
  
Title Individual differences in very young Chinese children’s English vocabulary 

breadth and semantic depth: Internal and external factors 
Author(s) Tang Wee Teo, Jonathan Wee Pin Goh, Khin Maung Aye and Leck Wee 

Yeo 
Source Asia Pacific Journal of Education, 38(3), 279-302 
Published by Taylor & Francis (Routledge) 
  
 
Copyright © 2018 Taylor & Francis  
 
This is an Accepted Manuscript of an article published by Taylor & Francis in International 
Journal of Bilingual Education and Bilingualism on 30/04/2016, available online: 
https://www.tandfonline.com/doi/abs/10.1080/02188791.2018.1476320 
 
Notice: Changes introduced as a result of publishing processes such as copy-editing and 
formatting may not be reflected in this document. For a definitive version of this work, please 
refer to the published source. 
 
Citation: Teo, T. W., Goh, J. W. P., Khin, M. A., & Yeo, L. W. (2018). Rethinking teaching 
and learning of science inference competencies of lower track students in Singapore: a 
Rasch investigation. Asia Pacific Journal of Education, 38(3), 279-302. 
https://doi.org/10.1080/02188791.2018.1476320 
 
 

https://www.tandfonline.com/doi/abs/10.1080/02188791.2018.1476320
https://doi.org/10.1080/02188791.2018.1476320


RUNNING HEAD: Rasch investigation of predictors of science inference skills 

 

Rethinking teaching and learning of science inference competencies of lower track students in 
Singapore: A Rasch investigation 

 
 

Tang Wee TEO (PhD)* 
Assistant Professor 

Natural Sciences and Science Education (academic group) 
National Institute of Education  

Nanyang Technological University, Singapore 
1 Nanyang Walk NIE7-03-83 Singapore 637616 

(65) 6790 3830; tangwee.teo@nie.edu.sg 
 
 

Jonathan Wee Pin GOH (PhD) 
Associate Professor  

Policy & Leadership Studies (academic group) 
National Institute of Education  

Nanyang Technological University, Singapore 
1 Nanyang Walk NIE5-03-46 Singapore 637616 

(65) 6790 3737; jonathan.goh@nie.edu.sg 
 
 

 Khin Maung AYE (PhD) 
Research Fellow 

Policy and Leadership Studies (academic group) 
National Institute of Education  

Nanyang Technological University, Singapore 
1 Nanyang Walk NIE2-02-11 Singapore 637616 

khinmuang.aye@nie.edu.sg 
 
 

Leck Wee YEO 
Research Assistant 

Natural Sciences and Science Education (academic group) 
National Institute of Education  

Nanyang Technological University, Singapore 
1 Nanyang Walk NIE7-03-113A Singapore 637616 

(65) 6790 3910; leckwee.yeo@nie.edu.sg 
 
 
 
* Corresponding author 

mailto:tangwee.teo@nie.edu.sg
mailto:tangwee.teo@nie.edu.sg
mailto:khinmuang.aye@nie.edu.sg
mailto:leckwee.yeo@nie.edu.sg


	 1 

Rethinking teaching and learning of science inference competencies of  

lower track students in Singapore: A Rasch investigation 

 

Abstract 

Competency in making inferences is an important aspect of student learning in the 21st Century, 

for making better-informed decisions. The purpose of our study is to investigate the type of 

science capital that can predict the science inference competencies of lower track students. 

Science capital comprises diverse social capital, cultural capital, and mental schema. A total of 

1,397 Normal Academic (NA) and 637 Normal Technical (NT) Grade 7 students from 37 public 

secondary schools in Singapore participated in the study. Three separate science inference tests 

were administered to the students over one academic year, and test scores were calibrated and 

equated using Rasch analysis. The relationship between students’ perceptions of science capital 

and their development in science inference competencies was investigated using Ordinary Least 

Squares regression analysis. The results indicated that NA students’ self-views in science 

learning and their views about the nature of science were significant predictors of their scientific 

inference competencies. For NT students, their views about science teachers was the only 

significant predictors of their performance on making scientific inferences. Based on the research 

design and findings, we draw implications for local and international science curriculum policy. 

Additionally, we demonstrate the usefulness of Rasch analysis. 

 

Keywords: Lower track learners, science inference competencies, 21st Century competencies, 

science capital, and Rasch analysis 
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Rethinking teaching and learning of science inference competencies of  

lower track students in Singapore: A Rasch investigation 

 

Introduction 

Singapore’s science education has attracted much international attention due to the 

students’ outstanding performances in science, mathematics, and reading in international 

benchmark studies of student achievement, such as the Trends in International Mathematics and 

Science Study (TIMSS) and Programme for International Student Assessment (PISA) (Bybee, 

2007; Menon, 2000). While Singapore continues to celebrate these achievements, there is, 

however, one finding from the PISA 2012 study that may warrant some concerns, prompting 

educators to rethink our teaching and learning approaches, and perhaps even educational 

policies. This finding concerns the large disparity between the top- and lowest performing (tenth 

percentile) Singaporean students in all three subjects (OECD, 2012).  It has prompted efforts 

expended by policy makers, educators as well as academics to explore ways to systematically 

level up the learning experiences of the lower achievers [see Teh (2014) - ‘levelling up the long 

tail’]. One such endeavour is to adopt a more holistic perspective to learning and development, 

rather than just focusing on content and the ability to do well in tests. This ‘new’ shift in mindset 

is critical in view of Singapore’s need to develop and equip our students to be future-ready to 

attain a sustainable and vibrant economy (Prime Minister’s Office, 2015). According to the 

Singapore’s Prime Minister, Lee Hsien Loong, the nation’s strong foundations in science, 

technology, engineering, and mathematics (STEM) has underpinned the country’s social and 

economic progress in the past five decades and will continue to be critical strength areas (Today 

newspaper, May 8, 2015). The role of education continues to be important in equipping and 
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developing all students to be future-ready to function effectively in society and contribute to the 

nation economically. After all, Singapore does not have natural resources and can only depend 

on developing human capital.  

 Interestingly, a review of the literature on science research in peer-reviewed education 

research journals and books only yielded 10 peer-reviewed publications on the science teaching 

and learning of lower track students. This lack of attention on the study of science teaching and 

learning of lower track student is indeed worrying, considering that Singapore started embarking 

on science research as early as the 1970s (Tan, 2010).  This suggests that the efforts and 

resources put in place to support the learning and development of lower track students may not 

be as effective as initially thought. Perhaps this may be a plausible explanation for the large 

achievement gaps of the Singapore students’ science performance in the international benchmark 

tests. While efforts to narrow this gap continues, it is evident that there is a pressing need for 

more evidence-based policies and practices to support these lower track students in their learning 

and development of capital in education. 

 

Science Capital 

The notion of ‘science capital’ essentially contextualizes Bourdieu’s concept of capital to 

science education (Archer, Dawson, DeWitt, Seakins, & Dawn, 2015). According to Bourdieu 

(1986), capital is a legitimate, valuable, and exchangeable resource in a society used by 

individuals to generate forms of social advantage in diverse fields such as education, public 

spaces, or workplace. There are four types of capital, namely, social, cultural, economic, and 

symbolic. These ‘capitals’ work through interactions with habitus, constitutive of individuals’ 

internalized matrix of dispositions, which guides their behaviours, in social contexts to produce 
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relations of privilege or subordination within society (Archer et al., 2015). First, social capital 

essentially relates to the social networks, connections, and group membership. Second, cultural 

capital relates to the educational qualifications, cultural artefacts, and dispositions mostly 

connected to their family backgrounds—specifically, class. Third, economic capital relates to 

money and other forms of financial resources. Last, symbolic capital refers to capital that is more 

abstract such as social prestige and legitimized social status. These four forms of capital can be 

transformed to one another, making them powerful in maintaining hegemony and creating 

habitus structures resilient to change.  

According to Archer et al. (2015), situating the concept of capital within the context of 

science teaching and learning allows for the examination of how individuals or groups engage 

capital to generate use or exchange value to enhance their attainment, engagement, and/or 

participation in science. Extending this perspective, it may be useful to include mental schemas, 

or structures in our investigation. After all, individuals construct mental schemas in their minds 

(Sewell, 1992), and use them to shape decisions in participation and learning. Examples of 

science students’ mental schemas include their views about science lessons (Miller, Blessing, & 

Schwartz, 2006), the importance of science (Songer & Linn, 1991), and the nature of science 

(Abd-El-Khalick, & Lederman, 2000). In the present study, we also examined students’ 

perceived ability about self in science learning as a form of mental schema. Examples of such 

perception include students’ views about their confidence level, ability, self-expectations, 

intrinsic motivation, and extrinsic motivation in science learning.  
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Predictors of Students’ Performance in Science 

Research examining the predictors of students’ science achievements began in the 1970s, 

however, the studies varied widely in terms of the theoretical frameworks (e.g., perceptions, 

intentions) used, research methodology (e.g., structural equation modelling, Rasch analyses) 

contexts (e.g., U.S., the Netherlands), and even sample types (e.g., across K-12 age groups and 

gender). Most of the studies focused on student-factors that affected students in the learning of 

science; while others included teacher, school, and home factors. In fact, many of these studies 

examined the relationships between predictors and student science achievement and learning 

from more than one perspective involving complex multi-level statistical modelling (see e.g., 

Nolen, 2003). From a review of the literature, it is evident that much work is needed to better 

understand how the mental schema/s can significantly affect students’ science learning 

outcomes. It is however, possible for us to investigate hypothesized links between some of the 

key predictors and students’ science inference competencies. One of the aims of this study is to 

build on existing work and examine more critically the relationship between science capital and 

science learning (particularly science inference competencies) of lower track learners.    

In the following sections, we provide a discussion of the prominent studies in this field of 

research. More specifically, we focus on the predictors identified in the studies and their key 

findings. In the Supplementary Online Material, we summarize some prominent studies 

examining these factors and their key findings.  

The first set of predictors of student science learning are the student-related factors. 

These factors could be broadly categorized into five groups: (a) interests and attitudes towards 

science learning, (b) knowledge and science competency, (c)	 psychological aspects of science 

learning, (d) learners’ demographics, and (e) time spent and quantity of work. Recent efforts 
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focused on understanding students’ views (e.g., attitudes, aptitude, and interests) of science and 

gaining necessary skills for applications. Second, teacher-related factors such as teacher 

pleasantness or perceived friendliness (Cottaar, 2012), providing positive feedback (Cottaar, 

2012), teacher-centeredness during lessons (Cottaar, 2012), teacher efficacy beliefs (Angle & 

Moseley, 2009), expectations of students (Angle & Moseley, 2009), teacher effectiveness in 

classroom teaching (Johnson, Kahle, Fargo, 2007), and teachers’ emphasis on homework 

(Mohammadpour, 2012) were found to have impact on student science learning. For example, in 

the study by Angle and Moseley (2009), they found that test scores were related to the 

expectations a teacher held for his/her students to learn biology regardless of student home 

environment, availability of classroom materials, or student motivation.   

Third, some researchers had argued that it was also important to consider classroom 

environment factors. For example, lessons that adopt inquiry or expository teaching methods 

(Johnson & Lawson, 1998), emotional climate of science classroom (Talton & Simpson, 1987), 

science curriculum (Talton & Simpson, 1987), physical environment of the science classroom 

(Talton & Simpson, 1987), other students in the science classroom (Talton & Simpson, 1987), 

friends attitudes toward science (Talton & Simpson, 1987), pace of the lessons (Nolen, 2003), 

class size (Maerten-Rivera, Myers, Lee, & Penfield, 2010), and school location 

(Mohammadpour, 2012). In a study on 3,031 urban Grade 8 students from 109 randomly 

selected classes or schools in China, Wang Liu, and Zhao (2012) found that perceptions of a 

school having good reputation, equipped with facilities and amenities (e.g., science and 

technology interest clubs, libraries, science galleries, computer labs and other equipment for 

teaching), and special budget for teacher training and science equipment significantly impacted 

students’ understanding of basic science concepts and principles. On the other hand, Angle and 
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Moseley’s (2012) studied 196 U.S. high school Biology teachers’ expectations of students and 

found that they were related to the students’ biology tests scores regardless of the student home 

environment, availability of classroom materials, or student motivation. It is arguable that 

teachers’ expectations could form part of the classroom environment factors. 

Lastly, there were other researchers who posited that home-related factors were also 

important in shaping the science learning of the students. Home-related factors would include 

family characteristics (Benbow & Arjmand, 1990) and home environment (Welch, Walberg, & 

Fraser 1986). In a study by Wang et al. (2012), factors such as home amenities (e.g., having 

refrigerators and the internet), having books and magazines related to school work were found to 

have significant impact on students’ understanding of science concepts and principles. Father’s 

education and expectations of parents were also strong predictors of the students’ learning of 

science.  Another study by Welch et al. (1986) provided further support to the contention that 

home environment (including the amount of time students were given to watch the television) 

was a strong predictor of U.S. elementary school students’ achievements in a science test.  

 

Science Inference Competencies in the Singapore Science Curriculum Framework 

Like most developed countries, the development of scientific inquiry forms the core of 

science teaching and learning in Singapore schools. The science curriculum framework, 

developed by the Ministry of Education (MOE) in Singapore, comprises three key domains and 

they include: (i) knowledge, understanding, and application; (ii) skills and processes; and (iii) 

ethics and attitudes (MOE, 2015). Students’ science inference competencies is of particular 

interest in this study, and we define it as the competency to engage in the process of reasoning 

the conclusions based upon the available information or evidence that is implicit and not 
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explicitly stated. The ability to make inferences is an essential process skill in science learning. 

This is because scientists use in their scientific investigations (National Research Council, 1996, 

2012). Science inference competencies are also considered to be higher-order cognitive skills 

needed in 21st century living (Conklin & Williams, 2011). Espoused in many countries’ science 

curriculum framework and syllabuses, science inference skill is more cognitively demanding as 

compared to direct information recall. While students can acquire knowledge through rote 

learning, science inference competencies can only be developed through exposure to diverse 

cases, scenarios, and events requiring students to draw relevant contextual information and prior 

knowledge to explain the observed phenomena. As the world becomes more connected through 

technological advancement and the internet, individuals can rapidly access all types of 

information from diverse sources. It becomes increasingly important for individuals to be able to 

exercise discretion in accepting the information, distil relevant information, make judgments 

about the accuracy of information, and apply it to inform decision-making. As science surrounds 

us in our everyday lives, it would be necessary for every individual to acquire and apply science 

inference competencies in managing and negotiating all kinds of information; as well as, make 

decisions that affect their own lives, and the lives of their family members and friends.  

 

Purpose of Study 

While the literature comprises many studies examining how diverse capital can 

potentially shape students’ science learning and how some forms of capital can predict students’ 

science learning outcomes, few have systematically studied how these forms of capital can 

predict students’ science inference competencies. There are two major concerns that need to be 

addressed. One, there is a lack of agreement on the salient factors that can significantly affect 
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students’ science inference skills. From the preceding discussion, it is possible to hypothesize 

that students harness diverse science-related resources—social and cultural capital, and mental 

schema about the significance of science, nature of science, science lessons, and science 

teachers—when making science inferences. These science-related resources can be understood 

as constitutive of the ‘science capital’ (Archer, Dawson, DeWitt, Seakins, & Wong, 2015, p. 1). 

The second concern relates to the use of student tests score data over time without proper use of 

test equating techniques to determine students learning growth. Essentially, the tests are not on 

the same measurement scale and comparisons of students’ performances are not meaningful, and 

in fact may be erroneous. Yet, many previous studies have used these students’ tests score data 

as outcome measures (i.e., dependent variable) for the modelling (e.g., regression-type analyses).  

To address these concerns, the purpose of this study is to examine the relationship 

between science capital and lower track students’ learning growth in science inference 

competencies. There are two key considerations in this purpose. Firstly, the focus of this study is 

on lower track students, and secondly, the salient mental schemas which have stronger 

theoretical bases in affecting learning growth.  

 

(1) Structure of Education Tracking in Singapore 

In Singapore, students are being allocated into four tracks of learning abilities based on 

their end of Grade 6 (i.e., aged 12) performances at the Primary School Leaving Examinations 

(PSLE) consisting of English, Mathematics, Science and a Mother Tongue language [see MOE 

(2015); Author et al., (2016) for more information]. Generally, about 60 percent of students in 

each year’s cohort are streamed into the Express track for their secondary education (i.e., Grade 
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7-10). The remaining 40 percent of students are streamed into the Normal track. The tracks offer 

different types of curriculum: 

(a) The Normal track is a four-year course leading up to the Normal-level (or ‘N’-

level) Examination, with the possibility of a fifth year followed by the ‘O’-Level 

examinations. The Normal track is divided into two types, and they are the 

Normal Academic (NA) and Normal Technical (NT). These two tracks are 

collectively referred to as ‘lower tracks’ in this paper. NA students take an 

additional year of secondary education and sit for two different national 

examinations at the end of their fourth and fifth years of secondary education. NT 

students go through four years of secondary education and sit for one national 

examination. The NT program focuses more on developing students in technical 

skills. 

(b) The Express and Special tracks are four-year programs leading to the Singapore-

Cambridge GCE ‘O’ Level examination. The only difference between the two 

programs is that students in the Special track (usually comprising a small group of 

students) take advanced level Mother Tongue languages (i.e., Mandarin, Berhasa 

Melayu, and Tamil). The Express and Special track students go through four years 

of secondary education and sit for one national examination.  

 

Table 1 shows the student size in each track in 2014, the number of years of secondary 

education, and the grade level at which they sit for the national examinations.  

 

<Insert Table 1 about here> 
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(2) Salient factors that affect learning growth 

This study will focus on the salient mental schemas, which have stronger theoretical 

bases in affecting learning growth. From an in-depth review of the literature, these factors 

include: (a) students’ views about their science teachers, (b) science lessons, (c) importance of 

science, (d) the nature of science, and (e) self-views in science learning. The analyses of the 

relationship between these factors will provide us with insights into the specific aspects of each 

type of science capital that need more attention or provisions for each group of students. 

Economic capital is however, excluded as a possible predictor due to difficulty is obtaining 

information on students’ socioeconomic status. This information is unfortunately, kept 

confidential by the schools and the MOE. Symbolic capital (such as, qualifications and 

certificates) is also excluded from the study as they are considered abstract and difficult to 

determine.  

This study involves a survey design and all rating-scaled variables were analysed using 

Rasch analysis (Wright & Masters, 1982; Wright & Stone, 1979; Wright, 1993), and students’ 

learning growth in science inference competencies were determined using Rasch common-items 

test equating techniques [For a detailed description of the test-equating approach used, refer 

Author et al. (2017)]. Rasch analysis does extremely well at “constructing linearity out of 

ordinality and at aiding the identification of the core construct inside a fog of collinearity” 

(Schumacker & Linacre 1996, p.470). It is essentially important to convert raw responses (e.g., 

Likert scale responses which are ordinal in nature) into linear units of measurement called Logits 

or Log-Odds Unit. According to Wright (1993, p.288), the theory is: 

 

 Difficulty -Ability 
Failure ofy Probabilit
Success ofy  Probabilit Log =ú

û

ù
ê
ë

é
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For students’ performance in the science inferences competency test, the students’ measures 

reflect their abilities and the item measures reflect the difficulties of the test questions. For the 

perception measures for science capital components, the students’ measures can be interpreted as 

their level of agreement to the survey items, and the item measures as the difficulty of the survey 

items.   

Growth in science inference competencies of lower track learners was chosen as an 

outcome variable for this study principally because it was one of the crucial science process 

skills espoused in the Singapore, as well as the global science syllabuses. It was also assessed in 

international benchmark tests such as PISA and TIMSS, and a 21st century skill needed in 

developing scientific literacy (National Research Council, 2012). Additionally, while the MOE 

provides a national science syllabus for the two different tracks to schools, teachers can decide 

the sequence and rate at which they complete covering the learning objectives. Hence, students 

from different schools, classes, and tracks could be learning different content at the same period. 

It would thus be difficult to assess students based on their science content knowledge, which they 

might not have learnt or forgotten. On the other hand, the development of science inference skills 

is supposed to be integrated throughout the science curriculum. Hence, it was for these reasons 

that students’ growth in science inference competencies over one academic year was chosen as 

the outcome measure. The key variables and their relationships to be investigated in this study 

are depicted in Figure 1. 

  

<Insert Figure 1 about here> 
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This study has three main objectives, and they are as follows: 

1. To determine learning growth in Grade 7 NA and NT students’ science inference 

skill over the academic year 

2. To determine whether science capital components predict Grade 7 NA and NT 

students’ learning growth in science inference competencies 

3. Identify aspects of the significant predictors that need to be reinforced to support 

students’ science inference competencies. 

 

Methodology 

Sample 

A total of 1,397 NA and 637 NT students from 37 schools participated in the study and 

completed a student survey and three inference tests.  Emails were sent to all the principals of 

secondary schools in Singapore inviting them to participate in the study. The schools included 

public and co-educational schools, which had both NA and NT classes. Once agreement was 

obtained from the principals of the schools, separate invitations were then sent to the NA and NT 

students. All the students who participated in the study had taken science as a subject since 

Grade 3 (i.e., aged 9), and it is a compulsory subject for all Grade 7 NA and NT students in 

Singapore. The students attended about 135-minutes of science each week. Participation was 

voluntary, and students’ assent and parents’ consent were obtained prior to the study. 

 

Procedure 

The researchers worked with the school liaisons—usually the Head of Science 

Department, Level Heads, or Subject Heads—on the logistics of research study. The school 
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liaisons helped in the overall coordination in terms of the recruitment of voluntary student 

participants, and the administration and collection of student assent forms, parent consent forms, 

three science inference tests, and student survey. The science inference tests were administered 

at three different time points over an academic year to track students’ growth in science 

inference competencies. Test 1 was administered at the beginning of the academic year (in late-

February), Test 2 after the school mid-year examinations (in late-May), and Test 3 after the 

school end-of-year examinations (in mid-October). The student survey was administered 

immediately after the last inference test to document their overall science experience at the end 

of the academic year. Hardcopies of all three tests and student survey were administered, and 

their science teachers or the research team members invigilated the entire survey or test-taking 

process to ensure that individual students completed the instruments without external assistance. 

 

Instrumentation 

(i) Science inference tests 

Three science inference tests were developed to track changes in students’ science 

inference competencies over the academic year. Each of the three science inference tests 

comprised 15 multiple-choice items and were equated using Rasch common-item test equating 

techniques (refer to Bond & Fox, 2015; Wright & Stone, 1979). Essentially, after Test 1 was 

administered, the students’ responses to the 15 multiple-choice items were analysed using the 

Rasch model. Five test questions (Q4, Q5, Q8, Q11, and Q13), which posed varying difficulty to 

students in Test, were selected after the first Rasch analysis calibration for repetition in Test 2. 

These five items form the ‘anchors’ for the calibration. The same process was repeated for the 

development of Test 3. Test 1 Q7 and Q9, and Test 2 Q2, Q9, and Q14 were repeated in Test 3 
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and used as ‘anchors’ for the calibrations.  To avoid confusion when the items were calibrated on 

the same scale, the items were renumbered. After Test 2 was administered, the anchors repeated 

in Test 1 retained the original numbers while the non-repeated items in Test 2 were renumbered 

starting from Q16. Hence, Test 2 Q1 was renumbered as Q16 and Test 2 Q2 was renumbered as 

Q17. Test 2 Q3 was a repeated item from Test 1 Q4 and hence, retained its numbering as Q4. In 

total, there were 35 non-repeated test items and these were calibrated on a single large matrix of 

persons by items – that is, [(15 items per test multiplied by 3 tests) minus (10 repeated items)].  

Table 2 shows the organization of the three test items for test equating. The repeated test 

items are highlighted in bold.  

<Insert Table 2 about here> 

 

The test items for each test were deliberately constructed with increased complexity to reflect the 

expected growth in students’ inference competencies over the academic year. As an illustration, 

two questions are shown in Figure 2.  

<Insert Figure 2 about here> 

 

Referring to Figure 2, to answer Question 1 of Test 1 correctly, the students had to interpret two 

types of abstract chemical representations of a simple organic molecule. However, the unknown 

molecule in the question stem resembled one of the representations and contained fewer atoms, 

so it was easier to identify the correct answer. For Question 7 of Test 2, students had to interpret 

three abstract chemical representations of a larger organic molecule. Additionally, the given 

structure of the molecule in the question stem did not closely resemble any of the given 

representations.  
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To ensure the content validity of the tests (i.e., face, content and construct validities), all 

the test items were constructed by two science education academics in the research team, and 

reviewed by two experienced science teachers from schools and a university science teacher 

educator. The purpose was to ensure that the items included relevant science content knowledge 

and had been taught to the students. Since the participating schools mostly followed the NA and 

NT lower secondary science syllabus written by the MOE, the content coverage should be 

similar across schools but the sequence may differ. However, since the tests were inference-

based, mostly requiring students to draw information from the questions stem, any differences in 

the test scores could mostly likely be attributed to a ‘natural progression or development’ of 

inference competencies as students experienced the science curriculum.  

 

(ii) Student science capital survey 

In Table 3, the key variables (including both categorical and rating scale variables) that 

are of interests to this study are shown. As noted earlier, the items were generated based on 

existing literature.  

<Insert Table 3 about here> 

 Analyses 

(i) Tests for science inference skills 

The three tests were equated in a single step calibration process (see Authors, 2017; 

Chong & Popp 2005; Lee 2003). This is a critical step as scale invariance is an important 

property of a measurement instrument. The tests were validated using Rasch analysis – that is, by 

examining the fit statistics (i.e., items and person separation reliabilities, infit and outfit mean 

squares, discrimination indices, and standardized residuals from the Winsteps software outputs) 
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[For more information on using the fit statistics outputs from Winsteps, refer to Linacre (2002), 

Wright (1996) and Wright & Linacre (1994)]. 

From Table 4, the item separation reliability is 0.99. This indicates a very good spread of 

test items in terms of difficulty levels (i.e., the items range from easy to difficult). The person 

separation reliability is 0.24, indicating a homogeneous group of students with regards to science 

inference competencies. Based on the infit and outfit mean squares, and standardized residuals 

from the Rasch analysis outputs, no items appear misfitting. That is, no items were found to be 

confusing and not performing well in determining student abilities. The results also showed that 

no persons were misfitting (i.e., no students were ‘misbehaving’ on the tests). Comparisons of 

students’ learning growth in science inference skills was done through repeated ANOVAs with 

Bonferroni Post hoc tests for the NA and NT students over the three tests.  

 

<Insert Table 4 about here> 

 

(ii) Students’ perceptions on science capital survey data 

All rating scale variables were calibrated separately using Rasch analysis (i.e., to obtain the 

persons’ linear measures for the respective latent variables in logits). Adopting a similar 

validation process as the science inference skills tests, the fit statistics were also examined (i.e., 

items and person separation reliabilities, infit and outfit mean squares, discrimination indices, 

and standardized residuals). All items and persons were retained as the infit and outfit mean 

squares were considered acceptable (i.e., less than 3). The Wright distribution maps were also 

used to gain insights into the students’ perceptions on these variables.  
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(iii) Examining Relationship between Science Capital and Science Inference Skills  

To examine the relationship between students’ perceptions on science capital and their 

learning growth in science inference skills, the ordinary least squares (OLS) regression analysis 

was used	This method was useful in estimating the unknown parameters in a linear regression 

model. A backward elimination technique was employed which involved starting with all 

selected variables, and deleting each variable based on the chosen fit consideration. Variables 

that were not significant predictors were removed at each step, and this process continue until no 

further variables can be deleted without a significant loss of fit. 

The list of predictor variables and accompanying survey items are shown in Table 3. Before 

performing the regression analysis, it is necessary to ensure that the predictor variables are not 

correlated (i.e., concerns of multi-collinearity). As such, a Pearson product-moment correlation 

analysis was performed on the rating-scaled (predictor) variables. From the analysis, ‘Views 

about science lessons’ was found to be highly correlated with ‘Views about the importance of 

science’ (r = .610 for NA, .679 for NT, p<.01), and ‘Self-views in science learning’ (r = .669 for 

NA, .644 for NT, p<.01). As such, the variable ‘Views about science lessons’ was removed from 

the regression analysis.  

 

Findings and Discussion 

Determining Students’ Growth in Science Inference Competencies over Time  

The repeated ANOVA with Bonferroni Post hoc tests for the NA and NT students’ 

growth in science inference competencies over three time points are depicted in Tables 5a - d, 

and Tables 6a - d, respectively.  
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• For NA students. The findings showed that there were overall significant differences 

over the three time points. Since equal variances could not be assumed, the “Greenhouse-

Geisser” correction was used (see Table 5b and 5c). A closer examination of the pairwise 

comparisons in Table 5d, shows significant differences between students’ performances 

Test 1 and Test 3 (p < 0.01), and between Test 2 and Test 3 (p < 0.01). There was 

however no significant difference between students’ performances in Test 1 and Test 2 (p 

> 0.05). 

<Insert Tables 5a to d about here> 

• For NT students. The findings showed that there were overall significant differences 

over the three time points. Since equal variances could not be assumed, the “Greenhouse-

Geisser” correction was used (see Table 6b and 6c). The pairwise comparisons in Table 

6d, shows significant differences between students’ performances Test 1 and Test 3 (p < 

0.01), but not between Test 2 and Test 3 (p > 0.05) and between Test 1 and Test 2 (p > 

0.05).  

<Insert Tables 6a to d about here> 

 

The results indicated that the students’ science inference skill had ‘not improved’ over the nine-

month period from February to October. These findings were indeed disconcerting as it may 

indicate that the science teachers may not have effectively taught or develop these skills in the 

students. Perhaps another possible reason was that the teachers were more preoccupied with 

completing the content according to the syllabus during the lesson time, and less on the 

development of science process competencies such as making inferences. The three tests were 

also deliberately designed with increasing difficulties.   
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These findings were also consistent with the findings of eight case study classrooms in two 

schools reported elsewhere (Author, manuscript in preparation). Essentially, teachers need to 

understand that many of these NA and NT students would eventually pursue post-secondary 

education at vocational and technical institutes where applied learning requiring process skills 

would be needed. It would thus be important to place greater emphasis on the development of 

process skills such as inference competencies in the lower track classrooms so that students 

would be equipped with the necessary process skills needed for applied learning. 

 

Predictors of Students’ Growth in Science Inference Competencies 

 

Findings for Grade 7 NA students  

The final model explained 5.5% of the total variance in NA students’ growth in inference 

competencies (see Table 7a). As noted earlier, the NA students’ inference competencies showed 

a significant decline over time. The regression analysis highlighted two predictors for NA 

students’ growth in science inference competencies. These significant predictors include 

students’ ‘self-views in science learning’ (b=0.10, p<0.01), and ‘views about the nature of 

science’ (b=0.06, p<0.05). 

 

<Insert Table 7a and 7b about here> 
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(i) Grade 7 NA students’ self-views in science learning.  

Students’ ‘self-views in science learning’ was found to be a positive predictor of NA 

students’ inference competencies. Closer examination of the Wright distribution map (see Figure 

3) provided some interesting perspectives on this variable.  

 

<Insert Figure 3 about here> 

 

The map clearly showed that the students’ mean perception measure (denoted with an “M” on 

the left side of the map) is about two standard deviations above the mean item difficulty measure 

(denoted with an “M” on the right side of the map). This indicates that students were generally 

positive in their perceptions of their ‘Self-views of science learning’. Students also agreed to item 

related to them working hard, doing well, and feeling good about themselves. They were also 

positive on what they needed to do to do well in science. In Figure 3, the easiest items for 

students to agree to, is Item 8d – ‘If I work hard, I will definitely do well in science’. On the 

other hand, the hardest item for students to ‘agree to’ was Item 8k – ‘When I do well in science, 

my friends look up to me’. About 40% of the NA students had difficulty agreeing to the 

following items:  

 

 8k.  When I do well in science, my friends look up to me. 

8h. I am confident in my own abilities in science. (Item is recoded) 

8i. I am clear how I can do well in science. (Item is recoded) 

8j.   I think I have the ability to do well in science. (Item is recoded) 

 



	 22 

The findings showed that the NA students lacking in confidence in their abilities in learning 

science despite knowing that doing well entailed putting in hard work. Previous studies have 

shown that students with a lack of positive self-concept would negatively affect their behaviours 

and achievements in science (Oliver & Simpson, 1988; Raven & Adrian, 1978; Schunk, 1984). 

Perhaps the students knew that hard work was needed but they did not really know what 

constituted ‘hard work’ to do well in science. As such, teachers could teach students self-

regulating learning strategies (Zimmerman & Pons, 1988) such as: (a) meta-cognitive strategies 

for planning, monitoring, and modifying their cognition; (b) management and control of effort on 

classroom academic tasks; and (c) cognitive strategies used to learn, remember, and understand 

the materials. These strategies had also been found to positively affect science performance by 

building student confidence and their self-view about science (Pintrich & De Groot, 1990). It was 

thus not surprising to note that the students in this study found it difficult to agree to statements 

such as, ‘friends looking up to them when they do well in science’ (Item 8k), ‘get praises from 

teachers if they work hard’ (Item 8p - recoded), and being ‘rewarded when they put in hard 

work’ (Item 8t). Interestingly, the findings indicated that students found it easy to agree to 

‘feeling good when they do well in science’ (Item 8l) but struggled with statements related to 

‘feeling a great sense of achievement when learning science’ (Item 8q). Clearly, students need to 

be both intrinsically and extrinsically motivated (Ryan & Deci, 2000) to perform well in learning 

science may be possible reasons for students’ performance in learning science. After all, the 

students had indicated that they would like to ‘gain something from learning science’ (Item 8m - 

recoded) and ‘from getting good grades in science’ (Item 8n).  
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(ii) Grade 7 NA students’ views about the nature of science. Figure 4 shows the Wright 

distribution map of Grade 7 NA students’ ‘Views about the nature of science’. The survey 

instrument was indeed well targeted for the students (i.e., the Persons’ mean measures and mean 

item difficulty are close in the logits scale). This variable was a positive predictor of NA 

students’ science inference competencies. Students’ perceptions that scientists could exercise 

certain freedom in conducting experiments and contribute to new scientific understanding were 

perhaps reasons that could help predict their performance in science learning. Some of the easiest 

items the NA students agreed to include: 

 

7e. Social factors (e.g., politics, money, culture) can affect scientists’ work) 

7i. Scientists can disagree on the way to carry out experiments. 

7d.  Scientists’ personal views can affect the outcomes of the experiments. 

7a.  Science facts can change when scientists discover new results. 

7h.  Scientists can come up with different explanations for the same results. 

 

<Insert Figure 4 about here> 

 

It was interesting to note that the NA students found the following items ‘difficult to agree to’ - 

‘Scientists may not follow the scientific method in doing experiments’ (Item 7b – recoded); 

‘Scientists may not know what to expect’ (Item 7c - recoded); ‘Not all scientists do their work in 

the laboratory’ (Item 7g - recoded); ‘Scientists do not work alone most of the time’ (Item 7f -

recoded); and ‘Scientists may change their views’ (Item 7j - recoded). The students’ views 

contrasted with the tenets of the nature of science posited in the current literature (Kuhn, 2012). 
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The findings imply that the students have limited knowledge about what scientists do and how 

they go about doing their work. This could be due to a lack of opportunity to interact or even to 

work with scientists. 

 

Findings for Grade 7 NT students 

From the regression analysis, one predictor of the NT students’ performance in science 

inference competencies was identified. The final model accounted for 13.4% of the total variance 

in NT students’ growth in inference competencies. Again, as noted earlier the growth in the 

science inference competencies over time was negative for NT students. The predictor was 

students’ ‘Views about their science teachers’ (b=0.12, p<0.01).  

 

(i) Grade 7 NT students’ views about their science teachers.  

From the Wright distribution map in Figure 5, it was evident that NT students were 

generally positive about their science teachers (i.e., the students’ mean perception measure was 

more than two standard deviations above the mean item difficulty measure).  

 

<Insert Figure 5 about here> 

 

Students found it ‘easy to agree to’ statements about the science teachers ensuring that they had 

‘science textbooks or workbooks during the lessons’ (Item 4i) and ‘study materials for tests and 

exams’ (Item 4j). In addition to these basic needs, science teachers also ‘encouraged students to 

do their best in science’ (Item 4a), ‘taught science in different ways’ (Item 4b), and ‘made 

themselves available to answer students’ questions when they needed help’ (Item 4d). The 
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students, however, found it relatively ‘difficult to agree with’ statements, such as ‘science 

teachers did all the talking in class’ (Item 4c – recoded), ‘provided them with feedback on their 

science work’ (Item 4f), ‘showed concern about their science performance’ (Item 4g), ‘engaged 

them during the lessons’ (Item 4e), and ‘provided them with opportunities to do hands-on 

experiments in science lessons’ (Item 4h).  

Thus, to improve students’ science inference competencies, science teachers can ensure 

that in addition to ensuring basic material needs are available to students, they can show more 

concern about their well-being, provide more regular feedback to students, and adopt more 

student-centred approaches in teaching. In a study by Hagay and Baram-Tsaban (2015), they 

found that when the high school biology students’ questions were solicited, incorporated into the 

lesson, and addressed by teachers in a student-centred classroom, the students’ intrinsic 

motivation to learn biology was enhanced. The intrinsic motivation to learn would have positive 

effect on improved science achievements (Singh, Granville, Dika, 2002). 

 

Conclusion and Implications for Policy Changes 

Much have been reported in the literature about how students’ learning outcomes can be 

affected by their views about the nature of science (Songer & Linn, 1991), views about the 

importance of science (Barman, 1999), self-views about science learning (Britner & Pajares, 

2006), social capital (Haladyna, Olsen, & Shaughnessy, 2006), and their cultural capital (McNeal 

Jr., 1999). However, in practice, it is unlikely that students have access to all types of science 

capital. This is because resources in schools, such as time, labor, and finances are limited. This 

means that schools and teachers have to be strategic in selecting and providing the most efficient 

resources that will address specific students’ learning needs.  
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This study is timely as the Singapore secondary science curriculum is currently 

undergoing curriculum and syllabus review, led by the Ministry of Education (Singapore), which 

takes place once every six years. The study involved lower track students from the Normal 

Academic (NA) and Normal Technical (NT) tracks in 37 public and co-education schools in 

Singapore. Rasch analysis was used to calibrate and equate three science inference tests 

administered over three time points in an academic year to determine students learning growth.  

The comparison over time of the students’ performance in science inference competencies had 

unfortunately decreased over time. The regression analyses, however, provided us with some 

interesting insights how science capital might affect students’ outcomes in science inference 

competencies.  

The findings show that among the forms of science capital examined, students’ Self-views 

in science learning and Views about the nature of science were significant predictors of the 

change in science inference competencies of the NA students. For NT students, the only 

significant predictor of their change in science inference competencies was their Views about 

their science. Further analyses of the three variables (i.e., by way of analysing the location of 

person and items on the Wright distribution maps) have provided us with greater insights on the 

students’ perceptions. Equipped with this understanding, the panel of Singapore science 

curriculum and syllabus reviewers can make empirically-informed decisions to better support 

NA and NT students in their development of science inference competencies.  

In many ways, this study has provided some important insights in addressing the lower 

track students’ development of science inference competencies, and the specific forms and 

components of science capital that could be enhanced to support the development of science 

inference competencies. For instance, teachers of Grade 7 NA students can work on improving 
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students’ self-views about their science learning and the nature of science. For example, teachers 

of Grade 7 NA students can try to create opportunities for students to interact with scientists 

through talks or research projects so that students understand what scientists do in their work. In 

Singapore, most of the research opportunities were usually given to the highly-abled students in 

the higher track classes and high performing schools. It is not surprising that relatively few 

students in the lower track classrooms get to participate in science research with external science 

agencies or research laboratories. As such, it may help to bring scientists into the classrooms to 

conduct some form of sharing with students. Buck, Leslie-Pelecky and Kirby (2002), for 

example, have explored the effectiveness of bringing female scientists into the elementary 

classrooms to promote changes in the stereotypical images of scientists. The National Center for 

Science Education (NCSE) in the United States runs the “Scientist in the Classroom” programme 

for teachers and scientists to collaborate. The NCSE will match the teacher and scientists’ 

profiles and arrange for the latter to go into the classroom at least twice to talk to students, tell 

stories, and help them learn how they can become scientists. They can also work with the teacher 

and students on some activities related to climate change or evolution. Such structured efforts 

can perhaps, help to push for better understanding of the nature of science.  

The findings for students’ Self-views about science learning were however contradictory. 

Perhaps, the students were uncertain about what they could do to help themselves do better at 

learning of science. It is evident that teachers need to provide sound advice to their students on 

useful strategies to improve their science learning and help them build up their confidence levels. 

In comparison to the NA students, teachers of the NT students can work on improving students’ 

views about their science teachers. More specifically, it was found that extrinsic factors (such as, 

rewards and praises and opportunities that allow students to feel successful) would help to 
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improve their science inference competencies. It is also critical that teachers provide regular 

feedback to students on their learning, showing more concern to them, and using more student-

centred approaches in the teaching of science.  

In addition to providing insights on student learning that have implications for science 

teaching practices, the findings from this study also shed some light for future studies on lower 

track students in Singapore. As noted earlier, research studies on lower track learners in science 

education in Singapore are few. Future research can involve intervention programs in shaping the 

different types of science capital, and their relationship with students learning and development 

outcomes. Future studies will help to validate the current findings and used to inform pre-service 

teacher education and in-service teacher professional development for local science NA and NT 

teachers. Finally, this study can be replicated for lower track students in other countries so that 

comparisons can be made. In so doing, it will certainly help researchers and educators better 

understand the problems and needs of lower track learners. More importantly, such comparisons 

across cultures and contexts will provide broader insights and allow the identification of trends 

and patterns challenging lower track learners’ science learning. Only then can educators 

confidently embark on meaningful efforts to support these students in their learning and 

development.  
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