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ABSTRACT 
This study attempts to understand the source of variation in the Students’ Evaluation of Teaching (SET) of 
mathematics courses by comparing the data structure of engineering major students and mathematics major 
students’ datasets. The sample considered in this study consists of 644 students distributed into two majors: 
237 mathematics students and 407 engineering students who filled out a 20-item SET questionnaire to rate 
the teaching practices of three different mathematics courses offered by the Department of Mathematics. 
The hypothesis tested in this study is: that variation in students’ perceptions of mathematics course teaching 
practices is different based on students’ majors (Mathematics versus Engineering). Measurement invariance 
(MI) analyses were used to examine the source of variation in the datasets and to compare engineering and 
mathematics students’ perceptions of the teaching effectiveness of mathematics courses. While the results 
of this study provide evidence of the SET validity, it was found that engineering students differently perceive 
three out of twenty of the SET questionnaire items when compared with mathematics major students. 
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INTRODUCTION AND BACKGROUND 

In engineering programs, the fundamental knowledge and skills the students acquire in mathematics courses 
are key factors toward their success (Kaya et al., 2023; Kyoung Ro et al., 2017). Rating the teaching performance 
of a university professor by students is a common practice in all universalities using a self-reported questionnaire. 
Students Evaluation of Teaching (SET), near the end of every semester, was started by Purdue University in 1915 
(Zhao et al., 2022). Five decades later, it was accepted as a universal criterion for crucial decisions regarding course 
content and teaching methodology. Higher education leadership uses the SET results for tenure, promotion, hiring, 
and contract renewal of the faculty (Pan et al., 2021). Accordingly, many studies have been conducted to develop 
adequate SET questionnaires and simultaneously evaluate their effectiveness.  

In many instances, students from different programs, including engineering and science majors, complete 
similar SET questionnaires for a given mathematics class. Engineering students study mathematics courses as core 
courses of their study plans, and it was reported that mathematics courses are one of the main challenges 
engineering students face at the beginning of their academic lives (Wilkins et al., 2021; Gradwohl and Eichler 2018; 
Derr, 2018). These courses are commonly taught without linking the theory and practice that engineering students 
need (Gómez-Chacón et al., 2015; Dominguez et al., 2013). Pepin et al. (2021) stressed the importance of teaching 
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mathematics courses for engineering students in a similar way the engineering courses are taught. Henderson and 
Broadbridge (2007) added that it is difficult to engage and show the relevance of mathematical content to students’ 
majors while having students from other majors in the classroom. Athavale et al. (2021) indicated that coursework 
from non-major courses could impact students’ performance in mathematical engineering courses. Thus, teachers 
need to connect mathematics and engineering, which might need a kind of adjustment of the two majors (Bolstad 
et al., 2022). 

Sazhin (1998) reported that it is not expected that engineering students perceive mathematics topics in the same 
way as mathematics students, as the main objective of teaching mathematics courses to engineering students is to 
understand the practical applications of mathematics in their majors. Usually, the SET questionnaires used across 
different colleges in the same university assume that these questionnaires have the same psychometric properties 
(Kalender and Berberoğlu, 2019). Therefore, the validity of the SET questionnaires is of major concern for SET 
users (Kalender, 2015). The SET is affected by factors like teachers’ characteristics and students’ academic 
disciplines (Wolbring and Riordan, 2016; Chen and Watkins, 2010). Using and explaining the SET results of 
mathematics courses without considering students’ majors (mathematics and engineering) creates a serious validity 
problem (Uttl et al., 2017; Kreitzer and Sweet-Cushman, 2021). Although there is evidence of the SET 
questionnaires’ validity, they are validated based on students as a whole without considering the major, which might 
be a source of misinterpretations of the SET results (Kalender, 2015). Teaching mathematics courses as core 
courses to students from different majors requires investigating the construct validity of the SET questionnaires 
across students’ majors. Mathematics-major students might have different perspectives on teaching practices than 
engineering students.  

Mathematics students might face many challenges during their undergraduate education; some common 
challenges include understanding and visualizing abstract mathematical concepts such as higher-dimensional 
spaces, non-Euclidean geometries, and complex mathematical structures. The transition from concrete arithmetic 
and algebra to more abstract concepts can be challenging for many students, and the emphasis on the ability to 
construct and understand mathematical proofs requires a high level of logical reasoning and precision (Wismath 
and Worrall, 2015). Many students are accustomed to computational mathematics, where the focus is on solving 
problems using algorithms and numerical methods. Transitioning to theoretical mathematics, which involves 
abstract reasoning and proof-based arguments, can be a significant challenge for students (Chapman, 2012). The 
pace and depth of the mathematics curriculum at the university level can be intense, with courses covering 
advanced topics in areas such as calculus, algebra, topology, and discrete mathematics. Developing strong problem-
solving skills is essential for success in mathematics, and many students face challenges in learning how to approach 
and solve complex mathematical problems effectively (Brodie, 2010; Alpers et al., 2013). 

The SET questionnaire items that represent the teaching practices should be perceived and understood in the 
same manner across students from different majors. Spooren et al. (2013) reported that research on SET has failed 
to provide answers to several critiques concerning the validity of SET, and one of these questions related to the 
dimensionality of SET instruments and bias. Spooren et al. (2013) recommended that universities should select the 
dimensions that are most important according to their educational vision and policy and consistent with their 
preferences.  

Many factors influence SET (e.g. teachers’ characteristics [Tran and Do, 2022]). Also, students’ majors are one 
of the factors that have a significant effect on students’ rating of teaching (Chen and Watkins, 2010), and the SET’s 
survey items wording could be behind the effect of students’ discipline on SETs as shown by Anders et al. (2016). 
In psychometric terms, students’ endorsement of a response on a Likert scale item might be affected by students’ 
majors rather than what this survey measures. SET survey items – teaching practices – should be perceived and 
understood in the same way despite students’ major (Schoot et al., 2012). Psychometrically, examining the validity 
of the SET theoretical construct is called testing measurement invariance of the SET survey (Dimitrov, 2010). This 
is the main objective of the current study.  

If mathematics-major students and engineering-majors’ students understand the SET questionnaire items 
differently, then the explanations and uses of the SET results are not valid. The reason behind threatening of the 
SET validity might be attributed to the uncommon structure of the SET dataset according to students’ majors. 
Psychometrically, the process of examining the validity of the SET theoretical construct is called testing 
measurement invariance of the SET questionnaires (Dimitrov, 2010), which is the direct motivation for this study.  

Measurement invariance (MI) of the SET questionnaire items indicates how these items (teaching practices) are 
similarly perceived by different majors (mathematics or engineering). In the context of the current study, the MI 
is established if the quantitative relationships of the mathematics courses teaching practices (questionnaire items) 
to the SET theoretical construct measured by these items are identical among mathematics major students and 
engineering major students’ datasets. If the MI is established, then the students who filled the SET questionnaire 
from different majors interpret similarly the questionnaire items and the measured theoretical construct, and the 
comparisons between majors can be made (Krammer et al., 2021; Schoot et al., 2012). The MI or measurement 
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equivalence is assumed when the measurement models are utilized to know the differences in a measured construct 
between various groups (Clark and Donnellan, 2021). Psychometric scholars use quantitative methods to assess 
MI. Asparouhov and Muthén (2014) suggested using the multi-group confirmatory factor analysis (MGCFA) to 
assess the MI. The MGCFA tests the hypothesis that a proposed theoretical model fits with the data across all 
groups. 

To use the MGCFA for testing the MI, several steps were suggested by Schoot et al. (2012). These steps start 
with a confirmatory factor analysis (CFA) model for each group separately so that the construct validity of the 
theoretical construct (measured attribute) can be assessed using a number of model fit indices. This stage is used 
to test and measure configural invariance (structural equivalence) or the pattern of item loadings across groups. 
The model imposed in this stage has no constraint on the model across groups other than the loadings between 
questionnaire items and the latent variable measured by these items. This stage helps researchers to test whether 
the basic organization or structure is supported or whether the pattern of loadings of questionnaire items on the 
measured theoretical construct differs across the groups. Violating configural invariance indicates the configuration 
of the factor model is not the same across majors. In the second stage, a model with only the factor loadings is set 
to be equal across groups, while the intercepts are allowed to be free across groups. This stage tests the metric 
invariance (equivalence of factor loadings: factor loadings (slopes) are the same across all groups), which provides 
researchers with information on whether responders from different groups attribute the same meaning to the 
theoretical construct under investigation. The model needs to run where the intercepts are set to be equal across 
groups while the factor loadings of the questionnaire items are allowed to be free among groups. This stage also 
tests whether the meaning of the levels of the underlying items (intercepts) are equal across groups. In the third 
stage, a model where the loadings and intercepts are constrained to be equal. This stage tests the scalar invariance 
(equivalence of item intercepts or thresholds: full score equivalence) to know whether the meaning of the measured 
theoretical construct (the factor loadings) and the levels of the underlying items (intercepts) are equal across groups.  

In MGCFA, model fit is assessed using different global fit indices. As recommended by Rutkowski and Svetina 
(2014), three model fit indices are used in this study, namely: Tucker-Lewis Index (TLI), Comparative Fit Index 
(CFI), and standardized root mean squared residual (SRMR). The CFI and TLI compare the fit of a targeted model 
to the fit of a null model, and they should be greater than 0.90. The SRMR is the square root of the difference 
between the residuals of the sample covariance matrix and the hypothesized model, and it should be less than 0.08. 
For model comparisons, changes in the fit indices are insignificant if the CFI and TLI decrease less than 0.010 and 
the SRMR decrease less than 0.03 (Chen, 2007). 

Reviewing the literature revealed that there are few studies that investigate the MI in the SET using different 
grouping methods. Bazán-Ramírez et al. (2021) tested the MI of the teaching performance of the psychology 
professor scale according to gender, age, and academic stage using the MGCFA, and the measurement 
noninvariance was found on the grouping factors. Kalender and Berberoğlu (2019) assessed the MI of student 
rating of instruction between high and low-achieving classrooms. The results of the MGCFA analysis showed that 
measurement noninvariance exists, and they recommended that comparing the SET across independent of the 
achievement levels is misleading. Scherer et al. (2016) evaluated the MI on the SET according to the achievement, 
self-concept, and motivation in mathematics grouping. Data sets from there different countries were used 
(Australia, Canada, and the USA). It was found that there are significant relations between the educational 
outcomes and the SET. Krammer et al. (2021) assessed the MI in teaching quality across teachers and classes. 
Results showed a measurement noninvariance for one SET teaching practice (instructional clarity), and they 
concluded that the possibility of comparing teachers’ and classes’ perspectives of aspects of quality of teaching. 
van der Lans et al. (2021) examined the MI of the SET using data from five different countries, and the results 
showed that there is no non-uniform DIF on the SET while there is a uniform DIF among most items. Besides 
this, the related literature indicates the absence of studies that investigated the MI on the SET of mathematics 
courses between engineering majors and mathematics majors. Accordingly, this study is attempting to provide a 
useful contribution to the body of knowledge by investigating this issue. 

STUDY RATIONALE 

Using self-reported questionnaires assumes the measurement invariance of the outcome-measured variables 
(theoretical constructs) by these questionnaires across population subgroups. The MI is required to ensure that the 
variables are comparable among subgroups. In practice, universities assess mathematics course teaching practices 
by all students registered in these courses. Engineering students usually study at least three mathematics courses: 
Math 101 (Calculus I), Math 102 (Calculus II), and Math 201 (Intermediate Analysis). The question that could be 
asked by engineering students and professors might be about whether mathematics students perceive mathematics 
teaching practices as engineering students do, are the professors of mathematics courses design their teaching 
practices to suit mathematics students, and whether it is possible to compare the SET results of engineering 
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students with SET results of mathematics students. The current study is trying to answer the following main 
research question “What are the sources of variation in SET survey construct validity according to students’ majors 
(Engineering vs. math)?” using MI analysis as it is a solid statistical and psychometric analysis to achieve this goal.  

SAMPLE AND SET QUESTIONNAIRE 

The sample considered in this study consists of 644 students distributed into two majors: 237 mathematics 
students and 407 engineering students and students from both majors are studying the mathematics courses 
together. This data set is part of data collected at the end of the second semester of the academic year 2022-2023 
by the affiliated University for quality and accreditation purposes, and the authors were permitted to use the data 
for research purposes. This study utilized data collected by a major university in the country of Jordan -Yarmouk 
University, the university has 16 academic colleges and more than 68 undergraduate programs. Responding to SET 
is mandatory according to the regulation of the university, therefore the response rate is very high (96%). The 
university uses a SET instrument that is approved by the authorized councils at that university to rate teaching 
effectiveness and quality. The SET data included in this analysis are for: Math 101 (Calculus I), Math 102 (Calculus 
II), and Math 201 (Intermediate Analysis). This survey consists of 20 Likert-five-point items distributed to four 
factors: planning, instruction, management, and assessment teaching practices; each factor is measured by five 
items. 

The reliability and validity of the SET questionnaire were assessed using Cronbach alpha and confirmatory 
factor analysis (CFA). The Cronbach alpha as a reliability index was found to be 0.94. The four-factor CFA model 
analysis presented in detail in the results of this study provided evidence of the SET questionnaire construct 
validity. Several research studies provided evidence of this SET questionnaire’s reliability and validity (Alquraan, 
2019, 2024). In these studies, CFA and Cronbach alpha were used and the results were reported. The four 
dimensions of CFA model fit indices reached the cut-off scores which add evidence of the construct validity of 
this questionnaire.  

ANALYSIS METHODS 

The Lavaan R package was used to assess the four MI models, as suggested by Rosseel (2012). A four-factor 
model was used to test structure validity and thereafter measurement invariance of the four-factor model of the 
SET questionnaire. Jöreskog’s (1971) multi-group confirmatory factor analysis (CFA) approach to test the 
measurement invariance of SET questionnaire between engineering and math students using R-software (Lavaan 
package). AS the Chi-square test is sensitive to sample sizes, a combination of different goodness-of-fit indices to 
evaluate the model fit was used: root comparative fit index (CFI), Tucker-Lewis Index (TLI), and standardized 
root mean squared residual (SRMR). The CFI and TLI compare the fit of a targeted model to the fit of a null 
model, and they should be greater than 0.90. To evaluate model fit, we followed the recommendation of Hu and 
Bentler (1999). They suggest the cutoff criteria of CFI>.95, RMSEA = .01 indicates a significant decrease in model 
fit and hence non-invariance. Measurement invariance testing was primarily conducted in four steps.  

The first model was the base model where data for both mathematics major and major engineering students 
were analyzed, and this model is shown in Figure 1.  

 
Figure 1. Base model of four-factor confirmatory factor analysis 
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The second model was the configural model in which the MGCFA was run separately; for engineering students 
and mathematics students. This model has no constraint across groups other than the loadings between the 
questionnaire items and the latent variable measured by these items. The third model was the metric model in 
which equivalence of factor loadings (slopes) are set to be similar across the two majors to test whether students 
from mathematics and engineering majors attribute the same meaning to students’ evaluation of teaching practices 
of mathematics courses. The fourth model is the scalar model, which assumes that the items have the same 
intercepts across groups but may have different slopes. 

RESULTS AND DISCUSSION 
 

The configural invariance model: MGCFA model was conducted for both majors separately. The fit indices of 
these models are presented in Table 1 and Figure 2, where DF is the degrees of freedom and P is the probability. 
Overall and based on Chen’s (2007) cut-off values, the content of Table 1 shows that this model has a good fit to 
the data for both mathematics and engineering students separately (CFIEngineering = 0.962; CFIMath = 0.912; 
SRMREngineering = 0.026; SRMRMath = 0.035). These results provide evidence of the construct validity of the SET 
questionnaire used in the current study. The fit indices for the full dataset were CFIAll = 0.968, TLIAll = 0.963, 
SRMRAll = 0.002, which also provide evidence of the SET questionnaire construct validity, indicating that students’ 
evaluation of teaching practices of mathematics courses reflects a unitary construct. 

Table 1. Fit indices of the MGCFA for the engineering and mathematics students 
Major Chi-squared DF P CFI TLI SRMR 
Engineering 608.5 164 0.000 0.962 0.956 0.026 
Math 1037.7 164 0.000 0.912 0.898 0.035 
All 754.4 164 0.968 0.963 0.963 0.020 

 

 
Figure 2. MGCFA model for (a) engineering students and (b) mathematics students 
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Table 2 shows the loadings of the SET items for each major. Since the fit indices presented in Table 1, Table 2, 
and Table 3 reached the accepted level, the configural invariance model results reveal that the same factorial 
structure holds for both majors. 

Therefore, the configural invariance model is going to be used as a reference model to compare the fit of the 
metric invariance. The metric invariance model is a constrained version of the configural model where the factor 
loadings are assumed to be equal across students’ majors, but the intercepts are allowed to vary. This stage tested 
whether the meaning and the concept of mathematics teaching practices (intercepts) are equal or the same for 
engineering and mathematics major students. 

The results of testing the metric model are shown in Table 3 and Figure 3. Testing the metric invariance 
requires comparing the configural model against the metric model using CFI and SRMR change (Δ). For model 
comparisons, the changes in the fit indices are not significant if the CFI changes to less than 0.010 and the SRMR 
changes to more than 0.03 (Chen, 2007). The results presented in Table 3 show noticeable changes and differences 
between the two models. This indicates that there is a lack of metric invariance, and thus, there is no need to test 
the scalar invariance. 

Table 2. Fit indices of the MGCFA for the engineering and mathematics students 

SET factor Item 
Engineering 

Students Math Students 

Loading P value Loading P value 

Planning 

The main elements of the course syllabus were introduced to 
students. 1.349 0.000 1.102 0.000 

The teacher of this course has followed the course syllabus. 1.348 0.000 1.081 0.000 
The way the teacher of this course has presented the course 
content helped me to follow the course requirements. 1.307 0.000 1.100 0.000 

The teacher of this course has provided students with extra 
beneficial resources. 1.364 0.000 1.051 0.000 

The teacher of this course has started and ended the classes on 
time. 1.353 0.000 1.061 0.000 

Instruction 

Teacher of course has motivated us to participate & engage in 
course activities. 1.325 0.000 1.045 0.000 

The teacher of this course is knowledgeable. 1.268 0.000 1.026 0.000 
It has been easy to communicate and contact the teacher of this 
course. 1.302 0.000 1.069 0.000 

The teacher of this course has encouraged us to use different 
academic resources. 1.190 0.000 0.918 0.000 

I hope I will be taught next courses exactly as I have been taught 
in this course. 1.310 0.000 0.861 0.000 

Management 

The teacher of this course has used group discussion in teaching. 1.326 0.000 1.151 0.000 
The teacher of this course has dealt us with respect and friendly. 1.278 0.000 1.043 0.000 
The teacher of this course has dealt with us fairly and 
objectively. 1.332 0.000 1.086 0.000 

The teacher of this course has behaved professionally during the 
semester. 1.372 0.000 1.119 0.000 

The way this course has been taught has added new experiences 
to me. 0.449 0.000 1.113 0.000 

Assessment 

The teacher of this course has been well prepared (tests, 
delivering classes, ...) 1.289 0.000 1.098 0.000 

The teacher of this course has used the continuous assessment 
to assess my learning. 1.257 0.000 1.090 0.000 

The assessment methods used in this course have covered the 
course content (practical tasks, assignments, tests). 0.550 0.000 0.465 0.000 

The teacher of the course has given us reasonable time to 
complete the assessment tasks. 1.268 0.000 1.123 0.000 

The teacher of this course has used fair and objective assessment 
methods. 1.267 0.000 1.065 0.000 

 

Table 3. Fit indices of the MGCFA for the MI models 
Model 𝝌𝝌𝟐𝟐 DF CFI TLI SRMR Δ CFI Δ SRMR 
Model 1 - Configural 1646 328 0.934 0.922 0.028 - - 
Model 2 - Metric 1805 344 0.925 0.918 0.107 0.009 -0.079 
Model 3 - Scalar 1999 360 0.917 0.912 0.116 0.007 -0.009 
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Although the configural invariance model is the best model in terms of model fit, the metric invariance model 
is the more desirable model. The hypothesis is that for a comparison of a SET, the SET must be measured in the 
same way for all majors. Unable to establish metric invariance indicates that the SET items load more highly for a 
particular group over another; this is known as differential item functioning which is a major threat to questionnaire 
validity. This result indicates that SET questionnaire results cannot be used to compare mathematics-major 
students and engineering-major students. Moreover, combining engineering and mathematics SET datasets could 
lead to misinterpretations as the SET questionnaire measures SET differently according to students’ majors.  

By comparing item loadings of both majors as listed in Table 2, the items with noticeable loadings differences 
between mathematics and engineering students are Item 15: “The way this course has been taught has added new experiences 
to me”, Item 10: “I hope I will be taught next courses exactly as I have been taught in this course”, and Item 4: “The teacher of 
this course has provided students with extra helping resources”. This implies that these items are unreliable and invalid across 
groups (Putnick and Bornstein, 2016). These mathematics courses teaching practices are indicators or observed 
variables used to measure a SET, while they have different meanings and interpretations across different majors, 
it becomes challenging to make valid comparisons or draw accurate conclusions about group differences or 
similarities in SET. Based on the context of this study, the mathematics courses included in this study are taught 
by teachers from the Department of Mathematics and students from both majors are taking the courses together 
and not separated. Students from different majors might have different expectations, this might be the reason 
behind the different item loading of these SET items.  

 The results presented in Table 2 show differences in loadings between mathematics and engineering students, 
suggesting that these items or teaching practices contribute differently to the SET questionnaire and indicating that 
students from different majors have different likelihoods of endorsing these items. So, it is recommended to 
conduct future studies to investigate the measurement invariance of SET questionnaires across engineering majors. 
Therefore, the results of this study suggest the need for doing a qualitative study to deeply understand mathematics 
and engineering students’ expectations and understanding of the teaching practices of mathematics courses. Also, 
there is a need to investigate the challenges that mathematics teachers face when they teach mathematics courses 
for different majors.  

CONCLUSIONS 

The following conclusions can be made based on the findings of this study: 
 
1. The configural invariance model (the first MGCFA model) was a good fit for the data for both mathematics 

and engineering students separately, which provides evidence of the construct validity of the SET 
questionnaire used in the current study and reflects a unitary construct. 

2. The configural invariance model results revealed that the same factorial structure holds for both majors, 
indicating that the configural invariance model is appropriate as a reference model to compare the fit of the 
metric invariance. 

 
Figure 3. Metric invariance model for (a) engineering students and (b) mathematics students 
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3. The metric model showed that the meaning of the levels of the teaching practices included in the SET 
questionnaire is not the same for engineering and mathematics students. 

4. Overall and most importantly, there is a noticeable difference in understanding of SET items (Mathematics 
teaching practices) between the engineering and mathematics major students. 
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