 

particular, it emphasises a general coverage of basic science concepts in the natural world.  

The learning of science, based on the Singapore Primary Science Syllabus, is organised 

according to themes, with the aim to help students relate content to their everyday experiences 

in science. Through this mode, students can perhaps better appreciate the links between 

different themes and the topics within each theme, so as to promote better integration of 

scientific ideas. The five themes are: Diversity, Cycles, Systems, Energy and Interactions. 

These themes comprise concepts in both the physical and life sciences.  

Performance of students for the various themes is uneven. A large percentage of 

primary six students in Singapore underperformed on the theme of energy in science in the 

Primary School Leaving Examinations due to their ACs (report from SEAB to schools). There 

are myriad reports of ACs being common and not amenable to change through conventional 

teaching (Duit, 2006; Duit & Treagust, 1998, 2003).  

In school, teachers’ limited time and bandwidth somehow hinder their capacity to 

identify and correct students’ individual ACs during curriculum time. As such, teachers are not 

able to effectively pinpoint students’ difficulties in learning, especially at an early stage in the 

students’ process of learning (Costa, Marques, & Kempa 2000; Taber 2001). In traditional 
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instruction, teachers rely heavily on science textbooks that may lack approaches for 

remediating students’ ACs (Leite, 1999). However, ACs are not addressed by science 

textbooks, as the emphasis is usually directed at presenting information to students. Students 

tend to memorise the correct concepts and definitions, and regurgitate these during 

examinations (Driscoll et al., 1994).  

The rapid advancement of technology has offered teachers a platform to harness a 

wealth of technologies to support science learning (Bell et al., 2010). Today, computer-

mediated and web-based technologies encourage peer collaboration (Keser, Uzunboylu, & 

Ozdamli, 2011; Yang & Chang, 2012), active engagement in learning (Dewey, 1997), and 

participation (Dewiyanti, Gruwel, Jochems, & Broers, 2007; Donne, 2012). However, in some 

learning environments, the use of such approaches has promoted only lower level thinking 

(Fahy, Crawford, & Ally, 2001; Vaughan & Garrison, 2005). Therefore, researchers need to 

relook at the use of ICT to more effectively boost teaching, learning and science literacy.  

 

1.2.2 Conceptual change views and scientific literacy 

Scientific literacy was defined in 2009 as "an individual's scientific knowledge and use 

of that knowledge to identify questions, to acquire new knowledge, to explain scientific 

phenomena, and to draw evidence-based conclusions about science-related issues" (Schleicher, 

Clements, Evans, & Zimmer, 2009). The term continues to evolve and recently, it has come to 

be viewed as "the ability to engage with science-related issues, and with the ideas of science as 

a reflective citizen" (OECD, 2015).  

The constructs of scientific literacy encompass a wide range of facets and 

competencies, such as cross-curricular competencies that include self-regulated learning, 

ability to solve problems, and communication. The more advanced the levels of scientific 

literacy, such as Bybee’s (1997) multi-dimensional level, the greater the need for conceptual 

changes as ACs tend to accumulate with increasing complexity in concepts. Intuitive beliefs or 

pre-instructional conceptions, however, are a key difficulty students have in overcoming 

challenges in the learning of science (Savinainen, Scott, & Viiri, 2005), and this can affect their 

mastery of new concepts.  

Conceptual change (CC) is a process whereby existing conceptions are reorganised 

(Tyson, Venville, Harrison, & Treagust, 1997) or replaced so as to accommodate new ideas 

(Smith, Blakeslee, & Anderson, 1993), which are “scientifically acceptable in students’ 
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conceptual framework” (Tekkaya et al., 2003). Researchers have demonstrated that ACs can 

be effectively addressed by conceptual change approaches (Basili & Sanford, 1991; Ebenezer 

& Gaskell, 1995), and that the changes are gradual and happen over a period of time 

(Vosniadou, 2007b, 2008).  

CC research has generated a broad repertoire of views about learners’ paths of 

understanding. As we constantly seek ways to characterise the complexity of learning and 

explore new pedagogies to ensure that our students are prepared for lifelong learning, there is 

a need to look across different research areas, generate and synthesize ideas in richer 

explanations of concept attainment and develop powerful interventions to better prepare 

students for the 21th century. 

It is important to note that acquisition of knowledge and mastery of scientific concepts 

can be achieved when ACs are identified and remediated (AAAS, 2013; Harvard, 2011). 

Guzetti, Snyder, Glass and Gamas (1993) have carried out a meta-analysis in this area of study, 

but they only included studies that employed a treatment-control group design. Wandersee, 

Mintzes and Novak (1994) summarised the extensive analysis of conceptual change approaches 

with a caveat that their analysis might generate the thought that “conceptual change approaches 

usually are more successful than traditional approaches in guiding students through the science 

concepts”. However, a summarised meta-analysis of these abundant studies is still unavailable 

in the literature. 

One of the challenges with research on conceptual change is that it is rather difficult to 

compare conceptual change approaches with other approaches. Different approaches address 

different gaps in teaching and learning and, hence, it is only possible to evaluate whether the 

particular gaps have been adequately bridged. Nevertheless, if attempts to ascertain key 

features of effective teaching and learning approaches, based on meta-analyses and review of 

relevant literature (Wang, Haertel, & Walberg, 1993), are done, features that are relevant are 

also likely to come to the fore in conceptual change approaches. Thus, conceptual change 

approaches are more effective than traditional teaching. Their effectiveness will depend on how 

these approaches are used in classroom and whether their potential have been utilised to reach 

expected outcomes. 

CC approaches, developed in the 1980s and early 1990s, have significantly impacted 

science teaching and learning. However, as outlined earlier, there are several limitations that 
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need to be overcome. New approaches that embrace multi-perspectives can be a promising 

trend towards teaching and learning. 

As an innovative pedagogy in science education, ICT has shown some effectiveness in 

addressing students’ learning difficulties in science. It is student-centric to our largely digital 

natives and visual learners in schools. Although this approach has been tried in secondary 

schools, it is currently under-explored in primary schools in Singapore. It will be worth 

exploring how to integrate ICT in conceptual understanding and assess its efficacy. 

Over the years, multimedia resources, such as videos and simulations, have been widely 

available on the web. ICT-based instruction offers a good alternative to text-based instruction 

to promote better understandings as well as address students’ learning difficulties in science.  

The use of ICT-integrated pedagogies to address students’ learning difficulties in science has 

received much attention among science education researchers. Conceptual change in relation 

to ACs can be effected through thoughtful selection of ICT resources for teaching. The design 

of instructional materials that includes models of conceptual change can result in more effective 

instruction.  

 

1.3 Objectives 

The key objectives of this study are: 

a) to identify common ACs of students on the larger theme of energy; 

b) to develop ICT-based remediation packages to help remediate students’ ACs; and 

c) to evaluate the effectiveness of the ICT-based remediation packages on the students. 

 

1.4 Research Questions 

The research questions for the purpose of this study are as follows: 

1.       What are the common ACs harboured by primary students on heat, light cum 

photosynthesis, and energy forms and uses respectively? 

2.       What is the effectiveness of the ICT–based remediation packages developed for 

the various topics? In particular, 

a. To what extent are students’ ACs addressed through the ICT–based 

remediation packages for each topic? 
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b. To what extent does the intervention affect students’ conceptual 

understanding, as manifested in terms of change in mean scores from pre-

test to post-test for each topic? 

c. To what extent does students’ mean confidence in the certainty of their 

responses change from pre-test to post-test for each topic? 

3.       What are students’ views of the ICT-based remediation packages? 

4.       What are teachers’ views of the ICT-based remediation packages? 

 

1.5 Definition of Terms 

The following terms are defined for the purpose of this study: 

a. Alternative Conceptions (ACs): These refer to discrepant views or understandings 

that are “not considered acceptable by experts of the discipline concerned, and 

which are also resistant to rectifications” (Taber, 2011).  They are conceptions that 

deviate from those that are acceptable to the scientific community (Odom & 

Barrow, 1995; Tan et al., 20002; Wandersee, et al., 1993). ACs include, and are 

not limited to wrong conceptions. 

b. Conceptual Change (CC): This is a process whereby existing conceptions are 

reorganised or replaced so as to fit in new ideas that are in sync with those of 

scientists (Smith, Blakeslee, & Anderson, 1993). 

c. Multimedia Learning: Learning from pictures, and text in which pictures can be 

static or animated while text can be on-screen or narrated (Clark & Mayer, 2003; 

Mayer, 2001). 

d. Intervention package: This refers to a combination of textual, graphical and 

multimedia elements (videos and simulations) that facilitate cognitive processing to 

build knowledge and skills related to learning outcomes (Clark & Mayer, 2003). 

The content is delivered with the use of demonstrations, CC texts and analogies to 

bring about CC in students. 

e. Multiple Choice Question (MCQ): This refers to a test item that comprises the 

following; a stem, a choice of typically four response options and typically four 

choices from which students choose one that they consider to be the correct answer. 
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f. Modified three-tier MCQ: This refers to a test item comprising a stem and typically 

four choices from which students select the best answer,  a reason for their choice 

of answer (open-ended), and a confidence rating where students indicate whether 

they are sure or not sure with regard to the choices in the 1st and 2nd tiers. 

g. Diagnostic Instrument: This refers to a test comprising questions that assess the 

conceptual understanding of students in a number of constructs and one where the 

distracters are predominantly based on ACs. For this study, it is a test comprising a 

number of three-tier MCQs. 

h. Facility Index (also known as difficulty index): This is a measure of the level of 

difficulty of an item. FI = (Xaverage)/Xmax where Xaverage is the mean score of all 

students attempting the item, and Xmax is the maximum score for that item. It 

represents the proportion of students who have chosen the correct response for an 

item. Thus, it can also be represented as the ratio of the number of students who 

answered the question correctly and the total number of students who attempted the 

question. The theoretical range of FI is from 0.00 (all got it wrong) to 1.00 (all got 

it right). The higher the FI, the easier is the item while the lower the FI, the more 

difficult is the item. 

i. Discrimination Index (DI): This is a measure of how well an item can distinguish 

between high and low achievers in a test. For this study, it represents the proportion 

of students who have chosen the correct response for an item in the upper 

performing group (highest 25%) minus the proportion of students who have chosen 

the correct response for an item in the lower performing group (lowest 25%). The 

value of DI ranges from -1.00 to 1.00. An item with a high value of DI means that 

it discriminates the higher performing students from the lower performing students 

better. Items with zero or negative DIs are considered undesirable, and should be 

discarded or revised. 

j. Cronbach alpha: This is a measure of the reliability of a psychometric test. Higher 

values of Cronbach alpha are desirable. Generally, psychometric tests are 

acceptable for deployment if the alpha values are 0.70 or higher (Nunnally & 

Bernstein, 1994). 

k. Cohen’s d: This is a statistical measure of the strength of an intervention. In this 

study, it is used as an “indicator of the magnitude of the effect of the intervention 

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



 

11 

lesson on the performance of the students”. Cohen’s d is calculated by “dividing the 

mean difference in cognitive scores between the control and experimental groups 

by the pooled standard deviation”. “An effect size of 0.20 and below is considered 

small; a value from 0.20 up to 0.50 is considered medium; a value of 0.80 or higher 

is considered large” (Cohen, 2011).  

l. Confidence rating: This represents a student’s own judgement or “internal, 

estimated belief” (Renner & Renner, 2001) of his/her answer for a test item. 

 

1.6 Significance of study 

A scan of research trends in science education, based on research articles published in 

reputable journals, such as Science Education, Journal of Research in Science Teaching, and 

International Journal of Science Education, carried out every 5 years since 1999, showed that 

the top 3 research topics are on science teaching, context of students’ learning and students’ 

conceptual learning.  These topics are still on the radar of researchers from 2013 to 2017, based 

on the latest study of 1088 published research articles. Topics concerning “conceptual 

understanding, ACs, and CC (learning conceptions) are in slight decline from 2003 to 2017, 

although it ranks as the top topic in the 1998–2002 period. The research topic of teaching 

continuously ranks second in the 2008–2012 as well as in the 2013–2017 periods” (Tzung, Lin, 

Potvin, & Tsai, 2019). This shows that researchers have changed their research focus in these 

three journals within the past two decades. Also, it may suggest that the areas of conceptual 

change and ACs are still relevant in science education as researchers are still keen to gain 

insights into these areas. 

The theme of energy brings up the key ideas that energy allows movement and changes 

possible in daily life. Various forms of energy are tapped by man for many different uses. 

Understanding this theme will allow students to appreciate the importance and uses of energy 

and, thus, the need to conserve it. However, there are limited studies in the Asian context 

conducted on students’ understanding of the topics under the theme of energy despite evidence 

of ACs on these topics found among students. 

There is also value in coming up with an instrument that can measure the prevalence of 

ACs quickly and reliably, and to document the nature of students’ ACs under the theme of 

energy. Despite myriad literature reviews on these ACs, very few have focused on 

improvements in students’ conceptions, or CC. There is also little attempt to measure such 
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improvements reliably. The use of ICT to remediate ACs on the theme of energy is also very 

much lacking in the context of primary school students.  

By combining teaching as well as through tailoring of remediation approaches using 

ICT to augment the current 5E teaching approach in schools, it is possible to help students 

visualise gaps in their reasoning in relation to the relevant challenging conceptual areas as well 

as correct their ACs. If students’ ACs on the theme of energy can be addressed, their foundation 

for secondary science will be stronger. Students’ performance in Primary School Leaving 

Examinations can also be improved. (Theme of energy makes up 20% of examination 

questions). 

Currently, there are limited studies focusing at the primary level for science. Moreover, 

less suitable material for learning is available at the primary level and students tend to use 

educational technology for entertainment or engagement rather than as learning tool (Schofield, 

1995) in comparison to secondary level where there are more educational technology materials 

available for learning purposes (Gimbert and Cristol, 2004). 

This study intends to bridge a gap in the literature by exploring the process and 

effectiveness of integrating and enacting a teacher-assembled ICT-based remediation package 

to address ACs on the theme of energy at the primary level. 

 

1.7 Summary  

This study aims to determine the ACs of primary students on the theme of energy, 

which comprises the topics of heat, light cum photosynthesis, and energy forms and uses. A 

modified three-tier diagnostic instrument will be developed and administered.  ICT-based 

remediation packages will also be developed and used to study its effectiveness in promoting 

CC. 

Figure 1.1 summarises the essential features of this study and the corresponding 

chapters. 
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Figure 1.1.  Flow chart and essential features of study as well as corresponding chapters  
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CHAPTER 2 

LITERATURE REVIEW 

 

Overview 

In the area of students’ conceptions and learning, learner’s approach is an area of study 

that examines students’ ingrained conceptions and beliefs based on their everyday experiences, 

which are often not aligned with the scientifically acceptable practices. What is the nature of 

some of these conceptions, and the impact of such ACs on students’ science mastery? This 

chapter reviews the relevant literature in an attempt to address these questions.  

The literature review is presented around the following main strands. It starts with 

learning theories as well as learning conceptions of learners. Secondly, it looks at ACs and 

sources promoting ACs, and approaches to identifying ACs. Thirdly, it rounds up with CC as 

well as ICT as a CC approach.  

 

2.1 Learning Theories for Teaching and Learning (T&L) 

Learning theories focus on how students process and retain knowledge during learning. 

Several factors, such as cognitive, emotional, and environmental influences, as well as prior 

experiences, can influence how understanding is acquired or changed and knowledge is 

retained. We can better understand how learning occurs by understanding the different learning 

theories. 

Constructivism, proposed by Jean Piaget, is the idea that people create their knowledge 

of the world based on their prior experiences and reflecting on these experiences (Piaget, 1952). 

Experiences and new information are used by humans for construction of their own 

understanding. Learning therefore is the process of shifting mental models to accommodate 

new experiences.  

Ausubel (1969) views ideas and information as logically and hierarchically organised 

knowledge in the human mind, forming cognitive structure of concepts. Learners seek to make 

sense of their surroundings by integrating new knowledge with that which they have already 

learnt, as in Ausubel’s ideas of subsumption. The state of a person’s existing cognitive structure 

will influence the learning and retaining of new information  
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Vygotsky’s Social constructivism (Vygotsky, 1978) is based on the idea that people 

create knowledge from their daily social interactions. Vygotsky’s social development theory 

emphasises the connections between human interactions and the social and cultural 

environment. The gap in the knowledge can be bridged by guidance by knowledgeable others 

or collaborative efforts among peers, or just by the person figuring out himself/herself. 

According to Vygotsky, the way in which the acquisition of new knowledge is dependent on 

previous learning, as well as the availability of instruction is an important aspect in this theory. 

(Zone of Proximal Development) 

For cognitive constructivism, Perkins (1991) views a learner as making meaning out of 

his/her own hands-on experiences and creating new knowledge from these. A learner’s prior 

knowledge, from past experiences and cultural backgrounds, will possibly impact the formation 

of new meanings. Prior knowledge is useful but pre-existing ACs can hamper the formation of 

new meanings. Therefore, it is important to address ACs to facilitate the constructivist approach 

of learning.  

All major learning theories emphasize that learning takes place when newly acquired 

experience, knowledge and concepts are transformed and assimilated with existing knowledge 

naturally or with modifications to the existing schemas.  

Table 2.1 summarises the evolution of learning theories. 

Table 2.1  

Summary of learning theories 

Founder   Focus  

Piaget (1952) Learners progress through a series of critical stages of cognitive development. 
Each stage is marked by shifts in how a child understands the world. Children 
are like "little scientists", and they actively try to explore and make sense of the 
world around them. 

Ausubel (1969) Learners seek to make sense of their surroundings by integrating new 
knowledge with what they have already learnt. 

Vygotsky 
(1978) 

Learners see reasoning as emerging through practical activity in a social 
environment (development of higher cognitive functions) 
The way in which the acquisition of new knowledge is dependent on previous 
learning, as well as the availability of instruction is an important aspect in this 
theory. (Zone of Proximal Development) 

Perkins (1991) Learners make meaning out of experience and create knowledge. Their prior 
knowledge would impact on the construction of new meaning. It is important 
for ACs to be addressed so as to facilitate cognitive constructivist approach of 
learning.   
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2.2 Learning and the Conceptions of the Learner  

The way learners acquire knowledge has two major views. The first views knowledge 

as fragments, and the second views knowledge as organised structures. 

diSessa (1993), a proponent of the view that “conceptions are based on fragments of 

ideas, termed phenomenological primitive or p-prims”, defines how these fragments are used 

by the learners spontaneously to construe and contextualise the experiences of the real world. 

These fragmented conceptions, which stem from prior knowledge, may be independent of each 

other, and should allow the learner to explain any occurrence when pieced together.  

Graham, Berry and Rowlands (2013) propose that when learners try to make sense of 

terms in a dialogue, ideas arise instinctively. However, when these fragments of ideas are not 

properly organised and synthesised, ACs will arise spontaneously in the answers. 

The followers of the second view of knowledge see students’ ACs as “theory-like, 

where conceptions have a structure that allow for their consistent application across various 

contexts” (Vosniadou & Iannides, 1998). In the same vein, Johnson (1983) and Bao and 

Redish, (2006) regard knowledge as mental models which are internally consistent but which 

can still be open to evolution in the context of the new representation.  

A consensus model was put forth by Liu and MacIsaac (2005) to marry the two views. 

Neither fragmented nor structured views are enough to describe the nature of knowledge. It 

was noted in the same study that when students are asked to predict something, their responses 

tend to be less constant, but when they are asked to explain something, their explanations tend 

to be more factual and consistent. When answering questions that students are conversant with, 

they tend to give more consistent responses. 

 

2.3 Concepts, Propositions and Conceptions  

Learners learn through qualitative changes in the insights and roots of meaning about 

different occurrences (Johansson, Marton, & Svensson, 1985). There have been myriad studies 

on a range of topics on conceptions of learners over the last 30 years. 

There are quite a few approaches to describe several aspects of this knowledge. 

Conceptions are defined by Johansson et al. (1985) as qualitatively different ways in which 

some phenomenon or aspect of reality is understood. Duit and Treagust (1995) regard them as 

idiosyncratic mental representations. White (1994) defines conceptions as a system of 
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explanations involving deeper appreciation of meaning, whereas Gilbert and Watts (1983) view 

them as personal theories and hypotheses derived by the learner.  

Concepts, alternatively, are defined as units of mental representations by Carey (1991), 

or as associations of the learner that are classified into various categories, each with a specific 

set of properties, mental pictures and/or experiences (White, 1994).  

Propositions help to generate the structures and knowledge that give meanings to 

concepts. Propositional statements thus link scientific knowledge and content, and can be either 

descriptive or relational statements that may allow them to be considered as conceptions or 

propositions (Treagust, 1988), depending on the case.  

It is therefore useful in emphasising the idiosyncratic nature of a learner’s mental 

picture, which can allow him/her to deviate significantly from established scientific concepts 

and conceptions. Such mental constructions can be treated as results from learners’ 

construction of knowledge. This is aligned with the “actional view” of knowledge by Gilbert 

and Watts (1983). When learner conceptions are “inconsistent with established scientific 

knowledge”, these conceptions are referred to as ACs.  

 

2.3.1 Alternative Conceptions (ACs) 

Students’ understanding that is not consistent with established scientific knowledge is termed 

as alternative conceptions (ACs) (Boo, 2007; Wandersee, Mintzes, & Novak, 1993; Pfundt & 

Duit, 1991).  

Students’ ideas in science, prior to formal instruction, have become a major concern 

among researchers in science education for more than two decades. Abundant studies on ACs 

covering a large number of topics have been published (Carmichael et al., 1990; Pfundt & Duit, 

1991; Wandersee et al., 1994). The substantial evidence that have been collected indicate that 

students have already developed extensive ideas about the natural world before any formal 

instruction. More importantly, a few of these intuitive conceptions are found to be different 

from the accepted scientific concepts and are termed in the science education literature as ACs 

(Helm, 1980), preconceptions (Novak 1977), or children’s science (Gilbert et al., 1982).  

There are myriad reports on ACs being common and not amenable to change through 

frontal teaching (Champagne, Gunstone, & Klopfer, 1983; Trowbridge & Mintzes, 1985; 

Hammer, 1996). How deeply ACs are entrenched in a network of concepts will affect the ease 
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at which these ACs can be remediated (Chinn & Brewer, 1993). These ACs tend to affect the 

attainment of scientific knowledge as they influence the way individuals make sense of 

concepts and principles offered to them (Chang et al., 2007), and are pervasive in all aspects 

of science and within all age groups (Gomez, 2008).  

From the perspective of ACs, science learning in students should let go of a few 

strongly held ACs and then facilitate the process of CC or accommodation, rather than just 

simply adding precise information (Posner et al., 1982). CC is a complex and tough process 

for students, and science educators can attest to this. Teachers therefore need to deliberate on 

the roots of students’ ACs and try to elucidate the incongruence between the ACs and accepted 

scientific concepts. In science education research, identification and investigation of ACs 

continue to be a key focus (Johansson, Marton, & Stevenson, 1985). As ACs are of significant 

influence on students’ conceptual understanding and scientific literacy, it has received 

continuous interest in research.  

In the last few decades, there have been several studies focusing on student ACs 

(Erdmann, 2001). Young children harbour naive theories about the world around them. AAAS 

Testing (A long term research and development initiative; focused on improving science 

education so that all Americans are literate in science, math and technology) probes 

students' ACs about science as part of Project 2061. These data provide a starting point for 

considering how children's naive theories may hinder their ability to learn. Suggestions 

for science teaching can then be discussed. Several research reports reveal that the spread of 

ACs is also prevalent in high schools, and not just limited to young children (Ryman, 1974a, 

1974b; Trowbridge, Mintzes, 1985, 1988; Lazarowitz & Lieb, 2006).  

Table 2.2 shows some recent research on alternative conceptions in science. 
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Table 2.2  

Some recent research on alternative conceptions in science  
Topic Approach Reference 

Heat Concept mapping  Wong et al. (2016) 

Evaporation and Boiling, Acid-
Base Neutralization Reactions, 
Dissolution and Factors 
Affecting Solubility, Gas Laws, 
Factors Affecting Reaction Rate 
and Electrochemical Cells 

2- tier chemistry concept tests on 97 third-year 
teacher students in Turkey 

Karsli & Ayas (2013) 

Tidal phenomena Qualitative research methods based on 
Toulmin's Argument Model on 3 pre-service 
secondary science teachers' ACs in Korea 

Oh, Jun-Young (2014) 

Chemical bonding 120 tenth graders’ understanding using 
interviews about instances 

Sher et al. (2013) 

Genetics ACs of 398 ninth graders through pre-test, post-
test, and retention test in Germany 

Poehnl et al. (2013) 

Astronomy 1,920 junior secondary science students 
through modified version of the astronomy 
diagnostic in Australia 

Danaia et al. (2007) 

Heat Longitudinal study that involves tracking 2 
cohorts of 53 students   as they progress from 
Year 3 to Year 6 through semi-structured 
interviews in Australia 

Fitzallen et al. (2016) 

Energy 30 Grade 1 to 6 students through semi-
structured interviews, including the use of 
Interviews about Events (IAE) approach in 
Thailand 

Chokchai & Jirakarn 
(2007) 

Light and colour 18 eleven years old students from an intact 
sixth-grade primary school through 2 
researcher-made tests in Cyprus 

Nicos & Charoula 

(2008) 

Optics Large-scale quantitative study involving 1,233 
students from 3 Korean schools and 1,149 
students from 3 Singapore schools in Grades 
seven to nine (13–15 years old) through eight 
two-tier multiple-choice items. 

Chu, David, & Treagust 
(2013) 

Heat 

Temperature 

226 fifth to eighth graders, based on worksheets 
to elicit the metaphors possessed by them in 
Turkey 

Celik & Harun (2016) 

 

2.4 Metacognition and Self-monitoring 

Metacognition refers to the thinking about one’s thoughts (Hacker, 1998). The two 

broad categories of metacognition are monitoring and regulation. Metacognitive monitoring is 

knowing and judging with regards to the reliability of one’s knowledge while metacognitive 

regulation is how one controls thoughts in relation to situations (Hacker, 1998). Self-

monitoring is often used to represent metacognitive monitoring (Kleitman & Stankov, 2001; 
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Stankov & Dolph, 2000) to highlight the personal nature of this process. Even when we could 

not recall the information to answer a question, we tend to have a feeling of knowing, which is 

an indicator of what is in memory (Hart, 1965). Self- monitoring involves making judgments 

of one’s confidence in a task. This confidence judgment (Schraw, 2009) can happen before, 

during or even after the task. Prior to the specification of the level of confidence in the 

correctness of one’ response to a question, one usually relies on memory to ascertain 

knowledge on the topic. As such, use of confidence ratings can be a way to promote 

metacognitive monitoring, or getting an estimate of one’s self-monitoring or self-evaluation 

(Kleitman & Stankov, 2001; Stankov & Dolph, 2000).  

 

2.4.1 Confidence Rating  

Confidence rating, or confidence judgment, is one’s internal, estimated belief in one’s 

reliability in being able to complete a task (Renner & Renner, 2001). It reflects the outcomes 

of the appraisals and judgments by an individual regarding the quality of performance (Stankov 

& Dolph, 2000).  

The confidence rating in a test item acts as an indicator of the degree of confidence 

(Baranski & Petrusic, 1998, 2001, 2003) that a student has in the correctness of his/her response 

to that item.  

Although the duration of the test would increase for multi-tier tests, a respondent’s 

depth of processing in making the main decision for the test items also increases. This could 

encourage deeper processing of content and reason responses to these test items. 

Confidence Scales and Derived Variables Confidence ratings can be presented in varied 

ways. They can be reported in terms of percentages. The percentage scale can range from 0 to 

100% (Stankov and Crawford, 1997). Many researchers use Likert-type scales in specifying 

range of confidence levels; for example, from four (e.g., Clement et al., 1989), six (e.g., 

Glenberg, Wilkinson & Epstein, 1982; Hasan et al., 1999), seven (e.g., Saito, 1998) to ten 

(Taylor & Kowalski, 2004) levels in the response scale.  

 

2.4.2 Confidence Rating and its Association with Other Factors  

The association between students’ confidence rating and performance in cognitive tasks 

varies in strength across studies. Correlation between confidence ratings and actual 
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performance in cognitive tests range from high to low (Stankov & Crawford, 1997). The 

confidence rating also depends on whether experts or non-experts are involved in the task as 

well as their level of comprehension of the task on which the inference was based.  

Various factors can affect confidence judgments and confidence calibration of students. 

Different tasks associated with different domains or content areas can result in different trends 

in calibration (Stankov & Crawford, 1997). The characteristics of test items and testing 

procedures may also influence confidence judgments. Test difficulty (Koku & Qureshi, 2004; 

Sjostrom and Marks, 1994), feedback during or after testing (Stankov & Crawford, 1997; Webb 

et al., 1994); individual characteristics such as experience or familiarity with the topic covered 

in tests (Butterfield & Metcalfe, 2006), and gender (Lundeberg et al., 1994) have been shown 

to affect an individual’s confidence rating to a task.  

 

2.4.3 Uses of Confidence Ratings  

Knowing the level of confidence of students in answering questions can facilitate the 

deployment of appropriate strategies to improve performance. Renner and Renner (2001) 

highlighted that the incorporation of confidence ratings explicitly in class activities do 

encourage the use of metacognitive skills and monitoring of their performance which, in turn, 

influences how a task is handled.  

Confidence ratings can be part of a formative assessment used to heighten students’ 

awareness of the difference between their test performance and confidence judgment. Reliable 

confidence judgment is an indication of good self-monitoring accuracy, which is crucial to 

develop efficiency in regulating one’s performance (Nietfield, Cao & Osborne, 2005). 

Unreliable confidence judgments may adversely affect the effort allotted by students in 

learning certain concepts and in improving their performance (Lundeberg, et al., 2000; Renner 

& Renner, 2001). Students can reduce their overconfidence when they are aware of their errors 

in assessing the quality of their test performance, which can lead to deeper introspection of 

their knowledge and thinking.  

The confidence level of an individual in choosing a response could be indicative of the 

extent to which the individual has developed a particular conception. When students give the 

right answers, yet expressed low confidence, their understanding could be weak and they   

probably require remediation lessons. Incorrect responses expressed with high confidence 

indicate the presence of strongly held ACs, which require formulated approaches for effective 
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remediation. The confidence of an individual, including ACs, could indicate the susceptibility 

of these conceptions for retrieval (Reif & Allen, 1992) and for retention or remediation (Pulford 

& McColman, 1996; Reif & Allen, 1992). Furthermore, students who express overconfidence 

are likely to incorrectly apply their available knowledge, while those with under confidence 

are likely to hesitate in the application of their knowledge (Reif & Allen, 1992).  

A few researchers incorporated confidence ratings in tests. Ecternacht (1972) provided 

the impetus on the use of confidence ratings for diagnostic testing. Clement et al. (1989) while 

Hasan et al. (1999) focused on the use of confidence ratings in research about ACs. Taylor and 

Kowalski (2004) examined the prevalence of ACs in psychological science and how these ACs 

were affected by instruction through a true-false questionnaire, with each item requiring the 

students to specify their confidence to each answer on a scale of 1 to 10 before and after 

instruction. Their findings are interesting in that instruction does help students to develop more 

reliable conceptions, become more confident in their correct beliefs and less confident in their 

wrong beliefs. The researchers also concluded that confidence ratings provided additional 

information regarding the changes in the belief system of the students.  

 

2.5 Learning on the theme of energy 

In the 2014 Primary Science Syllabus in Singapore (latest to date), the theme of energy 

consists of topics such as heat, light cum photosynthesis, and energy forms and uses (MOE, 

2014).   

The theme of energy brings up the following key ideas: (a) energy allows changes and 

movement in daily life, (b) man uses various forms of energy for many different purposes, and 

(c) all living things get energy and use it to carry out life processes. Understanding this theme 

will allow students to appreciate the significance and uses of energy and the need to conserve 

it.  

The essential learning outcomes and key inquiry questions for the theme of energy are 

shown in Table 2.3. 
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Table 2.3  

Essential learning outcomes and key inquiry questions for the theme of energy 

Essential Learning outcomes Key Inquiry Questions 

• Energy is required to enable things to work 
or move. 

• There are different forms of energy, and 
they can be converted from one form to 
another.  

• Some sources of energy can be depleted, 
and Man plays an important role in energy 
conservation. 

• Why is energy important?  

• How is energy used in everyday life?  

• Why is it important to conserve energy? 

 

Key concepts and learning outcome for topics under the theme of energy are stated in 

Table 2.4. 

 

Table 2.4  

Key concepts and learning outcome for topics under the theme of energy 
Topic Definition Key learning outcomes 

Heat • Heat is a form of energy that is transferred 
between two substances at different 
temperatures. 

• The direction of energy flow is from the 
substance of higher temperature to the 
substance of lower temperature.  

• Heat is measured in units of energy, 
usually calories or joules. 

• Temperature is a measure of hotness or 
coldness of matter. 

• Thermal expansion is a phenomenon that 
takes place in solids, liquids, and gases. 
Almost all substances expand when their 
temperatures increase, unless they are 
constrained in some manner. 

 

• List some common sources of heat.  

• State that the temperature of an object is a 
measurement of its degree of hotness.  

• Differentiate between heat and 
temperature. Heat is a form of energy 
while temperature is a measurement of 
the degree of hotness of an object  

• Show an understanding that heat flows 
from a hotter to a colder 
object/region/place until both reach the 
same temperature.  

• Relate the change in temperature of an 
object to the gain or loss of heat by the 
object. 

• List some effects of heat gain/loss in our 
everyday life. - contraction / expansion of 
objects (solid, liquid and gas) - change in 
state of matter 

• Identify good and poor conductors of 
heat.  

Light cum 
photosynt
hesis 

• Light is a form of energy and travels as a 
particle and a wave, and is necessary for 
the sense of sight. 

• The main source of light on Earth is the 
Sun.  

• Recognize that an object can be seen 
when it reflects light or when it is a source 
of light. Note: - The laws of reflection are 
not required.  
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Topic Definition Key learning outcomes 

• Sunlight provides energy that green 
plants use to undergo photosynthesis in 
the process of creating sugar, which 
releases energy into living things that 
digest them.  

• Reflection is when light bounces off an 
object. If the surface is smooth and shiny, 
like glass, water or polished metal, the 
light will reflect at the same angle as it hits 
the surface. 

• A shadow is a dark area where light from 
a light source is blocked by an opaque 
object. 

• The object can block all or part of the light. 
Shadows change size, based on how close 
they are to the light source. 

• Opaque objects block all the light. Some 
objects do not block any light and are 
called transparent objects. When an object 
blocks part of the light but lets part of the 
light through, it is called translucent.  

• Recognize that a shadow is formed when 
light is completely or partially blocked by 
an object. 

• State that living things need energy to 
carry out life processes.  

• Recognize that the Sun is our primary 
source of energy (light and heat).  

• Differentiate the ways in which plants and 
animals obtain energy. 

Energy 
forms and 
uses 

• Energy can be converted from one form to 
another. 

• The law of conservation of energy states 
that although energy can be changed in 
form, it can be neither created nor 
destroyed.  

• Mass and energy are equivalent, and one 
can be converted into the other. As a 
result, the law of conservation of energy 
includes both mass and energy. 

• Recognize that energy from most of our 
energy resources is derived in some ways 
from the Sun.  

• Recognize and give examples of the 
various forms of energy: kinetic energy, 
potential energy, light energy, electrical 
energy, sound energy, and thermal 
energy. 

 

One problematic aspect about the topics under the theme of energy is that it 

encompasses both abstract and simple concepts. Among the ACs surfaced in literature reviews 

and local teaching experiences, a good proportion was on the theme of energy.  

 

2.5.1 Heat 

ACs about heat are prevalent. This probably arises because of the concept’s 

abstractness, and the terms related to it being so accustomed to our everyday lives.  

A few studies show that that students are unable to differentiate between the concepts 

of heat and temperature as well as heat and internal energy (Warren 1972; Harrison, Grayson, 

& Treagust 1999). Students tend to think “temperature to be a measure of heat” (Thomaz et al., 
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1995), and “internal energy to be the amount of heat an object possesses” (Warren, 1972). For 

example, students tend to view heat and cold as being related things. A common AC on heat is 

that when we leave a window open, the cold comes in. Another common AC is to treat 

temperature as fundamentally a measure of heat. Similarly, students may think that poor 

conductors are objects that attract heat because poor conductors tend to feel colder when 

touched.  

A common way of students’ thinking about heat, is to view it as a “substance that can 

flow from place to place”. Doige and Day, (2012) claim that it is incorrect to use the concept 

of heat as a noun. For example, it is considered incorrect to use statements such as heat flow, 

heat transfer, and heat loss as these statements “lead to the AC that an object may contain heat” 

(Doige & Day, 2012). According to this idea, “two bodies of unequal temperature will transfer 

heat to make their temperatures equal if given the chance”; “Heat is the energy transferred 

between the objects”; and “An individual object, by itself, would not be labelled by scientists 

as having heat”. They would instead use the term internal energy, which makes these ideas 

more difficult to comprehend as phrases left over from the caloric theory, such as “heat energy 

and heat flow” are still used (Serway & Faughn, 2005). 

A few studies examining students’ ACs about heat noted that students linked these to 

the properties of objects (Clough & Driver, 1985; Thomaz et al., 1995). Students termed heat 

as a form of matter that is found inside objects and that can be moved within objects and from 

one object to another. Temperature, however, is viewed as a property of the material which the 

object is made of. Since students described physical concepts such as heat and temperature as 

based on the material properties or behaviour of objects, these concepts are called “substance-

based concepts” (Reiner et al., 2000).  

There are many compounding factors as to why students have challenges learning 

concepts in heat. “Differences between scientific language and everyday language, and the 

terminological language used in school textbooks are among the factors that make learning 

difficult” (Doige & Day, 2012). There are also various contradictory definitions on the concepts 

of heat and temperature found in textbooks. For example, some textbooks include statements 

such as “heat is a form of energy” or “heat is an internal energy” (de Berg, 2008). These 

different definitions make it challenging for students to master these concepts (Sozbilir, 2003).  

To prevent students from forming or retaining ACs regarding the concepts of heat, 

temperature and internal energy as well as remediate such ACs, the correct scientific definitions 
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of these concepts should be explained to students in detail. The definition of the concept of 

temperature is as follows: “Temperature is a measure of the average kinetic energy of the 

particles” (Taber 2000b, 323). However, it is a challenge to explain this to primary students as 

this definition is encountered at a higher level. 

 

2.5.2 Light 

Regarding light, quite a number of ACs are known to occur across ages (Andersson & 

Karrqvist, 1983; Guesne, 1985; Galili & Hazan, 2000; Galili et al., 1993; Hubber, 2006; Selley, 

1996; Shapiro; 1994, Watts, 1985). More particularly, concerning the nature of light and its 

properties, some students associate light with its source as well as others with its effect, such 

as light is brightness. Also, they have challenges interpreting light-related phenomena as they 

do not consider light as a distinct entity (Guesne, 1985).  

Students do not recognize that light is required for non-luminous objects to be seen, and 

think that we can see things even in the dark (Ramadas & Driver, 1989). They claim we can 

see things because objects are bright and our eyes have the ability to see. It is well-documented 

that students do not deliberate on the existence of light as a factor in order for them to see things 

even faintly (Andersson & Karrqvist 1983, Osborne et al., 1993; Ravanis et al., 2002; 

Tiberghien et al., 1980).  

Another AC is that light that does not travel as it is an entity situated in space between 

its source and effect (Hosson & Kaminski, 2002; Watts, 1985). When light falls on a piece of 

paper or mirror, it stays in it - this is an AC that many 11 to 12 years old students harboured 

(Guesne, 1985). Many 13 to 16 years old students view light as an entity that does not travel 

very far, especially during the day (Stead & Osborne 1980). Children often have the mindset 

that light is an object, as in a block that light can pass through when there is a gap (Meyer & 

Woodruff 1997). It is also common for children (aged 10–11 and 13–14) to view sources of 

light, such as, candle, with light itself (Guesne, 1985). A phrase like “turn on the light” may 

suggest to a student that light is a source. When using this expression, we mean turn on the 

light bulb, which is where the source of light is from. A few children perceive light as 

“something that moves at all, as mentioned earlier, or that it does not travel far” (Stead & 

Osborne 1980). 

A few children perceive that light can push out of objects while shadow is something 

that light allows us to see. Both are naïve concepts, as illustrated in Peter Pan by Barrie (Stead 
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& Osborne 1980; Feher & Rice 1988). This is an example of an improper ontological 

classification (Chi, 2013). Children may think that shadows can only be formed under bright 

light (Watts & Gilbert 1985). It may be worthwhile to get students to predict where the shadow 

of another object will be, even though most children over the age 13 can correctly predict where 

their own shadow will fall if they stood under light. Research has also shown that 10–12 years 

old students tend to provide different answers for different objects in relation to the concept of 

shadow (Tiberghien et al., 1980, quoted in Driver 1994, p 130). 

It is therefore of key importance to comprehend the nature of light as a unit as well as 

the role of reflected light in allowing vision in the understanding of other natural phenomena 

such as daylight, formation of image and how we see things (Driver et al., 1985, Langley et al., 

1997). 

 

2.5.3 Photosynthesis 

The topic of photosynthesis has been reported to be one of the most non-concrete 

concepts for teaching and learning at all levels of formal science education (Bahar, Johnstone, 

& Hansell, 1999; Lawson & Thompson, 1988; Storey, 1989). One of the most difficult topics 

regarded by students is photosynthesis (Stavy et al., 1987; Waheed & Lucas, 1992). Being a 

“complex biological topic, with a number of conceptual aspects (ecological, physiological, 

biochemical, energetic, autotrophic feeding) whose connections cannot be easily understood 

by students” makes this topic challenging for students (Waheed & Lucas, 1992).  

Several ACs have been noted in relation to the study of photosynthesis. Students have 

developed beliefs that the biology of photosynthesis is about the source of nutrition for plant 

and the functions of the soil in the process of photosynthesis (Cimer, 2012). Another AC relates 

to the cycle of carbon dioxide and oxygen, and how it works to bring about interdependence 

between plants and animals (Ulfa, Anggraeni, & Supriatno, 2015). Students have also been 

found to confuse the exclusive functions that leaves of green plants play in the process of 

photosynthesis (Cimer, 2012). 

The most pervasive AC related to how plants get their nutrients autotrophically, a 

commonly held idea, is that plants get food from the soil underneath (Barker & Carr, 1989; 

Eisen & Stavy, 1988; Wandersee, 1983; Wood & Robinson, 1991). The process of respiration 

and its connection with photosynthesis are also common ACs in this topic. (Amir & Tamir, 

1994). Some students understand respiration to be synonymous with breathing (Haslam & 
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Treagust, 1987; Seymour & Longden, 1991), while others understand plant respiration as a 

process that allows gaseous exchange with respiration of animals (Canal, 1999; Lumpe & 

Staver, 1995). Furthermore, the concept of harnessing the Sun’s energy during photosynthesis 

is a concept in which students have difficulties in understanding, since very few of them are 

able to articulate that photosynthesis involves energy transfer (Eisen & Stavy, 1988) or to 

understand energy transformations (Waheed & Lucas, 1992).  

The concept of energy and its transformations in photosynthesis seems to be very 

challenging for students to understand (Carlsson, 2002a), as they consider that “energy is used 

up and can be exhausted when utilized (Carlsson, 2002b). As for the chemical concepts in 

photosynthesis, students have problems in understanding the idea of reactants and products 

(Barker & Carr). Many students naively assume that, “during respiration, oxygen is converted 

into another form of gas, carbon dioxide” (Seymour & Longden, 1991). These conceptual flaws 

in identifying and understanding chemical change have been documented in the studies of 

Anderson (1986), Hesse and Anderson (1992) and Johnson (2000). Additionally, most biology 

students who engage in studying the concepts of photosynthesis also find it difficult to define 

the components of the gas that is produced after reactions during photosynthesis (Ulfa, 

Anggraeni, & Supriatno, 2015). Some of the reasons that lead to ACs are that students perceive 

photosynthesis as a difficult topic in the curriculum. Students also cite inadequate laboratory 

time for experiences and observations (Kıcı, 2012). 

According to Bell (1985), students’ alternative ideas concerning basic concepts on 

photosynthesis compounded the difficulties in their understanding of this topic. 

 

2.5.4 Energy forms and uses 

Energy is often introduced as the “ability to cause change” (Duit, 2014), and if a system 

undergoes changes, those changes are evidence for energy transfers and/or transformations. 

However, in a situation where no change is visible, students often have problems interpreting 

the situation correctly, especially given the fact that myriad students hold the preconception 

that energy is associated with living or moving things. 

“Energy cannot be created or destroyed” is commonly stated in science textbooks in 

relation to the energy conservation principle (Raven & Johnson, 1999). However, many science 

teachers feel that this explanation may be challenging for students to understand if underlying 

concepts such as “energy transfer, energy flow, and energy transformation are not incorporated 
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when defining energy conservation” (Chabalengula et al., 2012). These broad and unclear ideas 

limit students' ability to comprehend transformation and conservation of energy during 

respiration and photosynthesis (Anderson et al., 1986). Many do not apply the law of 

conservation of energy at all and assume that energy can be exhausted (Kesidou & Duit, 1993; 

Hartley et al., 2011). Others do not account for the degradation of energy or energy 

transformations, linking matter and energy, and assuming that they can be used interchangeably 

(Wilson et al., 2006; Hartley et al., 2011).  

Energy transfer is such an important concept due to its “conserved quantity”. That is, 

“whenever energy is transferred from one place to another, or converted from one form into 

another, the total amount of energy is conserved. It is only when energy is transformed or 

transferred that some of the energy is degraded” (Feynman, 2011).  

The scientific perspectives of energy forms are: “(a) energy comes in different forms, 

(b) energy can be transferred or transformed from one form into another, (c) whenever energy 

is transformed or transferred some of it is degraded, and (d) the overall amount of energy 

remains conserved” (Duit, 2007).  

Energy is also one of the most multifaceted, yet vital, concepts taught in schools and is 

also featured in the Australian Science Curriculum, as one of the six key organising ideas 

(Australian Curriculum, Assessment and Reporting Authority (ACARA), 2015). The literature 

describes a multitude of problems associated with the teaching of energy (Millar, 2005). A key 

issue that contributes to the complication of teaching and learning about energy is the early 

introduction of this concept at the primary level. This generates a situation where primary level 

teachers need to devise approaches for teaching energy that matches the developmental needs 

of their students, without generalising the key quantitative aspects of the concept (Heron, 

Michelini, & Stefanel, 2009).  

Research on students’ understanding of energy suggests that they enter school with 

different ACs on energy (e.g., Duit, 1981a; Trumper, 1993; Watts). After initial formal 

instruction, students may be expected to formulate an understanding of energy that it comes in 

various forms and sources (Liu & McKeough, 2005; Liu & Ruiz, 2008).  

Some students comment that they "have a lot of energy," equating the term with “vigour 

and believing that energy is related to fitness and strength” (Brook, 1986). Another common 

idea is that “energy is a currency that can be bought or sold” (Cachelin et al., 

2010). Students also think “energy can be used up or lost” (Hartley et al., 2011) and may 
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rationalise this with examples like “dead batteries and empty fuel tanks” (Ross, 1993). “Energy 

as something that enables organisms to carry out a function, with objects either needing or 

having energy” is an AC commonly harboured by students (Mohan et al., 2009). 

Students also face challenges in differentiating between energy and other scientific 

concepts, such as force (Watts, 1983a), power (Goldring & Osborne, 1994), or temperature 

(Lewis & Linn, 1994). For example, in the topic of energy, one potential preconception is that 

energy is often mistaken for force (Duit & Treagust, 2003). The latter is more visibly related 

to strength in language. Adults use more force when moving or lifting objects as they have 

more strength than children - this is a common everyday occurrence student make reference to. 

Similarly, students also commonly refer to “adults as exerting less force because they exert less 

effort than children” (loannides & Vosniadou, 2002). As a result, the scientific concept of 

energy as the capacity for work may contribute to the AC that energy is physical strength. In 

turn, given students’ undifferentiated vocabulary, energy may be further confused with force 

itself.  

Energy in the grade six science curriculum has the learning outcome of ‘‘movement 

against resistance”, and “gravitational force’’ (Kyprianou et al., 1997). Students, however, have 

also come across “force as the cause of movement and acceleration” in grades three and four 

(Cypriot National Curriculum, 1996). An examination of the material contained in the Science 

Teachers Manual and the student workbook from the Cypriot National Curriculum indicates 

that this is neither considered nor is it the missing link that could help discriminate energy from 

force. As such, this can easily lead to the AC that energy and force are the same concept.  

Students have also been found to have challenges in comprehending energy degradation 

(Black & Solomon, 1983) and do not possess a proper understanding of the law of conservation 

of energy (e.g., Boyes & Stanisstreet, 1990; Driver & Warrington, 1985). 

Liu and McKeough (2005) also theorised that students’ development in understanding 

the energy concept is characterised by “five distinct, hierarchically ordered conceptions”: 

“perceiving energy as activities or abilities to do work (Activity/Work); identifying different 

energy sources and forms (Form/ Source); understanding the nature and processes of energy 

transfer (Transfer); recognising energy degradation (Degradation); and realising energy 

conservation (Conservation)”. Older students were able to resolve items requiring a “more 

elaborate conception of the energy concept” based on an analysis of TIMSS data (Liu & Ruiz, 
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2008). The hierarchy of conceptions of the energy concept proposed by Liu and McKeough 

(2005) was also established in the study by Lee and Liu (2010). 

According to Driver and Millar (1986), an understanding of the topic of energy is a 

prerequisite for understanding the significance of energy in society. This consensus is woven 

into several science education policy documents in different formats and emphases (American 

Association for the Advancement of Science, 2001; National Research Council, 2012). 

 

2.5.5 Common ACs under the theme of Energy 

ACs of students under the theme of Energy have been commonly experienced by 

science teachers, both in class, as well as noted from student’s answers in assignments, school 

examinations and national examinations. Common ACs on these topics are documented in 

Table 2.5 together with ACs documented from the literature. It is found that there are many 

parallel ACs, which suggests that challenges in mastery of concepts in these topics tend to be 

universal and prevalent. 
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Table 2.5  

Common ACs on the topics of heat, light cum photosynthesis, and energy forms and uses 

 Heat Light cum photosynthesis Energy forms and uses 

Literature 
review 

Heat and temperature are 
equivalent entities 
(Harrison, Grayson, & 
Treagust, 1999) 
 
Heat is proportional to 
temperature (Yeo & 
Zadnik, 2001) 
 
Temperature is a form of 
heat (Laburu & Niaz, 2002; 
Paik et al., 2007) 
 
Heat will always result in a 
temperature increase, even 
when it reaches its boiling 
point (Yeo & Zadnik, 2001) 
 
Heat and cold flow like 
liquids (Laburu & Niaz, 
2002; Yeo & Zadnik, 2001) 
 
Temperature is how hot or 
cold an object feels to the 
touch (Lewis & Linn, 2003; 
Streveler et al., 2008) 
 
Metals can attract heat and 
cold (Yeo & Zadnik, 2001) 
 

Light is a thing, such that a 
block of light might squeeze 
through a gap (Meyer & 
Woodruff 1997) 
 
Only shiny objects can 
reflect light. (Blizak, 
Chafiqi, & Kendil, 2009) 
 
Light source and light 
reflection are the same thing 
(Sahin, Ipek, & Ayas ,2008) 
 
Formation of shadows is due 
to the light being absorbed 
by the objects (Chen, 2009) 
 
Size of the shadow changes 
only when the screen is 
moved. (Dedes & Ravanis, 
2009; Chen, 2009; Gallegos 
Cázares et al., 2009) 
 
Plants obtain their food from 
the soil (Wood & Robinson, 
1991) 
 
Heat and light are used by 
plants to make food. (Dimec 
& Strgar ,2017) 
 
Plants receive light energy 
from the Sun, and 
transforms it into chemical 
energy. (Dimec and Strgar 
,2017) 

Energy is force (Duit 
& Treagust, 2003) 
 
Energy can be used 
up or lost (Hartley et 
al., 2011) 
 
Objects at rest have 
no energy, and energy 
is only associated 
with obvious activity 
or movement (Brook 
& Driver, 1984) 
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 Heat Light cum photosynthesis Energy forms and uses 

Local 
context 
(Singapore) 

Heat can be trapped 
 
Heat is temperature  
 
All heated objects will 
expand at the same rate 
 
Metal is at a lower 
temperature than 
surrounding because it feels 
cold to touch 
 
Temperature depends on 
the size of object; bigger 
objects have more heat and 
higher temperature 
 
Boling of water will 
continuously increase its 
temperature 
 
Temperature will always 
drop to 0oC when objects 
cool 

Light can only squeeze 
through transparent, white 
and thin materials 
 
Plants take in food from 
fertilizers 

The greater the height 
the object is dropped 
from, the greater is 
the force of the 
object, and so there is 
a greater impact  
 
Energy is lost 
 
Energy cannot be 
converted 

 

2.6 Sources promoting ACs 

Research suggests that ACs are due to several factors. Prior knowledge (Taber, 2002), 

textbooks used by students (Pedrosa & Dias, 2000), complexity of concepts (Devetak, Vogrine, 

& Glazar, 2007; Meyer & Moreno, 2001; Wu, Krajcik, & Soloway, 2001), and ineffective 

communication (Brandriet & Bretz, 2014; Dhindsa & Treagust, 2014; Gudyanga & Madambi, 

2014; Johnstone, 2010; Nakiboghu, 2003) are common sources giving rise to ACs. As a result, 

students develop understanding based also on ACs (Taber, 2011).   

Table 2.6 summarises some of the common sources of ACs. 
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Table 2.6  

Some of the common sources promoting ACs 

Sources of ACs Example Reference 

Language Terms in everyday life have different 
meaning in Science  

Johnstonev & Selepeng (2001) 

Prior knowledge Students come to classes with 
knowledge and conceptual framework  

Teichert & Stacy (2002) 

Teacher and 
instructions 

Teachers may pass their ACs to 
students during instruction  

Taber (2001) 

Textbooks Textbooks can add on to students’ 
confusion by introducing inaccurate 
information that leads to ACs  

Sheldon (2002) 

 

Students harbour ACs mainly due to difficulties in understanding the content materials 

(Brandriet & Bretz, 2014; Dhindsa & Treagust, 2014; Johnstone, 2010). The aptitude of 

students to think abstractly is inadequate (Cepni, Ozsevgec, & Cerrah, 2004), and students are 

highly dependent on sense-based learning (Wu, Krajcik, & Soloway, 2001). College students 

also have limited abstract thinking skills (Martini & Erman, 2009). As such, difficulties will 

arise because students are unable to decipher the meaning of representations (Kozma & 

Russell, 1997). Flawed prior knowledge may further accentuate their ACs.  

Resource materials often contain abstract information, and the linkages between these 

concepts can be problematic (Devetak, Vogrine, & Glazar, 2007; Dhindsa & Treagust, 2014; 

Meyer & Moreno, 2001). Textbooks also promote ACs (Chiappetta & Fillmann, 2007; 

Devetak, Vogrine, & Glazar, 2007; Gudyanga & Madambi, 2014) mainly because of the use 

of confusing language (Devetak, Vogrine, & Glazar, 2007). Textbooks may not always give 

correct and complete explanations and information (Devetak, Vogrine, & Glazar, 2007; 

Gudyanga & Madambi, 2014). For example, “reference materials may use chemical models to 

present chemical phenomena and are generally metaphorical while the language is not 

everyday language” (Gudyanga & Madambi, 2014). Students require enough time to “adapt to 

chemical language that is used in myriad reference materials” (Taber, 2001). Science 

presentation, as a collection of facts, in the form of “generalizations and formulas in textbooks 

also contributes to ACs” (Gudyanga & Madambi, 2014). The presentation of “oversimplified 

material and misleading information” (Gilbert, 2003) or situations where such materials are 
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cognitively inappropriate (Gilbert, 2003; Taber, 2003) can also lead to ACs. The use of symbols 

that are difficult to interpret may further compound students’ ACs (Nyachwaya & Wood, 

2014). Finally, the use of terms that are unfamiliar to students may contribute to their ACs 

(Taber, 2003). 

Teachers can contribute to unproductive learning due to their own ACs or inability to 

converse effectively with students (Gudyanga & Madambi, 2014). Teachers can also be the 

cause of students’ ACs because of their incongruities in the implementation of various 

approaches such as the use of symbols or terms that students are unfamiliar with or are 

inconsistent with the key aspects of the concepts (Gudyanga & Madambi, 2014; Taber, 2003), 

and failure to link various concepts (Ibnu, 1989). Moreover, teachers can contribute to ACs 

through inability to ascertain preconceptions and ACs of students before deciding on suitable 

pedagogy (Al-Balushi, Ambusaidi, Al-Shuaili, & Taylor, 2014; Palmer, 2001; Pekmez, 2010). 

They may also have problems in determining students’ ACs (Calik & Ayas, 2005). 

Furthermore, teachers are often not effective in presenting abstract concepts, through the use 

of appropriate visualisations or analogies to foster student understanding (Treagust, 

Chittleborough, & Mamiala, 2003).  

 

2.7 Diagnostic methods for identifying ACs 

There are a number of techniques and strategies that can be capitalised on for surfacing 

students’ cognitive structures (Wandersee, Mintzes, & Novak, 1994). The usual assessment 

measures, such as the ability to state correct definitions, reproduce proofs, and solve standard 

problems, “cannot provide sufficiently detailed information to determine students’ scientific 

understanding” (McDermott, 1991). In its place, diagnostic tools have been developed and used 

by researchers to measure students’ conceptions on a topic (Adams & Wieman, 2010).  

Interviews (Chen, 2009; Palmer, 2001), concept maps (Novak, 1996), word association 

(Maskill & Cachapuz, 1989), drawings (Ehrlén, 2009), and open-ended or free response 

questionnaires (Wittman, 1998) are examples of such tools. Multiple-choice questions (MCQs) 

(Beichner 1994; Hestenes, Wells, & Swackhamer, 1992), two-tiers tests (Adadan & Savasci 

2012; Chen, Lin, & Lin, 2002; Tsui & Treagust, 2010), three-tier    tests (Arslan, Cigdemoglu, 

& Moseley, 2012; Caleon & Subramaniam, 2010a; Eryılmaz, 2010; Kaltakci & Didis, 2007; 

Kızılcık & Güneş, 2011; Peşman & Eryılmaz, 2010) and four-tier tests (Caleon & 

Subramaniam, 2010b; Kaltakci, 2012a; Sreenivasulu & Subramaniam, 2013) have also been 

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



 

36 

used to diagnose students’ conceptions in science. Each tool has its pros and cons over others 

(Kaltakci-Gurel, Eryılmaz, & McDermott, 2015). 

Word association test, used by several researchers, is among the oldest and most 

common methods in the investigation of cognitive structures (Johnstone & Sutcliffe, 1999). In 

this technique, a small number of stimuli from the topic are selected and the students have to 

write as many related words as possible within a minute for each stimulus. The fundamental 

assumption in this technique is that in order for response retrieval from long-term memory, at 

least a significant part of the structure within and between concepts must be reflected. The 

“Structural Communication Grids” (SCG) technique has been used by Johnstone, Bahar, and 

Hansell (2000). In this approach, the data are obtainable in the form of a numbered grid, and 

students are given questions which require them (a) to select the pieces needed to answer the 

grid and (b) to represent these numbers in a logical sequence to show their reasoning. The 

students’ response on the grid demonstrates the degree of completeness and interconnectedness 

of the student’s knowledge in the given topic.  

Diagnostic tree testing (Johnstone, McAlpine, & MacGuire, 1986) has a simple tree 

design. It entails several statements in which a true/false response is required. The direction 

which a student follows on the test gives an indication of where he has incorrect knowledge, 

strategies and linkages. Several research studies have utilised diagnostic tree testing (Bahar, 

2001; Bahar, Cihangir, & Gözün, 2002; Bahar, Öztürk & Atefl, 2002). The findings of these 

studies are promising in terms of their effectiveness in diagnostics and evaluation (Bahar, 2001; 

Bahar, Öztürk, & Atefl, 2002; Bahar, Cihangir & Gözün, 2002).  

Concept map was developed as an extension of Ausubel’s theory of learning, and 

focusses mainly on prior knowledge and meaningful learning. It can be a vehicle for graphic 

representation of information held in memory. It can therefore uncover ideas lodged in a 

student’s cognitive structure. Concept maps have been prevalent in AC studies (Bahar, 2002; 

Kulaberolu & Gürdal, 2001, Sungur, 2000).  

Clinical interviews have been used by Piaget (1977) and Osborne and Gilbert (1980). 

It is a conversation of a researcher with a student. Interviews have a vital role to play among 

various methods of diagnosing ACs because of their in-depth inquiry and possibility of 

elaboration to uncover details of a student’s cognitive structures. (Gurel et al., 2017). However, 

a large amount of time is required to interview the students in order to formulate 

generalisability (Gurel et al., 2017; Gurel et al., 2015; Adams & Wieman, 2010). In some 
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studies, concept maps and clinical interview have been used together to circumvent the lack of 

time (Songer & Mintzes, 1994). 

Open-ended questions give respondents the chance to craft answers using their own 

words. As such, it can be utilised to observe ACs harboured by students, to uncover the root of 

students’ confusion, and the way they tackle such ACs (Zhou et al., 2016). Open-ended 

questions have shortcomings in practical application. Although it can be administered to larger 

samples as compared to the interviews, it is time-consuming to analyse, and scoring can be 

subjective (Al-Rubayea, 1996). It can be further exacerbated by students’ low language 

proficiency. When students have problems they cannot understand, there are usually lesser 

students who will try to write their responses in full sentences. Hence, it makes it difficult to 

identify students’ ACs as they generally do not write their answers in full sentences (Gurel et 

al., 2017; Saat et al., 2016; Gurel et al., 2015).  

The use of assessment items designed to uncover known ACs in a domain is another 

method. Specifically, distractor-driven MCQs are crafted in such a way that the distractors are 

indeed the known ACs for a particular domain that have been uncovered through empirical 

research. As a result, both correct and incorrect answers can provide useful information about 

learner understanding (Herrmann-Abell & DeBoer, 2011, 2014).  

Using MCQ tests to identify ACs in science topics has several advantages. MCQs are 

easy to manage and analyse, and can be directed to a large number of individuals, but they 

cannot probe the students’ responses intensively. Also, with traditional MCQs, the investigator 

cannot distinguish correct answers based on correct reasoning from those based on flawed 

reasoning (Gurel et al., 2017). Furthermore, students’ ACs may not be reliably nailed down 

due to the result of inadequate knowledge, carelessness in answering questions or mistakes 

occurring by chance (Peşman & Eryilmaz, 2010).                                                                                                                                                                                                                                                                                                                                                                                                  

Although MCQs are often deemed as an insufficient measure of higher order thinking 

skills (Klassen, 2006) and are “susceptible to test-familiarity and guessing” (Lee & Winke, 

2012), examination of student responses to distractor-driven MCQs has shown that these can 

provide insights into students’ understanding. Sadler (1998) states that “carefully constructed 

distractors can reveal information about student understanding”, which may be useful for 

targeting ACs during instruction. Student responses can be examined across batches to uncover 

trends in ACs. Although previous research on the development of MCQs has emphasised the 

need for distractors to be plausible and discriminating, the choice of items with such distractors 
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based on empirical evidence of conceptual development is less common (Haladyna & 

Rodriguez, 2013). 

Effectiveness in reliably evaluating the target concept remains a challenge with MCQs 

(Kaltakçı & Eryilmaz, 2010). Since students’ answers cannot be explored and analysed deeply, 

responses to MCQ are of limited use (Kutluay, 2005). For this reason, researchers transformed 

MCQs into multi-tier tests, (two-tier, three-tier or four-tier) in order to circumvent some of the 

limitations of traditional MCQs to diagnose students’ ACs.  

 

2.7.1. Two-tier MCQs 

Two-tier tests are diagnostic instruments, with 1st tier in MCQ, format for the answer 

and 2nd tier either in MCQ or open-ended format for the reason (Fratiwi et al., 2017; Adams & 

Wieman, 2010; Treagust, 1986). Students’ responses to the question is considered correct when 

both answer and reason are correct. 

The following is an example of a two-tier MCQ from the study of Griffard and 

Wandersee (2001) on photosynthesis. 

Which of the following comparisons between the processes of photosynthesis and 

respiration in green plants is correct? 

 

Figure 2.1. Example of two-tier MCQ (Griffard & Wandersee, 2001) on photosynthesis 
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A comprehensive way of framing two-tier items has been documented by Treagust 

(1986). In brief, there are three major aspects to developing these items: (a) “the content is 

defined by the identification of propositional content knowledge statements of the topic and 

the development of a concept map that accommodates the propositional statements”, (b) 

“information about students’ conceptions is obtained from research literature, where available 

and, where not available, by having students provide free response explanations to their 

answers and conducting unstructured interviews with students who have previously been 

taught the content/concepts” and (c) “the development of the two-tier  multiple-choice 

diagnostic items”. The 1st tier of each MCQ tests on content using two to four choices. The 2nd 

tier usually has four possible options for the answer for the first tier. The reasons consist of the 

correct answer plus ACs. Students’ answers to each question are correct only if both answer 

and reason are correct. A specification grid is designed to ensure that the diagnostic instrument 

covers concepts underlying the topic and the propositional knowledge statements fairly. Two-

tier MCQs offer an effective and discriminating manner of evaluating quality of learning 

among students” and also function as an effective diagnostic device (Treagust, 1986). 

Tamir (1989) found the use of validations when answering MCQ test items to be an 

effective and sensitive manner of evaluating quality of learning among students. It also 

addresses, to some extent, the limitations of traditional MCQ test items. He projected the choice 

of MCQ test items that comprises of responses with known student ACs, with students 

requiring to substantiate their choice of option by giving a reason (Tamir 1971). Specifically, 

for the purpose of identifying students’ ACs in limited and clearly defined content areas, the 

positive results of findings related to students’ reasoning to test items led to the development 

of two-tier MCQs.  

Science teachers can know more about their students’ understanding and ACs through 

the use of these diagnostic tools on a specified topic (Griffard & Wandersee, 2001; Treagust, 

1988; Tsai & Chou, 2002). 

The advantages of two-tier diagnostic test are manifold. MCQ in the traditional test 

cannot be used for diagnosing student's degree of ACs easily due to the test-taker's guessing or 

the item design or presentation style with distractors, which may not be the ACs held by 

students. The two-tier diagnostic MCQ can decrease the guessing probability, and it can be 

easily administered for getting some insights into the test-takers’ cognition.  
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In contrast to interviewing and concept-mapping, a two-tier diagnostic test offers an 

efficient way to administer a modest number of questions to a group of student or class using 

only one administration. This saves time and labour. It also helps teachers calibrate their 

teaching based on the results of the test (Lai & Chang, 2007). 

There are also shortcomings in the two-tier diagnostic test. Firstly, students might 

regard the two-tier diagnostic test as a general test where 1st tier item and 2nd tier item are two 

unrelated, divergent questions. They may still respond to the two-tier diagnostic items by 

means of examination techniques, such as finding the more correct answer or more logical 

answer for achieving good scores. This may reduce the diagnostic function of the two-tier test 

(Griffard & Wandersee, 2001). Secondly, if the test-takers are not familiar with what the test 

administrators have in mind, there is a possibility that they may attempt the diagnostic test 

randomly or respond to the test items carelessly (Griffard & Wandersee, 2001). Thirdly, the 

test-takers are unable to express their internal ideas due to the specific items in the two-tier 

diagnostic test (Treagust & Haslam, 1987). To overcome the disadvantages of the two-tier 

diagnostic test, test administration and guidance for the test-takers need to be carried out before 

the actual test (Lai & Chang, 2007). 

Another disadvantage of two-tier tests is that it cannot discriminate the lack of 

knowledge from ACs, as well as ACs from scientific concepts. False positives and false 

negatives are also disregarded (Peşman & Eryılmaz, 2010). Thus, two-tier tests might 

“overestimate or underestimate students’ scientific conceptions” (Chang et al., 2007) or 

overestimate the percentage of ACs since lack of knowledge could not be established by two-

tier tests (Caleon & Subramaniam 2010a, 2010b; Peşman & Eryılmaz 2010).  

Table 2.7 summarises some studies that involved two-tier diagnostic tests. 
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Table 2.7  

Some studies that used two-tier diagnostic tests 

Topic Reference 

Photosynthesis and respiration  Haslam & Treagust (1987) 

Photosynthesis Griffard & Wandersee (2001) 

Flowering plant growth and development  Lin (2004) 

Qualitative analysis  Tan, Treagust, Goh, & Chia (2002) 

Multiple representation in chemical 
reactions  

Chandrasegaran, Treagust, & Mocerino (2005) 

Ionisation energies of elements  Tan, Taber, Goh, & Chia (2005) 

Acids and bases  Chiu (2001, 2002) 

States of matter  Chiu, Chiu, & Ho (2002) 

Light and its properties  Fetherstonhaugh & Treagust (1992) 

Formation of images by a plane mirror  Chen, Lin, & Lin (2002) 

Electrical circuits  Millar & Hames (2001) 

Force, heat, light and electricity  Franklin (1992)  

 

2.7.2 Three-tier MCQs  

A three-tier MCQ comprises elements of a two-tier MCQ item plus a third-tier for 

indication of overall confidence. The confidence is for both answer and reason. This confidence 

tier is not scored but those for the 1st and 2nd tiers follow the scoring for two-tier tests. The 

three-tier MCQ is aimed at directly accessing the students’ ability to comprehend concepts, 

discriminate and make judgement on the correct choices by applying process skills (Mulford 

& Robinson, 2000).  

The following is an example of a three-tier MCQ from the study of Gurcay and 

Gulbas (2015) on temperature and internal energy. 
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Figure 2.2. Example of three-tier MCQ (Gurcay & Gulbas, 2015) on temperature and internal energy 

 

 

Three-tier MCQs are developed from two-tier MCQs. Test results have been shown to 

have overestimated the percentage of ACs in two-tier tests (Griffard & Wandersee 2001), as 

absence of knowledge was not distinguished from ACs (Eryılmaz 2010; Eryılmaz & Sürmeli 

2002). The use of a certainty-of-response index for students to indicate the conviction of their 

response helps to some context. This index can be used to differentiate between lack of 

knowledge and ACs when used in concurrence with diagnostic tests.  

Confidence ratings have been included in tests in a number of studies for the purpose 

of encouraging students to track their certainty of responses (Hasan, Bagayoko, & Kelley, 

1999). The use of confidence ratings can be traced to the field of psychology (Echternacht, 

1972), where individuals are required to evaluate the accuracy of their performance in cognitive 

tasks (Stankov & Crawford, 1997). Confidence ratings may then reveal the strength of students’ 
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conceptual understanding as well as their ACs. Taylor and Kowalski (2004) established that 

confidence ratings could add another perspective to collected data for diagnostic purposes. 

Confidence ratings was first used by Clement et al., (1989) in science education for studies on 

ACs, followed by Taylor and Kowalski (2004), who found that instruction could increase 

students’ confidence in conceptions that are correct and lower their confidence in conceptions 

that are incorrect.  

If a student selects an incorrect response in the 1st tier, explains as if it is correct and 

says he/she is sure about the answer, then the student has an AC about the concept (Arslan, 

Cigdemoglu, & Moseley, 2012). Similarly, if a student selects the correct response in the 1st 

tier, provides a correct explanation in the 2nd tier, and indicates in the 3rd tier certainty about 

the responses given in both tiers, then the student is considered to have good understanding. 

According to Peşman and Eryılmaz (2010), a benefit of three-tier tests is the “possibility 

to estimate the percentages of false positives and false negatives, which can be utilised to 

determine the validity of the test”. Hestenes and Halloun (1995) have noted these earlier. “False 

positives indicate that incorrect explanations are provided for correct answers, whereas false 

negatives indicate that correct explanations are provided for incorrect answers” (Hestenes & 

Halloun 1995).  

In science education, only a few researchers (Clement, Brown, & Zietsman, 1989; 

Hasan et al., 1999, Caleon & Subramaniam, 2010, Gurcay & Gulbas, 2015) have included 

confidence ratings in their diagnostic tests. Locally, a three-tier diagnostic test has been 

deployed to uncover secondary students' understanding of waves (Caleon & Subramaniam, 

2010). Three-tier diagnostic tests have also been used in 3 doctoral dissertations (Al-Rubayea, 

1996; Franklin, 1992; Hill, 1997) and, a conference paper (Kaaltakei & Didi, 2007). These only 

tracked percentages of students who were confident and who were not confident, and an 

analysis of students’ overall mean confidence.  

 

2.7.3 Four-tier MCQs 

Although three-tier tests can uncover ACs besides errors and lack of knowledge in 

students, there are still limitations due to the composite rating of the confidence for the 1st and 

2nd tiers. As there are no separate confidence ratings for the content and reasoning tiers, this 

condition may result in an over or under estimation of student ACs (Gurel et al., 2015). 

Recently, some research has been carried out using four-tier MCQs. 
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A four-tier MCQs is a multi-tier diagnostic test. As with two-tier tests, the 1st tier 

resembles an MCQ test but with a confidence scale while the second tier is also in MCQ format 

with its own confidence scale (Gurel et al., 2017; Fratiwi et al., 2017). A four-tier diagnostic 

test is used by Kaltakci (2012) for geometrical optics. When a student selects an incorrect 

choice in the 1st tier and chooses “sure” in the confidence rating for the 2nd tier, incorrect 

reasoning in the 3rd tier and chooses “sure” for the 4th tier, it could indicate that the student 

holds an AC. A four-tier diagnostic test in physics has also been reported by Caleon and 

Subramaniam (2010a) on the topic of mechanical waves. Other studies on four-tier MCQ 

include those by Yan and Subramaniam (2016) on reaction kinetics; and by Sreenivasulu and 

Subramaniam (2013) on chemical thermodynamics. A four-tier MCQ from the study of 

Kaltakci, Eryilmaz, & McDermott (2017) on geometrical optics has been carried out to assess 

pre-service physics teachers’ alternative conceptions about geometrical optics 

The following is an example of a four-tier MCQ from the study of Kaltakci, Eryilmaz, 

and McDermott (2017) on geometrical optics. 
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Figure 2.3. Example of four-tier MCQ (Kaltakci, Eryilmaz & McDermott, 2017) on geometrical optics 

 

Table 2.8 summarises some of the common approaches to identify ACs. 
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Table 2.8  

Common approaches to identify ACs 

Approach  Remarks Reference 

Concept mapping Explores understanding of an aspect of 
topic, and checks student’s understanding 
of purpose and links between concepts  

Bahar (2002) 

Interview Probes into students’ understanding of 
concepts  

Gurel et al. (2017) 

Open-ended 
questions 

Underlying ACs can be identified through 
students’ reasoning  

Aiken (1994) 

Multiple choice 
questions (MCQ) 

Selecting the best possible answer out of 
the choices from a list  

Thorndike (1904) 

two-tier MCQ Combination of MCQ using common 
student AC as distractors with inclusion of 
student’s justifications of their choices  

Treagust (1995) 

three-tier MCQ Addition of mean confidence rating to 
two-tier   MCQ  

Caleon & Subramaniam 
(2010a) 

four-tier MCQ Addition of separate confidence rating to 
answer and reason 

Caleon & Subramaniam 
(2010b) 

 

2.8 Conceptual change 

2.8.1 Conceptual change theories 

CC is defined as the “change of students’ persistent views that do not match the 

explanations of a scientifically accepted event to one that is correct” (Hewson & Lemberger, 

2000). CC includes the “rejection of an existing understanding in favour of a new one”. This 

view of CC is in line with a number of authors’ works (Carey, 1999; Chi, 2005; Ioannides & 

Vosniadou, 2002), all of whom regard the perception of CC as a reorganisation of cognitive 

structures. CC has also become synonymous with learning science through the constructivist 

lens (Duit, 1999). It has found applications in learning in other domains as well (Guzetti & 

Hynd, 1998).  

Piaget’s cognitive model and schema theory are theories that underpin CC learning. In 

an effort to describe how individuals, move to new and scientific conceptions from their 

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



 

47 

common sense conceptions, Posner et al. (1982) theorised that students must “reorganise or 

replace their incomplete knowledge structure”.  

Scientific conceptions must be “intelligible, plausible, and fruitful for successful CC to 

occur” (Posner et al., 1982). “Intelligible” means that the new conception must be clear enough 

to make sense to the learner. “Plausible” means that the new conception must be seen as true. 

“Fruitful” means that the new conception must appear potentially productive to the learner for 

solving current problems. Posner et al. (1982) hold the perspective that “these cognitive 

conditions should be met during the learning process for a successful CC”. Therefore, creating 

cognitive conflict to make a learner dissatisfied with his or her existing conception a key goal 

in CC. This will pave the way for the learner to “accept the normative view as intelligible, 

plausible, and fruitful” (Posner et al., 1982). This outlook has been very powerful in 

determining a learner’s specific conceptions that result from the interaction between beliefs 

and knowledge of the learner. 

Posner et al., (1982) embed their explanation of CC within a conceptual ecology 

perspective. According to this, a “learner’s conceptual ecology consists of their conceptions 

and ideas rooted in their epistemological beliefs”. This conceptual ecology perspective has 

proven to be noteworthy. Posner et al. (1982) are of the view that even though elementary 

mechanisms for CC have been excluded by many “proponents of knowledge-as-elements 

perspectives”, many “knowledge-as-elements” proponents have espoused this larger 

conceptual ecology architecture into their viewpoints. From a conceptual ecology viewpoint, 

the constituent ideas, ontological categories, and epistemological beliefs highly influence a 

learner’s interactions with the new ideas and problems.  

All the fundamentals in a student’s conceptual network are subject to progressive 

knowledge construction from a constructivist view. The following are possible outcomes of 

CC: “increase in coherence of a concept” (Clark, 2006), “cognizing range of applicability of a 

concept” (Linder, 1998), and “entrenching of concept in existing knowledge 

structure” (Caravita & Halden, 1994; Hewson, 1981). In ontological CC, “learner’s misfit 

between scientifically correct concept and their existing knowledge framework will be re-

classified from one ontological tree to another” (Chi, 2008) through the “adjustment of belief, 

transformation of mental model and categorical shift”. 

Students create ACs or synthetic mental models that “combine aspects of the scientific 

model with their initial models within the constraints of their framework theories” (Vosniadou, 
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1994). The presuppositions of the framework theory need to be fine-tuned and substituted to 

allow for a scientific model to emerge. The framework theory perspective is constant with 

Chi’s (1992) argument that “CC requires an ontological shift; where CC process is deemed 

hard because either that (a) the student assigns the concept to a different ontological category 

from the scientific one or (b) the student lacks an appropriate category to which the concept 

could be assigned”. Students can assign the concept to a correct category by revising their 

ontological commitments, categories, and presuppositions. Only when they are mindful of their 

ontological commitments, can they then become cognizant of how the scientific theory does 

not fit their existing knowledge structure.   

Metacognition is seen as “a potential mediator in improvement of CC learning with 

primary school children, especially in terms of their inability to transfer their conceptions from 

one domain to another and the short durability of their conceptions” (Georghiades, 2000). 

Metacognition is defined as “knowledge and cognition about cognitive phenomena” (Flavell, 

1979). It is usually referred to in the literature as the “executive decision-making process in 

which individuals both perform cognitive operations and oversee their progress” 

(Meichenbaum et al., 1985). Learners can be said to be involved in metacognitive thinking, 

when they reflect intentionally on what they know about a given task and be able to describe 

what (and why) they are currently doing, and can dialogue with others about their feelings 

about the learning situation they find themselves in. They should also be able to use this 

information to monitor and enhance their performance.  

Motivational beliefs such as self-efficacy and mastery goal orientations are also found 

to be connected to epistemological beliefs, which refer collectively to a “learner’s system of 

beliefs about the simplicity, certainty and source of knowledge, and the control and speed of 

acquisition of knowledge” (Schommer, 1990). Motivational beliefs have been suggested to “act 

as implicit theories that spawn learning goals” and aid in their “choices of specific self-

regulatory strategies” (Hofer & Pintrich, 1997; Pintrich, 2002) which, in turn, influence their 

decisions in self-regulation of learning and motivation (Nist & Simpson, 2000). This can, in 

turn, affect their “self-efficacy beliefs, achievement goal orientations, and personal motivations 

to perform in the selected task or domain” (Pintrich, 2000). 

Resubsumption theory proposes that “for students to choose a competing theory over 

the resident theory, they must have acquired the competing theory from other domains 

previously, or developed an overarching background theory that accommodates both the 

resident and competing theories”. Students may be asked by teachers to engage in problem-
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solving tasks through which they can successfully apply a competing theory and validate its 

cognitive utility. This method is called the “displacement strategy, through which students’ 

cognitive attention is shifted to the overarching background or the background of a 

scientifically sound competing theory” (Ohlsson, Moher, & Johnson, 2000). Teachers can help 

students to “generate dissatisfaction towards the resident theory” (Duit & Treagust, 2003), or 

“shift their focus, making substantial adjustments that need to be made on the resident theory” 

(Chinn & Samarapungavan, 2009). Table 2.9 summarises the various CC theories. 

Table 2.9  

Summary of conceptual change theories 

CC theories Remarks  Reference 

Piagetian  CC involves the rejection of an existing 
understanding in favour of a new one through 
dissatisfaction with existing concept. Scientific 
conception must also be intelligible, plausible, and 
fruitful for successful CC to occur. 

Posner et al. (1982) 

Epistemological  Beliefs concerning the tentative nature of knowledge, 
have been shown to affect student learning. 

Strike & Posner (1992) 

Mental model Representation of the external world and the 
relationship between the various representations that 
are influenced by learners’ understanding of the 
world.  

Large network of interrelated concepts changing 
slowly. 

Vonsniadou (1994) 

Ontological shifts  Learner’s misfit between scientifically correct 
concept and their existing knowledge framework  

• Revision of belief 

• Transformation of mental model 

• Categorical shift 

Chi (2008) 

Motivational Goals, values, self-efficacy and control beliefs can 
influence CC. 

Pintrich et al. (1993) 

Psychological Theory of Mind on how children acquire knowledge 
about their mind and attribute various mental states to 
themselves and to others. 

Vosniadou (2008), 
Sodian & Kristen (2010) 

Resubsumption Students’ cognitive attention can be shifted to the 
overarching background or the background of a 
scientifically sound competing theory. 

Ohlsson, Moher, & 
Johnson (2000) 
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2.8.2 Cognitive conflict 

In various CC approaches since early 1980s, cognitive conflict has played a key role. 

The idea of the “interplay of assimilation and accommodation” by Piaget has provided an 

authoritative framework for CC. Cognitive conflict plays a key role in Piagetian approaches, 

such as the learning cycle (Karplus, 1977; Lawson, Abraham, & Renner, 1989) and, hence, 

also in CC approaches using constructivist teaching approaches (Driver, 1989; Scott, Asoko, 

& Driver, 1992). Hashweh (1986) shared a critical view that “various forms of cognitive 

conflicts have to be distinguished” and that it is vital that students essentially experience the 

conflict in the learning of science. 

A meta-analysis of CC approaches has been carried out by Guzetti, Snyder, Glass and 

Gamas (1993). Studies not using cognitive conflict strategies were found to be less efficient in 

CC than studies that use cognitive conflict strategies. A few studies (e.g. Limon & Carretero, 

1999; Mason, 2001) reported that cognitive conflict leads to positive results in learning.  

However, a few studies demonstrated that cognitive conflict may be inefficient for CC because 

“even when students are challenged with contrary information, they do not necessarily adjust 

their conceptions” (Chan, Burtis, & Bereiter, 1997).  

Harlen (1999) has proposed that there is no one strategy superior to another in a review 

on the effectiveness of strategies for facilitating CC within constructivist frameworks. 

Vosniadou and Ioannides (1998), together with Limon (2001), contended that the CC 

approaches established in the 1980s and early 1990s laid too much emphasis on insights 

suddenly promoted by cognitive conflict. They claim that learning science should be a “gradual 

process during which initial conceptual structures based on children’s interpretations of 

everyday experiences are continuously enriched and restructured”.  

In summary, cognitive conflict strategies can be used for facilitating CC, but with some 

mindfulness. It is not only essential to carefully ensure that students experience the conflict but 

also to contemplate the role of specific, usually small scale, sudden insights that can promote 

long-lasting gradual process of CC, which is more impactful for students. 

 

2.9 Strategies to effect CC 

CC examines the ways in which what students already know affects what they are 

supposed to learn in school science. One fundamental supposition of CC is the view that 
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students’ prior knowledge, alternatively called naive knowledge (Vosniadou & Ioannides, 

1989), is in conflict or in competition with what they are supposed to learn in school science. 

Prior knowledge and logical thinking are important in understanding new concepts (Thompson 

& Zamboanga 2004). For CC to occur, what needs to be changed are the “naive, intuitive, 

domain-specific theories in early childhood” that are based on everyday experiences, not just 

the isolated ACs. (Vosniadou, 2007).  

A number of teaching strategies has been used in classrooms, with cognitive conflict as 

its basis for CC. Such strategies involve promoting situations where the students’ existing ideas 

about some occurrence are made apparent and are then confronted to generate cognitive 

conflict. Nussbaum and Novick (1982) suggest a teaching sequence based on the Piagetian idea 

of accommodation, which includes four key areas: (a) “Initial exposure of student 

preconceptions through their responses to an exposing event”; (b) “sharpening student 

awareness of own and other students’ framework”; (c) “creating conceptual conflict by 

attempting to explain a discrepant event”; and (d) “encouraging and guiding accommodation 

and invention of a new conceptual model consistent with the accepted science view conflict 

between ideas”. 

Other strategies such as analogies, explanations-observations, and concept maps have 

also been used to promote CC. By building on existing ideas and extending them to a new field 

through the use of analogies and metaphors, a state of cognitive conflict can be created and 

resolved (Scott, Asoko, & Driver, 1991). An analogy provides a mapping of knowledge 

between two domains, “with the relationships with the source domain being also held true for 

the target domain” (Gentner, 1989). Hence, it allows the transfer of the structural relationships 

from the familiar to the unfamiliar for learners (Mason & Sorzio, 1996).  

Analogical teaching strategy (Clement, Brown, & Zietsman, 1989) constitutes four key 

areas: (a) “the student’s AC linking to the topic under consideration is made explicit by using 

a target question”; (b) “the teacher suggests a case which he or she views as analogous and 

which will appeal to the students’ intuitions”. This case is termed simply as an anchor; (c)” the 

teacher asks the student to make an explicit comparison between the anchor and target cases in 

an attempt to establish the analogy relation”, and (d) “if the student does not accept the analogy, 

the teacher then attempts to find a bridging analogy or a series of bridging analogies”. 

Concept mapping can visually show changes that learners make in linking concepts 

together (White & Gunstone, 1992), and can enhance conceptual understanding (Novak & 
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Gowin, 1984). It is a useful tool to uncover ACs and to effect CC. Through assembling concepts 

with the corresponding linking words, students can better visualise the connections between 

the abstract concepts which, in turn, can correct ACs (Francisco, Nakhleh, Nurrenbern, & 

Miller, 2002; Nicoll, Francisco, & Nakhleh, 2001).  

Demonstrations make use of visual impacts to bring about cognitive conflicts. 

Observations that are different from or are contradictory to that of the students’ pre-existing 

ideas result in direct refutation of and cognitive conflicts with the ACs, thus paving the way 

for remediation and enhancing understanding (Meyer, Schmidt, Nozawa, & Panee, 2003).  

Changing the structure of texts is regarded as a practical way for attaining CC. Research 

done previously has shown that “textbook writing often is lacking in clarity about central ideas 

and concepts” (Goldman & Bisanz, 2002) and “fails to be informed by theories of text 

processing” (Beck, McKeown, Sinatra, & Loxterman, 1991). Methods for improving the 

clarity, for example by enhancing coherence and by making “implicit connections between text 

elements explicit” (Britton & Gulgoz, 1991) can lead to “better memory of the textual 

information” (Britton, Van Dusen, Gulgoz, & Glynn, 1989), especially for weak students 

(Linderholm, Gaddy, Broek, Mischinski, & Crittenden, 2000). 

Refutational text has also been designed to “promote CC learning by explicitly 

acknowledging commonly held ACs about a topic, directly refuting them and providing a more 

satisfactory explanation” (Hynd, 2001). The use of refutational text (Uzuntiryaki & Geban, 

2005) has been recognised to bring about CC in science. These texts can be organised by taking 

the conditions projected in the CC model into deliberation. The text itself contains specific 

tactics to reduce cognitive conflict and helps students to make associations during CC process.  

Table 2.10 summarises the various strategies to effect CC. 
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Table 2.10  

Strategies to effect conceptual change 

Strategy Remarks  Reference 

Analogies Transfer of knowledge from familiar 
to unfamiliar  

Mason & Sorzio (1996) 

Concept mapping Linking concept to better 
understanding  

Novak & Gowin (1984) 

Demonstrations Cognitive conflict generated when 
students’ prediction does not match 
observation bring about CC  

Shepardson et al. (1994) 

CC text Raised awareness of students’ 
inaccuracies through explanations and 
example  

Hynd et al. (1994) 

 

2.10 CC learning in science 

Helping students appreciate science concepts meaningfully and facilitating them to 

become aware of how these concepts can be used in their daily lives has always been the aim 

of science education. Learning the basic concepts during primary and secondary education is 

essential in terms of comprehending higher level concepts as students’ progress in his/her 

pursuit of science knowledge. It has been argued that “if new concepts are compatible with 

previous concepts, meaningful learning would then occur” (Ausubel, 1968). To help students 

master scientific concepts, a “meaningful relationship should be established between the new 

concept and the knowledge already possessed by the student; furthermore, any contradictions 

should also be resolved” (Aydoğan, Güneş & Gülçiçek, 2003). This can be done by invoking 

prior knowledge and clarifying those ideas (Yağbasan & Gülçiçek, 2003).  

School science is, however, often in conceptual conflict with students’ intuitive ideas. 

If we merely target students’ ACs with replacement procedures, as suggested by radical 

revolutionary models, we might achieve these replacements only partially or only in a   number 

of contexts which might remain independent of students’ understandings of experiences 

outside of the classroom. If we want to allow students to hypothesise a scientific theory that is 

applicable to a number of situations, we should try to help them restructure and reprioritise the 

elements and related associates in their conceptual network. Just through interpreting students’ 

knowledge structures with trivial number of mental representations or conceptual schemes will 
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not be able to achieve this cognitive process. Constructivism views students’ existing ideas as 

an elementary source for learning. Removing ACs with a replacement model is in contradiction 

with this paradigm. CC for learning is where the pre-instructional conceptual structures of the 

learners are reorganised to facilitate understanding of the planned concepts. In general, “CC 

denotes learning pathways from students’ pre-instructional conceptions to the science concepts 

to be learned” (Duit, 1999). 

The CC learning tends to be a complicated process, especially in science learning, given 

that several conceptions are intricate and counter-intuitive. However, CC learning is vital and 

fundamental to learning in science and this means that science education researchers alongside 

science educators require models to effectively tackle and carry out research on CC learning.  

CC learning models developed by researchers such as Dole and Sinatra (1998), Smith, 

diSessa and Roschelle (1994), and Murphy (2007) have tackled diverse influences with regards 

to the processes. These are always either excluded or contextualized variables that are linked 

to CC learning (Hardman, 2017). Additionally, existing models of CC learning have also been 

noted to be deficient in exemplifying how the range of variables connected to CC learning 

might effectively interact. Also, there is the issue of how challenging it may be to elicit CC 

learning, and the several means through which this might or might not happen.  

Studies have shown that students come to class with ACs and, teachers too have 

problems in teaching concepts related to the ACs (Tekkaya & Balcı, 2003). For teaching to be 

current, ACs need to be known and there is a need to uncover new ACs that may emerge in 

order to help students learn better. (Tsai, 2000). Knowledge of ACs may also support educators 

to formulate interventions to minimize the learning gaps formed by ACs.  

Additionally, Zhou, Xu, and Martinovic (2017) maintain that there is a need for science 

teachers to be made increasingly conscious of the significant outcomes of the challenges with 

science learning via CC. For instance, they maintain that science teachers have often blamed 

the learner's ACs on the poor education system that exists at the initial phases of the curriculum. 

However, the learners’ ACs are unavoidable. For this reason, the lack of target concepts cannot 

be regarded as an awkward phase in learners but rather an essential one. Students have been 

observed to develop the intermediate steps along with ACs that fail to conform to the 

established science perspectives, and this requires teachers to acknowledge instances where 

such actions should be considered as progress and not challenges (Zhou, Xu, & Martinovic, 

2017). Such points of views tend to shift the CC and ACs discourse from the stress on what the 
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learners lack in relation to their conceptual understanding to the comprehension of what the 

learners bring with them into the class as vital theoretical assets and making most of the 

diagnostic insights for the current individual science conceptions as the substrate from which 

the scientific conceptual comprehensions arise.  

Likewise, Taber (2000a) highlights that teachers need awareness of students’ 

preconceptions in various topics. Keeping in mind students’ ACs, suitable learning strategies 

can be adopted to promote conceptual restructuring (Özmen, 2004).  

 

2.11 Recent studies on CC learning  

CC learning tends to be predominantly crucial in science education as a result of the 

numerous ACs that learners tend to develop owing to intuitive thinking, daily life experiences, 

as well as the provision of superficial instruction (Zhou, Xu, & Martinovic, 2017). According 

to Ebert and Crippen (2010), CC learning, has undergone extensive researches, particularly in 

the domain of science education in which learners are known to have either naïve or incorrect 

ideas with regards to astronomy, chemistry, engineering, and physics, in addition to other 

phenomena that often contradict with concepts students learnt in school (Zhou, Xu, & 

Martinovic, 2017).  

In concurrence with the foregoing observations, Ludvigsen and Mørch (2010) maintain 

that for several decades, the studies on CC learning in sciences have concentrated on the 

developmental and cognitive aspects impacting on learners’ knowledge. For instance, in the 

last three decades, studies have made considerable shifts to a consideration of the effects of 

emotions, motivations, socio-cultural and contextual CCs, notably, after the formalization of 

the theory regarding CC learning by Posner et al., (1982). There has also been significant 

research evaluating CC learning in addition to the influence of society and culture, motivation, 

emotions, epistemological convictions, as well as individual beliefs and practices (Su, 2011).  

Strategies of CC have been used by myriad researchers in addressing students’ ACs. 

Yılmaz and Eryılmaz (2010) indicated that as a result of these strategies, “various possible 

outcomes, such as total or partial restructuring of student’s pre-existing knowledge, 

reassignment of concepts within the schemata, and knowledge enrichment are feasible”.  

Recent studies on CC learning are mostly teacher-centric. Some of these involve 

concept change model, concept change pedagogy, concept change text, concept mapping, story 
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line and analogy. Those that are student-centric involved hands-on activities, active learning, 

inquiry, 5E and authentic learning/problem solving.  

Table 2.11 shows some recent studies on CC. 

 

Table 2.11  

Some recent studies on conceptual change  

Topic Remarks Reference 
Light 120 5th graders, attending five classes in 3 

public primary schools using refutation text 
in Europe 

Mason et al. (2008) 

Beliefs about 
empirical 
regularities in 
physical science 

228 4th graders, exposed to four experiments 
using data-based and explanation-based 
instructional interventions in US 

Chinn & Malhotra (2002) 

Floating and 
sinking of objects 
in liquids 

161 3rd graders, in eight primary school 
classrooms from 3 schools through 
constructivist learning environment using 
cognitive perturbation and pre/post-test 
MCQ (41 questions) in Germany 

Schneider et al. (2013) 

Force and motion 341 college students, through concept 
inventory test (30 MCQ) before and after 
mechanics instruction in Saudi Arabia 

Salameh & Hisham (2017) 

Chemical Bonding 
Concept 

35 9th graders, through Chemical Bonding 
Concept Test (10 two-tier questions) as pre- 
and post-test using collaborative learning in 
Taiwan 

Eymur et al. (2017) 

Heat transfer, mass 
diffusion, and 
microfluidics 

Engineering undergraduates, through Web-
based learning management system of 
interactive materials and inquiry prompts in 
US 

Yang et al. (2012) 

Nature of science 44 7th graders, through CC texts and concept 
clipboards in Turkey 

Çil & Çepni (2015) 

Ecological 
concepts 

58 7th graders, through conceptual-change-
text-oriented instruction in Turkey 

Ozkan et al. (2004) 

Climate change 95 10th graders, through 2-day educational 
program on global climate change using 
concept mapping in Germany 

Sellmann et al. (2015) 

Mechanics of 
materials concepts 

90 engineering undergraduate students, 
through qualitative analysis of semi-
structured interviews using different loading 
scenarios 

Brown et al. (2018) 

Astronomy 90 5th graders, through CC theories to model 
position concepts in Taiwan 

Yang & Hung (2012) 
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2.12 ICT and teaching and learning 

ICT refers to the “use of computer-based communications technology, and this includes 

computer hardware and software that can be used for T&L as well as finding information 

resources” (Goay & Wong, 2003). ICT-based learning also refers to the “use of information 

resources on the web, multimedia programs in CD-ROMs, learning objects, or other computer-

based tools to enhance student learning” (Williams, 2003). 

The development and advancement of ICT, alongside the globalization of economies, 

has immensely altered the education sector. The 2002 report prepared by Research and 

Development (RAND) Corporation, with regards to T&L and other skills in the 21st century, 

reported that one of the vital tool teachers should utilise is the use of ICT to support learning 

(Cheng & Tsai, 2013). ICT offer learners with newer means of problem solving while 

promoting communication and critical thinking skills (Cobern, 2012). At present, the use of 

ICT within the learning environments has been observed to play a critical role in educational 

reforms, both at the global and local levels.  Countries such as, the United States, Japan, and 

Finland, amongst others, have commenced the infusion of ICT in the T&L of science (Lin et 

al., 2016).  

Learning with ICT involves “establishing an intellectual partnership with the ICT 

affordances so as to enhance meaningful learning” (Jonassen, 1995). Several studies have also 

utilised ICT to drive meaningful learning (Karppinen, 2005; Rendas et al., 2006; Rick & 

Weber, 2010). Reimann and Goodyear (2004) also proposed five ways in which ICT can 

support meaningful learning. These are: (a) promoting motivation; (b) fostering interactive 

experience and feedback; (c) provision of assessment and collaboration; (d) provide 

opportunities of communication; and (e) taking into account individual differences in learning. 

To enhance the impact of ICT resources, they need to be “integrated with science teachers’ 

pedagogical innovations such as scaffolding, as this would provide the greatest benefits to the 

students’ learning” (Webb, 2005).  

 

2.13 Cognitive theories on learning enriched with ICT 

2.13.1 Information Processing Theory 

There are myriad studies and theories put forward to explain how the human mind 

processes the received information and encodes them for long-term retention. The Information 
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Processing Theory, by Miller (1956), describes the “chunking of information” and the “limited 

capacity of short-term memory” which become the basis for myriad subsequent theories. 

 

2.13.2 Cognitive Load Theory 

The Cognitive Load Theory (CLT) (Sweller, van Merrienboer, & Paas, 1998) is 

considered as an extension of the Information Processing Theory. CLT addresses the 

inadequate capacity of the working memory (short-term memory) and thus lays the foundation 

for principles to optimise the working memory by reducing the cognitive load on it. Three types 

of cognitive loads are defined by the theory: 

a) Intrinsic Load, that is associated with the inherent challenge of the subject matter 

which cannot be altered. 

b) Germane Load, that is due to the deep processing and integration of existing 

knowledge that occurs during the construction of new knowledge. 

c) Extraneous Load, which is the unnecessary load due to processing of information 

irrelevant to the intended learning.  

Technically, by managing the germane load to be within the capacity of the working 

memory and reducing extraneous load, the limited working memory can form new schemas 

more efficiently for long-term memory. 

 

2.13.3 Cognitive Theory of Multimedia Learning 

Multimedia media instruction is an effective mode of instruction which can make use 

of multiple modalities (Mayer, 2003) such as sound, text, images, graphics, and animations. 

Mayer (2003) summarized from his studies that learning can be effective when multimedia is 

used. In this multimedia effect, “visual and textual information are in close proximity with the 

elimination of irrelevant information and use of language in a more informal style”. Based on 

the earlier SOI (Select, Organise, Integrate) model by Mayer (1996); Mayer and Moreno (2002) 

put forward a Cognitive Theory of Multimedia Learning (CTML) which proposes that “for 

meaningful learning to occur, the learner must carry out these cognitive processes, that is, 

selecting relevant words and images, organising these into coherent verbal and visual 

representations, and integrating corresponding verbal and visual representations”.  
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Theories that deal with knowledge construction have adopted the Dual Coding Theory 

(Paivio, 1986), which proposes that verbal and nonverbal stimuli are treated separately, and the 

Working Memory Model of Baddeley (1999), which proposes that the human working memory 

is highly inadequate and that the learner can process limited information in each channel, one 

at a time.  

To explain the cognitive processing during learning enriched with ICT, the Cognitive 

Theory of Multimedia Learning (Mayer, 2001) and the Cognitive Load Theory (Sweller, 2003) 

are used as frameworks.  

Table 2.12 summarises the cognitive theories on learning enriched with ICT.  

Table 2.12  

Cognitive theories on learning enriched with ICT 

Theory Remarks  Reference 

Information 
processing theories 

Chunking of information  Miller (1956) 

Cognitive load theory Optimize working of limited memory by reducing 
cognitive load  

Sweller et al.   
(1998) 

Cognitive theory of 
multimedia learning 

For meaningful learning, learners must carry out the 
following 

- select relevant words/images 

- organise and integrate knowledge into representations 

Mayer (1996) 

 

2.14 Implications for learning enriched with ICT 

ICT has been used as a medium to encourage inquiry, enhance communication, 

construct teaching materials, and assist students’ self-expression (Beak et al., 2008). ICT 

enhances science teaching and learning by supporting explorations and experimentations, 

promoting collective knowledge-building, and increasing student engagement. (Henessy, 

2006). Teaching using a multimedia approach does not only change the method and mode of 

imparting knowledge, but also the quality of this knowledge (Stanković and Dimić, 2016). 

According to Jonassen (2003), ICT can be used to support meaningful learning in five ways: 

(a) knowledge creation (b) dialogue among peers (c) expressions (d) collaborations, and (e) 

reflections.  
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There are challenges when multimedia materials are used in instruction, and these have 

been documented by researchers during the past few decades. The first challenge is the 

presence of unnecessary content that competes with essential information for limited cognitive 

attention. Researchers found that including unnecessary material in multimedia materials may 

cause learners to use their processing capacity to process material that is not crucial to building 

a mental model of the planned content. In an expanded multimedia lesson, learners may have 

“less cognitive capacity for processing the essential material and therefore may be less likely 

to achieve the learning outcome” (Clark & Mayer, 2011). The second challenge facing the 

usage of multimedia learning materials is when the lesson contains interesting but superfluous 

details that are not possible to delete. In this condition, it is difficult to focus students’ attention 

on vital information. Empirical evidence has also shown that learners with ICT-based lessons 

underperformed in comparison to students from non-ICT-based lessons (Stull & Mayer, 2007). 

The third challenge in using multimedia occurs when the learning content is fluid and too 

multifaceted, and the designer cannot remove the material because it is needed for the learner 

to build a clear mental representation. For example, in experiments involving ICT-based 

lessons on lightning and electric motors, “students who received segmented lessons performed 

better on transfer tests than learners who received continuous lessons” (Mayer, et al., 2003). 

ICT can be effective in promoting student-centric learning activities; however, the role 

of the teacher remains pivotal to its effective use (Zhao et al., 2001).Taking reference from the 

cognitive load theory and theory of multi-media learning, teachers need to follow three key 

elements in designing learning materials (a) keeping extraneous processing to the minimum; 

(b) focusing on processing of complex materials through effective representations; and (c)  

facilitating the learning process such that incoming information adds to prior knowledge and 

organises these hierarchically in the knowledge structure of the students (Mayer, 2005; Sweller, 

1999). 

 

2.14.1 Multilevel instructional learning and ICT concepts  

A set of themes representing content-based concepts and sub-concepts associated with 

specific knowledge, skills and attitudes at specified difficulty levels denotes the curriculum. A 

theme can also encompass activities which are chosen or developed by the learners and 

evaluated by the learners themselves or evaluated in co-operation with the teacher. Instructional 

activities are usually based on one or more curricular themes, and are established by the teacher, 
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curriculum developer or education ministry. A theme and its equivalent instruction for learners 

should motivate, inspire, and challenge each learner through mindful selection of instructional 

activities. 

An instructional line denotes a “hierarchical arrangement of curricular concepts and 

sub-concepts corresponding with specific curricular, instructional, and diagnostic or evaluative 

learning materials representing specific learning activities at a specified difficulty level” 

(Mooij, 2000). In order to gauge learning processes of learners, different kinds of quality 

indicators need to be infused into instructional lines. 

In practice, depending on the learners’ characteristics and the nature of grouping 

processes, different types of instructional lines may be allotted to different learners, small 

groups of learners or classes. Teachers may position the support of learning processes in 

discriminated ways so as to optimize T&L. This can be done through working with a set of 

instructional lines and diagnostics on the one hand, and variations of groupings of learners on 

the other hand. The degree of self-evaluation of learning accomplishment may also stimulate 

learning processes and outcomes, and have different effects on the appreciation and subsequent 

use of level-specific instructional features. ICT can support in assigning learners into groups 

and to specific instructional lines through the assistance it provides to design, integrate, record, 

and regulate the multilevel instructional and learning processes. Thus, the use of ICT can 

enhance prospects for learners to engage in accountable self-regulation and self-evaluation of 

learning processes. The planning and delivery of learning in school can then be enhanced with 

the desired outcomes. This seems to result in productive learning processes (Mooij, Terwel, & 

Huber, 2000; Schnotz & Lowe, 2003; Smeets & Mooij, 2001). As such, better self-regulative 

and self-management possibilities can occur for students in ICT-based school settings. 

 

2.15 Learning and Information Communication Technologies (“ICT”)  

2.15.1 Science education and ICT 

The rationale behind the role of ICT in the learning of science is based upon myriad 

research evidences on ICT enhancing teaching and learning (T&L) with improved content 

understanding and mastery (Barton, 2004b; Lou et al., 2012; Shieh, 2012; Zheng et al., 2008). 

Wellington (2004) argues the usefulness of ICT in both the “thinking” and “practical” aspects 

of science. Furthermore, ICT-based science lessons can instil curiosity in students, resulting in 
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better motivation and real-life connections (Thoman & Jolls, 2004; Watters & Diezmann, 

2003).  

Technologies that can impact on science T&L are those that are student-centred, 

inquiry-based, and support content-based instruction which, in turn, makes scientific views 

more accessible (Flick & Bell, 2005; Sivin-Kachala & Bialo, 2000).  Therefore, ICT 

strengthens the teaching process and learner motivation, where students have ownership 

towards their learning (Deperlioglu, Kose, & Yildirim, 2012).  

ICT has the potential to facilitate authentic and engaging educational activities, which 

enhance science T&L (Skinner & Preece, 2003). ICT that supports student-centred and inquiry-

based content instruction makes scientific views more accessible, and have tremendous 

potential to impact science T&L positively (Flick & Bell, 2005; Means et al., 1993; Sivin-

Kachala & Bialo, 2000).   

ICT has since been increasingly infused into science T&L (Linn & Hsi, 2000). It has 

the potential to facilitate students’ explorations of scientific ideas (de Jong & van Joolingen, 

1998) and bring about student-centric learning (Brush & Saye, 2000). Many studies on the 

effectiveness of technology-enhanced learning have used students’ level of comprehension on 

concepts and their reasoning skills as primary measures (Krajcik, & Soloway, 2001). Kelleher 

(2000) concurred that ICTs can be a positive impact in science classrooms for a deeper 

understanding of the principles and concepts of science.  

 

2.15.2 Roles of ICT in practical science 

ICT has proved to be a commanding tool not only for learning science concepts but also 

for developing analytical skills and information processing. Moreover, Eymur and Geban 

(2017) note that ICT resources can improve theoretical and practical aspects of science T&L, 

and proposed that the potential contribution of ICT use can be conceptualized in various ways, 

including the expediting and improving of work processes. This, in turn, can offer immense 

release from arduous manual procedures and provide more time for thinking, interpretation, 

and discussion. According to Guzey (2011), ICT has the possibility to support students grow 

their scientific ideas even as they develop to think like scientists. Using ICT in teaching of 

science can increase the students’ curiosity and also encourage them to partake personal 

investigations on simple scientific concepts around them. Additionally, integrating ICT in 
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science can make ideas simpler and, hence, motivate the students to participate in the inquiry 

process.  

Smetana and Bell (2012) have proposed an array of ICT tools for utilization in school 

science learning activities; multimedia software that can be used for process simulations, 

conducting of virtual experiments, and modelling of environments; presentation and publishing 

tools; equipment for digital recording; computerized microscopes; and computer projection 

technologies, in addition to data capturing tools, databases, graphing tools, spreadsheets and 

data logging systems.  

Several studies have established the importance that ICT confers on the practical 

aspects of science among primary students (Dori, Rodrigues, & Schanze, 2013). Notably, most 

researchers have established that simulations and data loggers are the principal means by which 

practical science work can benefit from ICT use (Dori, Rodrigues, & Schanze, 2013).  

 

2.15.2.1 Simulations   

Digital simulations and their applications in facilitating knowledge acquisition in 

science are currently trending (Anderson & Barnett, 2013).  In the context of learning science 

through practical work, “virtual labs and simulations may not substitute for real laboratories, 

but can often complement and extend the laboratory experience for students” (Guzey, 2011). 

Simulations allow students to explore and investigate phenomena which are not possible in the 

classroom environment, and they can also “mimic observable phenomenon relevant to the 

scientific concept in question” (Argyri, 2015). Besides, simulations can enable students to 

conduct investigations using substances that might be difficult to access or which are dangerous 

to be practically handled by them.  

Simulations enable science students to translate related information between multiple 

representations (Eksi, Hüsamettin, Burak, & Cengiz, 2012) through the presentation of 

scientific facts in two to three dimensions of translatable figures such as “pictures, graphs, 

words, equations, diagrams, data tables, and contour maps”. Other studies have established that 

simulations can help primary students to facilitate better engagement in practical science. By 

so doing, students are likely to create a concrete mental situation that supports the building of 

a mental model. Through simulations, students acquire an engaging active learning experience 

of science.  
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The use of animations and simulations for teaching has a positive impact on cognitive 

science (Falvo, 2010). These findings tend to resonate well with the findings by Anderson and 

Barnett (2013), who focused on the impact of learning physics using digital games to facilitate 

understanding of basic electromagnetism. The experimental group’s understanding of 

electromagnetic concepts were scored in comparison to the control group, who were subjected 

to inquiry-oriented investigation of the same electromagnetic concepts. There was a significant 

difference between the control learners and those who experienced the digital game 

simulations. At the same time, students in the experimental group produced more elaborate 

responses on the aspects of electric fields and the influence of distance on the forces that 

charges experience. The results are similar to the findings previously reported in the study by 

Anderson and Barnett (2011) on the effects of applying video games simulations to support 

pre-service teachers’ learning of basic physics concepts. Anderson and Barnett (2013) also 

propose that a “learning approach in which video games simulations complement hands-on 

learning practices, with both activities intertwining and informing the other is necessary for 

adoption”.  

Ludvigsen and Mørch (2010) propose that computer-based simulations can offer 

enhanced support with regards to the development of hypothetical comprehension compared 

to practical work for three reasons, efficiency and competence in practical work, effectiveness 

of the simulation as a representation of the hypothetical, and process of investigation of 

experiments. The availability of various data sets generated might be increasingly extensive as 

compared to those collected experimentally by either a class or a group of learners (Kalman & 

Lattery, 2018).  

 

2.15.2.2 Data logging 

Data loggers are another important component of ICT that comes in handy in promoting 

both teaching as well as students’ participation in practical science (Noor-Ul-Amin, 2011).  

Data loggers are known as Micro-based laboratories (MBLs). These digital tools assist in the 

leaning of science by facilitating collection, recording, and storage of data collected 

experimentally, either in the field or in school (Bellou, Papachristos, & Mikropoulos, 2018).  

The use of data logging equipment in the science classroom has three main advantages: 

(a) economy of time, (b) generation of data not possible through conventional means, and (c) 

focus away from gathering data to understanding relationships between measurement 
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variables. In myriad science practical classes, much time can be spent on the mechanics of 

collecting data. This can be useful if the aim of the practical work is to practise or learn 

scientific techniques. However, it often takes up a large proportion of class time to collect 

significant amounts of data. Data-logging equipment can be utilised to free up this class time 

due to the relative simplicity and ease with which data can be collected (Rogers & Wild, 1996).  

In addition, data-logging equipment can produce real-time graphs, which allow students 

to relate the variations presented in the graph to the changes that may be appearing in the 

experiment (Newton, 1997). Barton (1997) has shown that data-logging in tandem with plotting 

real-time graphs can help students to better understand graphs. The conventional graphing 

approach leads students to concentrate on individual points and data values. Students also 

struggle with their preconceived ideas regarding best-fit lines against straight lines when 

manually plotting graphs. Data logging reduces these mechanical aspects that are associated 

with practical work and, hence, presents students with opportunities to concentrate on other 

aspects of science practices such as interpretation and analysis of data (Richmond, Baretell, & 

Andrews, 2019). 

Data loggers are beneficial in the study of photosynthesis (Jones & Reiss, 2011) via 

facilitating the collection, recording and storage of data collected experimentally, either in 

classroom or in the field. The authors also found that data loggers permit students to practice a 

faster and more reliable collection of scientific data and, hence, saves them on the time that is 

otherwise used for other aspects of the class.  

The data-logging approach also seems to be particularly useful in helping younger and 

less able students to interpret graphs and data (Barton, 1997). Data logger tools also permit 

students to practice a faster and more reliable collection of scientific evidences and use the time 

saved for other aspects of the class (Dori & Kaberman, 2012).  

 

2.15.2.3 Internet and World Wide Web  

On top of a source of teaching resources, the Internet provides an opportunity for 

communication between individuals and groups as well as for the development of collaborative 

projects. The World Wide Web (WWW) is the "largest and most comprehensive publicly 

accessible and continuously updated library of scientific information the world has ever seen" 

(Jackson & Bazley, 1997). There are a large number of WWW sites that list collaborative 

projects available for schools and students to join (Jackson & Bazley, 1997). These 
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collaborative projects can develop into on-line learning communities that more closely 

represent the practices of science and scientists outside of the classroom (Weisenmayer & 

Koul, 1998). The mixture of asynchronous and synchronous communication and its ubiquitous 

nature are all advantages the Internet has over other forms of communication. These advantages 

can extend the interactions between students and scientists. 

Norway's Viten Program offers an excellent example of how the Internet and World 

Wide Web effectively relate the learning of sciences in school to the modern world. An 

example is how the students communicate effectively with the researchers and partake in 

various research projects in association with others communities. The dependability is 

increased through continuous updates of program content through the use of various online-

based learning resources (Pekdağ, 2010).  

The World Wide Web is also a “tool in research and discovery, offers Pre-K-12 science 

education an opportunity to share information and perspectives which engage students with the 

scientific community” (Zoller 2011). Murphy (2006) also studied the influence of ICT on the 

T&L of science in primary schools and observed that “the Internet is used in primary science 

both as a reference source and as a means of communication”. With access to open, transparent 

sites, students will be able to create shared resource pools and autonomous working clusters, 

which can be used for shared problem solving.  

Internet-based learning activities have been implemented in many science lessons 

(Hoffman, et al., 2003; Tsai, Lin & Yuan, 2001; Tsai & Chou, 2002; Wallace, 2004). Many 

researchers perceived this mode of learning to be constructivist (Taylor, Casto, & Walls, 2004; 

Chou & Tsai, 2002).  In particular, Internet-based science instruction relates scientific 

knowledge to real-life situations or student prior knowledge, thus provide scaffolding to 

students’ learning.  

The presentation of the concepts through real-life situations, and the effective and rich 

knowledge-negotiation tools or resources that are available are benefits of Internet-based 

learning, as pointed out by Jonassen et al. (1999). Tsai (2001b, 2004a) further emphasized the 

metacognitive and epistemological involvement in the constructivist, Internet-based science 

learning environments. She views that reflective thinking, critical judgment and 

epistemological awareness are important elements that influence the formation of conceptual 

understanding in the environments where abundant information concurrently exists. This is 

concurred by Pickersgill (2003), who explored current ways of teaching science utilising the 
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Internet. He finds that “the ease of Internet access allows teachers to help students become 

more proficient in searching for information rather than receiving facts”. He claimed that it 

could “increase students’ awareness of the importance of the world around them, of citizenship 

and of a scientifically literate community”.  

 

2.15.2.4 Videos 

Educational videos are significant in facilitating learners acquire knowledge due to the 

use of multiple representations, such as still and moving images, audio, and animations to 

present learning content dynamically that may be otherwise be difficult to bring about through 

textbooks (Tantrarungoroj & Lai, 2008).  

The use of appropriate video resources can better engage learners (Green et al., 2003; 

Zhang, Zhou, Briggs, & Nunamaker, 2006), intensify motivation and self-efficacy (Bennett & 

Glover, 2008), and enhance understanding (e.g., Choi & Johnson, 2005; Gross et al., 2015; 

Reisslein, Seeling, & Reisslein, 2005; Zhang et al., 2006). Moreover, watching the changes of 

visual information, rather than mentally inferring this information, allows learners to avail 

cognitive resources to establish and assimilate information more proficiently (Hegarty, et al., 

2003; Schnotz & Rasch, 2005). Dynamic visualizations can present content that is hard to 

articulate but easy to demonstrate (Chandler, 2009b). 

Such video resources can be posted online for students to explore individually at their 

convenience. As such, learning will be more student-centric, with better student autonomy and 

control in the study process. Students with better conceptual understanding can skip over 

scaffolds intended for weaker learners (Kalyuga, Ayres, Chandler, & Sweller, 2003). 

Additionally, videos will be especially useful when teaching students with diverse backgrounds 

and skills, including non-native English speakers and those with learning challenges (Zhang et 

al., 2006). 

Despite the fact that the use of multimedia in T&L has increased during the last two 

decades (Chandler, 2009a), the use of video has continued to increase over the past decade to 

become the third most popular genre for learning, and reached 38% of adult Internet users, as 

documented in a recent study (Purcell, 2010). They are now more accessible for delivery 

through the Internet, especially those from YouTube. User-friendly software is making it easier 

for teachers to digitize lessons and provide supplementary material online. 
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2.15.2.5 PowerPoint 

 Presentation software (Microsoft PowerPoint, Prezi, Google Slides) are used 

extensively in teaching. Among these, PowerPoint is most frequently used in class (Hill et al., 

2012). Microsoft stated that 30 million PowerPoints appear each day; also 400 million 

PowerPoint presentations have been used as of 2001 (Craig & Amernic, 2006). Today, the 

numbers are definitely far larger (Kosslyn et al., 2012). PowerPoint is widely used because it 

can be used by anyone without complex technical skills. Texts, images, audios and videos can 

be inserted into slides easily. Presentations can also be shared through the Internet, which can 

be used as course notes or revision packages for students (Hertz, van Woerkum, & Kerkhof, 

2015; Hopper & Waugh, 2014). Sometimes, PowerPoint may also substitute instructors and 

support them in T&L (Hill et al., 2012; Craig & Amernic, 2006). 

Although there are myriad researches on PowerPoint, most of them are anecdotal. Only 

a few studies explored PowerPoint in terms of cognitive learning theories (Cooper, 2009; 

Fritschi, 2008).  

 

2.16 Role of ICT in enhancing learning of science and promoting CC  

CC teaching has its origins in the post-Sputnik reforms, as one of the pioneering 

methods to apply the constructivist learning theory as well as to respond in diverse ways to the 

circumstances imposed by new research (Zhou, Xu, & Martinovic, 2017). Research on CC has 

therefore inspired an array of strategies that also share similar differentiating aspects. Within 

the existing research literature, the phrase, "teaching for CC" has often been taken to imply the 

instructional approaches that consider prior experiences and knowledge of the learners into 

account. Keeping in mind the ACs that learners bring to the classroom, suitable activities can 

enable learners to move from the less precise to the more precise comprehension of science 

concepts, as well as guide them in the modification of ACs in their existing conceptual ecology. 

Learning processes in sciences and in other disciplines are very dependent significantly 

on CC views. CC is imperative both in research studies on T&L as well as in instructional 

design. A study conducted by Treagust and Duit (2011) examined the various ways in which 

teachers facilitated the learning of science in schools in aspects, such as collection of data and 

empirical evaluation of learning. They established that CC perspectives can advance 

instructional practices significantly. It is also evident that the actual practice of science 

practicals in labs is far from what CC viewpoints hold. 

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



 

69 

The overall idea of pedagogical principles in learning science is that they promote 

scientific understanding and encourage identification of the thought processes of students, 

especially when using ICT as ways for learning science (Afshari & Bakari, 2010). Studies have 

provided sufficient evidence to show that several areas of difficulties in learning concepts in 

science can be made simpler for students through the use of ICT tools to help them better 

visualise and understand the concepts (Bellou, Papachristos, & Mikropoulos, 2018; Majoni & 

Majoni, 2015). Those scientific concepts made amenable via thoughtfully crafted ICT-based 

tools can then bring about productive CC among learners (Dori & Kaberman, 2012).  

ICT also promotes CC and application of science by encouraging interdependence 

among students through learning from each other through social activity structures that govern 

teaching and practice processes (Gomez & Machando, 2016). The process of understanding 

scientific concepts as well as scientific processes depends on specific roles played by visual 

modes of presentations.  

A 3-D virtual learning environment developed by Majoni and Majoni (2015) shows that 

digital presentation aids in the teaching of physics in secondary-level schools in Zimbabwe by 

fulfilling different modes of learning. They propose that a virtual environment can be tapped 

collectively by the students to motivate themselves to initiate CC if necessary and develop 

better conceptual understanding of scientific concepts, both in the classroom and in the 

laboratory.  

Bivall, Ainsworth, and Tibell, (2011) conducted an inclusive review of the instances 

and levels by which ICT impacts on the learning processes in physics and chemistry. Their 

findings reveal that there are various ways in which ICT can be used for class teaching. Both 

Majoni and Majoni (2015) and Ainsworth and Tibell (2011) conclude that evidence for the 

impact of ICT in promoting CC in science is rather isolated since it is still not widely practiced 

in most developing countries (Minogue & Borland, 2016).  

The other aspect that is vital in the study of CC in science using ICT is the status of the 

learners. Jimoyiannis (2010) posits that the conceptual state is mainly used in the classification 

of the conception's status as being intelligible, fruitful and plausible, and is especially important 

in the evaluation of the changes within the learners' comprehension in the course of learning. 

In instances where the competing conceptions do not produce any form of discontent, the novel 

conceptions might be effectively assimilated together with the old one (Flaig et al., 2018).  
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In analysing CC learning in science using ICT, diSessa (2014) maintains that, in the 

last three decades, studies have indicated that the learners often bring to the science class 

several pre-instructional ideas and conceptions with regards to the concepts and phenomena to 

be learnt, and that might not conform to the scientific perspectives.  Moreover, such thoughts 

and understandings held by the learners usually are firmly rooted and may be resistant to 

changes (Ludvigsen & Mørch, 2010). Yeo et al. (2004) found that students interacted 

superficially and retained their ACs even after going through a projectile motion simulation. In 

this case the competition between two or more rival conceptions discloses existing 

incompatibilities; also, several conceptual events are prone to occur. For instance, the older 

understanding has effectively retained its status in students while conceptual exchanges might 

not take place effectively (Noble & Noble, 2017). It seems like, ACs when added to ICT 

treatments may not help but instead hinder learning. They may induce an extraneous cognitive 

load on the student, preventing them from building the right mental models. This is backed up 

by other researchers who indicated that students will need more scaffolding to focus on 

conceptual issues in an ICT-based lesson in order to promote better understanding and possibly 

CC (Lowe 2004).   

It is, therefore, vital to remember that the conceptions that are replaced might not be 

forgotten by the student, given that he might partially or fully reinstate it with time (Barner & 

Baron, 2016). Cheng and Tsai (2013) emphasize that, as opposed to the teacher, the learner is 

usually tasked with deciding on both the CC and the conceptual status. This observation tends 

to be in sync with constructivist learning theory and the individual nature of mental models 

(Redecker & Johannessen, 2013). Research that has made use of the idea of conceptual status, 

such as the study carried out by diSessa (2014), have adequately evaluated the effectiveness of 

making use of various analogies in engendering CC in the learning of science by students. 

The use of educational softwares and other digital or printed tools is more effective 

when ACs are taken into account (Solomonidou & Kolokotronis 2008). ICT-based teaching 

can be subsequently deployed in reducing conceptual errors Çepni, Taş, & Köse, 2006; Çalik, 

Kolomuç & Karakölge, 2010; Ünal, 2007). In the school context, once teachers can identify 

ICT affordances, learning outcomes, and associated pedagogical practices, CC can occur 

(Monaghan & Clement, 1999, Tao & Gunstone, 1999). For example, in the study by Tao and 

Gunstone (1999) a ‘Force and Motion Micro worlds’ is infused into a 10-weeks physics course 

for 15-year olds in high school. To examine if students’ conversational interactions can also 

lead to CC, ICT-based resources have been designed specifically to target students’ ACs in 
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mechanics. This part of the course is designed to be undertaken by students completing 

worksheets in pairs. The teacher who teaches other parts of the course is deliberately not 

involved, so that the students are solely dependent on the ICT-based resources for learning. 

During the process, students argued and built on each other’s ideas and incrementally initiating 

CC when necessary, before reaching a shared understanding.  

Ronen and Eliahu (2000) noted that simulations helped students recognize and change 

their ACs on the topic of electric circuits. A longitudinal study conducted over a semester 

confirmed that students who used both real and virtual experiments demonstrate superior 

conceptual understanding than those who use hands-on experiments only (Zacharia 2007). 

Complementing game simulations and real-life learning can be an influential tool for 

supporting conceptual exchange in scientific understanding of students (Stančić, Seljan, 

Cetinić, & Sanković, 2009-2010). The foregoing studies, among myriad others previously 

conducted, provide sufficient evidence that several areas of difficulties in learning science 

concepts can be made simpler to students through simulative models that represent the actual 

concepts (Bellou, Papachristos, & Mikropoulos, 2018). Scientific concepts based on mindfully 

crafted ICT-based simulations can also lead to productive CC among learners (Dori & 

Kaberman, 2012). 

Application of the Dual Situated Learning Model (DSLM) instruction in secondary 

school students on the topics of air pressure and buoyancy (She, 2002), thermal expansion (She, 

2003), heat transfer (She, 2004b), dissolution and diffusion (She, 2004a), and meiosis and 

mitosis (Tang, She, & Lee, 2005) have also shown effective CC, where ICT highlights possible 

differences between scientific theories and a learner’s ACs. This has the effect of increasing 

germane cognitive load, which promotes CC. 

ICT has opened up a whole variety of resources for the learning and conceptualization 

of science content for students in various educational levels (IES-Ireland, 2012). At the same 

time, a wide range of potential benefits are projected for both sciences teachers as well as 

students at different levels of learning. Although research has not exclusively established 

evidence of positive impacts of using ICT in training students in science subjects, different 

varieties of benefits have been derived, based on research in using ICT for teaching science in 

primary schools (Noor-Ul-Amin, 2011). Unlike social and humanity-based subjects, science 

subjects have shown different receptivity of ICT tools for teaching as well as promoting CC 

among primary students (Noor-Ul-Amin, 2011). 
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2.17 Recent studies on CC using ICT 

While research in science learning using ICT have mainly investigated the conceptions 

of students on the level of content, other researchers have focussed on the learners' conceptions 

at the meta-level, including the perceptions of learning and conceptions of the nature of science. 

The last three decades have witnessed an increase in research output on learners’ pre-

instructional conceptions (Cheng & Tsai, 2013). There have also been studies on parking 

learners' CC and conceptions into diverse theoretical frameworks with practical, 

epistemological and ontological orientations (Dunleavy & Dede, 2014). 

Recent studies on CC using ICT have also been categorized into teacher-centric and 

student-centric approaches. Teacher-centric studies where teachers are the key to CC, revolved 

around the instructional system, where visualizations/animations/simulations, use of websites, 

concept maps/mind-maps and CC text during the course of instruction, were used, In the 

student-centric model, students were the key agents in CC, and it revolved around collaborative 

inquiry, co-construction of knowledge, prescriptive tutoring, hands-on experiences with 

computer assisted instruction, and inquiry-based instruction.  

Table 2.13 shows selected studies on CC using ICT. 
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Table 2.13  

Selected studies on conceptual change using ICT approaches 

Topic Remarks Reference 

Optics 140 primary school students, aged 11–12 
years, using software items ‘‘Reflection and 
Diffusion’’, ‘‘M.A.TH.I.M.A.’’ and the 
website applet to help rectify the five 
misconceptions in Greece 

Tekos & Solomonidou 
(2009) 

Marine Ecology 73 students of two Grade 8 classes and 103 
students of three Grade 6 classes coming from 
2 different government-aided schools through 
World Maker modelling environment and 
pre/post-test (12 questions) in Hong Kong 

Li (2011) 

Force and Motion 30 ninth graders through Roundhouse 
diagrams (a visual instruction tool developed 
by Wandersee, using pre-test/post-test (20 
questions; MCQ, True/false, and fill in the 
blanks) in Turkey 

Kocakaya & Gönen, 
(2014) 

Force 12 students in third year chemistry classes, 
through interactive fiction book using 15 pre-
questionnaires on force concept inventory, and 
confidence on a five-point verbal scale in UK 

Flynn, et al. (2019) 

Natural and human-
made elements in our 
environment 

55 4th graders using CC texts were introduced 
at the explanation step of a 5E model using 
Computer Supported Applications with 
interview in Turkey 

Seker et al. (2017) 

Position and 
distance,  

Position graph for at 
rest objects, 

At-rest motion, 
position graph, 
Constant velocity 
and velocity graph 
Connecting motion 
and force 

8th grade secondary school using 
metaconceptually-enhanced, simulation-
based inquiry learning and CC in US 

Huang et al. (2016) 

Atom 211 eighth graders, using web-based Learning 
Program and Scientific Concept Construction 
and Reconstruction (SCCR) digital learning 
system in Taiwan 

Liao & Ching (2009) 

 

2.17.1 CC Studies on the Topic of Heat Using ICT 

Heat is a topic that comes under the framework of thermodynamics (Mulop, Yusof, & 

Tasir, 2012). One of the difficulties students face while learning about heat is that a number of 

concepts seem advanced, and require special tools to help in the understanding and 
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comprehension of the theories and formulas inherent in the topic (Amalia, Sari, & Sinaga, 

2011). The necessity for appropriate measures for transfer of knowledge has, however, led to 

the development of an array of technological tools to promote CC studies in the topic of heat 

and related thermodynamic concepts (Schnittka & Bell, 2012). 

In a review by Mulop, Yusof, and Tasir (2012) of different approaches that can be used 

to catalyse CC on the topic of heat, simulations seem to have a significant impact in teaching 

and understanding of the concepts of heat transfer by enabling students to conceptualize what 

they were taught while in class and to transfer the knowledge to practical contexts.  

Johnson and Fortidez (2010) investigated the application of computer software 

packages to assist primary school students understand explanations given about the concepts 

of boiling and melting. Their study involved two parallel classes in a primary school using a 

short intervention. All the students covered similar topics. While one class was taught using 

software-based simulations, the other group was taught using hands-on activities. The study 

concluded that both groups of students made progress, but the software simulation had helped 

students understand more concepts on evaporation. 

Various other studies have also supported the use of simulations in understanding heat 

concepts. Several areas of difficulties in learning the concepts in heat can be made amenable 

via simulative models (Bellou, Papachristos, & Mikropoulos, 2018; Giljers & Jong, 2015). 

Another study also reiterated the use of carefully designed ICT-based simulations to promote 

CC among learners. (Dori & Kaberman, 2012).  

 

2.17.2 CC Studies on the Topic of Light Using ICT 

ICT has opened up tremendous potential for learning and conceptualization of topics in 

light such as reflection. Learning the characteristics of light, especially those related to helping 

students understand the occurrence of reflection and refraction of light in secondary and post-

high school levels, was also recognised to depend on the teachers’ use of web-based methods. 

Hendikawati and Dewi (2016) established that the Internet provides an important platform for 

both students and teachers to gather important information on different concepts that pertain to 

the nature of optics and its relationship to matter. The pedagogical principles behind using 

Internet platforms for expanding students' knowledge on optics is that it widens the student's 

scope of a concept by supplying them with more knowledge. 
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Modelled simulations of reflection and refraction concepts of light have also been 

applied as an integral part of understanding light concepts. Several areas of difficulty in 

learning the concepts of light can be made simpler to students by the use of simulative models 

that represent the actual concepts to promote CC when necessary (Marshall & Taylor, 2016).  

 

2.17.3 Conceptual Change Studies on the Topic of Photosynthesis Using ICT 

Photosynthesis is an abstract topic in the biological sciences, and many students 

experience learning difficulties owing to inadequate laboratory structures and planning. A 

study by Kici (2012) aimed at establishing the role of ICT in overcoming the ACs and learning 

difficulties about photosynthetic concepts. Kici (2012) established that “computer-based 

instruction essentially supplies the students with an imaginary world that comes with 

possibilities that are absent in traditional learning environments”. It also has the advantage of 

giving immediate feedbacks, thus promoting CC. Flexible study durations further provide 

students opportunities to experience repeated learning till they fully understand the concepts. 

Parker et al. (2012) also established that learning as well as possible CC in understanding 

photosynthesis largely depends on the techniques applied in teaching. Simulation through ICT 

can enhance visualisation and understanding of this concept. 

Other studies have also provided sufficient evidence to show that several areas of 

difficulties in learning the concepts of photosynthesis can be made amenable with the use of 

simulative models that represent the actual concepts (Bellou, Papachristos, & Mikropoulos, 

2018). Those scientific concepts leverage on carefully planned ICT-based simulations that can 

promote productive CC among learners.  

Additional applications of advanced ICT to promote CC in concepts on photosynthesis 

was also demonstrated by using computer-aided nanotechnology gadgets that mimic the actual 

photosynthetic procedures that break down water into hydrogen and oxygen (hydrolysis) (Dang 

et al., 2011). Belcher (2012) demonstrated the use of nanotechnology simulations to facilitate 

high school students’ understanding of hydrolysis during photosynthesis. Research has pointed 

out that such computer-aided tools can form an integral part in the T&L processes by 

facilitating student engagement in the actual exploration of the process of photosynthesis using 

an artificial medium which further enhances their understanding through the promotion of 

needful CC (Li, Zhang, & MacFarlane, 2014). 
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2.17.4 CC Studies on the Topic of Energy forms and uses using ICT 

CC in science, particularly in the topics related to energy and its relationship to matter 

as well as other disciplines in physics, are almost entirely dependent on ICT (Kalogirou & 

Badescu, 2019).  

One of the most vital components of ICT use in improving conceptual understanding 

of energy, especially in elementary school, is the use of Internet-enabled gadgets to acquire 

information, both in class and during basic searches conducted for students (Henriksen, 2013). 

Topics on energy, such as new technologies for harnessing wind energy using computer-based 

techniques such as software are new to most students, especially in developing countries. 

Conceptualization processes in these topics might therefore not be an easy task (Afshari & 

Bakari, 2010). The Internet can supply students with the necessary information. Studies have 

established that the Internet provides an important platform for both teachers and the students 

to gather important information and promote CC when necessary on different concepts that 

pertain to energy (Valenza, 2013). The pedagogical principle behind using Internet for 

expanding the students' knowledge is that this tool widens the student's scope of a concept by 

supplying them with more knowledge, availing useful literature as well as widening the 

perception of students with regards to concepts learnt and promoting self-directed CC when 

necessary. 

Seraphin, Philipoff, Warren and Degnan (2012) conducted an online study to find out 

more about the potential of ICT for building inquiry skills in secondary and high school 

students and teachers on the topic of energy. Data acquired alluded that online opportunities 

enhanced students’ participation in the learning process. Teachers’ interviews revealed that 

online modes of student-teacher exchanges were more effective in the evaluation of students’ 

level of understanding and promotion of CC on energy-related topics.  

 

2.18 Current teaching and learning pedagogy in science in Singapore 

The Curriculum Planning Development Division (MOE, Singapore) has recommended 

5E learning cycle as the pedagogy for T&L of science; both for primary and secondary science 

education in Singapore since 2008. All schools in Singapore use the 5E learning cycle as the 

key pedagogy in the teaching of science, and all science teachers are trained to deliver science 

using the 5E learning cycle. A few classes in schools use the frontal teaching method in science. 
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These are usually for the lower ability classes that may not be able to follow the rigor of the 5E 

learning cycle.  

Integration of ICT into curriculum, pedagogy and assessment of subject disciplines and 

supporting resources is strongly encouraged.in Singapore schools. This will ensure ICT is 

appropriately embedded at the design and development stages of curriculum and is effectively 

utilised to deepen subject mastery and develop 21st century competencies in students. 

Undergirding quality learning with ICT is a set of future-ready, scalable, and reliable 

infrastructure in every school. It has the capacity for students to learn anytime and anywhere. 

 

2.18.1 5E Learning Cycle 

The 5E Learning Cycle, proposed by Robert Karplus in the early 1960s, has been 

regarded as a general philosophy of T&L with strong constructivist foundations. The 5E 

Learning Cycle consists of 5 phases: engagement, exploration, explanation, elaboration, and 

evaluation (Bybee & Landes, 1988; Bybee et al., 2006; Eisenkraft, 2003). It is a “teaching-and-

learning procedure consistent with the privileged status of inquiry and with the ways in which 

students naturally learn” (Musheno & Lawson, 1999).  The various phases are elaborated 

below: 

Engagement phase (E1): The teacher assesses students’ prior knowledge and engages 

them in learning a new concept. The teacher also helps students make connections between 

prior and present knowledge, and helps to organize students’ thoughts about the learning 

outcomes of the activities.  

Exploration phase (E2): The teacher provides students with a common base of 

activities, reflective of present concepts, processes, and skills. Students complete activities by 

using prior knowledge to generate new ideas, to explore questions and possibilities, and to 

execute a preliminary investigation.  

Explanation phase (E3): The teacher focuses students’ attention on a specific aspect of 

their engagement and exploration experiences, and provides opportunities for them to 

demonstrate understanding or skills. The teacher can also use direct instruction and guide the 

students towards a deeper understanding of the concept.  

Elaboration phase (E4): The teacher challenges and extends students’ conceptual 

understanding and skills.  
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Evaluation phase (E5): The teacher evaluates students’ progress toward achieving the 

instructional goals.  

Students learn to evaluate their own understanding and abilities. Several studies have 

indicated that the 5E Learning Cycle has been effective across grade levels (Barman, 1992; 

Barman, Cohen, & Shedd, 1993; Purser & Renner, 1983; Saunders & Shepardson, 1987; 

Stepans, Dyche, & Beiswenger, 1988). For example, in their study of an eighth-grade genetics 

class, Balci, Cakiroglu and Tekkaya, (2006) compared the effectiveness of the 5E Learning 

Cycle with that of expository instruction. It seems that the activities for students in the 5E 

Learning Cycle helped them to activate their prior knowledge and to overcome challenges with 

their ACs. In addition to the knowledge gains, these students also had the opportunities to 

explain, and dialogue their ideas and practices that facilitate further extension of their own 

conceptual understanding.  

 

2.18.2 Frontal teaching 

Frontal teaching is primarily a teacher-directed pedagogy that follows the practice that 

all class members have uniform academic tasks and uniform ways of performing them. 

Typically, the level of instruction is “adjusted to meet the needs of high- or average-ability 

students” (Oakes, 1985), while the “pacing of instruction is based on feedback from low-

achievement students” (Dahloff, 1971). Research has shown that it does not cater to individual 

learning differences among students (Ben-Ari & Shafir, 1998; Karweit, 1987; Klein & Eshel, 

1980).  

A comparison of 5E and frontal teaching is shown in Table 2.14. 
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Table 2.14  

Analysis of 5E and Frontal Teaching   

 5E Frontal 

Task • Performed in small heterogeneous 
groups of students but facilitated by 
teacher.  

• Characterized by multidimensionality, 
encourages group members to apply a 
variety of skills (cognitive, perceptual, 
artistic, social and practical) in order 
to master the task.  

• Promotes initiative and questioning.  
• Presents and requires multiple routes 

to complete the task.  
• Fosters cooperation, discussion and 

debate among group members. 
 

• Performed individually by teacher.  
• Characterized by uni-dimensional 

nature: limiting the repertoire of 
skills and ability, emphasizing 
standard academic skills, for 
example, reading and writing. 

• Promotes consensus and compliance. 
• Performed in uniform ways by most 

students. 
• No encouragement of interaction 

between the students, and, if so, 
usually characterized by 
competitiveness. 

Evaluation • Multiple evaluation; encourages 
alternative methods of evaluation 
based on the learning process.  

• Encouragement of peer cooperation, 
and focus on effort.  

• Non-competitive incentive structure, 
based on cooperation of group 
members. 

Single evaluation; encourages 
standard methods of evaluation based 
mainly on the end product, usually an 
achievement test.  

• Encouragement of peer comparison 
and focus on ability.  

• Competitive incentive structure, 
based on individual performance. 

Authority • Students are given the opportunity to 
engage in decision making with regard 
to the desired ways of performing the 
task, while the teacher refrains from 
controlling the group learning process. 

• Teacher’s role is centralized and 
students have no responsibility for 
the conduct of the lesson. 

 

 

2.18.3 Remedial Learning 

In the traditional teaching context, the teacher will analyse students’ learning problems 

and subsequently propose a series of remedial learning activities to help them overcome the 

learning barrier for reaching the desired learning outcomes.  

Remediation is a “kind of clinical teaching” (Chan, 2001). It is also a form of “cyclic 

process of test-instruction-retest or diagnosis-remediation-test”. Formal remedial instruction is 

generally used for special education, with greater prevalence in Asian contexts due to the heavy 

emphasis on academic achievement. Nevertheless, the demand for remedial teaching for low 

achievement learners with some ACs is somehow neglected in larger classrooms. If formal 

diagnosis and remedial instruction can be implemented in all classes, it can help students bridge 

gaps in their learning.  
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Remediation can be hard to conduct as it requires extra manpower and time. The use of 

approaches, such as ICT, may circumvent this situation to some extent. Diverse and multiple 

representation forms of digital materials, based on divergent learning theories, can be utilised 

for different learning styles of students. Although crafting exceptional and suitable digital 

materials using ICT is not easy, computer-based materials can be built as modules, which have 

reusable features.  

Web-based servers can be used as virtual resource centres for remedial learning. 

Remedial materials resource management platform can also be used, with the prevalent use of 

the Internet in classrooms. Classrooms can be fitted with such computerized remedial course 

management system, so that learners are given access to remedial materials after diagnosis. 

This will provide evaluative modes to trace the learning status of students as well as build a 

profile of the students in the learning process. To circumvent learning frustration, simple 

learning design is the key consideration. Low achieving students can practise remedial 

learning, based on their learning requirements (Du, 1993; Lin, 1997). 

 

2.18.4 ICT Pedagogy 

ICT is considered to be a useful tool with regards to pedagogy. The introduction of ICT, 

along with its additional extensive access in educational institutions, has a central part to play 

with regards to re-shaping the current pedagogy and curriculum in the sciences (Lombardi, 

Nussbaum & Sinatra, 2016). ICT tends to provide ready access to a large collection of Internet 

resources, in addition to other novel resources and tools that avail and increase the chances for 

empirical investigations, both within and outside the classroom milieu (Glaze & Goldston, 

2015).  

According to Brow (2017), the employment of ICT pedagogy in learning tends to prop 

up the quality enhancement of the process of learning as it assists both in the curriculum 

objectives and educational skills development. Additionally, ICT tends to affect learners and 

the learning milieu, given that it entails the changing of aspects of the curriculum, relationships 

between learners and teachers, as well as the instruction processes (Psycharis, Chalatzoglidis, 

& Kalogiannakis, 2013).  Several aspects of the ICT pedagogy conform to the various 

principles that underlie the learning of sciences. This aids in the enhancement of education 

through bringing in practical challenges into the classroom setting, and offering the tools and 

scaffolds necessary to improve learning (Brown, 2017). According to Mills, Tomas and 
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Lewthwaite (2016), ICT pedagogy has the potential to effectively play a significant role with 

regards to ensuring that school science becomes more pertinent, motivating and inspiring for 

learners, in addition to the observation that it provides essential opportunities for dissolving 

existing boundaries between society and school. Duit (2016) notes that present day learners are 

tasked with learning in novel contexts, search databases, construe models, and critique content 

in the various electronic resources, so as to be competent in both the school and in the 

workplace. ICT pedagogy proffers novel learning resources, supports novel instruction modes, 

and expands opportunities for research in science education (Su, 2011).  

One of the benefits from the use of ICT pedagogy for science learning, reported in 

several research studies, is the encouragement for engagement in communication and 

collaboration in science research activities. Gillespie (2006) noted that “new technologies can 

be used in primary science education to enable students to collect science information and 

interact with resources, such as images and videos, and to encourage communication and 

collaboration”. New technologies may also help to enhance student motivation (Osborne & 

Collins, 2000), promote better thinking, and develop skills in interpreting data (Newton & 

Rogers, 2003). Another advantage of infusing ICT in science education is that it “expands the 

pedagogical resources available to science teachers” (Al-Alwani, 2005).  

In spite of the investments that have been made with the objective of integrating ICT in 

education, and particularly in the T&L of science, Dobber et al., (2017) observed that a 

significant proportion of science teachers had little success in practicing ICT pedagogy 

effectively. Pervasiveness of ICT pedagogy is thus heavily reliant on teachers’ motivation and 

how these technologies are used (Cheng & Tsai, 2013).  

Even as classroom environments have been efficiently reorganized and enriched with 

the assistance of ICT technologies, it is imperative to enhance the motivation of the learners by 

taking into consideration the classroom environment and the learning resources. Effective 

integration of ICT in schools, such as in Singapore, is very much dependent on pedagogical 

and policy implications (Lim, 2007). Sadler (2011) asserts that at the education level, studies 

on the possible advantages of ICT pedagogy tend to follow logically from the substantial 

investments in software, hardware, and infrastructure in addition to the development of the 

teachers' competencies.  Of course, such learning milieus require modification of the methods 

of T&L. Conversely, it also requires shifts in education standards and teacher professional 

development (Lin et al., 2016). 
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2.19 Gaps in the literature 

The topics on the theme of energy have been explored to varying degrees in terms of 

students’ conceptions and ACs. Teachers have problems in teaching these topics.  

Among the myriad studies on the ACs of different concepts on the theme of energy, 

each study has adopted a varying range of instruments, consisting of a variable number of items 

to test different concepts on the topic. This makes direct comparisons of the robustness of each 

AC challenging.  

There also appears to be a need to craft robust instruments that can ascertain the 

pervasiveness of ACs reliably and easily, as well as to document the nature of ACs on the 

theme of energy. Despite the richness of reports on these ACs, few have targeted on producing 

enhancements in students’ conceptions, CC or even an attempt to measure such improvements 

in conceptual understanding reliably. For example, quite a number of studies use MCQs for 

probing ACs. Here, we need to be cautious on treating incorrect answers as ACs. Two-tier 

MCQs represent an improvement on MCQs and can ascertain the prevalence of ACs more 

reliably. To better discriminate ACs, use of confidence scales appended to MCQs or two-tier 

MCQs can be helpful. However, this has not been explored in the studies on ACs at the primary 

level.  There is a need for a new diagnostic format for extracting students’ ACs. There are some 

drawbacks in the existing diagnostic formats, and this can be addressed using the format that 

will be elaborated further in the next chapter. 

It was also found that most studies focused on isolated topics/concepts instead of a 

theme of related topics/concepts. The context and processes of conceptualization are not 

strongly emphasized. Without demonstrating the viability of an implementable strategy that 

helps students remediate these ACs, and proving the enhancements in students’ understanding, 

teachers will continue to feel constrained when making an effort to teach the theme of energy.  

The reason for the focus on ACs and CC on the theme of energy is that the theme of 

energy makes up 20% of examination questions in the Primary School Leaving Examination 

(source: Singapore Examinations and Assessment Board, 2014) out of the 5 themes of 

Diversity, Cycles, Systems and Interactions. From the annual report of the Singapore 

Examinations Assessment Board (SEAB) to all Primary Schools on the overall performance of 

students in Primary School Leaving Examination (PSLE), a consistently high percentage of 

candidates did not perform well on the theme of energy. Results analyses of students’ 

performance in cluster schools also affirmed this observation. As the theme of energy spirals 
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upwards in secondary science syllabus, it is essential to remediate students’ ACs on this theme 

so as to ensure students have a good foundation on the theme of energy and to allow subsequent 

build-up of content in secondary school as part of a learning progression. 

The literature is also sparse when it comes to documenting the ACs of students in Asian 

countries. No study has yet focused on the ACs of students on the wider theme of energy in the 

Singapore context. 

Research on CC learning in science has over the years developed considerably. The 

theoretical frameworks and research methodologies used have permitted improved evaluations 

of both the T&L processes in science. The outcomes of these existing studies offer an 

authoritative guide for the practical advancement of the instructional designs for science 

education that incorporates ICT. Nevertheless, a significant gap exists with regards to what is 

known within the CC research domain, particularly with regards to active T&L and what may 

be put into practice within the standard classes (Duit, 2016). As noted earlier, science teachers 

are generally not aptly informed with regards to the actual perspectives of active T&L strategies 

found in research studies. A significant proportion of science teachers hold convictions that are 

restricted when viewed from the CC framework (Duit, 2016). Some of the isolated facets of 

such viewpoints have been integrated into the mostly communication perspectives (Brown, 

2017). 

Moreover, traditional instructional practices are far removed from the practices that are 

informed by the perspectives on CC. CC has to be intricate even as the teaching strategies have 

been more elaborate in the last three decades.  Such developments are deemed essential in 

addressing the complex phenomena of learning science (Gere et al., 2019). However, the gap 

between things that are essential from the perspective of researchers and things that may be put 

into practice by science teachers have increased with time. As such, it is vital that the paradox 

is addressed to some extent so as to model the CC approach adequately. 

Researches drawn to the potential benefits of instructional uses of ICT have led to a 

number of studies looking into the effectiveness of ICT for supporting science T&L, with 

several reviews published on this research area previously. These include both meta-analyses 

(Bayraktar, 2001; Kulik, 1994; Lee, 1999) as well as narrative reviews (Akpan, 2001; deJong 

& van Joolingen, 1998; Thomas & Hooper, 1991; Weller, 1996). In a study that uses the 2006 

Programme for International Student Assessment, Information and Communication 
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Technology (PISA ICT) familiarity questionnaire, Spiezia (2010) found that increased use of 

ICT is correlated with higher PISA test scores in science. 

Although the theoretical underpinnings of online and ICT-based education have been 

developing rapidly, few studies have proved effective online instructional approaches for 

learning (Tsai, 2010; Tsai, Shen, & Tsai, 2011). In online learning environments, active and 

constructive meaningful learning will only happen when students develop knowledge in 

response to their environment, “reflecting on an activity and articulating what they have learnt” 

(Ferguson, 2011). Hence, this type of study on the use of ICT-based pedagogy will be 

advantageous to teachers as it provides a referent when they carry out similar ICT infused 

lessons (Ellis, Hughes, Weyers, & Riding, 2009).  

There seems to be a lack of studies on Asian students’ CC, with hardly any studies in 

the Singapore context on primary students’ ACs on the theme on energy and research on CC, 

even though our education system is highly regarded. But does that mean that our students have 

few ACs and show better understanding? This is crucial as conceptions built are somewhat 

resistant to change later. 

Among these few ICT and science teaching studies, minimal context has been on 

student-centric approaches (17% out of 200 recent articles). Only 9% of studies on student-

centric ICT approaches are remediation-based, with only one parallel article on ICT-based 

remediation to improve secondary school students’ revision of physics concepts (Soong & 

Mercer, 2011). Few studies use two-tier MCQs to monitor CC in primary students, with none 

using three-tier MCQs. 

In order to expand the academic discourse and to deepen the researched knowledge 

concerning the cognitive effects of ICT-based remediation, it would be prudent to add a 

research angle that has not been widely explored in the literature, the CC of students after ICT-

based remediation. Moreover, the current research adopts the deeper consideration in the 

correcting of ACs on the theme of energy, which consists of the topic of heat, light cum 

photosynthesis and energy forms and uses, which is different from previous studies. 

Teachers are not interested in the modules available in the market in the learning 

process as they find that most of “these modules are too formal, not interesting, and do not 

follow the syllabus” (Norsiati, 2008; Roziah, 2005). Through ICT, students can be better 

engaged and encouraged to partake more actively in learning. Teachers’ roles can then become 

more “focused on enabling learning through interactions rather than spend time in basic 
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organizational and management tasks” (Webb, 2010). This is the reason for this study to focus 

on promoting CC through ICT-based remediation approaches; it is embarking on a challenge 

which has been one of the current foci of educational research.  

In this study, it is sought to extend this research by exploring whether or not ICT 

integration may coalesce to provide opportunities for CC in curriculum-based and technology-

enhanced experiences for primary school students. This study intends to fill a gap in the 

literature by examining the processes and effectiveness of integrating ICT-based remediation 

packages in the learning of science.  

The results of this study will therefore be pregnant with pedagogical implications. The 

information about how students can be guided to overcome their difficulties and modify their 

ACs on energy can be utilized by educators in addressing or minimizing their students’ learning 

obstacles in relation to concepts under the theme of energy. 

 

2.20 Theoretical frameworks for current study  

In this study, alternative framework (AF) is used in the pursuit of uncovering ACs 

students may harbour. AF refers to “ideas that are not sound or acceptable in the domain of 

scientific explanation” (McClelland, 1984). New information that comes into the minds of 

students with pre-existing knowledge can form AF to process the new information. Students' 

understanding of scientific concepts “depends on whether they accept, reject or modify the new 

information” (Davy Seligin, 2010). AF and all other concepts can be simplified and categorized 

into two levels: (a) level one, consisting of ACs, concept difficulties, personal conceptions, 

existing knowledge, and student perceptions; and (b) level two, consisting of concept 

framework, and alternative explanations. In this study, the level one of AF is our focus. A 

collection of ACs among the students can form AF, which can be dominant in the determination 

of students’ understanding of science concepts.  

Cognitive Load Theory (CLT) (Sweller, 1988) and Cognitive Theory of Multimedia 

Learning (CTML) (Mayer, 2009) are the underlying theories for the design and development 

of the ICT-based remediation packages. CTML uses the assumptions of CLT and the 

underlying principle that humans have limited working memory and can only process limited 

information each time (Baddeley, 2012). CTML postulates that people learn better from 

instructional materials that include words and pictures rather than words alone. As such, the 
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ICT-based remediation packages are put together using PowerPoint with the insertion of 

appropriate Internet videos and simulations as well as, data logging activities, where suited. 

CC approach (Posner et al., 1982) is chosen as the theoretical framework for the CC 

aspect of the current study. D.E.S.T.E. model (Solomonidou, 2009 is further used to guide 

instruction for the CC lessons. D.E.S.T.E. model mirrors “cognitive theory of multimedia 

learning” where the constructivist experience during ICT-enhanced remediation lead the 

students through the stages of CC and enhances their conceptual understanding (Solomonidou, 

2009).  

The reason for using D.E.S.T.E. model as framework for CC is that Posner’s CC 

approach see students as the owners in the remediation of their own ideas through an active 

approach (Tsaparlis & Papaphotis, 2009). In D.E.S.T.E. model, which stems from CTML, 

where “learners must carry out cognitive processes, such as selecting relevant words and 

images, organising them into coherent verbal and visual representations, and integrating 

corresponding verbal and visual representations for meaningful learning to take place” (Mayer 

& Moreno, 2002). 

Theoretical considerations such as “the processing limitations of managing the 

cognitive load demands associated with multimedia learning content” (Mayer, 2001; Paas et 

al., 2004) from the cognitive theory of multi-media learning need to be taken into cognisance. 

As such, segmentation is factored in under design of constructivist, student-centric learning 

environments where collaborative, problem solving and authentic task-based activities are 

supported by teacher scaffolding. Segmentation is a design principle where “learning materials 

are divided into short units and distributed over a series of instructional events, such as topics 

or lessons referred to as segments” (Clark, Nguyen, & Sweller, 2006). In video, segments are 

portions of visualizations that have a distinguishable start and end point, and which are notable 

by injecting pauses between various segments (Hasler, Kersten, & Sweller, 2007; Mayer & 

Chandler, 2001; Mayer, Dow, & Mayer, 2003; Moreno, 2007b; Spanjers, VanGog, 

Merrienboer, & Wouters, 2011). Segmentation in a parallel study, has been labelled as a 

“possible solution to the problem of information transiency in educational video” (Spanjers & 

Merrienboer, 2010). The purpose of segmentation in ICT-based remediation package is to 

“allow learners to intellectually digest manageable pieces of learning materials before moving 

on to the next segment of information” (Sweller, 1999).  
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In summary, CC approach augmented with D.E.S.T.E. model throughout the IC-based 

remediation package, can better encourage and engage students to participate more actively in 

learning. As such, teachers’ role could then become “more focused on enabling learning 

through interaction rather than spend time in basic organizational and management tasks” 

(Webb, 2010). 

 

2.21 Research Questions 

The research questions for the purpose of this study are as follows: 

1.       What are the common ACs harboured by primary students on heat, light cum 

photosynthesis, and energy forms and uses respectively? 

2.       What is the effectiveness of the ICT–based remediation packages developed for 

the various topics? In particular, 

a. To what extent are students’ ACs addressed through the ICT–based 

remediation packages for each topic? 

b. To what extent does the intervention affect students’ conceptual 

understanding, as manifested in terms of change in mean scores from pre-

test to post-test for each topic? 

c. To what extent do students’ mean confidence in the certainty of their 

responses change from pre-test to post-test for each topic? 

3.       What are students’ views of the ICT-based remediation packages? 

4.       What are teachers’ views of the ICT-based remediation packages? 

 

2.22 Summary  

Past studies have shown that students have ACs on the topics of heat, light cum 

photosynthesis and energy forms and uses, which are taught under the theme of energy in the 

Singapore context. Among the studies reviewed, none are carried out in the local context. In 

addition, most of these studies involve students who are older and are not equivalent to the 

Primary six level in Singapore. Hence, a local study can provide more relevant information on 

ACs on this topic, which would be relevant and useful to teachers here.  

Use of MCQs for diagnosis of ACs is not uncommon in myriad studies involving CC. 

However, the use of a modified three-tier MCQ is novel for primary students. The 
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combinations of answer/reason tiers with corresponding confidence can potentially enhance 

the accuracy of determining ACs. The study will thus take an exploratory approach in using a 

modified three-tier MCQ format in the development of the diagnostic instrument (concept test) 

to uncover ACs harboured by primary students on the theme of energy.  

CC approaches have proven to be effective in remediating ACs. The use of ICT, 

especially with visually rich resources such as videos and simulations, have helped learners to 

better visualize physical phenomena and processes. It is therefore strategic to utilise ICT to aid 

in the remediation of ACs.  

In this study, ICT is used to create intervention packages for selected ACs, with 

reference from the literature review as well as my personal experience in science teaching. The 

commonly available presentation tool, PowerPoint, will be used to assemble the teaching 

materials, including multimedia resources available from the web. This is to encourage teachers 

to replicate this mode of ICT-based remediation for CC once the findings have shown to be 

effective. It is easy for teachers to adopt such an approach as they are already familiar with 

PowerPoint and sourcing for multimedia elements from the Web. 
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CHAPTER 3 

METHODOLOGY 

Overview 

The methodology used in this study is described in this chapter. The subsequent 

sections explain how the instruments were developed, and the procedures for collecting, 

analysing and treating the data. There is also a description of the participants in this study.  

 

3.1 Objectives of study 

The principal objectives of this study were to identify ACs in students on the larger 

theme of energy, develop ICT-based CC packages that can address these ACs and assess the 

effectiveness of these packages when used on the control and two experimental groups of 

students. Additionally, teacher feedback and student feedback were sought on the effectiveness 

of the remediation packages. 

 

3.2 Research design 

This research adopted a quasi-experimental design with pre-test/post-test (Cohen, 

Manion, and Morrison, 2011) to explore how ICT-based remediation packages, put together 

using simple ICT affordances, can be utilised to address the ACs of primary science students. 

This intervention study involved three groups (41 in the control group, 81 in the experimental 

5E inquiry group, and 80 in the experimental frontal teaching group) of students from five 

intact classes from primary six in a neighbourhood school in Singapore. In total, 202 students 

participated in this study. The findings from the pre-test served to document the ACs of 

students. 

Students’ conceptual change on the theme of energy was evaluated through pre- and 

post- concept test. Additionally, interviews of teachers and students were conducted to generate 

further insights on the effectiveness of the lesson package in the remediation of the ACs. 
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3.3 Materials 

The following materials were crafted for this study. 

 

3.3.1 Design and development of Concept Test 

3.3.1.1  Test Items  

The researcher first reviewed the related literature on the selected topics and examined 

in detail all conceptual questions therein with regards to ACs on the larger theme of energy. 

Additionally, the researcher used her teaching experience and those of her colleagues to 

generate further ACs. (Table 2.5 on common ACs on the topics of heat, light cum 

photosynthesis, and energy forms and uses refers). A list of ACs related to heat, light cum 

photosynthesis and energy transfer were thus made available. The gaps in students’ 

understanding on the theme of energy were further revealed in the concept maps, drawn by 

students prior to the start of the formal curriculum on the theme of energy. These ACs were 

collated with the ACs commonly harboured by students, as shown in the literature review.  

Collectively these ACs - that is, those from the literature, teaching experiences of researcher 

and her colleagues, and concept maps drawn by students, were used as reference to craft the 

concept test. These concepts are based on the syllabus for upper primary science, and are 

concepts that are prone to ACs for the respective topics.  

Table 3.1 shows the concepts used to develop the test for each topic. 
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Table 3.1  

Concepts used to develop test for each topic 
Topics under the 
theme of energy 

Target concept 

Heat  (a) An object becomes hotter when it gains heat. 

(b) Heat is a form of energy whereas temperature is a measure of the degree of 
hotness of an object.  

(c) Solid expands and contracts the least when heated and cooled respectively, 
followed by liquid and gas.  

(d) Expansion takes place in all directions/ three dimensionally.   

(e) Hot air expands and rises.  

(f) Temperature of objects is not dependent on their size but on the amount of heat 
they possess. 

(g) Temperature of an object will always reach room temperature or equilibrium.  

(h) All materials conduct heat. Those which do so less efficiently are known as ‘poor 
conductors of heat’.  

Light cum 
photosynthesis 

(a) Objects that are non-luminous are seen when light is reflected off them into our 
eyes.  

(b) Light is reflected off surfaces it strikes. Light is reflected off dull, dark surfaces 
too. 

(c) Light can pass through transparent and translucent materials.  

(d) Size of shadow varies with change in distance between object and light source 
and screen.   

(e) The shape of a shadow is dependent on the opaque parts of the object which 
block the light.  

(f) Light energy is used by plants to make food.  

(g) Light energy from the sun will combine with carbon dioxide and water to make 
sugar in plants.  

Energy forms and 
uses 

(a) Some sources of energy are food and fossil fuel.  

(b) Energy can be converted from one form to another.  

(c) Objects at a height possess gravitational potential energy.  

(d) As objects move down a ramp/height, there is a combination of potential energy 
and kinetic energy.  

(e) Kinetic energy is dependent on the mass and speed of a moving object  

(f) Gravitational potential energy of an object is dependent on the mass and the 
height of the object from the ground.  

(g) Food/Batteries have chemical energy which is converted into electrical energy.  

(h) Elastic potential energy is found in both stretched and compressed objects.  

 

The test items were constructed as guided by the instructional objectives in the thematic 

plan of energy in the curriculum planning documents (Curriculum Planning Development 

Division, Ministry of Education Singapore) as of 2014. Items for the Concept Test, based on 
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the ACs collated, were then chosen from science item inventories of the South Zone Cluster. 

Items in these science item inventories were contributed and validated by Heads of 

Departments of Science in these cluster schools. For the purpose of  this study, they were 

modified accordingly. Each distractor in the questions was carefully constructed to bring out 

students’ common errors or ACs related to the theme of energy, as mentioned earlier.   

Twenty-three questions were constructed for the concept test for the pilot study and 

subsequently refined for the main study: 8 questions for the topic of heat, 7 questions for the 

topic of light cum photosynthesis, and 8 questions for the topic of energy forms and uses. (The 

topic of photosynthesis was subsumed under light as this topic has only a few specific learning 

outcomes in the primary science syllabus).  Each AC in the topic was covered by at least one 

question. Under the theme of energy, all concepts that are prone to ACs were tested. The 

number of questions was determined by (a) the fact that all common ACs are tested and (b) the 

fact that students are able to manage this number of questions without fatigue, within the given 

time frame. 

Once put together, five same level science teachers read through the questions and used 

a STAR quality checklist (source: Assessment in Singapore: Perspectives for Classroom 

Practice, Singapore Examinations and Assessment Board (“SEAB”) to validate the concept test.  

Table 3.2 shows the star quality checklist for questions in the concept test. 

 

Table 3.2  

Star quality checklist for questions in concept test 

S T A R 

Standard is 
appropriate 

Right content and 
language 

Free from technical 
errors 

No spelling mistakes 

Diagrams are clear 

Achievable 

Question is within the 
level and capacity of 
students 

Reliable  

Question test students 
on their understanding  

 

Questions that did not meet the STAR quality were refined until they fulfilled the 

criteria in the STAR quality checklist. 
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3.3.1.2  Format of Test  

A modified three-tier MCQ was chosen as the format for the concept test. A multiple-

choice test was first created during the process of the development of the concept test. For each 

question, students were required to write down the concept that they had used to derive the 

answer under the prompt, “I got the answer from the concept” for the 2nd tier of the concept 

test. As this was a conceptual test, the stem of the 2nd tier was purposely crafted in this way in 

order to direct students to write the concept used to arrive at their choice of answer.   

The usual “explain your answer” was not used for the 2nd tier as the intent of this tier 

was to assess whether they had the right conceptual knowledge for the particular question and 

not through reasoning by the process of elimination. This mode was chosen rather than getting 

the students to provide justification to support their choice of answer as the latter demands 

more effort, time and reasonably good written communications skills. In this way, this format 

of the open-ended test item would not disadvantage students with low language proficiency. If 

students were required to construct their own justification, the task becomes intellectually more 

demanding and also requires more sophisticated skills of expression, which the students in this 

study did not have.  

Also, from the experience of the pilot test, students gave some surprising reasons in 

relation to the justification for answer. For example, through elimination of unlikely options, 

reasoning without involving the relevant concept and personal intuition. This posed difficulties 

in scoring this tier of the test. In this context, a sample response from a student is shown in 

Figure 3.1. 
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  3) Soyu placed a cup of hot milo into a basin of cold water and made the following statements. 

 

Reason (Sample responses) 

The milo is very hot, it will cool down after some time (general reasoning with no mention of 
concept) 

The cold water become hot after a while (general reasoning with no mention of concept) 

I do not choose (1), (2) or (4) as the answer. So, the answer is (3) (reason of elimination)  

 

Figure 3.1. Samples of students’ answers for 2nd tier of concept test item on Heat in preliminary study 

 

For the last tier of the test item, a Likert scale of confidence rating was originally 

chosen. The results of the preliminary study showed that students were not able to properly 

differentiate the divisions on the Likert scale. This was further confirmed during interviews, 

and it was found that their confidence level did not coincide with their actual certainty of 

response. Hence the simple stem “I am sure or unsure” was more appropriate to help students 

make a distinctive choice.  

The final version of the modified three-tier concept test items comprised a 1st tier (four-

option MCQ with one correct answer), a 2nd tier (open-ended section requiring students to write 

down the concept they used to get their answer) and a 3rd tier ( I am sure/unsure of my answer). 

For the confidence rating, an “I do not know option” was not necessary as it is subsumed under 
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“1 am unsure” option. This format of the test was also cleared by the panel of examiners during 

the confirmation exercise for my PhD work.  

 In quite a number of studies on ACs in the literature, there is good use of text in the 

framing of responses for the answer and reason tiers - for example Sreenivasulu and 

Subramanian (2014). This would permit easier framing of the ACs encountered.  As the 

students in this study were primary level students from a neighbourhood school in the country, 

the concept test focussed more on the use of contexts and visuals to test students’ understanding 

of the various topics. The use of such scaffolds in the questions would better help the primary 

level students in understanding the questions and let them know what is required of them. From 

my teaching experience, I find that this is a prudent approach to not only test students’ 

understanding but also identify ACs. All test items in the conceptual test were designed in this 

way to allow for the investigator to distinguish between students who lacked proficiency from 

those who had attained the necessary understanding. 

 

3.3.1.3  Validity of concept test 

The concept test was evaluated for face validity, content validity, content accuracy and 

concordance using the STAR quality checklist by the five science teachers who are conducting 

the main study. The questions were further vetted by the Science Head of Department. Some 

improvements were made on the basis of the suggestions about the appropriateness of the 

questions.  

Following this process, the test was administered as a pilot test (refer to 3.6 Pilot test) 

to 40 Primary 6 students who had already learnt the subject beforehand. This is to ascertain 

understandability and clarity of the questions. The required changes were made according to 

the feedback received from the students. Consequently, the modified three-tier    concept test 

on the theme of energy was finalised. 

Figure 3.2 shows a sample item of the modified three-tier MCQ. 
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    3) Soyu placed a cup of hot milo into a basin of cold water and made the following statements. 

 

 

Figure 3.2. Sample of concept test item on Heat for main study 

 

3.3.2 Design and development of ICT- based remediation package 

3.3.2.1  Theoretical underpinnings of ICT-based remediation package 

The manner in which constructivist values have influenced instructional design has 

been discussed by a number of theorists, and they have proposed several principles based on 

the “constructivist instructional design model” (Jonassen, 1994; Lebow, 1993; Willis, 1995). 

The creation of learning environments that are student-centered, collaborative, supported with 

teacher guidance based on ideas about situated cognition, cognitive apprenticeship, and 

anchored instruction were pointed out by a number of constructivists (Karagiorgi & Symeou, 

2005; Solomonidou, 2006). Such a learning environment involves a good number of tools to 
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improve communication and access to real-world examples, problem-solving and insightful 

thinking. 

In the context of the theoretical framework, the simplest form of CC is the enrichment 

of an existing conceptual structure. Enrichment is conceptualised as the addition of new 

information to an existing conceptual framework through the mechanism of accretion. This is 

the reason why every ICT package is interspersed with worksheets that the teacher facilitates 

to help students make the CC. 

To develop an educational environment based on the constructivist views of learning 

(Solomon, 1994; Jonassen, 1999) and to help students construct correct scientific knowledge, 

it is essential to examine and take into account their experimental ideas before designing 

educational activities and the ICT tools to be used by them. 

The key process of correcting learners’ ACs by way of ICT-based remediation packages 

is through the gradual amalgamation of correct concepts related to the learners’ existing 

conceptual structures. All these were aligned to the notion that instructional strategies must 

assist learners to actively construct and adapt their knowledge (deJong & Joolingen, 1998).  

What is also noteworthy is that the ICT-remediation packages attempt to promote CC 

under four conditions in the conceptual-change learning environment as described below 

(Posner et al., 1982).  

Firstly, the choice of ACs to be remediated was based on common ACs from the 

literature review and ACs surfaced from teaching.  

Secondly, cognitive conflict was created to make students become dissatisfied with his 

or her existing conceptions and subsequently leads to the adaptation and possible 

reconstruction of existing knowledge structures.  To promote effective CC, a new concept must 

have these three elements: (a) intelligible (that is, making sense to learners), (b) plausible (that 

is, being seen as reasonably true), and (c) fruitful (that is, being seen as potentially productive 

and applicable to new situations). Such being the case, the CC model in this study was 

implemented through a) selection and editing of web videos to create the desired conceptual 

conflict with students’ ACs, b) creating intelligible and plausible new concepts within the same 

web video or another web video coupled with PowerPoint presentations to assist learners to 

comprehend conceptual implications and initiate self-directed CC, c) making new conceptions 

fruitful and applicable to new situations through the design of parallel questions or use of data 
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logging or simulation activities to help students apply their new concept and thus strengthen 

the CC. 

Thirdly, the flow of the elements in ICT package through D.E.S.T.E. model, which 

stems from the Cognitive Theory of Multimedia Learning (CTML), should enable learners to 

carry out cognitive processes, such as selecting relevant words and images from the web videos 

and PowerPoint presentations. Subsequently, students were directed to organise them into 

coherent verbal and visual representations, for meaningful learning to take place (Mayer & 

Moreno, 2002) through application of the relevant corrected concepts via data logging or 

simulation activities and parallel questions. Moreover, the design of the intervention had taken 

into consideration the effects of Cognitive Theory of Multimedia Learning (“CTML”) (Mayer 

& Moreno, 2002). The appropriate use of animations and videos can help students learn better. 

Coherence effect was achieved by reducing irrelevant information (extraneous load) in the 

lesson packages as far as possible. There were no attempts to teach to the test as the multimedia 

resources were used to illustrate the concepts involved in a clear manner so as to promote better 

understanding and not to address any particular test question. 

Fourthly, the ICT-remediation packages were segmented at strategic junctures to 

enhance CC of key concepts. This was through thoughtful segmentation of the remediation 

packages according to learning outcomes, guiding questions and lesson design considerations. 

 

3.3.2.2  Affordances of ICT-based remediation package 

ICT-based remediation provided new affordances for remediating concepts, 

particularly when they are based on phenomena that cannot be easily explored or observed in 

the real world.  

Multimedia resources on the Web were identified and ‘assembled’ into an intervention 

package. The package adopted the design characteristics and approaches recommended by 

researchers (Clark & Mayer, 2003; Mayer 2003; Mayer & Moreno, 2002) on multimedia design 

for education. The package was delivered in the form of a PowerPoint presentation linked to 

or embedded with selected multimedia elements. PowerPoint presentation was chosen over 

other forms of more technically sophisticated tools in view of its practicality and ease of use.  

PowerPoint had been around in the market for quite some time and has been widely used by 

educators. The use of PowerPoint among teachers in Singapore can be traced back to the launch 

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



 

99 

of the first ICT Masterplan (1997 – 2002) and ICT Masterplan 2 (2003 – 2008), when teachers 

were required to achieve competence in the use of PowerPoint as part of baseline ICT skills.  

This ICT-based remediation package also made use of data loggers and simulations 

with a combination of CC approaches such as parallel activities in worksheets. In this study, a 

range of different affordances for students’ learning in an ICT-rich environment were 

identified. These were shown to be of benefit in learning science through four main effects: (a) 

promoting cognitive development, (b) enabling a wider range of experiences so that students 

can relate science to their own and other real-world experiences, (c) increasing students’ self-

management and empowering them to track their progress so that the teacher’s time is freed up 

to focus on supporting and enabling students learning,  and (d) facilitating data collection and 

presentation of data that helps students to comprehend and interpret the data, and also frees 

students’ time so that they have more time to focus on developing conceptual understanding.  

Table 3.3 shows the affordances of the ICT-based remediation package used in this 

study. 
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Table 3.3  

Analysis of affordances identified in the ICT-based remediation packages 

ICT Affordances for 
students 

Elements that 
provide 
affordances 

Benefit in learning 
science 

Example 

ICT-based remediation 
package 

Web videos • Making 
predictions 
about the results 
of an 
experiment 

• Comparing their 
predictions with 
the outcomes of 
their 
experiments 

• Applying their 
ideas to a 
broader range of 
problems 

• Visualizing 
processes 

• Software 
facility to 
conduct 
multiple 
investigations 
quickly 

• Web videos 
provide 
different 
representations 
that can be 
compared with 
graphs 

• Accompanying 
worksheets 

 

i. promoting 
cognitive 
development 

ii. enabling a wider 
range of 
experiences so that 
students can relate 
science to their own 
and other real-
world experience 

iii. increasing students’ 
self-management 
and enabling them 
to track their 
progress 

• Web video on energy 
transfer from one object 
to the next. 

• Parallel /application 
tasks and accompanying 
worksheets enhanced the 
remediation of ACs. 

Data loggers • Collecting data 
and graphing 
data 

• Interpreting 
results of 
experiments 

• Making links 
between 
observations 
and their 
graphical 
representation 

• Data-logging 
• Accompanying 

worksheets 

 

i. facilitating data 
collection and 
presentation of data 
that helps students 
to understand and 
interpret the data 

• Data logging activity 
allow students to collect 
data and graph data, 
interpret results of 
experiment and link to 
concept. 

 

Simulations • Visualisation of 
abstract 
concepts 

• Software 
facility to 
conduct 
multiple 
investigations 
quickly 

 

i. promoting 
cognitive 
development 

ii. enabling a wider 
range of 
experiences so that 
students can relate 
science to their 
own and other real-
world experiences 

• Skate park Phet 
simulation that allow 
students to change the 
variable and see how the 
energy forms and uses 
change in accordance. 

 

In summary the strategies and teaching materials adopted within this study were 

developed from a cognitive perspective on learning, showing that students can be provided 

with new information such that this can be added on to the learner's existing store of knowledge. 

The following premises were taken into consideration while developing the teaching 

programme: (a) the learner will not acquire knowledge simply by being told of the relevant 

information; (b) the learner must actively create meaning for himself/herself; (c) learning is 
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likely to occur when students' currently held ideas are related to incoming information; (d) the 

quality of conceptions which learners generate will mainly depend upon the quality and type 

of their currently-held views and how these interact with new sensory input. 

 

3.3.2.3  Validity of ICT-based remediation packages 

This ICT-based remediation packages were reviewed by the same five level science 

teachers who focused on the concept test and on the basis of ICT strategies and materials 

recommended by Curriculum Planning Development Division, Ministry of Education 

Singapore.   

All three ICT-based remediation packages were administered to the same 40 students 

involved in the pilot study. The purpose was to gather feedback from students and their teacher 

on the packages such as the appropriateness of the web-videos and data-logging activities, the 

ease of understanding of the accompanying worksheets, the suitability of the ICT affordances 

in helping them to better understand the topics. Their feedback was further taken into 

consideration in revising the ICT-based remediation packages. 

 

 

3.3.2.4  Design plan of remediation packages 

Each of the remediation package for the topics was designed for a duration of 90 

minutes for one sitting, with concept change segments designed for individual attempt by 

students.  Data-logging activities and simulation segments were designed for students to 

attempt in groups of fives. The ICT-based remediation package was designed as a student-

centric package with minimal instruction from the teacher. As the teacher taking the class would 

just act as a facilitator with no teaching since the intent of the package was remediation. All 

segments were planned for remedial with considerations that all formal teaching had been 

carried out already using either 5E inquiry method or frontal teaching. The ICT-based 

remediation packages were developed over a period of 3 months. This includes the time taken 

to review numerous resources and deciding which ones were accurate and appropriate for use 

in my study. 
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3.3.2.5  ICT-based remediation package on heat 

The ICT-based remediation package on heat had four segments comprising videos, 

PowerPoint, and data logging activities as well as worksheets with guiding questions to 

enhance CC in students. 

Segment One: Students watched PowerPoint presentation and web video on sources of 

heat, the difference between temperature and heat and the temperature being dependent on the 

amount of heat an object has but not its size. (Figure 3.3) 

 

 

 

Figure 3.3. Segment 1 of ICT-based remediation package on heat 
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Students then worked on the accompanying worksheet (Figure 3.4). The data logging 

activity reiterated the following concepts: (a) an object becomes hotter when it gains heat, (b) 

temperature of objects is not dependent on size but on the amount of heat it possesses, and that 

heat can flow through an object.  

 

Figure 3.4. Worksheet 1 for data logging for ICT-based remediation package on heat 

 

Through the following ICT segment design considerations with parallel worksheets and 

guiding questions, the following key concepts could be addressed. (Table 3.4) 
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Table 3.4  

Learning outcomes, guiding questions and lesson design considerations for segment one of ICT-based 

remediation package on heat 

Learning Outcomes Guiding Questions Lesson Design Considerations 

Knowledge, Understanding 
and Application 

Relate the change in 
temperature of an object to the 
gain or loss of heat by the 
object. 

 

Targeted concept remediation 

• An object becomes hotter 
when it gains heat.  

• Heat is a form of energy 
whereas temperature is a 
measure of the degree of 
hotness of an object.  

• Temperature of an object 
is not dependent on its size 
but on the amount of heat 
it possesses.  

• What causes the 
temperature of objects 
to change? 

 

• How does the 
temperature of an 
object change? 

 

• What other instruments 
can we use to measure 
temperature 
accurately? 

Pedagogical and Assessment 
Considerations 

 

Students investigate the change in 
the temperature of water (with and 
without a source of heat) using 
temperature sensors. Through the 
recordings provided by students in 
their worksheets, teacher is able to 
evaluate if students are able to 
relate change in temperature to heat 
gain or loss. 

 

Segment two: Students watched a web video on why things become hotter or colder 

(Figure 3.5) 

 

Figure 3.5. Segment 2 of ICT-based remediation package on heat 

Students then worked on the accompanying worksheet. (Figure 3.6) 
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Figure 3.6. Worksheet 2 for ICT-based remediation package on heat 

 
Through the following ICT segment design considerations with parallel worksheets and 

guiding questions, the following key concepts could be addressed. (Table 3.5) 

Table 3.5  

Learning outcomes, guiding questions and lesson design considerations for segment two of ICT-based 

remediation package on heat 

Learning Outcomes Guiding Questions Lesson Design Considerations 

Knowledge, Understanding 
and Application 

Show an understanding that 
heat flows from a hotter to a 
colder object/region/place 
until both reach the same 
temperature. 

 

Targeted concept remediation 

• Heat conducts through 
objects from higher 
temperature to lower 
temperature.  

• Temperature of the object 
will always reach room 
temperature in 
equilibrium.  

• How does heat flow? 

 

 

 

Pedagogical and Assessment 
Considerations 

Students work in groups to design an 
experiment to find out the direction 
of heat flow using water of different 
temperatures. Through the 
explanations indicated by students in 
their worksheets, teacher is able to 
evaluate if students have understood 
the concept of heat flow. 

  

Segment three: Students watched web video and PowerPoint presentation on heat gain 

and heat loss related to conductors and non-conductors of heat. (Figure 3.7) 
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Figure 3.7. Segment 3 of ICT-based remediation package on heat 
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Students then worked on the accompanying worksheet. (Figure 3.8) 

 

Figure 3.8. Worksheet 3 for ICT-based remediation package on heat 

 
Through the following ICT segment design considerations with parallel worksheets and 

guiding questions, the following key concepts could be addressed. (Table 3.6) 

 
Table 3.6  

Learning outcomes, guiding questions and lesson design considerations for segment three of ICT-based 

remediation package on heat 

Learning Outcomes Guiding Questions Lesson Design Considerations 

Knowledge, Understanding 
and Application 

Identify good and poor 
conductors of heat.  

- good conductors: metals  

- poor conductors: wood, 
plastics, air  

 

Targeted concept 
remediation 

• All materials conduct 
heat. Those which do so 
less efficiently are 
known as ‘poor 
conductors of heat’.  

• What materials are good 
conductors of heat? 

• What materials are poor 
conductors of heat?  

• How can we differentiate 
good conductors of heat 
from poor conductors of 
heat? 

Pedagogical and Assessment 
Considerations 

Students design an investigation to 
find out if the materials are good or 
poor conductors of heat. Through this 
process, teachers assess if students 
are able to infer how different 
materials conduct heat based on data 
that they have collected. 
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Segment four: Students watched web video and PowerPoint presentation on expansion 

and contraction of solid, liquid and gas, and effects of expansion and contraction in daily lives. 

(Figure 3.9) 

 

 

 

 
Figure 3.9. Segment 4 of ICT-based remediation package on heat 
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Students then worked on the accompanying worksheet. (Figure 3.10) 

 

Figure 3.10. Worksheet 4 for ICT-based remediation package on heat 

 

Through the following ICT segment design considerations with parallel worksheets and 

guiding questions, the following key concepts could be addressed. (Table 3.7) 

 

Table 3.7  

Learning outcomes, guiding questions and lesson design considerations for segment four of ICT-based 

remediation package on heat 

Learning Outcomes Guiding Questions Lesson Design Considerations 

Knowledge, Understanding and 
Application 

List some effects of heat gain/loss in 
our everyday life. 

• contraction / expansion of 
objects (solid, liquid and gas) 

• change in states of matter 

Targeted concept remediation 

• Gas expands faster than liquid.  

• Hot air expands and rises.  

• What happens when 
object gains heat? 

• What happens when 
object loses heat? 

• What are the effects of 
expansion or contraction 
we experience in daily 
life? 

 

Pedagogical and Assessment 
Considerations 

Students carry out experiments 
to find out the effects of heat gain 
and heat loss on solids, liquids 
and gases. Through students’ 
explanations in their worksheet, 
teacher assesses if students have 
understood the concept that 
matter expands when heated and 
contracts when cooled. 

 

 

 

 

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



 

110 

 

3.3.2.6  ICT-based remediation package on light cum photosynthesis 

The ICT-based remediation package on light cum photosynthesis consisted of five 

segments comprising video, PowerPoint presentation and data logging activities as well as 

worksheets with guiding questions to enhance CC in students. 

Segment one: Students watched a web video on what we could see in the dark and what 

the sources of light were. (Figure 3.11) 

 

 

Figure 3.11. Segment 1 of ICT-based remediation package on light cum photosynthesis 

 

Students then worked on the accompanying worksheet. (Figure 3.12) 
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Figure 3.12. Worksheet 1 for ICT-based remediation package on light cum photosynthesis 

 

Through the following ICT segment design considerations with parallel worksheets and 

guiding questions, the following key concepts could be addressed. (Table 3.8) 

 

Table 3.8  

Learning outcomes, guiding questions and lesson design considerations for segment one of ICT-based 

remediation package on light cum photosynthesis 

Learning Outcomes Guiding Questions Lesson Design Considerations 
Knowledge, Understanding and 
Application 
Recognise that an object can be 
seen when it reflects light or 
when it is a source of light. 
(Focus on concept of source of 
light) 
Targeted concept remediation 
• Objects that are non-

luminous can be seen since 
light is reflected off them 
into our eyes.  

• Can we see objects in 
total darkness? 

• How can we see 
objects?  

• What are some 
examples of sources of 
light? 

Pedagogical and Assessment 
Considerations 
Teacher provides students with an 
experience of being in a completely 
dark room and allows students to 
generate their own ideas if they can 
see objects (e.g. an apple) in a dark 
room. Through questioning, 
teacher checks on students’ prior 
understanding on light and how 
they can see things. 
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Segment two: Through slides and videos, four to 12, students would have segmented 

stimulation on the ideas of why and how could we see things. The role of mirror in light 

reflection was also emphasised. (Figure 3.13) 

 

 

Figure 3.13. Segment 2 of ICT-based remediation package on light cum photosynthesis 
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Students then worked on the accompanying worksheet. (Figure 3.14) 

 

 

 

Figure 3.14. Worksheet 2 for ICT-based remediation package on light cum photosynthesis 
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Segment two: Through the following ICT segment design considerations with parallel 

worksheets and guiding questions, the following key concepts could be addressed. (Table 3.9) 

 

Table 3.9  

Learning outcomes, guiding questions and lesson design considerations for segment two of ICT-based 

remediation package on light cum photosynthesis 

Learning Outcomes Guiding Questions Lesson Design Considerations 
Knowledge, Understanding 

and Application 

Recognise that an object can be 

seen when it reflects light or 

when it is a source of light. 

Targeted concept remediation 

• Light is reflected off 

surfaces it strikes. Light is 

reflected off dull, dark 

surfaces too. (2) 

 

• Why can we see objects? 

 

Pedagogical and Assessment 

Considerations 

Students work in small groups to 

investigate if they can see different 

objects which are placed inside the 

black box when the torch is 

switched off and on. Through 

students’ explanation (verbal and 

written), teacher gleans insights 

into students’ thinking of how 

different objects can be seen when 

light is switched on or off. 

 

Students watched a web video on how light travels and what types of materials light 

can pass through. (Figure 3.15) 
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Figure 3.15. Segment 3 of ICT-based remediation package on light cum photosynthesis 

 

Students then worked on the accompanying worksheet. (Figure 3.16) 
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Figure 3.16. Worksheet 3 for ICT-based remediation package on light cum photosynthesis 
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Through the following ICT segment design considerations with parallel worksheets and 

guiding questions, the following key concepts could be addressed. (Table 3.10) 

 

Table 3.10  

Learning outcomes, guiding questions and lesson design considerations for segment three of ICT-based 

remediation package on light cum photosynthesis 

Learning Outcomes Guiding Questions Lesson Design Considerations 

Knowledge, Understanding 
and Application 

Recognise that a shadow is 
formed when light is 
completely or partially 
blocked by an object. 

(Focus on transparency of 
objects) 

Targeted concept remediation 

• Light can pass through 
transparent and 
translucent materials.  

 

• What happens when 
light is shone on 
different materials? 

• How can we describe 
materials based on the 
amount of light 
passing through them? 

 

 

Pedagogical and Assessment 
Considerations 

Students are provided with 
opportunities to design a set-up for 
investigation to find out the 
transparency of materials. In the 
process, teachers assess if students 
are able to infer that the amount of 
light passing through an object 
depends on the transparency of the 
material of that object. 
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Segment four: Through slides and videos 20 to 25, students would have segmented 

simulation of what happens when light is blocked, how to change the size of shadows and make 

multiple shadows. (Figure 3.17) 

 

 

 

 
 

Figure 3.17. Segment four of ICT-based remediation package on light cum photosynthesis 
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Students then worked on the accompanying worksheet. (Figure 3.18) 

 

 

Figure 3.18. Worksheet 4 for ICT-based remediation package on light cum photosynthesis 
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Through the following ICT segment design considerations, with parallel worksheets 

and guiding questions, the following key concepts could be addressed. (Table 3.11) 

 

Table 3.11  

Learning outcomes, guiding questions and lesson design considerations for segment four of ICT-based 

remediation package on light cum photosynthesis 

 

   

  

Learning Outcomes Guiding Questions Lesson Design Considerations 

Knowledge, Understanding and 
Application 

Investigate the variables that 
affect how shadows are formed 
and communicate the findings. 

- shape, size and position of 
object(s) 

- distance between light 
source-object and object-
screen 

Validate observations and 
explanations about light. 

 

Targeted concept remediation 

• Size of shadow changes with 
the change in distance 
between object and light 
source and screen.   

• The shape of the shadow is 
dependent on the opaque 
parts of the object which 
blocks the light.  

• What happens when 
light cannot pass 
through an object? 

• What affects the size of 
the shadow formed? 

Pedagogical and Assessment 
Considerations 

Students apply concepts of light 
and transparency of objects to form 
shadows of different shapes and 
sizes. Through the group activity 
done by students, teacher is 
informed if students have 
understood the concept on the 
properties and effects of light. 
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Segment five: Through slides and simulations, student can remediate their concept of how 

energy from the Sun is used by living things. (Figure 3.19) 

 

  

  
 

Figure 3.19. Segment 5 of ICT-based remediation package on light cum photosynthesis 
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Through the following ICT segment design considerations, the following key concepts 

could be addressed. (Table 3.12) 

 

Table 3.12  

Learning outcomes, guiding questions and lesson design considerations for segment five of ICT-based 

remediation package on light cum photosynthesis 

Learning Outcomes Guiding Questions Lesson Design Considerations 
Knowledge, Understanding 
and Application 
Investigate the requirements 
(water, light energy and 
carbon dioxide) for 
photosynthesis (production of 
sugar and oxygen) and 
communicate findings. 
 
Targeted concept remediation 
• Light energy is used by 

plants to make food.  
 
• Energy form the Sun will 

combine with carbon 
dioxide and water to make 
sugar.  

 

• How is energy from the 
Sun used by living 
things? 

 

Pedagogical Considerations 
Students work in small groups to 
investigate how the amount of light 
and amount of carbon dioxide affect 
photosynthesis. Students also work 
with the group members in doing the 
starch test to find out if the food 
products contain starch. 

 

 

3.3.2.7  ICT-based remediation package on Energy Forms and Uses 

 

The ICT-based remediation package on energy forms and uses went in the same flow 

to remediate the ACs identified. Segment one: Students were provided with the common 

experience to recognise that most of our energy resources came directly or indirectly from the 

Sun. (Figure 3.20) 
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Figure 3.20. Segment 1 of ICT-based remediation package on energy forms and uses 
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Through the following ICT segment design considerations, the following key concepts 

could be addressed. (Table 3.13) 

 

Table 3.13  

Learning outcomes, guiding questions and lesson design considerations for segment one of ICT-based 

remediation package on energy forms and uses 

Learning Outcomes Guiding Questions Lesson Design Considerations 

Knowledge, Understanding 
and Application 

Recognise that energy from 
most of our energy 
resources is derived in some 
ways from the Sun. 

 

Targeted concept 
remediation 

Some sources of energy are 
food and fossil fuel.  

• What are some energy 
resources? 

 

• Where do the energy 
resources come from? 

Pedagogical and Assessment 
Considerations 

Students work in small groups to 
discuss and tell a story of how energy is 
derived from the Sun.  

Through student group work, teacher 
assesses students’ understanding on 
how energy can be traced back to the 
Sun. 

 

 

 

Segment 2: Students were able to connect previous experiences on energy and energy 

resources, and began to develop an explanation for potential and kinetic energy as forms of 

energy. They would also be able to explain that an increase in potential energy would bring 

about an increase in kinetic energy. (Figure 3.21) 
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Figure 3.21. Segment 2 of ICT-based remediation package on energy forms and uses 
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In this particular activity, the teacher made use of the simulation site 

(http://phet.colorado.edu/sims/energy-skate-park/energy-skate-park_en.jnlp) to demonstrate 

an example of energy forms and uses to the students. Upon clicking on the ‘bar graph’ button 

on the right side of the screen by the teacher, the skateboarder would move up and down the 

slope and, at the same time, the graph would show the change between potential and kinetic 

energy interactively.  

 

 

 

  

 
Figure 3.22. Simulation for ICT-based remediation package on energy forms and uses 
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Figure 3.23. Worksheet 1 for ICT-based remediation package on energy forms and uses 
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Through the following ICT segment design considerations, the following key concepts 

could be addressed. (Table 3.14). 

 

Table 3.14  

Learning outcomes, guiding questions and lesson design considerations for segment two of ICT-based 

remediation package on energy forms and uses 

Learning Outcomes Guiding Questions Lesson Design Considerations 

Knowledge, Understanding and 
Application 

Recognise and give examples of 
the various forms of energy.     

- kinetic energy (KE) 

- potential energy (PE) 

- light energy 

- electrical energy 

- sound energy 

- heat energy 

(Focus on potential and kinetic 
energy only) 

 

Targeted concept remediation 

As objects move down a 
ramp/height, there is a 
combination of PE and KE.  

An object dropping from a height 
possesses gravitational potential 
energy at the start.  

KE is dependent on the mass and 
speed of a moving object.  

GPE of object is dependent on the 
mass and height of object from 
above ground.  

EPE is found in both stretched and 
compressed objects.  

 

• What is potential energy / 
kinetic energy?  

 

• What are some examples of 
potential energy / kinetic 
energy? 

 

 

• What happens when 
potential energy increases? 

 

 

Pedagogical Considerations 

Students work in groups to 
investigate and explain that the 
objects have energy and how the 
energy can be increased.  
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Segment three: Students developed an explanation and described energy forms and uses 

that take place when things work or move when they linked previous experiences on forms of 

energy (Figure 3.24).  They also completed the accompanying worksheet (Figure 3.25). 

 

 

Figure 3.24. Segment 3 of ICT-based remediation package on energy forms and uses 

 

 

 

Figure 3.25. Worksheet 2 for ICT-based remediation package on light cum photosynthesis 
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Through the following ICT segment design considerations, the following key concepts 

could be addressed. (Table 3.15). 

 

Table 3.15  

Learning outcome, guiding questions and lesson design considerations for segment three of ICT-based 

remediation package on energy forms and uses 

Learning Outcomes Guiding Questions Lesson Design Considerations 

Skills and Processes 

Investigate energy forms and 
uses from one form to another 
and communicate findings. 

 

Targeted concept remediation 

Energy can be converted from 
one form to another.  

Food and batteries have 
chemical energy.  

• What form of energy 
does an object have when 
it is at a height? 

• What happens to the 
gravitational potential 
energy of the object 
when it moves down and 
moves up again? 

• What are some energy 
forms and uses that take 
place when things move 
or do work? 

Pedagogical Considerations 

Students work in small groups on 
the activities and explain how 
energy is converted from one form 
to another.  

 

3.4 Student perception survey 

In order to assess the extent to which the students benefitted from the intervention; we 

obtained their feedback through a perception survey one week after the last ICT-based 

remediation package during the remediation slot. Only four items were used in the instrument. 

A five-point semantic differentiation scale was used for the Likert scale items, anchored 

from 1 (strongly disagree) to 5 (strongly agree) with a neutral midpoint of 3. This instrument 

was adapted from MacLean and Elwood (2009), which drew upon other instruments (Davis 

1989; Heinssen, Glass & Knight 1987; McCroskey 1992; McCroskey & Richmond 1991).  

The four-item survey instrument was considered adequate for this study for the 

following reasons: (a) it was not meant to be a full psychometric survey for the purpose of 

generating data for sophisticated statistical analyses, (b) as the students had already been 

exposed to the remediation intervention, it was considered not prudent to have them take a 

longer survey instrument that can contribute to fatigue, and (c) the students are of primary level 

and there is a need to ensure that useful data can be obtained from the survey. 
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To augment the student perception survey, verbal feedback was sorted from the class. 

As the students are young and may not be able to articulate their thoughts well, an unstructured 

class “interview” was used to follow the class conversation in order to tease out the salient 

points about the students’ views about the ICT-based remediation package. 

 

3.5 Teacher interviews 

Any new strategy seeking to change teaching practice should consider the social and 

cultural context of the school organisation (Hargreaves, Earl, Moore, & Manning, 2001; 

Tondeur, Devos, Van Houtte, van Braak, & Valcke, 2009). This means taking into account 

sociocultural aspects relating to the knowledge, meanings and understanding of the new 

strategy by the members of a school organisation, as well as the changes in social relations it 

may produce (Cooper, 1988). One common issue we faced when implementing new strategies 

with ICT was that they tend to concentrate on adopting the technology, without providing the 

appropriate environments for the social and cultural learning that was required for innovation 

(Hargreaves et al., 2001). For these conditions, a collective view by the school members 

involved was essential. The common approach included ascertaining their perceptions as well 

as beliefs of the new strategy to be adopted and the physical, human, and organisational 

conditions required for implementation (Alghamdi & Prestridge, 2015).  

The teacher interview was deliberately kept open for the four teachers who taught the 

experimental classes. They were told to discuss the elements of the ICT-based remediation 

package and the potential of this package as a tool to address students’ ACs.  The rationale was 

to keep the conversation open in order to pick up any points teachers may wish to bring up 

about the package. 

 

3.6 Pilot study 

A pilot study simulating the actual main study was carried out prior to the year of the 

actual study. The aim was to determine whether the test was valid for measuring conceptual 

understanding.  

Forty Primary 6 students in a comparable class participated in the pilot study. The 

students took the pre-test followed by the three ICT-based remediation packages at 90 minutes 
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each, followed by a post-test over a period of 2 weeks. This process was administered by their 

science teacher (who was not involved in the main study).  

Feedback was also sought from the students and their teacher about the quality of the 

questions in the concept test, such as, the shorter question stems, and whether to add relevant 

diagrams to help them better visualise questions through a whole class free response 

“interview” conducted by the researcher. Feedback was also sought from the students and their 

teacher on the packages, such as, duration of the web-videos and data-logging activities, ease 

of understanding of the accompanying worksheets and suitability of the ICT affordances in 

helping them to better understand the topics through the same whole class free response 

“interview” . 

Students’ results from the concept test were also matched with their Primary 6 End-of-

Year examination results to check on the correlation. This ensured that the reason why any 

particular student who did not perform well in the concept test could be related to poor 

conceptual knowledge and not poor understanding of the questions.  

In short, the pilot study was for the purpose of fine-tuning the concept test and ICT-

based packages. 

 

3.7 Samples for main study 

A total of 202 mixed ability students from five intact, 6th grade classes from a Singapore 

primary school participated in this study with their current grade 6 teachers. The school was a 

neighbourhood government school, with students coming from families of average social 

economic status. The students were mostly average in their work. Most of the students also did 

not have any extra help such as tuition or parental coaching in their studies after school.  

The five teachers who taught the respective classes are all similar in profile, with five 

to seven years of experience in teaching Science and had taught 6th grade before. They were all 

from the Science department and were competent in the content and familiar with 5E inquiry 

teaching and ICT tools. 

Group F was created due to the unique context of the curriculum approach in primary 

science; where the weakest class would be taught mostly through frontal teaching as the 

students may not be able to take the rigor of 5E inquiry-based teaching. Therefore, Group F 
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was predicated due to school requirement. For academic purposes, it was used to compare two 

different approaches in teaching. 

Table 3.16 shows the distribution of samples for the respective groups. 

 

3.8 Procedure for identifying ACs  

The concept test was given to all students. They were given 90 minutes to complete the 

tests, which consists of items from all the topics. Time duration of the concept test was 

somewhat longer as the three-tier test was unlike the usual MCQ test students were familiar 

with. Moreover, we wanted to ensure the reliability of the concept test by providing ample time 

for students to complete the test.  

Incorrect responses in the test items that reached a threshold of 10% or above were 

treated as ACs. 

 

3.9 Procedure for intervention 

To establish the impact of ICT-based remediation packages and approaches, and to be 

more inclusive towards science teaching pedagogy, four of the classes were assigned as 

experimental groups, and one class was assigned as control group. The students all had 

completed the theme of energy in the curriculum on the topics of heat, light cum photosynthesis, 

and energy.  

The experimental groups were further classified as Experimental with 5E learning as 

pedagogy during formal curriculum time (E) and Experimental with Frontal teaching during 

formal curriculum time (F). This was because the Curriculum Planning Development Division 

(MOE, Singapore) had recommended 5E learning cycle as the pedagogy for T&L of science 

during formal curriculum time in both primary and secondary science subjects in Singapore 

since 2008. All schools in Singapore used the 5E learning cycle as the elementary pedagogy in 

the teaching of science during formal curriculum time, and all science teachers were trained to 

deliver science lessons using the 5E learning cycle. A few classes in schools used the frontal 

teaching method during formal curriculum time in science. These were usually for the lower 

ability classes that may not be able to take the rigour of the 5E learning cycle.  
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Table 3.16 shows the breakdown of students in each group. The experimental frontal 

teaching group consisted of students not able to take the rigour of 5E inquiry-based learning, 

as mentioned above. The creation of this group was predicated on school requirement for 

academic purposes. It was meant for comparing two different approaches in teaching. The 

control group involves a comparable class. 

 

Table 3.16  

Breakdown of students in each of the groups 

Group No. of 
students in 

group 

No. of 
students in 

class 

Teacher No. of years 
of 

experience 

 C Control  

(5E teaching during formal 
curriculum time, re-teaching during 
remedial with no ICT-based 
remediation package) 

41 41 A 7 

E Experimental (5E teaching during 
formal curriculum time, ICT-based 
remediation package during 
remedial) 

81 41 

40 

B 

C 

6 

5 

F Experimental (frontal teaching 
during formal curriculum time, ICT-
based remediation package during 
remedial) 

80 40 

40 

D 

E 

5 

6 

 

Both experimental groups used the ICT-remediation packages during remedial classes, 

once a week for 90 minutes after curriculum time. The control group was taught using 5E 

learning cycle during curriculum time, but underwent re-teaching during remedial classes, once 

a week for 90 minutes after curriculum time. The re-teaching still adhered to the learning 

outcomes as prescribed by the Curriculum Planning and Development Division, MOE, 

Singapore. This would ensure that the students in the study were not taught to the test, which 

would be administered again as a delayed post-test.  

The distribution of students into these types of groupings was somewhat limited by 

school constraints. Almost all classes were to conduct science lessons during curriculum time 

using the prescribed 5E teaching cycles. The only exceptions were the classes that were rather 

weak to cope with the rigour of 5E cycles and hence used frontal teaching during curriculum 

time. This choice of grouping for our study will further differentiate the impact of ICT-based 
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remediation package on the two main teaching pedagogies; namely 5E learning cycle and 

frontal teaching during formal curriculum time. The reason for having a single control group 

was attributed to the fact that more classes were allocated for the experimental groups so as to 

have a larger pool of students for ICT-based remediation package and to have more voices in 

students’ perception survey.  

From week 1 to week 3, both experimental groups (E and F) underwent the intervention 

with the ICT-based remediation packages for a duration of 90 minutes per week. It was during 

this period of time that students were supposed to correct their ACs on the topics on the basis 

of one topic per week. The control group (C) went through similar remediation except that the 

teacher used the frontal approach for re-teaching of the topics. 

In week 4, the same concept test was administered once again as a post-test. It should 

be noted that the students were not given back their pre-test and the answers prior to the post-

test. Moreover, the pre-test and the post-test were 3 weeks apart. As such, it was highly unlikely 

that most students would still remember the questions or their answers in the pre-tests. 

Both the pre-test and the post-test used the same scoring rubrics. The pre-test and post-

test data from experimental and control groups were collected but the results were not revealed 

to the students.  

Table 3.17 summarises the intervention procedures. 

Table 3.17  

Summarised intervention procedures 

Week 0  Week 1 to 3 Week 4 

90 min in class 
individual 

90 min each in computer lab. 
Individual for Internet, and   
groups of 5 for data-logging 

90 min in class, individual 

Pre-test 
(E, F, C)  

ICT based remediation 
(E, F) 

Post-test 
(E, F, C) 

Re-teaching remediation 
(C) 

 

 

Students from the Control Group also underwent the same ICT-based remediation as 

the Experimental Group, but only after their post-test. This is to ensure that no group of students 

is being disadvantaged. The perception survey was also carried out with both groups of students 
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to get a balanced qualitative indication of their perceived usefulness of the ICT-based 

remediation packages. 

 

3.10 Data collection  

Both quantitative data and qualitative data were collected from different data sources 

as follows: (a) Pre-test and Post-test data, (b) A perception survey (filled out by students after 

the 3-week remediation) and (c) Interview notes from all teachers involved in the remediation 

process. 

 

3.11 Data analyses 

The  data from the concept test was captured on spreadsheet and analysed to determine 

whether the items were loaded correctly. By using the correct confidence levels and answer 

key, seven different scores were obtained. Those scores were computed based on codes 

presented in the literature, (Peşman & Eryılmaz 2010).  

All pre-test papers were scored.  All wrong answers for items in Tier 1 and in the 

students’ written supporting concept for Tier 2 were recorded as possible alternative 

conceptions of students. For labelling an incorrect response as an AC, the average percentage 

of students getting the question with the targeted concept wrong must be 10% or more. The 

average AC percentage was calculated for each question, taking the average percentage of 

students who did not get the concept right for each of the three respective test groups (control, 

experimental 5E teaching and experimental frontal teaching).  

Criterion-referenced assessment is based on a set of recognised performance standards. 

In addition, from the perspective of evidence-centred design, assessment should begin by 

asking the following: (a) what complexity of knowledge, skills, or other attributes should be 

assessed, presumably because they are linked to explicit or implicit objectives of instruction or 

are otherwise valued by society, (b) what behaviours or performances should reveal those 

constructs, and (c) what tasks or situations should elicit those behaviours. (Messick, 1994). 

Therefore, we established the expected performance standards of the students for conceptual 

understanding at the beginning,   
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Scores were obtained by using the answer key and then coded as follows: correct 

scores–1, correct scores–2, correct and scores–3 as confidence level. The scores were computed 

using codes presented in the literature (Peşman & Eryılmaz, 2010).  
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Table 3.18 shows the coding of scores.  

 

Table 3.18  

Scoring scheme 

 Scoring based on correct answers 

Based on Question 1st tier 2nd tier 3rd tier 

Score [  ] If answer to 1st tier 
was correct [1] 

Otherwise [0] 

If answer of the 
student to the question 
in 1st tier was wrong 
[0] 

 

If answers to 1st and 
2nd –tier were correct 
[1] 

Otherwise [0] 

If answers of the 
student to the 
questions in 1st and 2nd 
–tier were wrong [0] 

If answers to either 1st 
or 2nd –tier was wrong 
[0] 

 

If answers to 1st and 2nd–
tier were correct and 3rd 
tier was “I am sure” [1] 

Otherwise [0] 

If answers to 1st and 2nd–
tier were correct and 3rd 
tier was “I am not sure” 
[0] 

If answers to 1st and 2nd–
tier were wrong and 3rd 
tier was “I am not sure” 
[0] 

If answers to either 1st and 
2nd–tier were correct and 
3rd tier was “I am not 
sure” [0] 

 

Rubrics adapted from codes presented in Peşman & Eryılmaz (2010)  

 

 
We take a look at the scoring of Question 3 of test on heat as an example. Figure 3.26 

shows the sample question for the concept test item while Table 3.19 shows the scoring for the 

test item.  

 

 

 

 

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



 

139 

    3) Soyu placed a cup of hot milo into a basin of cold water and made the following statements. 

 

Figure 3.26. Sample question for the concept test 

 

Table 3.19  

Scoring scheme for sample question  

                                  Rubrics  

Score 1 2 3 

Based on Question 1st tier 2nd tier 3rd tier 

Score [  ] MCQ answer 3 [1] 

Wrong concept [0] 

I am sure/unsure of 
my answer [0] 

MCQ answer 3 [1] 

Concept: Heat travels 
from high 
temperature to low 
temperature. [1] 

I am unsure of my 
answer [0] 

MCQ answer 3 [1]  

Concept: Heat travels 
from high 
temperature to low 
temperature. [1] 

I am sure of my 
answer [1] 
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Student’s ACs were grouped and put beside the respective concepts for the topic under 

considerations. 

From the school science achievement test, group E and C were comparable, while F 

was considerably weaker. The pre-test scores between experimental groups E and F were 

statistically different.  ANCOVA was thus used to provide a statistical estimate of group 

differences that account for this initial difference in science results. This estimate was the 

adjusted mean (also known as projected mean, or estimated marginal mean). Group C’s pre-

test scores were not statistically different from that of Es’ pre-test scores. 

A one-way between-subjects ANCOVA was conducted to compare the effect of ICT-

based remediation package on students’ conceptual understanding on the theme of energy. 

ANCOVA was used because the addition of a covariate in the model could (a) increase the 

power to detect group differences and (b) give precision of estimates. The result of this 

inclusion of the covariate in the analysis was to reduce the model mean squared error (MSE) 

and the standard errors (such as with pairwise comparisons among group means) and thus to 

increase the corresponding F-ratios. Moreover, ANCOVA also provided estimates of the 

adjusted group means on the dependent variable.  

 

3.12 Summary  

The present study comprises three main parts: development of a diagnostic instrument 

on the larger theme of energy, development of remediation packages for selected ACs and an 

intervention. Additionally, students’ and teachers’ feedback were obtained. Prior to the actual 

study, a pilot study was used to evolve the draft concept test and the prototypes of the 

remediation packages to their final version for use in the main study. The students’ responses 

were analysed in terms of descriptiive statistics, corelations and ANCOVA.  
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CHAPTER 4 

RESULTS 

Overview 

This chapter analyses the findings from this study. It begins with identification of ACs, 

followed by instrument statistics. CC in relation to remediation of ACs on the theme of energy 

was evaluated by analysing the pre- and post-concept test data. As the chosen classes for this 

study were intact classes, there may be statistical difference between the students’ capacity and 

performance.  Statistical analyses using one-way ANCOVA of student test scores was used to 

check for statistically significant differences in the tests and total scores (p <.05).  Surveys and 

feedback on views of the ICT-based remediation package from students and teachers in the 

experimental classes were also collected and analysed qualitatively. 

 

4.1 Instrument statistics 

It is important to first establish the content and construct-related validity of the concept 

tests. Moreover, we also derived descriptive statistics such as the percentage of correct answers 

and percentage of ACs in relation to the concept tests.  

We calculated the percentages of false positives and false negatives to conclude content 

validity. In the case of content validity in diagnostic tests, Hestenes and Halloun (1995) stated 

that “percentages of false positives and false negatives should be less than 10%. A percentage 

of false negatives below 10% indicates that questions were explicit and clear for students who 

had sufficient knowledge”.  

 

4.1.1 False positives and false negatives  

In the current study, the percentages of false positives and false negatives (Table 4.1) 

were less than 10%. This means the percentage of students who gave incorrect answers to 1st 

tier questions and correct answers to 2nd tier questions were not high for both pre and post-

tests, indicating that the questions were explicit and coherent. Hestenes and Halloun (1995) 

also suggested that it was difficult to minimise the percentage of false positives because 

students might correctly answer 1st tier questions without being able to explain their reasons in 

the 2nd tier for choosing their specific answer. Thus, they concluded that the students would 
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inevitably give guessed answer to a number of questions. In this study, the percentage of false 

positives is consistent with the criterion presented by Hestenes & Halloun (1995) and provides 

additional evidence for the content validity of the concept test. 

Table 4.1 shows the average percentage of false negatives and false positives for each 

of the concept tests. 

 

Table 4.1  

Average percentage of false positives and false negatives for items in concept tests 

 Heat Light cum 
photosynthesis 

Energy forms and uses 

Average % False positives 

 pre post pre post pre post 

C 3.35 3.35 4.88 4.88 3.66 3.66 

E 2.47 1.23 3.17 1.59 3.09 1.39 

F 2.81 1.72 2.86 1.43 3.44 2.81 

Average % False negatives 

 pre post pre post pre post 

C 2.13 2.13 0.70 0.70 1.83 1.52 

E 0.77 0.46 1.06 0.18 1.23 0.62 

F 0.47 0.00 0.54 0.36 1.56 0.63 

 

 

4.1.2 Facility Index (FI) 

Facility Index (FI) is a measure of the difficulty level of an item. FI = (Xaverage)/Xmax 

where Xaverage is the mean score of all students attempting the item, and Xmax is the maximum 

score for that item. It represents the percentage of students who have chosen the correct 

response for an item. In this study, only the 1st and 2nd tier responses were used for computation, 

as the 3rd tier is student’s confidence. The theoretical range of FI is from 0.00 (all got it wrong) 

to 1.00 (all got it right). Table 4.2 shows the facility indices of the different questions for the 

concept test for each topic. The higher the FI, the easier is the item, and vice versa. 
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Table 4.2  

Facility index for the different questions in concept test  

Topic Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Overall 

Heat 0.40 0.01 0.01 0.03 0.21 0 0.02 0.29 0.12 

Light cum 
photosynthesis 

0.02 0 0.27 0.23 0 0.01 0.18 - 0.10 

Energy 0.24 0.20 0.01 0.20 0 0 0.01 0 0.08 

 

A concept is also considered to have ACs from the point of view of students, when the average 

percentage of students getting the question with the targeted concept wrong is 10% or more 

(Tan, Treagust, Goh, & Chia, 2001). Percentage occurrences below this threshold was still used 

to identify ACs if these were consonant with my teaching experiences across cohorts of 

students over the years. 

The average AC percentage for the pre-test was calculated for each question, taking the 

average percentage of students who did not get the concept correct for the three test groups 

(control, experimental 5E teaching and experimental frontal teaching). As all the facility 

indices of the questions from the three topics were less than 0.90, it shows that, overall, the test 

was robust. 

  

4.1.3 Discrimination Index (DI) 

Discrimination Index (DI) is a measure of how well an item can distinguish between 

high and low performers in the test. For this study, it represents the proportion of students who 

chose the correct response for an item in the upper performing group (highest 25%) minus the 

proportion of students who chose the correct response for an item in the lower performing 

group (lowest 25%) for the pre-test. In this study, only the 1st and 2nd tier questions were used 

for computation, as the 3rd tier is student’s confidence. The recommended values of DI are from 

-1.00 to 1.00. An item with a high DI value can discriminate the higher performing students 

from the lower performing students better. Items with zero or negative DIs are considered not 

desirable, and should be discarded or revised. 
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The discrimination indices of the different questions in the concept test for each topic 

are given in Table 4.3. 

Table 4.3  

Discrimination index of the different questions 

Topic Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 

Heat 0.12 0.12 0.10 0.10 0.15 0 0.13 0.21 

Light cum 

photosynthesis 

0.12 0 0.11 0.10 0 0.16 0.23 - 

Energy 0.03 0.10 0.20 0.10 0 0 0.13 0 

 

The questions in the concept test do discriminate the higher performing students from 

the lower performing students as DI is more than 0 for some questions. However, the questions 

are of different discrimination indices as the number of students harbouring this AC can be 

more for some items. 

The above Table shows that low DIs of the questions related to the different topics.  

Low DIs coupled with low FIs indicate no significant difference between students who got 

high correct scores and students who got low correct scores in the test. In other words, a few 

of the students who got high correct scores from the test also had ACs about the topic. 

Therefore, the reason for the low discrimination indices for questions can be attributed to the 

ACs students had on the topics rather than on the structure of the test questions.   

 

4.1.4 Cronbach's alpha 

Cronbach's alpha is a measure of the internal consistency of the test. The value of 

Cronbach’s alpha typically ranges from 0 to 1.  Higher Cronbach’s alpha means greater internal 

consistency.  In other words, the Cronbach’s alpha value increases as the inter-correlations 

among test items increase. This is because inter-correlations among test items are maximised 

when all items measure the same construct. Cronbach's Alpha of 0.80 or higher indicates good 

internal consistency. Generally, “psychometric tests are acceptable for deployment if the alpha 

values are 0.70 or higher” (Nunnally & Bernstein, 1994). Table 4.4 shows the reliability of the 

whole concept test. In this study, only the 1st and 2nd tier questions were used for computation, 

as the 3rd tier is student’s confidence. 
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Table 4.4  

Reliability Statistics for concept test 

Cronbach's Alpha Cronbach's Alpha Based on 
Standardized Items 

N of Items 

0.79 0.78 18 

 

4.2 Research questions 

4.2.1 Research question 1 (RQ1) 

To answer RQ1 on the common ACs harboured by students on the theme of energy, an 

analysis of students’ concept test scores was carried out.  

The concept tests were scored according to the questions individually. If the percentage 

selection of the distractors in each question is at least 10%., then the students are considered to 

have an AC. In a few cases, percentage selection of distractors less than 10% were also 

categorised as ACs if these were in sync with my teaching experience over the years.  Students 

generally had several ACs under the theme of energy.   

Tables 4.5, 4.6 and 4.7 show the percentage of students with ACs on the topics of heat, 

light cum photosynthesis and energy forms and uses respectively and also lists the common 

ACs.  The percentage of students with ACs collated from their MCQ and open-ended section 

are shown in the tables below. We were tracking the percentage of students who got zero marks 

for the 1st and 2nd tiers (MCQ Answer & Concept). Their ACs captured from concept section 

from 2nd tier is also collated in the table under the respective topic’s common ACs.  
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Table 4.5  

Percentage of students with ACs on heat 

Topic under the 
theme of energy 

Target concept Alternative conception  
(% prevalence) 

Heat  1. An object becomes hotter when it 
gains heat.   

2. Heat is a form of energy whereas 
temperature is a measure of the 
degree of hotness of an object.   

3. Heat conducts through objects from 
higher temperature to lower 
temperature.  

4. Solids expand and contract the least 
when heated and cooled, followed 
by liquid and gas.   

5. Hot air expands and rises.  
6. Temperature of an object is not 

dependent on its size but the amount 
of heat it possesses.  

7. Temperature of an object will 
always reach room temperature in 
equilibrium.   

8. All materials conduct heat. Those 
which do so less efficiently are 
known as ‘poor conductors of heat’.   

 

1. An object becomes colder when 
it is put in low temperature. 
(3.74%) 

2. Heat and temperature are the 
same. (44.1%) 

3. Heat conducts through object in 
any direction. (74.8%) 

4. Only solids expand and contract 
when heated and cooled. 
(41.2%) 

5. Air does not expand. (12.8%) 
6. Objects of any size under same 

temperature have the same 
amount of heat. (86.1%) 

7. Temperature will always 
increase upon heating and 
always decrease when cooling. 
(67.0%) 

8. Only good conductors conduct 
heat. (13.2%) 

  

Most students have ACs with regards to concepts 3, 6, and 7. They had fewer ACs on 

concepts 1 and 5 for the topic on heat. 
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Table 4.6  

Percentage of students with ACs on light cum photosynthesis 

Topics under the 
theme of energy 

Target concept Alternative conception  
(% prevalence) 

Light and 
photosynthesis 

1. Objects that are non-luminous are 
seen as light is reflected off them 
into our eyes.  

2. Light is reflected off surfaces it 
strikes. Light is reflected off dull, 
dark surfaces too.  

3. Light can pass through transparent 
and translucent materials.   

4. Size of shadow changes with the 
change in distance between object 
and light source and screen.   

5. The shape of the shadow is 
dependent on the opaque parts of the 
object which blocks the light.  

6. Light energy is used by plants to 
make food.  

7. Energy form the Sun will combine 
with carbon dioxide and water to 
make sugar in plants.  
 

1. All objects give out light that is 
why we can see them. (33.8%) 

2. Only shiny objects can reflect 
light. (75.6%) 

3. Light can only pass through 
transparent objects. (7.0%) 

4. Size of shadow changes only 
when we move the screen. 
(3.7%) 

5. The shape of the shadow follows 
the shape of the object. (65.8%) 

6. Heat, light, water and carbon 
dioxide are used by the plant to 
make food. (38.6%) 

7. The light from the Sun is 
converted into food in plants. 
(15.7%) 

  

Most students had ACs on concepts 2, 5, and 6. They had fewer ACs on concept 3 for 

the topic on light and photosynthesis. The AC related to the concept “Size of shadow changes 

with the change in distance between object and light source and screen” does not seem to be 

common among the students, judging from the % prevalence for this question. 
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Table 4.7  

Percentage of students with ACs on energy forms and uses 

Topics under the 
theme of energy 

Target concept Alternative conception  
(% prevalence) 

Energy forms and 
uses 

1. Some sources of energy are food, 
sun, wind, fossil fuel.  

2. Energy can be converted from one 
form to another.  

3. Object at a height possesses 
gravitational potential energy. 

4. As object moves down a 
ramp/height, there is a combination 
of PE and KE.  

5. Kinetic energy is dependent on the 
mass and speed of moving object.  

6. Gravitational potential energy of 
object is dependent on mass and 
height of object from the ground.  

7. Batteries have chemical potential 
energy which is converted into 
electrical energy.  

8. Elastic potential energy is found in 
both stretched and compressed 
objects.  

 

1. Energy is created so there is no 
source of energy. (4.2%) 

2. Energy is always converted from 
gravitational potential energy to 
kinetic energy. (4.5%) 

3. An object stationary at a height 
has no energy. (33.0%) 

4. An object dropped from a height 
is moving, so it has kinetic 
energy only. (10.3%) 

5. Kinetic energy depends only on 
the speed of object. (77.3%) 

6. Gravitational potential energy 
depends only on height of object. 
(82.8%) 

7. Battery has electrical energy. 
(42.2%) 

8. Elastic potential energy is only 
found in stretched objects. 
(55.9%) 

 
  

Most students had ACs on concepts 5, 6, and 8. They had fewer ACs on concepts 1 and 

4 for the topic on energy forms and uses. “Energy can be converted from one form to another” 

does not seem to be a concept that has ACs among the students, judging from % prevalence 

for this question. 

 

4.2.2 Research question 2 (RQ2) 

Answering RQ2 on the effectiveness of the ICT–based remediation packages developed 

for the various topics involves delving into the following: 

a. To what extent are students’ ACs addressed through the ICT–based 

remediation packages for each topic? 

b. To what extent does the intervention affect students’ conceptual 

understanding, as manifested in terms of change in mean scores from pre-

test to post-test for each topic? 

c. To what extent do students’ mean confidence in the certainty of their 

responses change from pre-test to post-test for each topic? 
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Descriptive statistics and one-way between-subjects ANCOVA were used to compare the 

effect of ICT-based remediation package on students’ conceptual understanding of the theme 

of energy. The mean scores of students’ pre-test to post-test for each topic was compared 

between the groups at a time. 

Firstly, one-way analysis of variance (ANOVA) was used to check for any statistically 

significant differences between the means of the three different groups. Descriptive statistics 

(Table 4.8) and ANOVA analysis (Table 4.9) are as follows: 

 

Table 4.8  

Descriptive statistics for pre-test and post-test  

  N Range Minimum Maximum Sum Mean Std. 
Deviation 

C PreHeat 41 6 3 9 285 6.95 1.36 

C PostHeat 41 8 4 12 336 8.20 1.58 

C PreLight 41 4 5 9 292 7.12 1.47 

C 
PostLight 41 6 5 11 320 7.81 1.70 

C 
PreEnergy 41 4 5 9 299 7.30 1.33 

C 
PostEnergy 41 5 6 11 358 8.73 1.16 

E PreHeat 81 6 4 10 562 6.94 1.37 

E PostHeat 81 8 8 16 882 10.89 2.09 

E PreLight 81 5 5 10 583 7.20 1.24 

E 
PostLight 81 7 7 14 847 10.46 1.44 

E 
PreEnergy 81 6 4 10 589 7.27 1.47 

E 
PostEnergy 81 6 8 14 881 10.88 1.63 

F PreHeat 80 7 3 10 494 6.19 1.44 

F PostHeat 80 8 5 13 698 8.73 1.68 

F PreLight 80 6 4 10 495 6.19 1.10 

F 
PostLight 80 5 6 11 618 7.73 1.12 

F 
PreEnergy 80 5 4 9 571 7.14 1.45 

F 
PostEnergy 80 7 6 13 770 9.63 1.64 

 

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



 

150 

Table 4.9  

ANOVA for pre-test for the three groups for each topic 

ANOVA 

 

Sum of 

Squares df 

Mean 

Square F Sig. 

Pre-Heat 

Results 

Between Groups 28.48 2 14.24 7.30 .001 

Within Groups 388.15 199 1.95   

Total 416.62 201    

Pre-Light 

Results 

Between Groups 47.00 2 23.50 15.31 .000 

Within Groups 305.42 199 1.54   

Total 352.42 201    

Pre-Energy 

Results 

Between Groups 0.98 2 0.49 0.24 .789        

Within Groups 408.00 199 2.05   

Total 408.98 201    

 

From the table, we see that p > 0.05 for the topic of energy forms and uses.  This shows 

that there were significant differences between the pre-test scores of the three groups for this 

topic. As such, ANCOVA was chosen as the statistical analysis tool to correct for the 

differences in pre-test scores among the groups for this topic. Though there were no statistically 

differences in the pre-test scores of the groups for the other two topics, ANCOVA can still be 

used for the overall analysis. 

Two fundamental assumptions for the use of ANCOVA; namely the assumption of 

independence of the covariate and treatment effect and the homogeneity of variance (Fields, 

2005), were not violated, as shown in the grouped scatterplot (Figure 4.1.a to 4.1.c), Levene’s 

test of equality of error variances (Table 4.10) and descriptive statistics on variance for pre-test 

and post-test (Table 4.17) 
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Figure 4.1.a. Pre-test with post-test by class (Heat) 

 

 
Figure 4.1.b. Pre-test with post-test by class (Light cum photosynthesis) 
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Figure 4.1.c. Pre-test with post-test by class (Energy forms and uses) 

 

Table 4.10  

Levene’s test of equality of error variances 

 F df1 df2 Sig. 

Post Heat 4.33 20 181 .000 

Post Light cum photosynthesis 3.90 16 185 .000 

Post Energy forms and uses 2.19 17 184 .006 

 

Correlation between correct 1st & 2nd tier and confidence (3rd tier) was ascertained to 

establish construct validity. Cataloglu (2002) stated that “a positive correlation between the 

student scores for a test and confidence levels could be evidence of the validity of the test”. In 

this case, we expected that students who performed better in the test were more confident with 

their responses than those who did not perform better. A positive relation between correct 1st 

& 2nd tier and confidence levels was observed as being statistically significant.  

Tables 4.11, 4.12 and 4.13 show the results of Pearson Product Moment Correlation 

between correct 1st & 2nd tier and confidence levels for both pre-test and post-test for all three 

groups for the topics in this study using ANCOVA. 
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Table 4.11  

Pearson Product Moment Correlation between correct 1st & 2nd tier and confidence for heat 

 

 C Heat Confidence  
Total 
Score Confidence  

Total 
Score 

 Pre Post 
Confidence Level Pearson Correlation 1 .58** 1 .74** 

     
 **. Correlation is significant at the 0.01 level (2-tailed). 

 E Heat  Confidence  
Total 
Score Confidence  

Total 
Score 

 Pre Post 
Confidence Level Pearson Correlation 1 .31** 1 .81** 
      

 **. Correlation is significant at the 0.01 level (2-tailed).   

 F Heat Confidence  
Total 
Score Confidence  

Total 
Score 

 Pre Post 
Confidence Level Pearson Correlation 1 .21 1 .66** 
 
**. Correlation is significant at the 0.01 level (2-tailed). 

 

Table 4.12 Pearson Product Moment Correlation between correct 1st & 2nd tier and confidence for 

Light cum photosynthesis 

 

 C Light Confidence  
Total 
Score Confidence  

Total 
Score 

 Pre Post 
Confidence Level Pearson Correlation 1 .26 1 .27 
      
Correlation is not significant 

 

 E Light  Confidence  
Total 
Score Confidence  

Total 
Score 

 Pre Post 
Confidence Level Pearson Correlation 1 .13 1 .47** 
      
 **. Correlation is significant at the 0.01 level (2-tailed). 
 

 F Light  Confidence  
Total 
Score Confidence  

Total 
Score 

 Pre Post 
Confidence Level Pearson Correlation 1 .17 1 .25* 
 
**. Correlation is significant at the 0.05 level (2-tailed). 
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Table 4.13  

Pearson Product Moment Correlation between correct 1st & 2nd tier and confidence for energy forms 

and uses 

 

 C Energy  Confidence  
Total 
Score Confidence  

Total 
Score 

 Pre Post 
Confidence Level Pearson Correlation 1 .15 1 .18 
      
Correlation is not significant 

     

 E Energy  Confidence  
Total 
Score Confidence  

Total 
Score 

 Pre Post 
Confidence Level Pearson Correlation 1 .01 1 .47** 
      

 **. Correlation is significant at the 0.01 level (2-tailed). 
 

 F Energy  Confidence  
Total 
Score Confidence  

Total 
Score 

 Pre Post 
Confidence Level Pearson Correlation 1 .25* 1 .52*** 
      
*. Correlation is significant at the 0.05 l-level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 

  

 

The results of the analyses indicated a positive and statistically, significant correlation 

between the 1st & 2nd tier and confidence for the post-test for the experimental groups in the 

topic of heat (r = .81 (E), r = .66 (F),  p < .05), light cum photosynthesis (r = .47 (E), r = .25 

(F),  p < .05) and energy forms and uses (r = .47 (E), r = .52 (F),  p < .05). We thus conclude 

that students with more correct 1st & 2nd tier answers tend to be more confident about their 

answers. Students also had better correlated confidence for the topics of heat and energy forms 

and uses. The least was for the topic of light cum photosynthesis. 

To answer RQ 2a in relation to what extent students’ ACs were addressed through the 

ICT–based remediation packages for each topic, the percentage change in ACs from pre-test 

to post-test were ascertained (Tables 4.14 to 4.16). For each of the questions, percentage of 

ACs were recorded from pre-test to post-test, and the difference worked out.  
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Table 4.14 shows the percentage of students with ACs on Heat. 

 

Table 4.14  

Percentage of students with ACs on Heat  

Item AC Group % at Pre-test % at Post-
test 

% difference 

1 An object becomes 
colder when it is put 
in low temperature 

C 0 0 0 

E 1.23 0 -1.23 

F 10.0 8.75 -1.25 

2 Heat and 
temperature are the 
same 

C 24.39 14.63 -9.76 

E 54.32 20.99 -33.3 

F 53.75 32.50 -21.25 

3 Heat conducts 
through object in 
any direction 

C 82.93 58.54 -24.39 

E 82.72 37.04 -45.68 

F 58.75 43.75 -15.00 

4 Only solids expand 
and contract when 
heated and cooled 
respectively 

C 26.83 14.63 -12.20 

E 49.38 4.94 -44.44 

F 47.50 21.25 -26.25 

5 Air does not expand C 7.32 4.88 -2.44 

E 4.94 0.00 -4.94 

F 26.25 1.25 -25.00 

6 Objects of any size 
under the same 
temperature have 
the same amount of 
heat 

C 85.37 90.24 4.88 

E 90.12 58.02 -32.10 

F 92.50 82.50 -10.00 

7 Temperature will 
always increase 
upon heating and 
always decrease 
upon cooling 

C 75.61 65.85 -9.76 

E 62.96 25.93 -37.04 

F 62.50 28.75 -33.75 

8 Only good 
conductors conduct 
heat 

C 12.20 2.44 -9.76 

E 6.17 0.00 -6.17 

F 21.25 5.00 -16.25 
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Table 4.15 shows the percentage of students with ACs on Light cum photosynthesis. 

 

Table 4.15  

Percentage of students with AC on Light cum photosynthesis  
Item AC Group % at Pre-test % at Post-test % difference 

1 All objects give out 
light that is why we 
can see them 

C 24.39 12.20 -12.19 

E 37.04 7.41 -29.63 

F 40.00 26.25 -13.75 

2 Only shiny objects can 
reflect light 

C 80.49 75.61 -4.88 

E 80.25 51.85 -28.40 

F 66.25 60.00 -6.25 

3 Light can only pass 
through transparent 
objects. 

C 2.44 2.44 0.00 

E 2.47 0.00 -2.47 

F 16.25 10.00 -6.25 

4 Size of shadow 
changes only when we 
move the screen 

C 4.88 4.88 0.00 

E 1.23 0.00 -1.23 

F 5.00 3.75 -1.25 

5 The shape of the 
shadow follows the 
shape of the object 

C 60.98 43.90 -17.07 

E 60.49 14.81 -45.68 

F 76.25 55.00 -21.25 

6 Heat, light, water, and 
carbon dioxide are 
used by the plant to 
make food  

 

C 41.46 31.71 -9.76 

E 30.86 7.41 -23.46 

F 43.75 30.00 -13.75 

7 The light from the Sun 
is converted into food 

C 12.20 9.76 -2.44 

E 11.11 0.00 -11.11 

F 23.75 16.25 -7.50 

 

 

  

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



 

157 

Table 4.16 shows the percentage of students with ACs on Energy forms and uses. 

 

Table 4.16  

Percentage of students with AC on Energy forms and uses 
Item AC Group % at Pre-test % at Post-test % difference 

1 Energy is created.  C 0.00 0.00 0.00 
E 1.23 1.23 0.00 
F 11.25 5.00 -6.25 

2 Energy is always 
converted from 
gravitational 
potential energy to 
kinetic energy 
 

C 4.88 2.44 -2.44 

E 1.23 0.00 -1.23 

F 7.50 2.50 -5.00 

3 An object stationary 
at a height has no 
energy 
 

C 21.95 7.32 -14.63 
E 43.21 7.41 -35.80 
F 33.75 20.00 -13.75 

4 An object dropped 
from a height is 
moving, so it has 
kinetic energy only 
 

C 14.63 4.88 -9.76 
E 3.70 2.47 -1.23 
F 12.50 5.00 -7.50 

5 Kinetic energy only 
depends on speed of 
object 
 

C 82.93 75.61 -7.32 
E 83.95 67.90 -16.05 
F 65.00 60.00 -5.00 

6 Gravitational 
potential energy 
depends only on 
height of object. 
 

C 82.93 65.85 -17.07 

E 81.46 45.68 -35.80 

F 83.75 58.75 -25.00 

7 Battery has 
electrical energy 
 

C 31.71 19.51 -12.20 
E 51.85 16.05 -35.80 
F 42.50 18.75 -23.75 

8 Elastic potential 
energy is only 
found in stretched 
objects 
 

C 63.41 36.59 -26.83 

E 55.56 16.05 -39.51 

F 48.75 28.75 -20.00 

 

Generally, a decrease in percentage of ACs is observed in students’ post-test.  There 

was a greater decrease in percentage of ACs in experimental E class followed by F class. C 

class did experience a slight decrease in percentage of ACs perhaps due to time on task. The 

decrease in percentage of ACs also varied with the topics. The topic of heat had the most 

percentage decrease in ACs, followed by energy forms and uses and, finally, light cum 

photosynthesis. 
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To answer RQ 2b in relation to what extent the intervention affects students’ 

conceptual understanding, as manifested in terms of change in mean scores from pre-test to 

post-test for each topic based on students’ 1st & 2nd tier answers, descriptive statistics were 

worked out (Table 4.17). 

 

Table 4.17  

Descriptive statistics, including variance, skewness, kurtosis and Cohen’s D for pre-test and post-test 

  
N Mean 

 Mean 
difference 

Std. 
Deviation 

Variance Skewness Kurtosis  Cohen’s d 

         
 

C PreHeat 41 6.95  1.36 1.85 -0.47 0.68   

C PostHeat 41 8.20 1.25 1.58 2.51 0.18 0.95 0.85 

C PreLight 41 7.12  1.47 2.16 -0.32 -1.28   

C PostLight 41 7.81 0.69 1.70 2.91 -0.19 -1.21 0.43 

C PreEnergy 41 7.29  1.33 1.76 -0.1 -0.88   

C PostEnergy 41 8.73 1.44 1.16 1.35 -0.25 -0.67 1.16 

E PreHeat 81 6.94  1.37 1.88 0.29 -0.40   

E PostHeat 81 10.89 3.95 2.09 4.38 0.60 -0.52 2.28 

E PreLight 81 7.20  1.24 1.54 0.02 -0.52   

E PostLight 81 10.46 3.26 1.44 2.08 0.31 0.10 2.43 

E PreEnergy 81 7.27  1.47 2.15 -0.34 -1.02   

E PostEnergy 81 10.88 3.61 1.63 2.66 -0.28 -0.80 2.33 

F PreHeat 80 6.18  1.44 2.07 0.21 -0.42   

F PostHeat 80 8.73 2.55 1.68 2.81 0.25 -0.61 1.64 

F PreLight 80 6.19  1.10 1.22 0.60 0.38   

F PostLight 80 7.73 1.54 1.12 1.27 0.29 -0.56 1.38 

F PreEnergy 80 7.14  1.45 2.10 -0.25 -0.84   

F PostEnergy 80 9.63 2.49 1.64 2.69 0.13 -0.97 1.61 

 

The mean post-test scores for the answer tier for participants in the experimental group 

was 10.89 (E) and 8.73 (F) for heat; 10.46 (E) and 10.89 (F) for light cum photosynthesis; and 

10.88 (E) and 9.63 (F) for energy forms and uses. This is in contrast to the pre-test scores of 

6.94 (E) and 6.18 (F) for heat; 7.20 (E) and 6.19 (F) for light cum photosynthesis; and 7.27 (E) 

and 7.14 (F) for energy forms and uses. All post-instructional scores were higher than those in 

the pre-test. All except pre light and post heat test of E class had skewness between -0.5 and 

0.5, which showed that the data are fairly symmetrical. Kurtosis values were within +1, which 

provide additional evidence for the use of parametric statistics for analyses.  
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Cohen’s d is as statistical measure of the strength of an intervention. In this study, it 

was used as an indicator to gauge the magnitude/strength of the effectiveness of the ICT-based 

remediation on the performances of the students. Effect size of 0.80 or higher is considered to 

have a large impact. The effect was more pronounced in the experimental E group that used 5E 

inquiry teaching in comparison to experimental F group that used frontal teaching for all topics.  

A test for between-subject effects was subsequently carried out for all topics (Tables 

4.18 to 4.20). 

 

Table 4.18  

Tests of Between-Subjects Effects on concept test on heat 

Concept test Heat 
Source Type III Sum 

of Squares 
df Mean Square F Sig. 

Corrected Model 886.23a 20 44.31 133.16 .000 
Intercept 4630.06 1 4630.06 13914.10 .000 
Class 110.52 2 55.26 166.07 .000 
PreHeat 395.59 7 56.51 169.83 .000 
Class * PreHeat 10.57 11 .96 2.89 .002 
Error 60.23 181 .33   
Total 19120.00 202    
Corrected Total 946.46 201    

a. R Squared = .936 (Adjusted R Squared = .929) 

 

Table 4.19  

Tests of Between-Subjects Effects on concept test on light cum photosynthesis 

Concept test Light cum photosynthesis 
Source Type III Sum 

of Squares 
df Mean Square F Sig. 

Corrected Model 622.11a 16 41.38 101.40 .000 
Intercept 3716.91 1 3716.91 9107.91 .000 
Class 154.44 2 77.22 189.22 .000 
PreLight 258.73 6 43.12 105.66 .000 
Class * PreLight 11.13 8 1.39 3.41 .001 
Error 75.50 185 .41   
Total 16511.00 202    
Corrected Total 737.61 201    

a. R Squared = .898 (Adjusted R Squared = .889) 
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Table 4.20.  

Tests of Between-Subjects Effects on concept test on energy forms and uses 

Concept test Energy forms and uses 
Source Type III Sum 

of Squares 
df Mean Square F Sig. 

Corrected Model 537.64a 17 31.63 72.05 .000 
Intercept 4447.64 1 4447.64 10132.66 .000 
Class 63.21 2 31.61 72.00 .000 
PreEnergy 290.07 6 48.35 110.14 .000 
Class * PreEnergy 13.14 9 1.46 3.33 .001 
Error 80.77 184 .44   
Total 20599.00 202    
Corrected Total 618.40 201    
a. R Squared = .869 (Adjusted R Squared = .857) 

 

There was a significant effect of the ICT- based energy forms and uses remediation 

package on post-test of the experimental group after controlling for the effect of the pre-test 

and difference in performance of the classes, F (9, 184) =3.33, p < 0.05. Pairwise comparison 

of the different classes was carried out (Table 4.21). 

 

Table 4.21  

Pairwise comparisons for the different classes 

Dependent 
Variable 

(I) 
Class 

(J) 
Class 

Mean 
Difference 
(I-J) 

Std. Error Sig.a 95% Confidence Interval for 
Differencea 
Lower Bound Upper Bound 

Post-test Heat C E -2.69* .35 .000 -3.54 -1.84 
F -.53* .35 .405 -1.38 .32 

E C 2.69* .35 .000 1.84 3.54 
F 2.16* .29 .000 1.46 2.86 

F C .530 .35 .405 -.32 1.38 
E -2.16* .29 .000 -2.86 -1.46 

Post-test Light 
cum 
photosynthesis 

C E -2.65* .27 .000 -3.29 -2.01 
F .08 .27 1.000 -.56 .72 

E C 2.65* .27 .000 2.01 3.29 
F 2.73* .22 .000 2.20 3.26 

F C -.08 .27 1.000 -.72 .56 
E -2.73* .22 .000 -3.26 -2.20 

Post-test Energy C E -2.15* .30 .000 -2.86 -1.43 
F -.89* .30 .009 -1.61 -.17 

E C 2.15* .30 .000 1.43 2.86 
F 1.25* .25 .000 .66 1.84 

F C .89* .30 .009 .17 1.61 
E -1.25* .25 .000 -1.84 -.66 

Based on estimated marginal means *. The mean difference is significant at the .05 level. a. Adjustment for multiple comparisons: Bonferroni. 
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Significant pairwise comparisons were as follows: E-C= 2.69 (Heat), E-F= 2.16 (Heat), 

E-C= 2.65 (Light cum photosynthesis), E-F= 2.73 (Light cum photosynthesis), E-C= 2.15 

(Energy forms and uses), E-F= 1.25 (Energy) and F-C= 0.89 (Energy). Pairwise comparison of 

the different classes with Bonferroni adjustment showed that there was a significant increase 

in mean score of at least 2 between experimental group E and control group C and least 1 

between experimental group E and F for all topics and a smaller increase in mean score of less 

than 1 between experimental group F to control group C for the topic of energy forms and uses 

at p <  0.05. 

This showed that ICT –based remediation does bring about significant CC but it couples 

best with 5E inquiry method. As ICT pedagogy similar vein to 5E pedagogy, both being 

constructivist nature and student- centric. This was also aligned with the work of Valanides 

(1997) who emphasized that teachers should utilise pedagogies that use inquiry skills such as 

5E learning to improve their students’ formal reasoning abilities. As students’ reasoning 

abilities are better developed, logical relationships between evidences will prevent students’ 

development of ACs. Novak (2002) further reiterated that incorrect knowledge structures that 

have formed due to ACs cannot be eliminated through the rote learning approach, because these 

incorrect knowledge structures will cause students to form flawed relations while assimilating 

new knowledge, thereby leading to a decrease in the quality of learning. 

The small significant increase between F and C for the topic of energy forms and uses 

show promise of ICT-based remediation in facilitating weaker students navigate concept and 

CC after students are more familiar with their role in cognitive conflict as this topic is the 3rd 

topic that students are tapping on the ICT-based remediation package to facilitate CC. 

To answer RQ 2c in relation to the extent to which students’ mean confidence in the 

certainty of their response changes from pre-test to post-test for each topic, students who scored 

the different tiers for each question on each topic were worked out.  

Table 4.22 shows the percentage of students who scored the different tiers for each 

question on Heat from pre-test to post-test.  
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Table 4.22  

Percentage of students who scored correctly in the different tiers for test on Heat  
 Heat 1st Tier 

(MCQ Answer 
Tier) 

1st & 2nd Tier 
(MCQ Answer  
& Concept)  

1st, 2nd & 3rd Tier 
(MCQ Answer,  
Concept & 
Confidence) 

 

Item Concept Class % at 
Pre-test 

% at 
Post- 
test 

% at 
Pre-test 

% at 
Post-
test 

% at 
Pre-test 

% at 
Post-
test 

% 

difference 

1 An object becomes 
hotter when it gains 
heat. 

C 24.39 19.51 39.02 36.59 36.59 43.90 7.31 

E 7.41 6.17 38.27 3.70 53.09 90.12 37.03 

F 32.50 31.25 28.75 22.50 28.75 37.50 8.75 

2 Heat is a form of 
energy whereas 
temperature is a 
measure of the 
degree of hotness of 
an object. 

C 56.10 60.98 17.07 17.07 2.44 7.32 4.88 

E 40.74 40.74 4.94 4.94 0.00 33.33 33.33 

F 40.00 48.75 5.00 2.50 1.25 16.25 15 

3 Heat conducts 
through objects from 
higher temperature 
to lower 
temperature. 

C 17.07 41.46 0.00 0.00 0.00 0.00 0 

E 17.28 34.57 0.00 3.70 0.00 24.69 24.69 

F 27.50 33.75 11.25 3.75 2.50 18.75 16.25 

4 Solids expand and 
contract the least 
when heated and 
cooled, followed by 
liquid and gas. 

C 53.66 51.22 14.63 17.07 4.88 17.07 12.19 

E 43.21 38.27 6.17 7.41 1.23 49.38 48.15 

F 35.00 40.00 12.50 5.00 5.00 33.75 28.75 

5 Hot air expands and 
rises. 

C 43.90 41.46 29.27 14.63 19.51 39.02 19.51 

E 29.63 17.28 35.80 8.64 29.63 74.07 44.44 

F 43.75 32.50 16.25 10.00 13.75 56.25 42.5 

6 Temperature of an 
object is not 
dependent on its size 
but the amount of 
heat it possesses.  
 

C 14.63 9.76 0.00 0.00 0.00 0.00 0 

E 7.41 34.57 2.47 3.70 0.00 3.70 3.7 

F 7.50 16.25 0.00 1.25 0.00 0.00 0 

7 Temperature of an 
object will always 
reach room 
temperature in 
equilibrium. 

C 17.07 21.95 2.44 4.88 4.88 7.32 2.44 

E 30.86 29.63 4.94 13.58 1.23 30.86 29.63 

F 32.50 51.25 3.75 7.50 1.25 12.50 11.25 

8 All materials 
conduct heat. Those 
which do so less 
efficiently are known 
as ‘poor conductors 
of heat’. 

C 48.78 41.46 14.63 17.07 24.39 39.02 14.63 

E 28.40 16.05 20.99 9.88 44.44 74.07 29.63 

F 43.75 28.75 17.50 3.75 17.50 62.50 45 
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There was a general increase in percentage of students in the experimental group who 

scored the respective tiers in post-test after the intervention. Table 4.23 shows the percentage 

difference in students who scored 1st, 2nd & 3rd tier for the pre-test and post-test for Heat. 

 

Table 4.23  

Percentage distribution of students who scored 1st, 2nd & 3rd tier in pre-test and post-test for Heat 

1st, 2nd & 3rd Tier 

(MCQ Answer, Reason & Confidence) 

%Pre %Post %Post-Pre 

C 11.59 19.21 7.62 

E 16.20 47.53 31.33 

F 8.75 29.69 20.94 

 

Deducting the percentage of false positives and false negatives, as shown in Table 4.1, 

the percentage increase in students when tracked on the basis of all three tiers of the concept 

test on heat after intervention is 29.64% (E) and 19.22% (F) for the two experimental groups 

in comparison to 2.14 % (C) for the control group.  

Table 4.24 shows the percentage of students for the different tiers for each question on 

the topic of Light cum photosynthesis. 
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Table 4.24  

Percentage of students who scored correctly in the different tiers for test on Light cum photosynthesis  

 Light 1st Tier 

(MCQ Answer 
Tier) 

1st & 2nd Tier 

(MCQ Answer & 
Concept)  

1st, 2nd & 3rd Tier 

(MCQ Answer, 
Concept & 
Confidence) 

 

Item Concept Class % at 
Pre-test 

% at 
Post-
test 

% at 
Pre-test 

% at 
Post- 
test 

% at 
Pre-test 

% at 
Post-
test 

% 
difference 

1 Objects that are 
non-luminous 
can be seen as 
light is reflected 
off them into our 
eyes. 

C 58.54 70.73 17.07 9.76 0.00 7.32 7.32 

E 50.62 35.80 9.88 25.93 2.47 30.86 28.39 

F 41.25 43.75 13.75 6.25 5.00 23.75 18.75 

2 Light is reflected 
off surfaces it 
strikes.  

C 19.51 24.39 0.00 0.00 0.00 0.00 0 

E 18.52 41.98 1.23 4.94 0.00 1.23 1.23 

F 30.00 35.00 3.75 3.75 0.00 1.25 1.25 

3 Light can pass 
through 
transparent and 
translucent 
materials. 

C 14.63 12.20 46.34 46.34 36.59 39.02 2.43 

E 14.81 7.41 58.02 30.86 24.69 61.73 37.04 

F 21.25 17.50 42.50 20.00 20.00 52.50 32.5 

4 Size of shadow 
changes with the 
change in 
distance between 
object and light 
source and 
screen.   

C 31.71 26.83 41.46 39.02 21.95 29.27 7.32 

E 18.52 8.64 55.56 23.46 24.69 67.90 43.21 

F 40.00 23.75 31.25 16.25 23.75 56.25 32.5 

5 The shape of a 
shadow is 
dependent on the 
opaque parts of 
the object which 
blocks the light. 

C 36.59 51.22 2.44 4.88 0.00 0.00 0 

E 34.57 51.85 4.94 12.35 0.00 20.99 20.99 

F 21.25 30.00 2.50 3.75 0.00 11.25 11.25 

6 Light energy is 
used by plants to 
make food. 

C 51.22 48.78 7.32 17.07 0.00 2.44 2.44 

E 51.85 30.86 17.28 12.35 0.00 49.38 49.38 

F 41.25 38.75 13.75 12.50 1.25 18.75 17.5 

7 Energy form the 
Sun will combine 
with carbon 
dioxide and water 
to make sugar. 

C 21.95 24.39 41.46 36.59 24.39 29.27 4.88 

E 43.21 13.58 30.86 11.11 14.81 75.31 60.5 

F 43.75 36.25 16.25 21.25 16.25 26.25 10 
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There was a general increase in percentage of students in the experimental group who 

scored the respective tiers correctly in post-test after the intervention. Table 4.25 shows the 

percentage difference in students who scored 1st, 2nd & 3rd tier for the pre-test and post-test for 

light cum photosynthesis. 

 

Table 4.25  

Percentage distribution of students who 1st, 2nd & 3rd tier in pre-test and post-test for light cum 

photosynthesis 

1st, 2nd & 3rd Tier 

(MCQ Answer, Reason & Confidence) 

%Pre %Post %Post-Pre 

C 11.85 15.33 3.48 
E 9.52 43.92 34.39 
F 9.46 27.14 17.68 

 

Deducting the percentage of false positives and false negatives, as shown in Table 4.1,  

the percentage increase in students when tracked on the basis of all three tiers of the concept 

test on light cum photosynthesis after the intervention is 32.62% (E) and 15.89% (F) for the 

two experimental groups in comparison to 0.34% (C) for the control group.  

Table 4.26 shows the percentage of students for the different tiers for each question for 

the topic on Energy forms and uses. 
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Table 4.26  

Percentage of students who scored correctly in the different tiers for test on Energy forms and uses 

 Energy 1st Tier 
(MCQ Answer 
Tier) 

1st & 2nd Tier 
(MCQ Answer 
& Concept)  

1st, 2nd & 3rd Tier 
(MCQ Answer, 
Concept & 
Confidence) 

 

Item Concept Class %  
at  
Pre-
test 

%  
at 
Post-
test 

% 
at 
Pre-
test 

% 
at 
Post-
test 

% 
at  
Pre-
test 

% 
at 
Post-
test 

% 
difference 

1 Some sources of 
energy are food, 
sun, wind, fossil 
fuel. 

C 21.95 14.63 53.66 46.34 24.39 39.02 14.63 

E 14.81 8.64 53.09 16.05 30.86 74.07 43.21 

F 28.75 17.50 43.75 13.75 16.25 63.75 47.5 

2 Energy can be 
converted from 
one form to 
another. 

C 34.15 34.15 39.02 34.15 21.95 29.27 7.32 

E 30.86 12.35 43.21 8.64 24.69 79.01 54.32 

F 45.00 26.25 33.75 21.25 13.75 50.00 36.25 

3 An object 
dropped from a 
height possesses 
gravitational 
potential energy. 

C 46.34 41.46 29.27 24.39 2.44 26.83 24.39 

E 44.44 25.93 12.35 29.63 0.00 37.04 37.04 

F 40.00 27.50 25.00 16.25 1.25 36.25 35 

4 As an object 
move down a 
ramp/height, 
there is a 
combination of 
PE and KE. 

C 46.34 36.59 29.27 31.71 9.76 26.83 17.07 

E 28.40 14.81 41.98 16.05 25.93 66.67 40.74 

F 42.50 27.50 21.25 13.75 23.75 53.75 30 

5 Kinetic energy is 
dependent on the 
mass and speed 
of a moving 
object. 

C 17.07 24.39 0.00 0.00 0.00 0.00 0 

E 16.05 20.99 0.00 7.41 0.00 3.70 3.7 

F 27.50 30.00 7.50 5.00 0.00 5.00 5 

6 Gravitational 
potential energy 
of object is 
dependent on the 
mass and height 
of object from 
the ground. 

C 17.07 34.15 0.00 0.00 0.00 0.00 0 

E 16.05 38.27 2.47 3.70 0.00 12.35 12.35 

F 15.00 31.25 1.25 6.25 0.00 3.75 3.75 

7 Batteries have 
chemical 
potential energy, 
which is 
converted into 
electrical energy. 

C 51.22 58.54 17.07 17.07 0.00 4.88 4.88 

E 40.74 41.98 7.41 13.58 0.00 28.40 28.4 

F 37.50 52.50 16.25 5.00 3.75 23.75 20 

8 Elastic potential 
energy is found 
in both stretched 
and compressed 
objects. 

C 31.71 53.66 4.88 9.76 0.00 0.00 0 

E 37.04 38.27 7.41 24.69 0.00 20.99 20.99 

F 43.75 31.25 7.50 13.75 0.00 26.25 26.25 
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There was a general increase in percentage of students in the experimental group who 

scored correctly in the respective tiers in post-test after intervention. Table 4.27 shows the 

percentage difference in students who scored 1st, 2nd & 3rd tier for the pre-test and post-test for 

energy forms and uses. 

 
Table 4.27  

Percentage distribution of students who scored 1st, 2nd & 3rd tier in pre-test and post-test for energy 

forms and uses 

1st, 2nd & 3rd Tier 

(MCQ Answer, Reason & Confidence) 

%Pre %Post %Post-Pre 

C 7.32 15.85 8.54 
E 10.19 40.28 30.09 
F 7.34 32.81 25.47 

 
Deducting the percentage of false positives and false negatives, as shown in Table 4.1, 

the percentage increase in students when tracked on the basis of all three tiers of the concept 

test on energy forms and uses after the intervention is 28.08% (E) and 22.03% (F) for the two 

experimental groups in comparison to 3.36 % (C) for the control group.  

 

4.2.3 Research question 3 (RQ3) 

Survey of students’ views of the ICT-based remediation package showed that most 

students had positive feedback on its implementation in the classroom and appreciated its 

features (Table 4.28). 

 

 

 

 

 

 

 

 

 

 

  

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



 

168 

Table 4.28  

Students’ perception survey on ICT-based remediation package 

Question % (experimental N= 161 /control N= 41) 

strongly 
agree 

agree neutral disagree strongly 
disagree 

1. I like the lesson in the ICT-
based remediation package 

86.3/78.0 13.0./12.1 0.6/9.7 0/0 0/0 

2. I am willing to continue 
learning by ICT 

88.8/73.2 11.2/24.4 0/2.4 0/0 0/0 

3. ICT-based remediation has 
helped me to better 
understand the theme of 
energy 

88.1/61.0 11.8/36.6 0/2.4 0/0 0/0 

4. I am more attentive during 
lessons using ICT 

90.7/63.4 9.3/36.6 0/0 0/0 0/0 

 

86.3% of the students in the experimental group E and F strongly agreed that they liked 

lessons and activities in the ICT-based remediation packages; 13.0% agreed while 0.6% 

remained neutral.  Also 88.8% strongly agreed, while 11.2% agreed that they are willing to 

continue learning by ICT-based remediation packages. Moreover, 88.1% strongly agreed, 

while 11.8% agreed that ICT-based remediation package helped them to better understand the 

theme of energy. Also, 90.7% strongly agreed, and 9.3% agreed that they were more attentive 

during remedial ICT-based remediation package. 

 

78.0% of the students in the control group C strongly agreed that they liked the lessons 

and activities in the ICT-based remediation packages; 12.1% agreed while 9.7% remained 

neutral.  Also 73.2% strongly agreed, while 24.4% agreed and 2.4% remained neutral that they 

are willing to continue learning by ICT-based remediation packages. Moreover, 61.0% strongly 

agreed, while 36.6% agreed and 2.4% remained neutral that ICT-based remediation package 

helped them to better understand the theme of energy. Also, 63.4% strongly agreed, and 36.6% 

agreed that they were more attentive during remedial ICT-based remediation package. 

 

Students in the experimental groups E and F cited reasons such as the ICT-based 

remediation packages were stimulating and engaging. They preferred remediation through web 

video and data logging activities rather than through teacher-based re-teaching, which they 

found to be boring since they felt they were going through the same materials again. They 
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found ICT-based remediation packages clear and concise in helping them remediate their ACs. 

Also, they enjoyed the video links and found them vivid and lively.  

 

Students in the control group C brought up the importance of timeliness of the 

administration of the intervention package. This is the main reason for the lower percentage of 

students who liked the lessons in the ICT-based remediation packages and their willingness to continue 

learning by ICT. They responded strongly that they will enjoy their remediation more if the ICT 

packages are utilised instead of frontal remedial and also not after frontal remediation. They 

also expressed confidence that they would perform better if they had the chance of using the 

ICT-based intervention package as they strongly felt that ICT-based remediation packages can 

help them better understand the theme of energy.  

  

4.2.4 Research question 4 (RQ4) 

Teacher interviews (Table 4.29) were also gathered from the four teachers that taught 

the experimental classes as mentioned in Table 3.16. Generally, the feedback showed that the 

teacher appreciated elements of the ICT-based remediation package and concurred that it could 

be a potential tool to address students’ ACs.  
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Table 4.29  

Teachers’ views on ICT-based remediation package 

 

Key feedback from teachers’ interviews were that they found the ICT-based 

remediation packages could achieve the learning outcomes and were able to remediate 

students’ ACs through time-efficient web videos and data-logging activities. They noted that 

students were able to remediate their ACs on their own through ICT-based remediation 

packages, and this approach was less daunting, especially for the weaker and shy students. 

Teachers also cited that students’ refined concepts after remediation through ICT- based 

remediation package seemed deep- rooted as students were able to articulate the correct 

concepts in the worksheets and subsequent post- test. Students were also better able to apply 

these concepts to situations rather than remembering them in silos, they added 

 

Teacher Teachers’ views  

A The framework for ICT-based remediation is concrete and each interface is specific to one AC. 
I think it is useful. Rather than teachers looking up you-tube and choosing videos randomly, this 
package comes with recommended simulations (video and data logging activities) will ensured 
the quality of the computer enhanced simulation. It is wonderful to have such a remediation unit.  
The ICT-based remediation unit was effective in correcting students’ AC. ICT tools offer good 
ways to spark student interest and make them want to use the available technology to achieve 
better results in their school work 

B We have different types of students. The activities designed by others may be useful for other 
students, but not necessarily for my students.  I need to agree that this is a good remediation 
tool, but in practice, I am not sure if many teachers will use this. We have a lot of work in regular 
teaching and bringing the students to the computer lab for remediation takes time. I am worried 
about the technical support that was required and the time spend on getting students to the lab 
and logging on to the computers individually. Nevertheless, the ICT-based unit was effective in 
correcting students’ AC. Students did not require a lot of prompts or re-teaching to correct their 
ACs. They responded with Ahs… and Ohs… when the web videos are being screened, I guessed 
they had a cognitive conflict created and subsequently realized that what they have seen was the 
correct conception and their AC was corrected quite naturally. 

C The ICT-based remediation package was effective in correcting students’ AC. It was more 
convenience that setting up an experiment again to re-demonstrate the correct concept. Student 
that were weaker or shy were able to participate actively in the remediation package as they need 
not set up any physical set-ups which they might not be confident in. Students were also more 
interested in their learning on the theme of energy as they enjoyed the ICT affordances. 

D It is fun to use ICT, the information and material available (mainly from the Internet) is good, 
but that it takes time for me to find the suitable ones on my own that was why ICT- based 
remediation package was a time-saver. While there are some drawbacks (mainly the time-
consuming part) I thought ICT as something positive, something that enriches both my teaching 
and their students’ learning. It was immensely satisfying for these students, they did not have 
any study technique, and so this sort of becomes a fun way for them to remediate their concepts. 
The ICT-based remediation created more focus for students than sitting and taking notes. 

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



 

171 

4.3 Summary of Results  

The following findings were made from this study: 

(a) Several ACs were found on the topics of heat, light cum photosynthesis and energy 

forms and uses. A total of 23 ACs were identified through a modified three-tier 

MCQ concept test. Some of the ACs identified in this study have also been reported 

by other researchers. Five are new ACs found on the topics of light and energy 

forms and uses and have not been reported in the literature.   

(b) The intervention produced significant improvements in cognitive scores for the two 

experimental groups. After controlling for the effect of the pre-test and difference 

in performance of the classes, there was a significant effect of the ICT- based 

remediation packages on the post-test scores of the experimental group. Both 

experimental groups showed improvement but the improvement was not uniform 

with respect to the control group. Both experimental groups showed a reduction in 

number of ACs in comparison to the control group. The percentage increase in 

students who managed to get 1st, 2nd & 3rd tiers (MCQ Answer, Concept & 

Confidence) of the concept test after intervention was 29.64% (E) and 19.22% (F) 

for the two experimental groups in comparison to 2.14 % (C) for the control group 

for heat; 32.62% (E) and 15.89% (F) for the two experimental groups in comparison 

to 0.34% (C) for the control group for light cum photosynthesis; and 28.08% (E) 

and 22.03% (F) for the two experimental groups in comparison to 3.36 % (C) for 

the control group for energy forms and uses. 

(c) The intervention lesson produced some impact in relation to the ACs identified. All 

ACs of the experimental class showed decrease to varying percentages of students 

harbouring the ACs after the intervention. It can therefore be concluded that the 

intervention lesson did, produce reductions in the percentage of students harbouring 

these ACs.  

(d) In terms of confidence status for the individual items, there was a statistically 

significant increase after the intervention. The intervention did produce a significant 

impact in raising the confidence level of students who scored correctly on the items.  

(e) Survey of students’ views of the ICT-based remediation packages showed that most 

students had positive feedback on its implementation in the classroom and 

appreciated its features. 
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(f) Feedback from teachers showed that the teachers appreciated elements of the ICT-

based remediation packages and concurred that it could be a potential tool to address 

students’ ACs.  

 

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



 

173 

CHAPTER 5 

DISCUSSION 

Overview 

  This chapter addresses the main findings obtained in this study. Firstly, the 

common ACs harboured by students on the theme of energy are discussed. Secondly, the 

effectiveness of the ICT–based remediation packages developed for the various topics are 

established. Finally, teachers’ and students’ views on the ICT-based remediation packages are 

shared.  

 

5.1 ACs 

To answer RQ1 on the common ACs students have on the theme of energy, an analysis 

of students’ items scores, based on incorrect responses, on the concept test was carried out.  

 

5.1.1 ACs on Heat  

Several ACs were found on the topic of heat. About 44.1% of students in this study had 

the AC that “heat and temperature are the same”. This was similar to the research findings that 

learners felt that “heat and temperature were equivalent entities” (Harrison, Grayson & 

Treagust, 1999), that “heat is proportional to temperature” (Yeo & Zadnik, 2001), that 

“temperature is a form of heat” (Laburu & Niaz, 2002) and that there was confusion between 

heat and temperature (Paik et al., 2007,). 

About 3.7% of students in this study had the AC that an object becomes hotter when it 

is exposed to high heat, thus resulting in its high temperature. This contradicts the studies on 

heat and its effects (Shayer & Wylam, 1981) and the fact that “heat will not always result in a 

temperature increase, when it reaches its boiling point” (Yeo & Zadnik, 2001). 

About 74.8% of students in this study had the AC that “heat is a substance that flows 

and moves anywhere in any direction”. As seen in Yeo & Zadnik’s (2001) study, the word 

“move” may infer that heat flows like a fluid, which suggests that students had at least three 

common ACs in this context: (a) Heat is contained in an object; (b) Heat is a form of substance; 

and (c) Heat flows like a fluid.  Likewise, for the AC that heat and cold flow like liquids, as in 

the research done by Yeo & Zadnik (2001). 
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About 86.1% of the students had the AC that objects at the same temperature had the 

same amount of heat, regardless of their size. They fail to understand that temperature of an 

object is not dependent on its size but on the amount of heat it possesses. This is aligned with 

literature support that suggested that students often rely on their intuition on temperature when 

it comes to how hot or cold an object feels to the touch (Lewis & Linn, 2003; Streveler et al., 

2008).  

About 3.7% of the students had the AC that only good conductors conduct heat. This is 

probably due to the notion that metals, being “good conductors will also let heat in and out 

more easily” (Clough & Driver, 1985). It could also be due to the perception that metals are 

able to “attract, hold, intensify or absorb heat and cold” (Yeo & Zadnik, 2001). 

About 67% of the students had the AC that the temperature of an object would 

continuously increase or decrease if it gained or lost heat. This finding is consistent with other 

conceptualisations such as “heat will always result in an increase in temperature, even at boiling 

point” (Laburu & Niaz, 2002; Yeo & Zadnik, 2001). Also, in Laburu and Niaz’s (2002) study, 

when students observe the demonstration on the heating of water till its boiling point, one of 

the students remarked: “If you are heating, the temperature must increase (p. 214)”. It should 

be noted that the “effect” of heat can also manifest in a change of state, as such the temperature 

would remain constant during boiling became a phase transition in progress.  

About 41.2% of the students had the AC that only solids can expand and contract when 

heated or cooled. A possible reason for this AC could be that expansion and contraction of 

gases might not be visible to the naked eye. The expansion and contraction of solids lends 

themselves to common occurrences, hence the fixation on the part of the students. 

A new AC found in the local context is that air does not expand. About 12.8% of 

students had this AC. A possible reason for this AC is that air, being an invisible entity; does 

not readily lend itself to observable manifestation such as expansion and contraction. 

Our research findings were also consistent with the literature in that heat is a topic 

where most students have many deep rooted ACs. Streveler et al., (2008) mentioned about 

“temperature versus energy as a topic where students commonly had ACs”. This finding was 

drawn from Streveler et al., (2003), where teachers were asked to surface topics that are both 

vital and yet problematic for their students to comprehend. Further support is provided in the 

study by Miller et al., (2006) and Streveler et al., (2008) on the pervasiveness of ACs among 

students on the topic of heat.  
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5.1.2 ACs on light cum photosynthesis 

A number of ACs were found on the topic of light cum photosynthesis. About 75.6% 

of the students had the AC that only shiny objects can reflect light. This finding is aligned with 

physics education research that documented that students have problems in understanding basic 

optics (Blizak, Chafiqi, & Kendil, 2009), and that one of the notable conceptual errors was the 

concept of reflection of light (Ayvaci & Candas, 2018).  

About 33.8% of the students in this study had the AC that all objects are light sources 

and that they give out light, which is why we can see them. This is parallel to a Turkish study, 

conducted among students of different levels that revealed that “students have incomplete and 

inaccurate information about the concept of reflection”. (Ayvacı & Candas, 2018). Also, Sahin, 

Ipek, and Ayas (2008) found that students had problems distinguishing between light source 

and light reflection.  

About 65.8% of the students had the AC that the shape of a shadow follows the shape 

of the object while 3.7% of the students in this study had the AC that the size of the shadow 

changes only when the screen was moved. This aligns with other studies that documented 

similar ACs (Dedes & Ravanis, 2009; Chen, 2009; Gallegos Cázares et al., 2009). On a parallel 

vein, some of the initial accounts of children’s ideas about shadows can be found in “Piaget’s 

Conception of Physical Causality” (Piaget, 1930) and “Conception of Space” (Piaget & Inheler, 

1967), where Piaget identified four different stages of concept development for physical 

explanations of shadows. That is, “the shadow of an object is regarded as emanating from both 

internal (the shadow emanates from the object) and external sources”; “the shadow emanates 

from the object, the shadow emanates from the object but the emanation drives away the light”; 

and the “formation of shadows is due to the light being blocked by the objects” (Chen, 2009).  

The ACs harboured by the students on this topic can be categorized into three main 

areas: (a) confusion on the direction of light that allows the object to be seen by the observer; 

(b) confusion on how light rays reflect on the surface; and (c) confusion on the image position 

of an object, as seen by an observer. These common ACs are consistent with a recent research 

on misconceptions about the models of light refraction through a planar surface harboured by 

high-school students in Thailand (Kaewkhong, 2010). This suggests that ACs in primary 

science, when not remediated, can interfere with students’ learning and stay on even at higher 

levels.  
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A new AC found on this study was that light can only pass through transparent objects.  

It was harboured by 7.0% of students. 

The ACs harboured by students on the topic of light cum photosynthesis runs parallel 

to those in the literature on students’ difficulties in learning about light and optics, despite their 

importance in science courses (Wardani, Widodo, & Winarno, 2017). It is apparent that light 

is a difficult topic for students to grapple with (Haslag & Concannon, 2012).  

For photosynthesis, ACs with regards to sources of energy for plants was prevalent in 

this study, just as in other research studies that showed students had AC that ‘‘plants get their 

energy from water, air, soil, fertilizer, worms and insects’’ (Cepni et al., 2006). 

In this study, about 38.6% of students had the AC that heat and light were used by plants 

to make food. This AC was also reported by Dimec and Strgar (2017), based on a study of 427 

primary school students in Slovenia. About 29% of students had the AC that “plants receive 

light energy from the Sun, and transforms it into chemical energy”. It was clear that the 

students’ answers indicated substantial misunderstanding on what happens with energy in 

photosynthesis. Most students think that plants receive light energy, but they had challenges in 

understanding about energy conversion in photosynthesis. About 15.7% in my study, in 

comparison to 17% in the research done by Dimec and Strgar (2017), had the AC that “light 

energy is transformed into chemical energy”.  

It is clear that number of students have flawed understanding that the process of 

photosynthesis is about energy conversion, and that light energy can be transformed to heat 

instead of chemical potential energy during photosynthesis. 

 

5.1.3 ACs on energy forms and uses 

Despite the central role that energy concepts play, they are highly abstract and often 

counter-intuitive, and can be challenging to students at all levels. Studies on students’ learning 

about energy had uncovered a number of ACs in the literature.  

About 33.0% of students in this study had the AC that things that are not moving or are 

stationary at a height have no energy. However, most seem to be able to grapple with the 

concept that energy can be converted from one form to another, since only a small percentage 

(4.5%) of students harbour this AC. That there is energy conversion as an object moves down 

a ramp seems difficult for students to understand, though only 10.3% of students in this study 
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had this AC. Unfortunately, students still fail to make the connection that when an object stops 

moving, it is not that it has no energy but simply that the kinetic energy has been converted to 

other forms of energy.  

It has been reported that some students thought that “objects at rest have no energy and 

that energy is only associated with obvious activity or movement” (Brook & Driver, 1984). 

This corresponds to the well-documented AC that energy is not associated with inanimate 

objects. The fact that students were able to correctly answer an item on falling and to identify 

the correct option in another scenario might explain why students have often been found to 

have understood energy transformation at early stages (Duit, 2014). Other studies have reported 

that students have problem with the concept of energy transformation (Dawson, 2006).  

My findings were consistent with the conceptions representing levels in mastering 

understanding of the energy concept. The particular overlay in item difficulty across levels 

suggested that the conceptions may not create distinct stages in mastering the energy concept 

in the sense that even if students had mastered it at one level, it may not necessarily imply that 

they comprehend its subtleties at a more advanced level. For instance, although students know 

that energy manifests in different forms, they may not understand deeply the sources of 

different forms of energy. 

Results from this study showed that only a small proportion (4.2%) of students had ACs 

on sources of energy in comparison to the much larger percentage of students with ACs on the 

other hierarchical conceptions. This suggested that students may first develop an understanding 

of energy forms and sources, and only subsequently understand transformation and 

degradation. Finally, students can develop an understanding of energy conservation. These 

results are aligned with earlier research that students’ understanding of the energy concept may 

be hierarchical (Dawson, 2006; Lee & Liu, 2010; Liu & McKeough, 2005). 

Four new ACs in the local context, not mentioned in the literature, were uncovered.  

They were as follow: (a) KE only depends on speed of object. (77.3%), (b) GPE only depends 

on height of object. (82.8%), (c) Battery has electrical energy (42.2%), and (d) Elastic potential 

energy is only found in stretched objects. (55.9%). Interestingly, the percentage of students 

harbouring these ACs were more than 50%, yet these ACs have not been reported in literature. 

This suggests that students may have harboured these ACs dominantly but were only uncovered 

through the scenario-based concept test used in this study.  

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



 

178 

ACs uncovered on the topic of energy forms fall into five hierarchically ordered but 

distinct conceptions where students have flaws in understanding: (a) energy is the ability to do 

work, (b) energy forms and sources, (c) energy transfer, (d) energy degradation, and (e) energy 

conservation. This is aligned with the studies by Lee and Liu (2010) and Liu and McKeough 

(2005), who utilised Driver et al.,’s (1989) work to document students’ progression in 

understanding energy concepts. 

 

 Table 5.1 shows ACs that are prevalent and new in this study 

 

Table 5.1  

ACs that are prevalent and new in this study 

ACs Topics 

Prevalent Heat Light cum 
photosynthesis 

Energy forms and uses 

• Heat conducts 
through an object in 
any direction. 

• Objects of any size 
under same 
temperature have the 
same amount of heat. 

• Temperature 
increases upon 
heating, and always 
decrease upon 
cooling. 

• Only shiny objects 
can reflect light. 

• The shape of a 
shadow follows the 
shape of the object. 

• Heat and light are 
used by plants to 
make food. 

 

• KE depends only on the 
speed of an object. 

• GPE depends only on the 
height of an object. 

• Elastic potential energy is 
found only in stretched 
objects. 

 

New • Air does not expand 
(12.8%) 

 • Kinetic energy depends 
only on the speed of the 
object. (77.3%) 

• Gravitational potential 
energy depends only on 
the height of object. 
(82.8%) 

• Battery has electrical 
energy. (42.2%) 

• Elastic potential energy is 
only found in stretched 
objects. (55.9%) 
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5.1.4 Round-up of ACs 

A round-up of the findings are as follows:  

(a) A number of ACs identified in this study have also been identified in the studies of other 

researchers. This is not surprising as the syllabus coverage on the theme of energy is quite 

narrow in primary schools in Singapore.  

(b) For those ACs found in other studies that were not surfaced in the present study, or vice 

versa, possible reasons could be:  

i. Differences in the curriculum. Learning of science in Singapore is structured around the 

spirit and practices of scientific inquiry. Topics under energy include energy forms and 

uses (light, heat, and photosynthesis) and energy conversion. In the USA, for example, 

the curriculum frameworks of individual states vary. Students begin studying science in 

lower elementary school in an observational way. Science in elementary schools in USA 

covers basic concepts of life sciences, physical sciences, and Earth and space sciences 

that develop across the grades. Learning of energy encompass types and observations of 

energy (heat, sound, light, electrical, mechanical/motion); common sources of energy 

(e.g., the Sun, electricity, wind); and uses of energy (heating and cooling homes, 

providing light); energy transformations (e.g., electrical energy converted to motion, 

sound, heat, or light; mechanical energy converted to heat energy or electrical energy) 

and basic properties and behaviour of light (light travels in a straight line until it strikes 

an object or travels from one medium to another; light can be reflected, refracted, or 

absorbed; objects that block light produce shadows).  

ii. Differences in design and emphases of the test instrument used. The current instrument 

delved less on the basic concepts of energy - for example, objects that give out heat, 

objects that give out light, light travels in a straight line, and all objects possess energy. 

It was the intent of this study to identify ‘higher order’ ACs where the cause(s) are 

attributed less likely to flawed recollection of factual information, where ACs of such 

nature could be relatively easy to rectify by providing and emphasizing the relevant 

factual information.  

iii. Use of a different diagnostic test format. The use of a modified three-tier MCQ test as a 

diagnostic format may lack the flexibility and open-endedness of structured or free 

response questions, and even much less so as compared to interviews as the interviewers 

are able to probe deep into the thinking of the test subjects on limited aspects of the topic. 

This is one reason why some ACs are not effectively surfaced.  
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5.1.5  Conceptual difficulties faced by students in understanding the theme of energy 

The foregoing section has documented the main difficulties that learners face in trying 

to understand the theme of energy. While the acceptance of the concepts of energy do not 

appear to be difficult to remediate for students in the study, the proportion of scientifically 

acceptable conceptions for the answer tier varied from 15% to 75% for most of the items used 

in this three-tier modified MCQ diagnostic test. The proportion of scientifically acceptable 

conceptions, however, rarely exceeded 50% for the reason and item tiers, suggesting that 

tremendous effort may need to be invested to produce meaningful conceptual change. 

In a number of the items examined, it appears that learners may not have answered the 

items in accordance with what they have studied in other topics, especially when the stem of 

the question involved unfamiliar contexts. According to Federer et al. (2014), familiar items or 

contexts may elicit more key concepts and naïve ideas than unfamiliar items. It is likely that 

respondents might not utilise and activate all relevant knowledge or schema to solve problems 

involving unfamiliar contexts, or they might activate a wrong set of familiar schemas to 

approach the problem. For example, for question 5 on heat on the spinning spiral, students were 

unable to note that the heat causes the air above it to expand, thus causing the spiral to move. 

They utilised their naïve physics ideas based on common observances of concrete cracking due 

to the high temperature in Singapore, a tropical country: That is, they tend to associate 

expansion as limited only to solids. This type of AC can be easily corrected and be effectively 

prevented from taking root. This can be done by conducting experiments that demonstrate not 

only expansion of solids but also those of air and liquid when heated. These experiments can 

be done by tapping on ICT tools, as schools may not have the necessary resources to 

demonstrate the principles of heat expansion on the different states of matter.  

Language has also continued to play a crucial role in the development and sustenance 

of ACs. For example, in question 2 on various statements used to describe the situation, an 

indication of language and schema language influencing students’ conception of the rightful 

use of heat versus temperature is evident. The loose use of these terms in daily lives can cause 

students to form a lateral AC that heat and temperature are the same. 

Another related conceptual framework other than mistaken categorization could be 

adopted to view the ACs based on the analysis of language. When learners are presented with 

scientific findings that are incompatible with their existing schemas based on their everyday 

experiences, the commonly encountered schemas may be adopted. Therefore, the vernacular 
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usage of the terms in the daily lives of the learner, rather than the scientific usage of these 

terms, may also be relevant in the interpretations of the terms ‘heat’ and ‘temperature’, which 

have different meanings in the contexts of heat versus that in everyday usage. Some of these 

alternative schemata could have influenced students’ responses in ways that might not have 

surfaced with the instruments adopted in this study.  

Mis-categorization of concepts committed under alternative ontological commitments 

can cause some ACs to be very robust and resilient even in the face of counter-evidence, unless 

the learner adopts the target ontology intended for the concept (Chi, 1992; Slotta, 2011). For 

example, in question 3 of heat, 74.8% of students feel that heat conducts through object in any 

direction as heat in often taught using the illustration, heat flows. Students tend to have this 

visual etched in their mind that heat is like water, which flows in all directions. 

Learning gaps created ACs mostly in the category of phenomenological primitives such 

as in the example of question 6 of heat, where 86.1% of students felt that objects of any size 

under the same temperature have the same amount of heat. Students associate temperature of 

object as being directly proportional to the amount of heat an object has. They are unable to 

see the effect of size as another factor that can influence the amount of heat an object has. 

Learning gaps can result in students being unable to see the multiple factors that affect a 

phenomenon. 

 

5.2 Effectiveness of diagnostic test 

5.2.1 Cronbach's alpha 

As the inter-correlations among test items increase, Cronbach's alpha will generally 

increase. Cronbach's alpha is supposed to indirectly indicate the degree to which a set of items 

measures a single unidimensional latent construct as inter-correlations among test items are 

maximized when all items measure the same construct. Cronbach's Alpha of value about 0.8 

indicates good internal consistency. An Alpha value above 0.70 is considered good (Nunnally 

& Bernstein, 1994).  

The present study also involved various sub-topics that were based on different 

concepts. Therefore, the test may not be uni-dimensional (Schmitt, 1996) as the various sub-

topics tested may not form a distinctive construct and so the test may have measured more than 

one attribute, which could have lowered the value of alpha. In the present study, Cronbach's 
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alpha is within the minimum recommended value of 0.70 for group comparisons (Nunnally & 

Bernstein, 1994). The author suggests that good but not optimal Cronbach alpha with repeated 

measures for the same population is not likely to be due to the low reliability of the 

measurement. Instead, it might be due to the fragmentations of the students’ conceptions as a 

result of a lack of coherence. In view of the poor performance and presence of many ACs, a 

lack of coherence of the students’ conceptions on topics on the theme of energy might also be 

a possible explanation for the value of Cronbach alpha in the present study. 

 

5.2.2 Effectiveness of modified three-tier diagnostic test format 

  A number of tests formats for the identification of ACs has been documented in the 

literature; for example, MCQs, two-tier MCQs, three-tier MCQs and four-tier MCQs. They 

have a played a useful role in uncovering ACs in different contexts among students. Each of 

these formats has its own strengths and limitations. 

  In this study, a modified three-tier format was used to uncover ACs among primary 

level students. It comprises a stem, an answer tier in MCQ format, a reason tier which requests 

students to write the concept used to answer the question, and a dichotomous confidence rating 

based on ‘I am sure’ and ‘I am not sure’ for the certainty of their responses to the question. The 

modified three-tier MCQ format is used in this study as I feel that this format is best suited for 

the purpose of this study, keeping the mind the samples used. 

  As explained earlier, a confidence scale based on a continuum was not used because a 

preliminary investigation revealed that students have difficulty in confirming their confidence. 

Thus, a conscious decision was made to use a dichotomous scale, which is adequate for this 

study. A pervious study on two-tier test on plant growth and development (Lin, 2004) posed a 

question in the stem and students are to select one of the following; ‘Yes’, ’No’, or ‘I don’t 

know’. In other words, the confidence format used in my study cognised the fact that some 

students may not know the answer to the question and they can select ‘I don’t know’. So, the 

form of the confidence scale used in my study allowed students to indicate their certainty of 

response with the selection of ‘I am sure’ rating. In my opinion, collapsing the confidence scale 

of Yes/No/ I don’t know (Lin, 2004) to a dichotomous scale of I am sure/ I am not sure, 

introduces some parsimony in the confidence scale used in this study. 

  Furthermore, in contrast to the traditional open-ended format for students to explain 

their choice of answer, I had opted for the format ‘I got my answer from the concept. That 
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means students had to understand the question and recollect the salient concept that they 

leveraged on to answer the question. Again, this was predicated by the restriction posed by 

inadequate language proficiency on the part of students. It would be far easier for them to state 

the concept used rather than explain their reasoning. 

  The effectiveness of the modified three-tier diagnostic test in uncovering and assessing 

students’ ACs is highlighted as follows: (a) It is easy to administer. As an MCQ-based 

instrument, this diagnostic test is administered with ease in school in the space of about 90 

minutes. No other special arrangements are required. These are advantages over data collection 

methods that are time and labour consuming such as interviews. (b) Reliability of student 

responses. Students need only to select an option that they feel is correct and write down the 

concept they based their option on. This reduces the magnitude of the task to a more age- 

appropriate level. Being more manageable, students can then put in more effort to answer the 

questions compared to cases where they have to provide their answers in prose; such as in 

structured or essay questions, as well as in the open-ended 2nd tier of the two-tier MCQs. (c) 

Reliability of data. The provision of both answer and reason tiers greatly reduced the chance 

of guessing.  Students now have to indicate the correct concept that their 1st tier answer is based 

on. (d) Collection of meta-cognitive information.  The confidence students indicate for the 

certainty of their response provides some insights on their thinking. This can provide additional 

information on the strength of an AC, as well as the correctness in their certainty of response 

compared to its prevalence alone.  

  The modified three-tier diagnostic test seems to be effective and efficient in performing 

quick and relatively thorough identification of ACs. Although it is not perfect and lacks the 

flexibility of a human researcher who can tailor interview questions on the spot according to 

the student’s responses, the modified three-tier diagnostic test can provide a simple approach 

to sample a large number of test subjects within a relatively short time frame. The modified 

three-tier diagnostic test in this study is much less time- consuming but still managed to identify 

a respectable number of ACs, as compared to some other studies using interviews, such as 

those by Drechsler & Schmidt (2005) and Nakhleh & Krajcik (1994), who identified six ACs 

and Sheppard (2006) who identified 12 ACs.  

  There is good potential for the use of the modified three-tier diagnostic test in tracking 

students’ conceptual change and mastery of the relevant concepts, as can be seen from the 

findings of this study. A good way of deploying the modified three-tier diagnostic test for 

science lessons will be to use them for a quick preliminary determination of ACs. For example, 
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a teacher could administer a diagnostic test to surface ACs related to concepts needed after the 

topic has been taught and then follow up through remedial measures. The identification of a 

good number of ACs in this study suggests that the traditional teaching that students have been 

exposed to has not been very effective in building a complete understanding on topics under 

the wider theme of energy.  It is most likely that the teacher just teaches the content matter in 

the classroom, with ACs perhaps to be addressed after they have surfaced these in assessments. 

A more effective way would be by being proactive, that is, by ascertaining the ACs on the topic 

from previous experience and addressing these during teaching. 

 

5.3 Effects of Conceptual Change intervention  

5.3.1 Changes in Test Scores from pre-test to post-test 

To answer RQ2 on the effectiveness of the ICT–based remediation packages developed 

for the various topics, descriptive statistics and a one-way between subjects ANCOVA were 

used. 

From students’ pre-post concept tests, it can be seen that there is a decrease in 

percentage of ACs in post-test.  There was a greater decrease in percentage of ACs in 

experimental E class followed by F class. C class did experience a slight decrease in percentage 

of ACs, perhaps due to time on task. The decrease in percentage of ACs also varied with the 

topics. The topic of heat had the most percentage decrease in ACs, followed by energy forms 

and uses and, finally, light and photosynthesis. 

The mean post-test score for the answer tier for participants in the experimental group 

is 10.89 (E), 8.73 (F) for heat, 10.46 (E), 10.89 (F) for light cum photosynthesis and 10.88 (E), 

9.63 (F) for energy forms and uses. These mean scores are of a total of 8 items for both heat 

and energy forms and uses while 7 items comprise for light cum photosynthesis. This is in 

contrast to the pre-instructional scores of 6.94 (E), 6.18 (F) for heat, 7.20 (E), 6.19 (F) for light 

cum photosynthesis and 7.27 (E), 7.14 (F) for energy forms and uses. All post-instructional 

scores are higher than those in the pre-test, and these are statistically significant. The gains 

based on the total number of items may appear small, but in view of the low overall pre- and 

post-test scores obtained, the improvements obtained are considered significant.  

Pairwise comparisons of the different classes with Bonferroni adjustment showed that 

there was a significant increase in mean scores of at least 2 between experimental group E and 
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control group C, at least 1 between experimental group E and F for all topics, and less than 1 

between experimental group F and control group C for the topic of energy forms and uses at 

p <  0.05. 

 The ANCOVA test showed that there was a significant effect of the ICT- based 

remediation package on post-test for the experimental group E and F after controlling for the 

effect of the pre-test and differences in performance of the classes, F (11, 181) =2.89, (Heat), 

F (8, 185) =3.41, light cum photosynthesis and F (9, 184) =3.33 (energy forms and uses) with 

p <  0.05. 

With regard to the overall changes in cognitive scores, the improvement from pre- to 

post-test was statistically significant. This study concurs with what several researchers have 

reiterated that student performance increases with the use of ICT in science education (Powell, 

Aeby, & Aebyc, 2003; Tsai & Chou, 2002; Chang, 2001; Lee, 2001). In addition, it has also 

been reported that ICT-based learning has positive effect on students’ abilities and skills in 

scientific investigations (Bayraktar, 2000; Shute & Bonar, 1986). Moreover, it is also evident 

that utilisation of ICT enhances students’ confidence and helps them to “discover interactions 

among the components of a complex system” (Ramjus, 1990). 

Much has been said about concurrence with research results in the science education 

literature.  This study has found no comparable research in other studies that also made use of 

ICT as a CC approach on the theme at a level equivalent to primary six in the Singapore context. 

From our research findings, all post-test scores were higher than the pre-test scores. 

This confirms that the ICT-based remediation packages were effective in bringing about 

cognitive conflict, a pre-requisite for CC (Posner, et al., 1982; Strike & Posner, 1985). It also 

shows that the ICT-based remediation has provided opportunities for the students to rectify 

their ACs (Milne & Otieno, 2007).  

The recommendation by Tasker and Dalton (2006) for using simulations has also been 

used in this package, such as the simulation of energy changes in Skate Park, found in the forms 

and uses of energy package. The visual imagery and animations help in providing the requisite 

knowledge to create the cognitive conflicts, a pre-requisite to effect CC (Posner, et al., 1982; 

Strike & Posner, 1985). The students get a more depictive model of the occurrences and, will 

in the process, rectify their flawed mental models accordingly. These, combined with the 

discourse packaged in the PowerPoint serves to reinforce the scientific mental model, bringing 
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about acceptance, assimilation and finally evolution of the mental models, and thus resulting 

in CC (Ioannides & Vosniadou, 2002; Smith et al., 1993; Vosniadou, 1994).  

 

5.3.2 Differences in Confidence levels between Pre-test and Post-test  

The percentage increase in students who managed to get all 3 tiers of the concept test 

(with answer, reasoning and confidence) correct after intervention is 29.64% (E), 19.22% (F) 

and 2.14% (C) for heat; 32.62% (E) and 15.89% (F) and 0.34 % (C) for light cum 

photosynthesis; and 28.08% (E) and 22.03% (F) and 3.36% (C) for energy forms and uses for 

the two experimental groups, thus showing an overall increase of confidence as respondents 

provided their responses. 

The post-test results had higher confidence levels (greater percentage of students 

answering correctly) as compared to the pre-test groups. It is not surprising that the post-test 

groups expressed higher levels of confidence. The confidence levels were found to be 

significantly higher for most of the items and tiers tested. These results, indicate that 

respondents generally improved at the post-test in terms of the calibration of their confidence, 

as a whole. The changes across confidence levels for the various topics also suggest that the 

changes in the reliability of confidence levels could be rather context-specific.  

 

5.3.3 Analysis of Significant ACs from Pre-Test to Post-Test  

A small number of significant ACs was retained post instruction while most were 

modified. There were, however, decrease in occurrence and severity of specific significant 

ACs. Of the 23 identified ACs from the literature and past students’ ACs on the topics, 21 of 

them are significant ACs at pre-test (being present in more than 10% of the respondents). All 

ACs were weakened to varying degrees after the intervention. There is no maximal increase in 

scores as CC is a complex process. A number of factors, such as gender (Dogru-Atay & 

Tekkaya, 2008), epistemological beliefs (Murphy & Alexander, 2004), interest (Sinatra & 

Mason, 2008), and prior knowledge (Murphy & Mason, 2006) can all influence the process of 

CC. The above results indicate that the effect of ICT-based remediation package on the 

prevalence or strengths of significant ACs was significant. 
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5.3.4 Effectiveness of Instructional Package  

To answer RQ3 on students’ views of the ICT-based remediation package, their 

perceptions of the package were ascertained through a survey after the completion of the three 

remediation modules for the experimental classes. Most of them had positive feedback on its 

implementation in classroom and appreciated its features (Table 4.25). This data source 

provided further support for the increase in test scores from pre- to post- test and the increase 

in confidence from pre- to post-test, thus attesting to the effectiveness of the instructional 

package. 

More than 80% of the students strongly agreed that they liked the lessons and activities 

in the ICT-based remediation package, and were willing to continue learning using this mode. 

They also strongly agreed that this package enhances their understanding of the concepts in the 

topic as well as helping them to be more engaged during the process. The effectiveness in the 

use of ICT in teaching has been well documented. Also, ICT enhances learning and 

participation, leading to higher intrinsic motivation (Tüzün, Yılmaz-Soylu, Karakuş, İnal, & 

Kızılkaya, 2009). The most recent TIMSS evaluation (Martin et al., 2016) showed that ICT 

was made available to ¾ of the primary schools in England to enrich their learning of science. 

However, when it comes to using it for scientific experimentation and studying simulations, 

this number is greatly reduced, with only half of science teaching involving ICT.  

To answer RQ4 on teachers’ views of the ICT-based remediation package, they gave 

very positive reviews during their unstructured interviews. Key common feedback relates to 

the observation of better mastery of concepts by students as students’ ACs were effectively 

self-remediated. Students’ understanding of concepts was also deeply rooted as students were 

able to articulate and apply the correct concepts in the worksheets and subsequent post-tests. 

Another area of observation was the engagement and comfort level of the students when they 

were using this package. Students were generally more engaged. Weaker and shy students were 

also more comfortable during the process of remediation as they felt that this mode of 

remediation was less daunting. Findings from teacher interviews also align with the literature 

on teachers’ perceptions of ICT on students’ learning when ICT is recommended to be 

integrated in young students’ curriculum. (Prenksy, 2012; Tapscott, 2009) However, the 

curriculum does not provide specific recommendations. As such, the choice and nature of the 

pedagogy that delivers the curriculum are left to the teachers’ discretion in class (Kallery, 

2015).  There is some indication that primary school teachers do embrace ICT as a tool for 

pupil learning and differentiation (Smeets, 2005), and generally have positive attitudes towards 
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using ICT in their teaching of science (Cavas, Cavas, Karaoglan, & Kisla, 2009). This is true 

even for Singapore. 

It is encouraging to note that almost all of the teachers interviewed gave positive 

responses and were interested toward the idea of using ICT-based remediation package in their 

science class. However, teachers did voice concerns such as, time constraints, lack of technical 

support and anxiety of both students and teachers when using the Internet. Primary science 

school teachers are less likely to view themselves as very competent and prepared to teach 

using ICT (Avraamidou, 2015; Martin et al., 2016). These limitations in teachers’ confidence, 

subject mastery, pedagogical content knowledge and understanding of young children’s 

learning in science continue to stay as main barriers in enhancing educational achievement 

(Glauert, Compton, & Manches, 2012). As a result, issues on knowledge and confidence of 

primary science teachers seem particularly elevated when it comes to teaching primary science. 

Others also suggest that this group of teachers (including those recently coming into the 

profession) actually lack appropriate technological literacy (Smeets, 2012), despite the fact 

many of these young teachers are considered as digital natives (Prensky, 2012).  

Moreover, ICT is significantly under-utilised in science education.  The main problem 

appears to be lack of access to appropriate resources (Bingimlas, 2009; Dawson, 2006a).  In 

Singapore, owing to government initiatives, there are computer labs for students, and teachers 

are also provided with personal computers for lesson preparation and teaching purposes. 

Classes are equipped with projectors and WIFI. To promote teachers’ competency in ICT, 

regular workshops and courses allow teachers to competently enact ICT-based lessons. This 

explains the favourable responses from the interviewed teachers.  

All in all, a basis for an effective and practical way of helping students revise and, at 

the same time, allowing teachers to gain deeper insights in their students’ conceptions and 

thought processes through ICT-based remediation have been established. While the positive 

results can be attributed to the intervention, there are alternative explanations on students’ 

improvement in cognition. For example, the majority of the students in experimental E class 

that used 5E inquiry during formal teaching, outperformed students in experimental group F 

class; which used frontal teaching during formal teaching in class. This was aligned with the 

work of Valanides (1997) who emphasized that teachers should utilise pedagogies that use 

inquiry skills such as 5E learning to improve their students’ formal reasoning abilities. As 

students’ reasoning abilities are better developed, logical relationships between evidences will 

prevent students’ development of ACs. Novak (2002) further reiterated that incorrect 
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knowledge structures that have formed due to ACs cannot be eliminated through the rote 

learning approach, because these incorrect knowledge structures will cause students to form 

flawed relations while assimilating new knowledge, thereby leading to a decrease in the quality 

of learning. In addition, students who adopted rote learning orientation may have more ACs in 

science (BouJaoude, 1992).  

However, a very small sample of students from class F did perform better in the post-

test than E class students. This could be due to the effect of direct frontal teaching, which allow 

the students to practice the concepts to mastery. “Time-on-task” after all, has long been 

accepted as a predictor of learning outcomes (Bloom, 1971; Fisher & Berliner, 1985).  

 The ICT-based remediation package was student-centric, which means that the 

instructor plays the role of a facilitator (Dewey, 1916; Scardamalia & Bereiter, 1993) to engage 

students in dialogue (Inagaki, Hatano, & Morita, 1998; Palincasar, 1986; Vygotsky, 1978). As 

far as possible, the concepts were to be inferred by the students instead of being ‘taught’ 

explicitly. The approach used in this study was parallel to the approach in Zimrot and 

Ashkenazi (2007), with each visual targeted to address certain ACs. The remediation package 

served to bridge ‘gaps’ in students’ understanding.  This was aligned with a related 

constructivist perspective, namely, the “zone of proximal development” (Vygotsky, 1978) 

where the students were moved in small steps to the correct concepts.  The package also 

provided appropriate scaffolding to correct the ACs. 

This intervention package made use of ICT elements put together from resources in the 

Web such as simulations, and video as well as simple data logging activities to bring about CC. 

It was unlike other studies that rely on specialised software to craft their own resources (Ardac 

& Akaygun, 2004; Tasker et al., 1996) or use a third-party product (Morgil et al., 2005; Wu et 

al., 2001). This study showed that it is feasible for teachers to create a simple ICT-based 

intervention package, tapping on available web resources, and still be effective in bringing 

about CC. This approach is somewhat similar to that of Özmen et al., (2011), who made use of 

16 interactive computer animations from different websites in a 5-week study involving sixth 

grade students. The experimental group was given a more student-centric treatment, with the 

instructor leading the discussion. In the present study, the multimedia resources were 

incorporated into a single PowerPoint presentation together with other supporting elements 

such as text and graphics in a single remediation lesson for each topic of 90 minutes, which 

was much less compared to studies that took more than one week to remediate one concept 

(Tekos & Solomonidou, 2009; Huang & Eseryel, 2017). As the students in the study had been 
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taught the topic earlier, they came equipped with some baseline knowledge. This enabled the 

intervention to be more focused.  

The effectiveness of the ICT-based remediation package is highlighted as follows: (a) 

the format of the intervention lesson came as a PowerPoint presentation, comprising 

multimedia resources obtained from the Web. No specialized software or hardware was 

required to put together the package. The ease of construction of this instructional package 

accompanied by the proven effectiveness in effecting conceptual change can become a highly 

practical model for school teachers to consider. (b) Feedback from the students was very 

positive. The control group, which also separately attended the intervention lesson (after 

administration of the post-test) for equity purposes were also positive towards this mode of 

remediation. It can reasonably be concluded that the intervention lesson was consistently 

perceived as being useful by all groups. (c) The intervention lesson also produced some impacts 

on metacognitive aspects. With regard to the overall changes in cognitive scores, the 

improvement from pre- to post-test was statistically significant. The percentage increase in 

students who managed to get 1st, 2nd & 3rd tiers (MCQ Answer, Concept & Confidence) of the 

concept test “correct” after intervention was 28.08% (E) and 22.03% (F) for the two 

experimental groups in comparison to 3.36 % (C) for the control group.   

Hence, it can be concluded that the ICT-based remediation package did create CC in 

the students but more time and efforts would be needed to remediate students who had rather 

deep-seated ACs and yet remained confident about it. As the intervention in this study was 

successful in raising cognitive scores, the various sections of the ICT-based remediation 

packages could also be considered to be used in teaching. It could help to minimize or prevent 

the emergence of these ACs in students.  

  

5.4 Summary 

A summary of the responses to the research questions follows: 

1. A total of 23 ACs were identified through a modified three-tier MCQ concept test. Some 

of the ACs identified in this study have also been reported by other researchers. Some of 

the ACs are more prevalent and deep-seated. There are 5 new ACs uncovered.  

2. The statistically significant increase in cognitive scores for the experimental group after the 

intervention indicated that even a student-centric, highly compressed 90 minutes 
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remediation for each topic can produce statistically significant improvements in test scores. 

PowerPoint-based instructional materials are commonly deployed in primary schools in 

Singapore. This means such approaches can be adopted by other schools. Other than putting 

in efforts to identify the multimedia resources such as simulation, data logging or web 

videos, no additional investment in software or hardware is needed. In this study, although 

the normal size of around 40 students per class were involved in the intervention lessons, 

significant improvements in cognitive scores were still achieved. The large effect size for 

the change signified that CC was significant. 

3. The majority of students have shown strong interest and liking for the lessons and activities 

in the ICT-based remediation package, and are willing to continue with the ICT-based 

remediation package, citing reasons such as ICT enhancing their understanding and focus. 

In addition, the confidence level of students has also been raised. 

4. Teachers also showed appreciation for the elements of the ICT-based remediation package 

and reckoned that it can be a potential tool to address students’ ACs. They concurred that 

the ICT-based remediation package can promote enhanced conceptual understanding in 

terms of speed, efficiency, motivation, understanding and thinking disposition. 

 

Wise planning and clever implementation of technological tools in studying, 

communicating, and information management in ICT-based remediation packages can 

contribute not only to the betterment of the teaching process, but also enhance the teaching 

process and bring on significant changes in the thinking dispositions of students (Hannum, 

2000; Insung, 2001). Furthermore, the ICT-based remediation package was mostly based on 

constructivist philosophical and psychological principles. According to these principles, 

studying is a cognitive, social, and cultural process, during which the student creates for himself 

information, understanding, and perceptions about social and cultural situations while using 

construction, dialogue, mediation, balance, reflection, meta-cognition, and research processes 

(Brooks & Brooks, 1993; Fosnot, 1996; Perkins, 1999). Also, constructivist pedagogy focuses 

on the student and sees him as a learner who is independent, active, self-disciplined and highly 

motivated, with autonomy to decide his studying process and organize his study timetable 

(Harmon & Hirum, 1996; Hirum, 1999; Tolmie & Boyle, 2000). The findings of this study 

confirmed the theoretical rationales that stand at the core of effective studying and remediation, 

and their practical implementations, proved effective for CC. 
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This study shows that the constructivist student-centric pedagogy can be implemented 

to effectively remediate students’ ACs in primary science with the use of a simple, carefully 

crafted ICT-based remediation package. 
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CHAPTER 6 

CONCLUSION 

Overview 

The main objectives of this study were to explore ACs harboured by students on the 

theme of energy and how students’ ACs can be addressed through ICT-based remediation 

package. This chapter summarises the findings from this study and elaborates on contributions 

of this study in the area of ACs and conceptual change in science education. Limitations of the 

student and roadmap for future work are also presented. 

 

6.1  Research Questions 

6.1.1 Research Question 1 

A total of 23 alternative conceptions have been identified through a modified three-tier 

MCQ concept test in this study. Eighteen out of the 23 alternative conceptions are common 

ACs, which have also been identified by other researchers. Five new ACs were uncovered in 

the study. Some of these ACs are more prevalent or deep-seated. 

For the theme of energy, there are very limited studies in the Asian context on how to 

improve students’ conceptual understanding on the topics or on how to address ACs on these 

topics.  Through this study, we have come to see that with local contextualization, educators 

can better modify their pedagogy to help local students achieve better understanding and 

mastery in these topics. 

The test instrument that was used to identify ACs is modified three-tier MCQ concept 

test.  Although a three-tier format has been used before, it is for science testing in the secondary 

level (Caleon & Subramaniam, 2010). The modified three-tier format used in my study is an 

extension of the original format of Caleon and Subramaniam (2010) to primary science 

students. The question format, has been modified to suit our local context and capacity of 

primary students.  In the study, the modified three-tier MCQ concept test has been proven to 

measure the occurrence of ACs reliably and easily. In a sense, the creation of the new modified 

three-tier MCQ test has contributed to the pool of diagnostic instruments. 
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6.1.2 Research Question 2 

Students generally showed a decrease in percentage of ACs in post-test.  There is also 

a statistically significant increase in cognitive scores for the experimental group after the 

intervention. It indicates that even a highly compressed 90-minutes remediation for each topic 

is able to produce statistically significant reduction in ACs and improvement in mean test 

scores.  In our case, we put together a low-cost ICT-based remediation package.  Essentially 

the package was assembled using PowerPoint and multimedia resources available on the Web.  

Far more importantly, the content of the package was carefully designed and tested in a pilot 

study before it was rolled out for the main study.  It is found that there is a significant effect of 

the ICT-based remediation package on the post-test scores of the experimental groups after 

controlling for any effect of pre-test and difference in performance of the classes. 

Such a low-cost ICT-based remediation implementation, yet effective in remediating 

ACs, serves as a good showcase to encourage teachers to replicate this mode of ICT-based 

remediation for CC.  The research has shown that a tailored ICT-based remediation can be used 

effectively to augment the current 5E teaching approach and frontal teaching approach to 

address students’ ACs. 

 

6.1.3 Research Question 3 

From students’ perspectives, these are their views of the ICT-based remediation 

package: (a) 85% of the students in the experimental class strongly agreed that they liked the 

lessons and activities in the ICT-based remediation packages, (b) 89% strongly agreed that they 

are willing to continue learning by ICT-based remediation packages, (c) 88% strongly agreed 

that ICT-based remediation packages have facilitated better understanding on the larger theme 

of energy. In addition, the confidence level of the students has also increased after the ICT 

remediation package, and (d) 90% strongly agreed that they are more attentive during remedial 

ICT-based remediation packages.  

 

6.1.4 Research Question 4 

From teachers’ perspectives, these are their views of the ICT-based remediation 

packages: (a) they appreciate the elements of the ICT-based remediation package, (b) they 

concur that it could be a potential tool to address students’ ACs, and (c) the responses from 
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teachers’ interviews are also aligned with past literature on teachers’ perceptions of ICT on 

student’s learning. In summary, both the quantitative and qualitative data analyse attest to the 

fact that the ICT-based remediation packages in this study are indeed effective in also helping 

students revise concepts under the theme of energy.  

The effectiveness of the ICT-based remediation does not lie in ICT per se, but rather in 

the use of ICT in a way to make it effective.  ICT does have some positive impact on students’ 

learning.  Moore (2005) mentioned the positive impact of ICT on students’ learning, such as 

drive to behave better and produce high quality work as they are motivated to stay on-task by 

the novelty of the use of such ICT affordances. Visibly in this study, students are more self-

directed, covering the different remediation segments more efficiently. After all, today’s 

children are technologically proficient and have a natural inclination to ICT, an attribute 

educator should learn to capitalise on for education.  Since the importance of ICT and its 

contributions to all fields, including education, had been proven in myriad previous studies, 

this study will further demonstrate the impact of ICT use in remediating students’ ACs on the 

theme of energy. 

 

6.2 Contribution to literature 

Although many research studies have been done on ACs that students harbour in their 

learning of science, there is a scarcity of research carried out on ACs on the theme of energy 

at primary level from an Asian perspective.  This study sought to address this gap in the 

literature.  The study has opened up a new area of research on ACs in primary science to allow 

future researchers to have a better grasp of conceptual understanding of Asian students in this 

part of the world. 

The use of a new test format (modified three-tier MCQ) to uncover students’ ACs is a 

simple, yet pragmatic approach. Its format can be extended to more studies in different 

contexts. 

Moreover, the anchoring of the questions in the concept test on scenario-based contexts 

gives students a sense of familiarity with the context of the concept, such that the concept is 

made all the more meaningful.  It has also been a practice that ACs are identified traditionally 

through the linking of answers to reasons. This approach can be flawed due to students lacking 

language proficiency. In this study, we managed to avert this problem through the use of a 

modified three-tier MCQ, where the stem “I got the answer from the concept” for the 2nd tier 
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of the concept test has helped to scope students’ thinking on the concept. In this way, the 

reliability of the results is enhanced.  This type of question setting is not fully explored in 

literature.   

The ICT-based remediation package has been assembled mainly from web-based 

resources. Eschewing the need for specialized tools to depict phenomena and other processes 

for learning science, the availability of such low-cost tools and resources to effect conceptual 

change is a matter of interest. That means even teachers should be able to put together such 

resources. 

 

6.3 Limitations and Further Questions 

The nested nature of the data collected from this study allows the consideration of 

learning effects on students to be traced back to interest in science and other teachers’ measures, 

which are both curriculum effects of classroom measures. However, CC is a complex process 

as it encompasses many factors such as cognitive, ontological, epistemological, and 

motivational aspects. Based on this consideration, it is possible that some changes in students’ 

understanding on the topic of heat, light cum photosynthesis and energy forms and uses may 

be difficult to understand as they required multiple frameworks. 

Therefore, the generalisation of the present findings may be limited as the current 

experimental design does not allow for the evaluation of the learning impact from the different 

means of supporting students’ learning separately. However, the key focus of this study was 

not to examine instructional methods and designs in isolation but to come up with applicable 

learning packages which contain various means of supporting students’ learning.  

There are also further limitations, such as that the same concept test was used to assess 

the impact of the intervention on the participants’ conceptual changes rather than use of  two 

parallel forms of the same test. There is also a limited number of questions for the concept test 

for each topic, with localisation of study only in one school. These can be worked on under an 

extended study, to this current research as proposed under the roadmap for future work. 

 

6.4 Roadmap for future work 

Results obtained from this study can be used to sharpen the validity of the test and 

remediation packages such as the concept test and ICT-based packages. More questions can be 
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included in the concept test, including parallel questions to establish the correlation between 

related questions. Internal consistency needs to be evaluated for reliability of the test.  

To enhance the scalability of the experiments using the ICT-based remediation 

package, the experiments can be carried out on another batch of students or be extended to the 

entire level of classes and possibly other comparable cluster schools in the country. For 

example, an extended study can incorporate more classes and perhaps across schools with 

different student profiles in order to conduct multi-level analyses to better assess the effects of 

the approach used in the current study in promoting CC.  

Studies using more parallel and even delayed post tests can enhance the reliability of 

this current study. A delayed post-test can be carried out to check if the ICT-based remediation 

package will enable students to retain their new conceptions in their long-term memory. 

Students’ responses to the open-ended portion of the questions can be scored by two 

independent markers with a common scoring rubric. Any differences in scores can be resolved 

through discussion. 

In-depth interviews can be carried out with selected students to capture “conceptual 

understanding, knowledge structures, and justifications for answers” (Cohen & Manion, 2011). 

To elicit in-depth understanding based on students’ test scores, (three average, three below 

average and three above average students from each class), students can be selected for semi-

structured interviews. Each prospective student’s interview can be “audio-recorded and 

transcribed verbatim, and then analysed to identify their views” (Yin, 1994). The variations of 

meanings can be looked at, based on their interview responses. 

The modified three-tier MCQ format can be extended by exploring the use of Likert 

scale in the confidence tier, since generally students are used to this format. The Likert scale 

confidence rating may better tease out nuances of students’ confidence.  

 As ICT is constantly evolving, it also implies that ICT-based learning may also 

dynamically change in tandem. As such, it opens a window of opportunity for ICT-based 

remediation to evolve technologically over time. For example, Virtual Reality and Artificial 

Intelligence are ingenious ideas in the past but have become realities in today’s world.  In other 

words, it is possible that students’ ACs may in future be remediated using enhanced 

technologies.
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Appendix A – Heat Concept Test 

 

Use the answer sheet for all questions.  

For each question, a) choose the best answer b) write the concept you get the answer from 

c) circle the choice that best show your confidence. 

 
1) When we touch the forehead of a person with fever, which one of the following 

statements is not is correct? 
 

(1) Our hand gains heat from the patient. 
(2) The patient loses heat to our hands. 
(3) The patient’s fever goes away since he loses heat to us. 
(4) There is a temperature difference between the patient and our hands. 

 

2) Four pupils made the following statements. 
 

 

 
 
 
 

Which one of the above pupils made an incorrect statement? 
(1) Wei Kai  
(2) Hanafi  
(3) Priya  
(4) Mary 

  
 
 
 
 
 
 
 
 
 
 
  

Wei Kai Temperature is a measure of the degree of hotness or coldness. 

Hanafi Temperature is a form of energy. 

Priya Temperature can be measured using a thermometer. 

Mary Hot objects have high temperatures while cold objects have low   
temperatures. 
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3) Soyu placed a cup of hot milo into a basin of cold water and made the following 
statements. 

 
 A: The hot milo gains heat from the cold water. 
 B: The hot milo loses heat to the cold water 
 C: The cold water gains heat from the hot milo. 
  

Which of her statements is/are true? 
(1) A only 
(2) B only 
(3) B and C only 
(4) A, B and C 

 
4) Sandy carried out 3 different experiments and recorded the time taken for the results 

to occur. Which experiment will she see the result first? 

 

The red ink in the glass 
tube moves up 

The red liquid in the glass 
tube moves up 

The metal ball cannot pass 
through the metal ring 

A B C 

(1) A 
(2) B 
(3) C 
(4) All will happen at the same time 
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5) Look at the set-up below. The paper spiral began to spin soon after the circuit was 
connected below. 

 

 

 

 

 

 

 

 

 

 

What causes the wire to spin? 

(1) Wind 
(2) Hot air 
(3) Batteries 
(4) Nichrome wire 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  paper spiral 

batteries 

nichrome wire 

switch 
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6) Bora poured some hot milk into a cup as shown below. She wants to keep her milk for 
as long as possible. 

 

 

  

 

Which one of the following arrangements is the best method to keep her milk hot for 
the longest time? 

(1) 

 

 

 

 

(2) 

 

 

 

 

 

 

(3) 

 

 

 

 

 

(4) 

 

 

 

 

 

 

 

 

Milk (75°C) Water (50°C) 

Milk (75°C) Water (50°C) 

Milk (75°C) 

Milk (75°C) 
Water (50°C) 

Milk (75°C) 
Water (50°C) 
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Tea bag 

7) Study the graph below carefully. Which graph shows the change in temperature when 
Nara puts a cup of hot water on the kitchen table for one hour? 

 

(1)                                            (2)  

 

 

 

 

 

 

(3)                           (4)  

 

 

 

 

 

    

 

8) Tracy made a cup of hot tea. After a while, she realised that the teaspoon became very 
hot. 

 

 

 

 

 

Which of the following statements explained her observation? 
 A: The tea bag is a poor conductor of heat. 
 B: The teaspoon is a good conductor of heat. 
 C: Heat travels from the teaspoon to the hot tea. 
 D: Heat travels from the hot tea to the teaspoon. 

(1) A and B 

(2) A and D 

(3) B and C 

(4) B and D 

Teaspoon 

Temperature 

°C 

Time 
0 

Temperature 

°C 

Time 
0 

Temperature 

°C 

Time 0 

Temperature 

°C 

Time 0 
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Appendix B – Light cum Photosynthesis Concept Test 

 

Use the answer sheet for all questions.  

For each question, a) choose the best answer b) write the concept you get the answer from 

c) circle the choice that best show your confidence. 

 

1)  
 

 
 

 
 
 
 
 
 
 
 
Which one of the following explains why Sue can see the book on the table when the 
lamp is switched on? 
 
 
 
 
 

 
 

             
 

 

lamp 

book 

Direction of   

light 
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2) Three children said the following 

X: Only bright, shiny surface reflect light. Dull, dark surfaces do not.  
Y: All surfaces reflect light 
Z: Shiny surface gives out light. Dark surface does not give out light. 
Who is/are correct? 

 
 
 
 

 
3) Daniel used a light sensor and a data logger to find out how much light passes through 

four different sheets of material, W, X, Y, Z. 

 

He drew the graph below to show his results.  
What materials could W and Z be? 

 W Z 

(1) rubber glass 

(2) tracing paper clear plastic 

(3) wood paper 

(4) glass transparency 

 

 

 

(1) X 
(2) Y 
(3) Z 
(4) All of them 

W X Y Z 

Amount of light 

passed through 

Materials 
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4) Sam shines his torch at a tennis ball as shown in the diagram below. 

 

 

 

What can he do to get a smaller shadow of the ball on the screen? 

 A Rotate the ball.       

 B Move the ball closer to the screen. 

 C Move the torch further away from the ball. 

 D Move the screen further away from the ball. 

(1) A and B only   

 (2) B and C only 

(3) B and D only 

            (4)       C and D only                                                                                                      

            

5) Kelvin shines a torch on a metal cone as shown below. 

  

Which of the following shows the shadow of the metal cone on the screen? 

 

(1)      (3) 
 

 

(2)                                                        (4)            

 Object M Screen 
Torch 

Torch 
Ball Screen 
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6) Which of the following is a source of energy for plants to undergo photosynthesis? 

(1) sun 

(2) water 

(3) oxygen 

(4) carbon dioxide         

 

7) The arrows in the picture below represent the movement of substances A, B, C and D during 
photosynthesis.  

      

 

 Which of the following correctly represents substances A, B, C and D 
 respectively? 
 

 A B C D 

(1) carbon dioxide light water oxygen 

(2) water carbon dioxide food oxygen 

(3) food light carbon dioxide water 

(4) food water oxygen carbon dioxide 

 

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



 

263 

Appendix C – Energy Forms and Uses Concept Test 

 

Use the answer sheet for all questions.  

For each question, a) choose the best answer b) write the concept you get the answer from 

c) circle the choice that best show your confidence. 

 

1) Which of the following statement(s) is/are true? 
 

A One sources of energy is food 
B Energy is created, there is no source of energy 
C  Fossil fuel, sun and wind are sources of energy 

 

(1) B only 

(2) A and B only 

(3) A and C only 

(4)  All of the above  
  

2) When a cheetah is chasing its prey, which of the following shows the correct energy that is 

taking place in its body? 

 

(1) Gravitational potential energy → Kinetic energy  
(2) Heat energy → Chemical potential energy 
(3) Chemical potential energy → Heat energy 
(4) Chemical potential energy → Kinetic energy + Heat energy  
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3)   David let a toy car roll down the ramp as shown in the diagram below. 

 

 

 

 

 

 

 

Which of the following describes the changes in potential and kinetic energy from A to 

B? 

  Gravitational Potential 

energy 

Kinetic energy 

(1) decreases increases 

(2) zero zero 

(3) increases zero 

(4) increases decreases 

 

4)    Weiming holds a ball over the edge of the balcony.  Which of the following statement 

is correct? 

 
 

(1) The ball has no energy as it is being held 
(2) The ball has only kinetic energy when it is being dropped  
(3) The ball has only gravitational potential energy when it is being dropped  
(4) The ball has gravitational potential energy and kinetic energy when it is being 

dropped 

A 

B 

toy car 

ramp wooden 

block 
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5) Which of the following cars has the most kinetic energy when they are travelling at the 
speed in the table as show below.  

 

Car A B C D 

Mass /kg 2000 1000 1800 1500 

Speed km/hr 50 60 70 80 

 
(1) A 
(2) B 
(3) C 
(4) D  
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6) Peter hung 3 wooden blocks, A, B and C, one at a time, from a string and released each 
one from either position X or Y. Using a data logger, he recorded the sound level when 
the wooden blocks hit the wall. 

 

  

 

 

 

 

 

 

Which of the following shows the likely sound level recorded for each wooden block?  

(Sound is measured in decibels or db.) 

 

 Wooden block A Wooden block B Wooden block C 

(1) 85 db. 100 db. 150 db. 

(2) 150 db. 150 db. 100 db. 

(3)  150 db. 100 db. 150 db. 

(4) 100 db. 150 db. 85 db. 

 

 

 

 

 

 

 

  

Wooden block Mass of wooden block (g) Position released from 

A 100 X 

B 200 X 

C 100 Y 

X 

Y wall 

wooden block  
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7) Which of the following does the batteries possessed? 
 

 
 

(1) Chemical potential energy  
(2) Electrical energy  
(3) Heat energy  
(4) Sound energy 

 

 

8)    Which of the following spring has no elastic potential energy 

  
 

(1) A (2) B (3) C (4) D  

 

 

 

 

 

  M 
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Appendix D – Heat Answer Sheet 

 

Question  Answer I got my answer from the concept …… My confidence 

1   

 

I am sure/ not sure 

2   

 

 

 

3   

 

 

 

4   

 

 

 

5   

 

 

 

6   

 

 

 

7   

 

 

 

8   
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Appendix E – Light cum Photosynthesis Answer Sheet 

 

Question  Answer I got my answer from the concept …… My confidence 

1   

 

 

I am sure/ not sure 

2   

 

 

 

3   

 

 

 

4   

 

 

 

5   

 

 

 

6   

 

 

 

7   
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Appendix F - Energy Forms and Uses Answer Sheet 

Question  Answer I got my answer from the concept …… My confidence 

1   

 

 

I am sure/ not sure 

2   

 

 

 

3   

 

 

 

4   

 

 

 

5   

 

 

 

6   

 

 

 

7   

 

 

 

8   
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Appendix G – Student Perception Survey 

 

Question strongly 

agree 

agree neutral disagree strongly 

disagree 

1. I like the lesson in the 
ICT-based remediation 
package 

     

2. I am willing to continue 
learning by ICT 

     

3. ICT-based remediation 
has helped me to better 
understand the theme of 
energy 

     

4. I am more attentive 
during lessons using ICT 
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Appendix H – IRB Approval Letter 
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Appendix I – Consent Form for Study 

 

04 Nov 2016 

Dear Parent/Guardian, 

I am currently conducting a research study for my PhD degree on addressing students’ misconceptions 
in selected science topics at the upper primary level through suitable conceptual change strategies   
Through this research, I seek to get a better understanding of how students’ science learning can be 
further enhanced. 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.  

 

I am writing to invite your child to participate in this study. S/he would need to sit for a test (90 minutes) 
to identify his/her misconceptions and learning difficulties in a science topic on one day, attend a 
teaching program (90 minutes) that seeks to address these misconceptions and learning difficulties on 
another day, and sit for another test (90 minutes) on another day to assess his/her learning gains from 
the program.  Where necessary, the study may be extended to more than one topic.  The study will be 
done outside of curriculum time. 

 

The class will be interviewed together to get a better understanding of the effectiveness of the teaching 
program from their perspective in addressing misconceptions in science. 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 teaching program will be shared with the school.   

 

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.  Participation 
or non-participation in this research study, including performance in the teaching program to address 
misconceptions in science, will not affect the grades of any student in the subject. 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 91819488. 

 

Thanking you in anticipation, 
lingyuanchun 

Ms Ling Yuan 

 

 

If you have any complaints related to this project, please write to the NTU IRB at irb@ntu.edu.sg 
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 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 child’s/ward’s name (in BLOCK letters)       
                Signature                   Date   
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