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Latent constructs of the Students’ Assessment of Their Learning 

Gains instrument following instruction in stereochemistry 

Abstract 

Pedagogical practitioners who emphasise active learning in undergraduate chemistry 

courses widely use the Student Assessment of Learning Gains (SALG) instrument to 

measure students’ perceptions of their gains in knowledge and skills in chemistry. 

Although numerous studies have reported SALG results in support of successful 

pedagogical interventions, a comprehensive construct-verified version measuring 

students’ perceptions of their chemistry learning is lacking. This paper aims to identify 

latent constructs of the SALG instrument that was administered in Process Oriented 

Guided Inquiry Learning (POGIL) classes by using exploratory and confirmatory 

factor analyses. When the SALG was administered on two separate occasions with 

two different groups of students following four weeks of instruction on topics in 

stereochemistry, the results revealed a four-factor structure consisting of 32 items that 

included Active Learning, Concept Learning, Resources, and Process Skills. These 

findings demonstrate an approach to collect evidence to support the match between 

intended constructs and measured variables in light of a targeted pedagogical 

intervention. 

Introduction 

There has been an increasing interest in research-based learner-centred teaching 

approaches aimed at improving students’ chemistry learning outcomes. Abundant 

research literature is available acknowledging the outcomes of the implementation of 

such practices via student evaluations of faculty and courses (Danielle, & Janice, 2012; 

Fairweather, 2008; Mataka & Kowalske, 2015; Smith, Douglas, & Cox, 2009; 

Weaver, Russell, & Wink, 2008). These student evaluations are considered helpful to 

the academic community for a wide variety of purposes such as identifying 

components of effective teaching and areas of instruction in need of improvement, and 

also recognising excellence in teaching (Wachtel, 2006). Researchers studying the 

effectiveness of teaching innovations focus increasingly on the measurement and 

evaluation of student perceptions of their learning (Arjoon, Xu, & Lewis, 2013) in 

conjunction with their cognitive achievement in the disciplinary area (Anaya, 1999; 

Bowman, 2013). The affective dimensions of pedagogical inventions are generally 
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assessed either through questionnaires or interviews. In questionnaire/interview 

situations, students are presented with items asking about how each component of the 

instruction helped their learning and they judge each item using a pre-determined 

numerical scale or respond to it verbally (Schunk, 1992). However, students vary in 

their ability to accurately identify the extent to which various learning experiences 

from a pedagogical intervention positively influenced their learning (Bowman, 2011). 

Moreover, the nature and quality of learning experiences or learning gains expressed 

by the students are sensitive to the items of the instruments and their factorial structure 

(American Psychological Association, 1999). Therefore, it is of prime importance to 

continue to conduct research on instruments meant for students’ self-evaluations 

mainly to provide some evidence of reliability, validity, and utility. In the case of 

adapted survey instruments where the researchers or practitioners make changes to its 

constituent items, the need for the demonstration of evidence of reliability and validity 

(Malhotra & Grover, 1998) is helpful to maximise the usefulness of the instrument in 

any study.  

 

The objective of this research was to provide evidence of validity and reliability of 

the Students’ Assessment of Learning Gains (SALG) – an instrument used for students 

to assess their perceptions of learning in chemistry classes – in the context of teaching 

and learning stereochemistry.  Despite its wide usage, and availability of several 

versions, only the version of SENCER-SALG (Weston, Seymour, & Thiry, 2006) had 

been construct validated to reveal its factorial structure. In their report as part of 

science education for new civic engagement and responsibilities (SENCER) project, 

Weston et al. hinted on the validation of SALG data although no information was 

provided on the implied statistical procedures. Furthermore, convergent validity has 

not been previously determined. Of note is that Moody and Sindre (2003) revealed 

that SALG was withdrawn from their research study because it lacked evidence for its 

theoretical construct. The need for the establishment of a statistically-evident factorial 

structure was of a particular concern in this research because an instrument with 

evidence of validity provides a more coherent set of measures. With a factorial 

structure obtained through a systematic statistical technique, the SALG instrument can 

provide assurance to the administrators that the psychometric inferences from the data 

of students’ self-measures of learning gains will be reliable and valid for the context 

within which it has been used.  Further, the administrators or instructors can use these 
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factor scores as units of analysis in various statistical tests in order to make judgements 

on the impact of their teaching.  

The primary research questions that guided this research were:  

1. Within the context of teaching and learning stereochemistry, using Exploratory 

Factor Analysis (EFA), what are the latent constructs of the SALG instrument? 

2. Within the context of teaching and learning stereochemistry, does 

Confirmatory Factor Analysis (CFA) of the SALG instrument identify latent 

constructs consistent with the exploratory model? 

The above research questions were carefully planned as they helped the researchers 

explore data obtained from a pedagogical intervention known as process oriented 

guided inquiry learning – POGIL (Moog, Creegan, Hanson, Spencer, Straumanis & 

Bunce, 2008) in order to provide answers in support of SALG’s factor composition 

and their further verification. An overarching question that is often posed to any 

administrator of SALG is, “does SALG measure what it is supposed to measure”. 

Therefore, this question sets an expectation to report factor analyses results. In short, 

“Factor analysis is intimately involved with questions of validity….. Factor analysis 

is at the heart of the measurement of psychological constructs” (Nunnally, 1978, pp. 

112-113). Consequently, four latent constructs namely active learning, concept 

learning, resources, and process skills were found to underlying the version of SALG 

used in this study. 

Background 

Developed by Seymour, Wiese, Hunter, and Daffinrud (2000), the SALG instrument 

garners information related to the content, pedagogical approach, learning activities, 

grading and assessment procedures, resources, and student engagement in terms of 

workload and pace of learning. The SALG instrument is usually used at the end of the 

semester to measure the students’ self-perception of their learning gains and their 

progress towards course learning gains. Instructors also may use the instrument 

halfway through the course to enable them make informed course corrections. 

Additionally, instructors also use a baseline or introductory survey to sense the 

position of the students with respect to the desired learning goals.   
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Further, the SALG data collected during pre-course and post-course evaluations are 

considered helpful in providing a snapshot (Middlecamp, Jordan, Shachter, 

Kashmanian, & Lottridge, 2006) of students’ skills and attitudes before and after an 

intervention. The SALG instrument and various other traditional end-of-course 

questionnaires differ from each other in that the former primarily focuses on students’ 

self-reporting of their learning gains in the specific activities or course elements, 

whereas the latter provides students with the opportunity to rate the instructors’ 

teaching competencies, practices and resources.  

The SALG instrument has been used in a number of studies related to student learning 

of university level chemistry that primarily focused on active learning and student-

centred pedagogies. Seymour (2002) administered paper-pencil and online SALG 

instruments in a multi-institutional study both at the end and mid-points of the 

semester to measure the students’ perception of their learning. Middlecamp et al. 

(2006) developed and used online SENCER-SALG as a tool for assessing how 

SENCER courses were successfully influencing student learning. Hopkins and Samide 

(2013) used SALG in their inquiry-based laboratory curriculum to teach general 

chemistry. The students reported their scores on their pre-class knowledge and 

subsequent gains in knowledge after the inquiry-based laboratory instruction. SALG 

was also used as a post-course survey of inquiry-based instruction by Prescott (2013) 

in a general chemistry course for non-majors. Similarly, Walker and Sampson (2013) 

used SALG survey to determine how students viewed argument-driven inquiry 

instruction in the chemistry laboratory. 

The SALG instrument is used to gauge students’ perceptions of skills, understanding, 

and attitudes towards teaching or laboratory courses (Herreid, 2013; Seymour, 2002; 

van Rooji, 2009; Yadav, 2011). Carroll (2010) inferred that a combination of SALG 

and student achievement tests could offer curriculum practitioners a powerful 

triangulation on measures and causes of student learning. Straumanis and Simons 

(2008) used SALG as an indicator of growth of students’ process skills in non-didactic 

organic chemistry classes and reported that non-didactic responses were higher than 

those in the control didactic group. According to Seymour et al. (2000), SALG 

provides average scores and standard deviations for responses to each statement and 

requests that students include written explanations for their responses to each main 

question. 
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Descriptive statistical analysis and response frequencies of SALG are widely used to 

interpret students’ responses (Douglas, & Chiu, 2009; Heady, 2002; Johnson, 

Corazzini, & Shaw, 2011; Keeney-Kennicutt, Gunersel, & Simpson, 2008; Keeves, 

1995; van Rooji, 2009) to each or a set of the Likert scale questions in an effort to 

provide a glimpse of students’ perception of course implementation. Heady (2002) 

administered the SALG survey successively to two student cohorts over two years in 

introductory biology classes to find out what helps students to learn. The study 

compared the mean values for all of the student responses to the items of SALG. 

Johnson et al. (2011) had used an on-line SALG survey containing 9 measurement 

domains to explore the virtual learning environment in nursing education. Their SALG 

instrument contained 4-point Likert type items organised as domains but information 

in support of domain composition was not available. In an another study on the 

effectiveness of project management methodology in a psychology class, van Rooij 

(2009) administered a 20-item SALG survey and presented comparative mean scores 

of students’ SALG responses in project management methodology and traditional 

project scaffolding.  Keeney-Kennicutt, Gunersel, and Simpson (2008) used a web-

based SALG instrument to investigate general chemistry students’ perceptions of an 

educational web-based tool called, calibrated peer review. The results of the trend 

analysis included the percentage values of students’ responses to the 5-item SALG 

survey. A review of the above studies revealed researchers’ attempts to establish 

validity and reliability of SALG data by comparing: i) student’s SALG responses with 

their interview data; ii) mean values and other measures of learning like achievement. 

Comparing mean values from SALG with other measures of learning may not provide 

greater correspondence because students’ perceptions and achievement may not be the 

same (Poe, 1969).   

Theoretical Background on the SALG Survey 

The original SALG had no theoretical evidence in support of its design and also 

subsequent users were less vigilant about the important aspect of theory that guided 

the design of the instrument. Based on the nature of the items used, it appears that the 

instrument may have been informed by the sociological theory of Merton (1968).  

Merton inferred that empirical uniformities can be derived from logically 

interconnected propositions and attributed manifest and latent functions to social 

processes. Accordingly, Seymour, Wiese, Hunter, and Daffinrud (1997) identified two 
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characteristic features from effective teachers (1993) that were found to be relevant 

for the SALG instrument: 1) regular evaluation of teaching practice in the form of 

assessment and feedback to understand whether such practices are beneficial to 

students’ learning, and 2) familiarity of students’ academic preparation, knowledge, 

and abilities and fine-tuning teaching strategies to enhance students’ learning gains. 

The SALG instrument also reflects the characteristics recommended by Kuh (2001) 

for student self-assessment surveys. These characteristics include students’ awareness 

of the information they are asked for, precision and clarity of the questions, and 

question items focusing on meaningful activities that could evoke thoughtful response 

from the students. According to Kuh, the information, ideas and the language 

presented in the instruments is relevant to the learning context of the students. 

According to Seymour (2000), the flexibility of adapting SALG in between different 

disciplines of science is dependent on the extent of cohesiveness of various course 

elements such as goals of class or laboratory activities, curriculum, resources used and 

tested. 

Construct Validity 

At present, there is no evidence in support of construct validity for any of the adapted 

versions of SALG used in active learning pedagogical implementations. Construct 

validity indicates whether or not the instrument actually measures the construct under 

investigation (Coll, Dalgety, & Slater, 2002) and it is inclined to the nature of items in 

the modified SALG. Cronbach and Meehl (1959) warranted that construct validation 

is to be identified by the orientation of the investigator rather than by a specific 

investigatory approach. The construct validation procedures are theoretically based 

and include establishing the convergent validity and discriminant validity of the 

measure (Agarwal, 2013). Factorial analysis is often used to assess construct validity 

and is often achieved by including information from the items (observed variables) of 

instrument in as few derived factors as possible to keep the solution understandable 

(Gorsuch, 1983). Convergent validity is established when the variables that tap the 

same construct are correlated with each other, whereas discriminant validity is 

established when variables that tap different constructs are not correlated with each 

other (Hsiao, Wu, & Yao, 2014).  
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Design and Procedures 

The research reported in this article was part of a major research project approved by 

the Human Research Ethics Committee (HREC) of the investigators’ university that 

focused students’ perceptions of learning chemistry in a student-centred intervention 

like POGIL. A short description of POGIL philosophy is included in the following 

section. The research design for the major study consisted of a post-positivist paradigm 

using a quasi-experimental design (Creswell, 2003) with quantitative data collected 

using SALG. Post-positivist research is commonly aligned with quantitative methods 

of data collection and analysis. Post-positivist paradigm emphasises well-defined 

concepts and variables, controlled conditions, precise instrumentation and empirical 

testing (Weaver & Olson, 2006). Post-positivism was considered appropriate for this 

study as it offered the researchers an impersonal position to make context-dependent 

generalisations (Cooper, 1997) using methods that minimise the susceptibility of 

participants. Further, the scope of this article restricted the authors to avail only 

quantitative data.  

Pedagogical Context 

The POGIL teaching-learning method has shown to be effective in chemistry major 

courses at several institutions in the United States. More recently, in Australia, Active 

Learning in University Science (ALIUS), a collaborative project of six Australian 

universities, uses POGIL as a model of teaching innovation to engage students in large 

first year chemistry classes (Bedgood Jr. et al., 2009). Consequently, the research 

study was undertaken at a large tertiary institution in Australia where POGIL has been 

actively practiced in selected first year chemistry courses.   

POGIL is a student-centred instructional approach where students work in small 

groups with the instructor acting as a facilitator. In a POGIL classroom, students work 

in learning teams using specially designed activities that promote mastery of the 

discipline content and the development of skills necessary for scientific inquiry. 

POGIL practitioners have used SALG and published their results of student 

engagement, their perceptions of the value of small group learning and the perceived 

growth in process skills. The major characteristic features of the POGIL model are 

concept learning, development of process skills, active engagement and use of 
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resources or activities. Henceforth, it is desirable to identify the comprehensive 

measurement scales for the SALG instrument in order to make it more reflective of 

the characteristics of the pedagogical approach for which it is used.   

Disciplinary Context 

Stereochemistry is an important aspect of organic chemistry that primarily includes 

the study of relative spatial arrangement of atoms within molecules and the study of 

stereochemical requirements and outcomes of chemical reactions. Topics in 

Stereochemistry, taught as part of a chemistry course to first year students,  included: 

chirality, stereocenter, stereoisomers, molecular orientation at stereo-carbons, and 

identifying chiral molecules on the basis of plane of symmetry, non-superimposable 

mirror image formation, and ability to estimate the possible number of stereoisomers 

from a stereocenter of the molecule, distinguishing isomers, SN1 and SN2 reactions, 

curved arrow processes, and nucleophilic substitution reactions. A modified POGIL 

approach in the form of embedded mini-lectures, small group POGIL discussions, 

followed by clicker questions was utilised. 

Sample 

The sample comprised a cohort of first year chemistry students enrolled during 2011 

and 2012, referred to as Group 1 (n = 114) and Group 2 (n = 154), respectively. Most 

of the students were in Engineering, Science, and Pharmacy programmes opting to 

study chemistry during first and second semesters. The majority of the students 

(domestic and international) were school leavers, however, non-traditional students 

included mature age learners and students with vocational qualifications comprised a 

minority of the population. Students’ participation in the study was voluntary and only 

self-selected students were invited to complete the paper-pencil SALG during 

chemistry workshops/tutorial sessions. The topic being studied, over a period of four 

weeks, was stereochemistry.  

The SALG instrument 

The paper-pencil SALG instrument was administered to Groups 1 and 2 in 2011 and 

in 2012 to obtain data for the exploratory and confirmatory analyses, respectively. The 

SALG instrument, comprising 62, 5-point Likert scale items, was administered during 

the end of second semester 2011 for exploratory factor analysis (n = 114). Based on 
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the results, the instrument was refined and the 44 item 5-point Likert scale SALG 

instrument was administered to Group 2 students during the end of second semester 

of 2012 for confirmatory factor analysis (n = 154). The outline of the development and 

validation of the SALG instrument is shown in Figure 1. In addition to the Likert scale 

items, SALG also included items that were aimed at seeking students’ written 

responses on various aspects of the POGIL class (but not reported in this article). 

For establishing convergent validity of SALG, the factor loadings and internal 

consistency reliability measures were computed for the 2011 data. Brown (2006) 

suggested a strong interrelation of different measures of theoretically similar or 

overlapping constructs for convergent validity. The explored model was then fitted to 

the 2012 data and fit statistics examined with reference to established criteria (Hu & 

Bentler, 1999).      
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Figure 1: The process for collecting evidence for determining the SALG Instrument validity from 
administration in this study 
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Analysis and Findings  

The most commonly used procedure for psychometric evaluation of questionnaires is factor 

analysis which can be performed in two ways: exploratory factor analysis (EFA) and 

confirmatory factor analysis (CFA).  In EFA, researchers follow data reduction procedures 

(reducing large set of variables to a manageable number) and further explore the data for the 

appropriate number of common factors that can reasonably serve as indicators of a set of 

measured variables; in CFA, a pre-specified factor solution is evaluated (Brown, 2006). 

 

Construct Validity: Exploratory factor analyses (EFA) 

Exploratory factor analyses (EFA) is generally employed in the process of scale development 

and construct validation (Brown, 2006) and is a data-driven approach to see the relevant 

common factors emerging from it (Johnson & Stevens, 2001) and also investigate the 

relationship between manifest variables and factors (Everitt & Hothorn, 2011).  

 

The purpose of EFA in this study involved the first research question to investigate the latent 

constructs encompassing the SALG instrument. Subsequently, the EFA, performed on all 62 

items of SALG, used a principal axis factoring analysis with varimax rotation procedure using 

SPSS version 20 to extract four sets of factors from a total of 32 items. Appendix 2 summarizes 

the results of EFA carried out in this study. Varimax rotation was chosen due to its easiness to 

interpret the factors as it maximises variance between factors (Foster, Barkus & Yavorsky, 

2006). The feasibility of factor analysis was determined by examining the Kaiser–Meyer–Olkin 

(KMO) measure of sampling and Bartlett’s test of sphericity. The KMO measure of sampling 

adequacy was 0.785, indicating that the data were appropriate for exploratory factor analysis 

(Tabachnick & Fidel, 1989). The acceptable limit of the KMO measure is .50 (Kaiser, 1974). 

Bartlett’s test of sphericity indicated that χ2 = 2196.521 which was statistically significant 

(p<0.001) indicating that correlation matrix is significantly different from an identity matrix. 

Identity matrix is usually obtained in situations where there is no existence of correlation 

between any of the variables. Items loading on more than one factor with a loading score of 

equal to or less than 0.40 on each factor were eliminated from the analysis to indicate sufficient 

loading (Hinkin, 1998). Table 1 shows the results of the varimax rotation and the factors 

obtained after EFA.  

Following the exploratory factor analysis, factor loadings indicate how strongly each item was 

related to a particular factor. Eigenvalues showed the relative importance of each factor, and 
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the cumulative variance was used to check whether a sufficient number of factors have been 

retained. The eigenvalue for each factor was greater than 1, as per Kaiser criterion (Kaiser, 

1960) and the cumulative variance for all the four factors was 45.79%. This showed that four 

factors can explain over 45 per cent of the total variability in the 32 items.  After consideration 

of the intent of the items clustered on each factor, the derived four factors were labelled as 

Active Learning (18 items), Concept Learning (7 items), Resources (4 items) and Process Skills 

(3 items). Representative items of each factor are listed in Table 2. The Cronbach alpha 

reliability coefficients, shown in Table 4, are highly satisfactory (Arjoon, Xu, & Lewis, 2013) 

being greater than 0.7.   

Table 1. Factor loading, eigenvalue and percentage of variance for SALG (Group 1, 2011) (n 
= 114) 

 
Item 

Number 
Factor Loadings 

Active  
       Learning 

Concept Learning Resources Process 
Skills 

1 .45    
2 .55    
3 .60    
4 .42    
5 .48    
6 .52    
7 .64    
8 .61    
9 .64    
10 .49    
11 .62    
12 .71    
13 .41    
14 .52    
15 .55    
16 .61    
17 
18 

.56 

.61    

19  .55   
20  .52   
21  .77   
22  .77   
23  .72   
24  .58   
25  .56   
26   .80  
27   .87  
28   .89  
29   .46  
30    .89 
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31    .68 
32    .80 

% Variance 
Eigenvalue 
Cumulative % 
Variance 

18.12 
9.46 
18.12 

 

10.69 
2.86 
28.82 

 

9.33 
2.64 
38.15 

 

7.65 
1.90 
45.79 

 
Extraction Method: Principal Axis Factoring.  
Rotation Method: Varimax with Kaiser Normalization. 

 

Table 2. A sample of representative items in each latent factor 

Factor Item: As a result of your work in this class, what gains did 
you make in the following:  

Active Learning Participating in group work 
 Listening to discussions 
Concept Learning Understanding and classifying chiral-achiral molecules 
 Understanding  and distinguishing isomers 
Resources Mini-lectures helped my learning 
 Clicker questions helped my learning 
Process Skills Skill of argument use of evidence 
 Skill of identifying data pattern 

 

Construct Validity: Confirmatory factor analysis (CFA) 

Confirmatory factor analysis (CFA) was used to determine the construct validity, namely, 

whether the factor structure resulting from the exploratory factor analysis (EFA) could be 

consistent with the data obtained from another similar group – in this case the Group 2 cohort 

during semester 2 in 2012 when the refined SALG was used. The refined SALG contained 44 

items, of which 32 were from the four-factored EFA and another 12 that were retained because 

of their relevancy to the intervention was completed by 154 students. An outline on the 

development and administration of the SALG instrument is presented in the right hand side of 

Figure 1.  

Subsequently, CFA was conducted using a Structural Equation Modelling (SEM) approach to 

test the four factor model derived from the EFA (Figure 2). Unlike other statistical procedures 

meant for establishing construct validity of factors, SEM offers the researcher the ability to use 

multiple measures to represent constructs and test their relationship with other constructs 

addressing the issue of specific errors of measurement (Weston & Gore, 2006). All SEM 
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measurement models are tested against a host of fit indices to evaluate their representation of 

relationship among constructs and observed variables. For this study, the four factor model of 

EFA was applied to Group 2 data (n=154) in an effort to answer the second research question.  

From the proposed four factor model, using AMOS v20 software, a χ2 = 619.406, df = 385, and 

p <0.001 were obtained indicating that the model can be estimated and tested. The proposed 

four factor measurement model was identified fulfilling the two recommended general 

requirements (Hu & Bentler, 1999); first, the number of pieces of information in the model 

shall be at least as large as the number of parameters to be estimated. The four factor model 

contained 80 distinct parameters to be estimated and 465 distinct pieces of information; thereby 

meeting the first requirement. The second requirement; every latent variable including the 

residual terms must be assigned a scale; all the latent variables in the model and the errors terms 

has a scale assigned to each one of them. Though the χ2 statistics obtained from the four factor 

model appeared significant, finding an exact fit to the data is rare (Weston & Gore, 2006). 

Owing to the limitations of χ2 statistics, this statistics is not used as the sole index of overall 

model fit (Brown, 2006). Therefore, other fit indices were explored to determine whether the 

model fit is acceptable. Further the fit indices χ2/ df = 1.60, CFI = 0.92, RMSEA = 0.06, TLI = 

0.91, and SRMR = 0.07 appeared to have met the adequacy criteria of goodness-of-fit. 

Appendix 3 summarizes the results of CFA carried out in this study. Hu and Bentler (1999) 

suggested the following cut-off limits for achieving a reasonably good fit between the target 

model and the observed data: (1) CFI values greater than 0.90; (2) RMSEA values close to 0.06 

or lower; (3) TLI values close to 0.95 or lower; (4) SRMR values close to 0.80 or lower. 

For improving the model fit, the model modification indices were used. Two of the Active 

Learning items (15 and 18), ‘grading system what I need to work’ and ‘Willingness to seek help 

from others (instructor, peers, tutor) when working on academic problems’ did not fit the CFA 

model. The items 15 & 18 are yet useful (if retained) to the researchers/instructors in order to 

capture students' perceptions of their learning in POGIL because these items inquire the 

usefulness of seeking help from instructors/tutors/peers and their understanding of the grading 

system used in workshops. Similarly, the items numbered 24, 25 and 29 also were not included 

in the CFA measurement model due to the fact that, the planning of analysis is driven 

principally by theoretical relationships of observed (items) and unobserved variables (latent 

constructs) (Schreiber, 2008). Further the use of correlated measurement errors is allowed 

when such practices are theoretically or methodologically justifiable (Shah & Goldstein, 2006). 

As an example of a substantive evidence for modifications in model, items 14 and 16 convey 
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nearly the same and serve as mutual controls on the consistency of answer, hence they were 

correlated. A similar example existed for items 3 and 9. The items of the four factor 

measurement model - for active learning, resources and process skills are relevant to all 

teaching of chemistry by student-centred approach - are presented in Table 3.  The concept 

learning in stereochemistry is specific to the study. When using a different topic, the concept 

learning outcomes need to be changed accordingly. 

 

 

 

Figure 2. The four factor measurement model of SALG 
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Table 3. Items of the four factor measurement model 
Item Number 
CFA 

Item Number 
EFA 

Item 

Active Learning 

1 2 Attending class 

2 1 Pace of class 

3 3 Working with peers 

4 4 Working with peers outside the class 

5 5 Explanation of instructor for involving small groups 

6 6 Explanation of focus on topics presented 

7 10 Participating in class discussions 

8 11 Listening to discussions 

9 12 Participating in group work 

10 13 Class activities help learning 

11 14 Number and spacing of tests 

12 16 Feedback on my work received during and after tutorials 

13 17 Connecting key ideas to other knowledge 

14 7 Confidence that you understand the material 

15 8 Confidence in ability to do POGIL activities 

16 9 Comfort level involving complex ideas 

Concept Learning 

17 20 SN1 SN2 reaction mechanism 

18 21 Distinguishing different types of isomers 

19 22 Classifying chiral-achiral molecules 

20 23 Identifying stereocentres in molecules 

21 19 Attractive forces between molecules and the effect on 
physical properties 

22 .. Applying curved arrow conventions to describe bond 
forming and bond breaking processes 

23 .. The reactions of alkyl halides, nucleophilic substitution 
reactions 

Resources 

24 26 Mini lectures 

25 27 Posted Pencasts 

26 28 Pencasts solutions of homework  problems 
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27 .. Clickers 

Process Skills 

28 31 Identifying patterns in data 

29 30 Recognising a sound argument and appropriate use of 
evidence 

30 32 Develop logical argument 

 

Convergent validity 

Convergent validity was assessed by examining the inter-correlations of the constructs of 

SALG. As shown in Table 7, the correlations among the four constructs were found to be 

statistically significant.  

Internal consistency reliability was established by calculating the Cronbach’s alpha coefficient 

for each factor. The guidelines (Cohen, Mannion, & Morrison, 2000; Nunnally, 1978) indicate 

that an alpha coefficient of 0.70 is adequate for an instrument in the early stage of development; 

a coefficient of at least 0.80 is adequate for a more developed instrument. The results portrayed 

in Table 4 show that the Cronbach’s alpha coefficient for each factor was above 0.80, affirming 

the reliability of the scales of SALG. Based on the analysis of the data, the factor loadings and 

internal consistency measure confirmed the convergent validity of the SALG questionnaire 

used in this study. 

Table 4. Internal consistency reliability (Cronbach’s alpha) for the SALG scales  
Factor Number of items Cronbach’s Alpha 

Active Learning 18 0.90 
Concept Learning 7 0.84 
Resources 4 0.81 
Process Skills 3 0.89 

 

The Cronbach alpha internal consistency reliability of the items of SALG after CFA was 

calculated and the values are presented in Table 5. These values are highly satisfactory with 

similar values to those presented in Table 4.  

 

 

 

17 
 

Page 17 of 32 Chemistry Education Research and Practice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

C
he

m
is

tr
y

E
du

ca
tio

n
R

es
ea

rc
h

an
d

P
ra

ct
ic

e
A

cc
ep

te
d

M
an

us
cr

ip
t



Table 5. Internal consistency reliability of SALG scales after CFA using EFA scales 
Factor Number of items Cronbach’s Alpha 

Active Learning 16 0.92 
Concept Learning   7 0.89 
Resources 4 0.82 
Process Skills 3 0.90 

This four factor CFA – SEM analysis would appear to demonstrate Brown’s (2006) criteria for 

convergent validity with strong interrelation of different measures of theoretically similar or 

overlapping latent constructs (see Table 6).   

Table 6: Pearson correlation coefficient values of four factors of the SALG instrument 

 Active Learning Concept Learning Resources Process Skills 

Active Learning  0.69 0.54 0.77 

Concept Learning   0.42 0.66 

Resources    0.41 

Process Skills     

                                                                                                           p< 0.01 level (2-tailed) 

Discriminant validity 

Discriminant validity according to Brown (2006) is expressed by results showing that 

indicators of theoretically distinct constructs are not highly inter-correlated. He further argued 

that, factor correlations above 0.80 imply overlap of items and point towards poor 

discrimination validity. The discriminant validity of the items of the instrument was assessed 

by comparing the construct correlations with the square root of the average variance extracted 

(AVE). Fornell and Larcker (1981) specify that discriminant validity is achieved when the 

square root of the AVE of a construct is larger than its correlation with other constructs. The 

square roots of the AVE were calculated and are represented in bold on the main diagonal of 

Table 7. The off diagonal elements represent the correlations among the latent variables. The 

results reported in Table 7 confirm that the discrimination validity was achieved by all scales.  

As shown in the Table 7, the correlations ranged from 0.17 to 0.51, providing further evidence 

in support of the discriminant validity. 
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Table 7: Inter construct correlations and square roots of average variance extracted for the 
SALG scales 

 Active 
Learning 

Concept 
Learning Resources Process 

Skills 
Active Learning 0.78    
Concept Learning 0.45 0.82   
Resources 0.31 0.17 0.89  
Process Skills 0.51 0.41 0.35 0.94 

       p< 0.01 level (2-tailed) 
Note. Square root of average variance extracted (AVE) is shown on the diagonal of the 
matrix 
 

Discussion and Conclusion  

Based on the responses following instruction in stereochemistry, four factors containing 32 

items were extracted from the SALG instrument during EFA.  Appendix 1 provides a complete 

list of factors and their corresponding items. The factor analysis of the data obtained from 114 

students from Group 1 resulted in a four factorial structure of the SALG instrument; Active 

Learning, Concept Learning, Resources, and Process Skills. Since the study had occurred at 

only one institution, it was always difficult to acquire the desired sample size. However, 

considering the criteria of variable to sample ratio (Bentler & Chou, 1987; Conway & Huffcutt, 

2003), the sample for EFA (n = 114) had ratio less than 5:1 and the sample for CFA (n = 154) 

had ratio greater than 5:1. The internal consistency reliability was highly satisfactory where 

each factor had a Cronbach’s alpha coefficient value greater than 0.80.  For CFA, the explored 

four factor model was fitted to the data obtained from Group 2, 2012 (n = 154) using a 

measurement model of structural equation modelling (SEM); the fit statistics met the criteria 

of a good fit. The Cronbach’s alpha internal consistency reliability values of the SALG 

constructs after CFA were highly satisfactory (>0.80). The findings give support to Hong, 

Purzer, and Cardella’s (2011) suggestion that, for adapted instruments, the CFA be used to test 

the fit of the factor structure from a sample different to the EFA. 

The findings from the sophisticated use of EFA and CFA indicate that the SALG questionnaire 

has high convergent and discriminant validity when used with these first year chemistry classes 

learning stereochemistry. Therefore, data collected using this survey is likely to be valid and 

reliable in this study context. Although the results of this study need to be replicated with large 

samples across a range of chemistry units (by substituting items under subscale concept 

learning), and in different institutions, the four-factor model may provide POGIL practitioners 

with a useful approach to predict students’ acceptance of the intervention when implemented 
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in different cultural contexts. The causal relationships between the four subscales of SALG, 

when explored further, may provide opportunities for meaningful evaluation of students’ 

perceptions of their learning gains in research-based student-centred pedagogies.  

The data utilised in this study identified a fit between latent constructs and observed variables 

that are relevant to POGIL instruction. For example, Active Learning construct obtained after 

EFA contained 18 items (see Appendix 1) that are distinctly relevant to various elements of 

pedagogical intervention followed in this study. Similarly, the 8 items under Concept Learning 

were appropriate and broadly covered the disciplinary context.  

According to Brown (2006), there are two categories of factors – overdetermined, and 

underdetermined, based on the number of strongly related indicators (items) in them. 

Conspicuously in this study, Active Learning, an overdetermined factor (factor with several 

indicators) and Process Skills, an underdetermined factor (factor with two or three indicators) 

have emerged. Though they have theoretical relevance to the pedagogical intervention that the 

study had followed, it becomes more practical for the purpose of interpretability if no such 

skewed breakdown of factors occurred. A large sample replication study is recommended to 

overcome to further ensure recoverability of the proposed model. 

Limitations 

The SALG instrument has shown both good reliability and validity for measuring students’ 

perceptions of their learning in active learning classrooms; in this case in teaching and learning 

the topic of stereochemistry using a modified POGIL approach. However, despite its rigor and 

depth to the interpretation of results, the research based on self-report data has potential for 

continuous errors in self-assessments to confound the results (Beghetto, 2007; Dunning, Heath, 

& Suls, 2004). Despite its flexibility for adoption or adaptation, the various versions of SALG 

need to be consistently verified for underlying constructs in order to enhance their 

interpretability of the generated data. The data sets used for EFA and CFA emerged from a 

relatively smaller sample size which may lead to unstable solutions. Smaller samples increase 

the likelihood of obtaining underdetermined factors. The original SALG developed by 

Seymour et al. (2000) had 5 Likert scale points. However, chemistry educators who have 

successively used SALG contained 6 Likert scale points. Considering the variation in the 

number of Likert scale points used, the internal consistency reliability of SALG instrument 

may (Chang, 1994) or may not (Cummins & Gullone, 2000) vary. The instrument could be 

enriched by reducing the number of items on the first factor active learning or alternatively 

creating a new scale comfort and confidence using items 12 to 16 to avoid overemphasis on 
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modification indices while attempting to improve the model fit. The findings from this study 

may not be generalizable to other contexts due to the fact that SALG is flexible in terms of its 

constituent items thus making this outcome more context-dependent. Depending on the 

conceptual area taught, the items will change as required. This study specifically deals with the 

teaching and learning of stereochemistry. The scope of the article restricted authors to the 

measurement model only, hence the fit of structural models to the observed data is not 

discussed. Above all, a considerable theoretical and statistical sophistication is required for the 

pedagogical practitioners intending to evaluate the impact of their implementations.  
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Appendix 1: SALG Instrument 

Student Assessment of their Learning Gains 
 

Instructions: 
Please fill in one box only for the following statements corresponding to the scale 
indicated by completely filling the circle  with a blue or black ballpoint pen. 

N
o 

he
lp

 

A
 li

ttl
e 

he
lp

 

M
od

er
at

e 
he

lp
 

M
uc

h 
he

lp
 

G
re

at
 h

el
p 

Active Learning      
HOW MUCH did each of the following aspects of the class HELP YOUR 
LEARNING?  

     

1 Attending class 1 2 3 4 5 
2 The pace of class 1 2 3 4 5 
3 Working with peers 1 2 3 4 5 

4 Working with peers outside the class 1 2 3 4 5 
5 Explanation of instructor for involving small groups 1 2 3 4 5 
6 Explanation of why the class focus on topics presented 1 2 3 4 5 

7 Participating in class discussions during class 1 2 3 4 5 
8 Listening to discussions 1 2 3 4 5 
9 Participating in group work during class 1 2 3 4 5 

10 Class activities help learning 1 2 3 4 5 
11 The number and spacing of tests 1 2 3 4 5 
12 The feedback on my work received during and after tutorials 1 2 3 4 5 

13 Connecting key ideas to other knowledge 1 2 3 4 5 
14 Confidence that you understand the material 1 2 3 4 5 
15 Grading system what I need to work 1 2 3 4 5 

16 Comfort  level in working complex ideas 1 2 3 4 5 
17 Confidence in ability to do POGIL activities 1 2 3 4 5 
18 Willingness to seek help from others (instructor, peers, tutor) when 

working on academic problems 
1 2 3 4 5 

Concept Learning      
As a result of your work in this class, what GAINS DID YOU MAKE in your 
UNDERSTANDING of each of the following? 

     

19 SN1 SN2 reaction mechanism 1 2 3 4 5 
20 Distinguishing different types of isomers 1 2 3 4 5 

21 Classifying compounds as chiral/achiral 1 2 3 4 5 
22 Identifying StereoCentres in molecules 1 2 3 4 5 
23 Attractive forces between molecules and effect on physical properties 1 2 3 4 5 

24 Applying curved arrow conventions to describe bond forming and bond 
breaking processes  

1 2 3 4 5 

25 The reactions of alkyl halides and nucleophilic substitutions 1 2 3 4 5 
Resources      
HOW MUCH did each of the following aspects of the class HELP YOUR 
LEARNING? 

     

26 Mini lectures posted on the Blackboard 1 2 3 4 5 

27 Pencasts posted on the Blackboard 1 2 3 4 5 

28 Pencasts solutions homework  problems 1 2 3 4 5 
29 Clickers during instruction 1 2 3 4 5 
Process Skills      
As a result of your work in this class, what GAINS DID YOU MAKE in the 
following SKILLS? 

     

30 Identifying patterns in data 1 2 3 4 5 

31 Recognizing a sound argument and appropriate use of evidence 1 2 3 4 5 
32 Developing a logical argument 1 2 3 4 5 
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Appendix 2: Exploratory Factor Analyses 
KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .785 
Bartlett's Test of Sphericity Approx. Chi-Square 2196.521 

df 528 

Sig. .000 
 

Total Variance Explained 

Factor 

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 9.457 28.658 28.658 8.931 27.064 27.064 5.981 18.123 18.123 
2 2.856 8.655 37.314 2.427 7.354 34.418 3.529 10.693 28.816 
3 2.635 7.985 45.299 2.211 6.701 41.119 3.079 9.330 38.146 
4 1.902 5.765 51.064 1.543 4.675 45.794 2.524 7.648 45.794 
5 1.670 5.061 56.125       

6 1.512 4.583 60.708       

7 1.269 3.846 64.553       

8 1.103 3.344 67.897       

9 .976 2.957 70.854       

10 .928 2.811 73.665       

11 .846 2.563 76.228       

12 .808 2.449 78.677       

13 .767 2.323 81.000       

14 .666 2.017 83.017       

15 .604 1.830 84.847       

16 .578 1.750 86.598       

17 .545 1.651 88.248       

18 .478 1.447 89.695       

19 .445 1.347 91.043       

20 .411 1.244 92.287       

21 .363 1.099 93.386       

22 .308 .934 94.320       

23 .279 .846 95.166       

24 .262 .795 95.960       

25 .224 .678 96.639       

26 .204 .618 97.257       

27 .184 .557 97.814       

28 .172 .522 98.336       

29 .161 .488 98.825       

30 .134 .405 99.229       

31 .105 .318 99.548       

32 .079 .240 99.788       

33 .070 .212 100.000       

Extraction Method: Principal Axis Factoring. 
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 Rotated Factor Matrixa 

Item 
No 

 

Factor 

Active Learning Concept Learning Resources Process Skills 

1 Pace_of_class_5.3 .447    

2 Attending_class_6.1 .546    

3 Working_with_Peers_10.3 .602    

4 Working_with_Peers_outside_10.4 .423    

5 Explanation_instructor_why_small_groups_9.2 .475    

6 Explanation_why_focus_topics_presented_9.3 .522    

7 Confidence_understanding_material_G3.4 .644    

8 Confidence_can_do_3.5 .618    

9 Comfort_lvl_complex_ideas_3.6 .636    

10 Participating_class_discussions_6.2 .487    

11 Listening_to_discussions_6.3 .619    

12 Participating_Group_Work_6.4 .706    

13 Class_Activities_help_lng_6.5 .412    

14 Number_spacing_tests_7.1 .519    

15 Grading_system_what_I_need_to_work_7.4 .552    

16 Feedback_on_my_work_tutorials_7.5 .612    

17 Connecting_key_ideas_other_knowledge_4.1 .561    

18 Willing_help_others (teacher, peers, TA)_3.7 .610    

19 Molecular_Forces_1.3.5  .546   

20 SN1_SN2_rxn_mechanism_1.3.9  .520   

21 Distinguishing_Isomers_1.3.10  .769   

22 Classifying_chiral_achiral_molecules_1.3.11  .770   

23 Identifyinig_StereoCentres_1.3.12  .717   

24 Ideas_VS_ideas_other_classes_1.4  .584   

25 Ideas_VS_Major_1.5  .558   

26 Mini_lectures_BlackBoard_8.4   .796  

27 Pencasts_8.5   .869  

28 Pencasts_solutions_HW_problems_8.6   .885  

29 Interacting_with_Instructor_office_hrs_10.2   .460  

30 Argument_use_of_evidence_G2.2    .888 
31 Identify_Data_Pattern_G2.1    .680 
32 Develop_logical_argument_2.3    .801 

 Extraction Method: Principal Axis Factoring.  
 Rotation Method: Varimax with Kaiser Normalization. 

 a. Rotation converged in 5 iterations. 
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Appendix 3: Confirmatory Factor Analyses 

Notes for Model (Default model) 

Computation of degrees of freedom (Default model) 

Number of distinct sample moments: 465 
Number of distinct parameters to be estimated: 80 

Degrees of freedom (465 - 80): 385 

Result (Default model) 

Minimum was achieved 
Chi-square = 619.406 
Degrees of freedom = 385 
Probability level = .000 

Model Fit Summary 

CMIN 

Model NPAR CMIN DF P CMIN/DF 
Default model 80 619.406 385 .000 1.609 
Saturated model 465 .000 0   
Independence model 30 3327.417 435 .000 7.649 

RMR, GFI 

Model RMR GFI AGFI PGFI 
Default model .098 .801 .760 .663 
Saturated model .000 1.000   
Independence model .470 .171 .113 .160 

Baseline Comparisons 

Model NFI 
Delta1 

RFI 
rho1 

IFI 
Delta2 

TLI 
rho2 CFI 

Default model .814 .790 .920 .908 .919 
Saturated model 1.000  1.000  1.000 
Independence model .000 .000 .000 .000 .000 

Parsimony-Adjusted Measures 

Model PRATIO PNFI PCFI 
Default model .885 .720 .813 
Saturated model .000 .000 .000 
Independence model 1.000 .000 .000 

NCP 

Page 31 of 32 Chemistry Education Research and Practice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

C
he

m
is

tr
y

E
du

ca
tio

n
R

es
ea

rc
h

an
d

P
ra

ct
ic

e
A

cc
ep

te
d

M
an

us
cr

ip
t



Model NCP LO 90 HI 90 
Default model 234.406 170.360 306.367 
Saturated model .000 .000 .000 
Independence model 2892.417 2712.586 3079.624 

FMIN 

Model FMIN F0 LO 90 HI 90 
Default model 4.048 1.532 1.113 2.002 
Saturated model .000 .000 .000 .000 
Independence model 21.748 18.905 17.729 20.128 

RMSEA 

Model RMSEA LO 90 HI 90 PCLOSE 
Default model .063 .054 .072 .012 
Independence model .208 .202 .215 .000 

AIC 

Model AIC BCC BIC CAIC 
Default model 779.406 820.062 1022.362 1102.362 
Saturated model 930.000 1166.311 2342.183 2807.183 
Independence model 3387.417 3402.663 3478.525 3508.525 

ECVI 

Model ECVI LO 90 HI 90 MECVI 
Default model 5.094 4.676 5.564 5.360 
Saturated model 6.078 6.078 6.078 7.623 
Independence model 22.140 20.965 23.364 22.240 

HOELTER 

Model HOELTER 
.05 

HOELTER 
.01 

Default model 107 112 
Independence model 23 24 

 

 

Page 32 of 32Chemistry Education Research and Practice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

C
he

m
is

tr
y

E
du

ca
tio

n
R

es
ea

rc
h

an
d

P
ra

ct
ic

e
A

cc
ep

te
d

M
an

us
cr

ip
t


