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Abstract: Infroduction: Many research studies have shown that students' evaluations of teaching(SET) are affected by
different variables without testing the requirement of fair comparisons. These studies have not tested the measurement
equivalency of SET surveys according to these variables. Measurement equivalency of SET refers to whether a SET
survey is interpreted similarly across different groups of individuals (Variable Levels). Without evidence of measurement
invariance across different variables under investigation, the SET ratings should not be compared across these variables
and this is the goal of this study.

Methods: Measurement Invariance analysis of SET survey was investigated using 1649 responses to SET of four
different medical core courses offered by the College of Science and College of Medicine and from different levels.

Results: The results showed the existence of teaching practices in the SET survey that are not equivalently loaded on its
factor across the levels of targeted variables, and the college offered medical courses were a source of variation in basic
medical science students’ evaluation of teaching effectiveness. On the other hand, teaching practices in the SET survey
are equivalently loaded on its factor across course levels.

Discussion: The study results showed that the SET of medical courses is comparable to the courses only taught by the
College of Medicine. These results provide evidence that medical courses are different from other courses offered by
other colleges. This means that comparing SET of the College of Medicine with other colleges and colleges of medicine

needs to compare SET results at the college level only.

Keywords: Basic science medical students, student evaluation of teaching (SET), Measurement Invariance (Ml),

Health Education, Medicine Program.

INTRODUCTION

Universities should always use different indicators
to monitor their institutional performance. In a large
number of universities, student evaluation of teaching
(SET) is the only measure and indicator of teaching
effectiveness [1]. SET is a valuable source of feedback
given by students to their teachers [2] and its
relationship with students’ learning requires universities
to give serious attention to SET results [3]. SET is an
important indicator of quality required by accreditation
agencies which may be the reason behind using it in
most universities across the world [4].

SET results have been used for important decisions
related to faculty members and academic programs,
such as accreditation, tenure, faculty members'
promotion, and faculty members' contract renewal [5-7].
Students' feedback is an effective source of data about
learning effectiveness [8-10]. A meta-analysis study
done by Wright and Jenkins-Guarnieri provides
evidence that SET can be used to improve the quality
of teaching and to increase student achievement too,
[11] assuming that students learn more from professors
who receive higher ratings [12].
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SET is an internal quality control process for all
higher education institutions that are facing challenging
academic environments and looking for an effective
teaching methodology to enhance the learning process

[3].

As it is important to take medical students’ point of
view in designing and implementing new innovations in
medical education, [13] the results of SET are useful in
adapting the teaching material and teaching methods
in important decisions related to the faculty’s
development and promotions [14] Effective medical
education relies on various factors, including the
characteristics and competencies of the medical
teacher, the integration of technology in the
instructional process, and the teacher's ability to
connect medical issues with social and historical
events [15-16].

Previous research on variables affecting SET was
categorized into three groups: the characteristics of the
course itself and the learning environment; the
attributes of the students including their perceptions
and attitudes; and the qualities and attributes of the
teacher [17]. According to Almakadma et al. factors
considered by students when filing out SETs are
language proficiency, easier exams, fewer lectures,
decreased number of slides per lecture, giving clues to
students about exams, being committed to class times
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and schedule, being lenient about attendance, being
lenient about class discipline, better teaching skills,
better appearance (physical, clothing), being
responsive and open to student feedback and
suggestions, tutor relationship with the student
(extracurricular, research, same ethnicity, personal
relationship, etc.) [18]. In the same context, Haris et al.
used a conceptual framework of the SET tool, which
includes three factors that affect student’s perception of
faculty teaching evaluation: students related factors
(level of seriousness, grade, honesty, and
understanding), factors related to the teachers
(personality, relationship, gender, age, qualification,
knowledge, teaching methods, language), and factors
related to the learning environment (class timing, class
capacity) [19].

Constantinou & Wijnen-Meijer provide an overview
of some of the variables that influence the scores of
SETs which are: Low attention, lack of time and low
response rates, Anonymity, Course difficulty, and
grade expectation, Course type, course organization
and motivation, Gender bias, and attractiveness,
Issues of reliability [3]. While Lawrence mentioned that
there are several factors unrelated to teaching
effectiveness that can influence SET scores, such as
the instructor's race, age, gender, and physical
attractiveness, additional variables include students'
grade expectations, enjoyment of the class, and even
the weather conditions when the survey is conducted
[20]. On the other hand Singh et al. determined a
categories of the Characteristics of effective medical
teachers: Classroom behavior/ Instructional delivery
(good communication skills, good presentation skills,
good sense of humor in teaching sessions, innovative
in using technology in the classroom, well organized
and possess excellent time management skills (good
planner), inflexible regarding maintaining classroom
discipline), Interaction with students/colleagues (aware
of students’ interests and needs, easily
approachable/affable, not encouraging student’s
participation during theory lecture classes, work well
with colleagues and administrators, Inspiring &
motivational to students, very generous in assessing
the performance of the students during exams, offer
constructive criticism to the students, trust and respect
the students, caring and shows empathy towards
students), Personal qualities (leadership qualities,
punctual, unbiased, have sound knowledge of subject,
enthusiastic and has passion to teach, enjoys teaching,
honest, moral & ethical), Professional development
(up-to-date with the recent advancements in education
technology, have publications and should be active in
research, learning and open to change (Flexible)) [21].

Evaluating teachers poses a significant challenge,
particularly in the context of medical schools, as it

should be fair, and objective and ultimately contribute
to the enhancement of the educational process.
Unfortunately, the absence of a robust evaluation
culture within our society hinders the recognition of
teachers who consistently demonstrate high-quality
teaching performance [22].

Medical education differs from other higher
education curricula. The curriculum structure requires
students to take predefined courses rather than making
individual choices. Some teaching formats, like
in-patient or bedside teaching, are unique to medical
education. SET survey items are the most important
teaching practices that are under investigation by the
university administration. These teaching practices
should be understood by the students in the same way
despite all variables. The existence of variables that
influence the understanding of these items differently
means the explanations and uses of SET results may
not be valid. Psychometrically, the procedure of
examining the validity of SET is called testing
measurement invariance (Ml) [23].

Many research studies have shown that SETs are
affected by different variables. Examples of these
variables are academic achievement [24], student
gender [25]; students academic college [26], instructor
variables [27], course characteristics [28], and teaching
methods [29]. These studies have not tested the
measurement equivalency of SET surveys according to
these variables. Measurement equivalency of SET
refers to whether a SET survey is interpreted in the
same way across different groups of individuals
(Variable Levels). Without evidence of measurement
equivalency across different variables under
investigation, the SET survey may be susceptible to
measurement errors. Psychometrically, this process is
called testing Measurement invariance (Ml).

Testing M| of SET survey items means investigating
how these teaching practices are related to some
variables. In the setting of this study, Ml is supported if
the quantitative relationships of the teaching practices
included in the SET survey are equal across different
medical courses, the academic college of the medical
courses’ teachers, and the level of the medical courses.
If Ml is supported, then the students who responded to
the SET survey across all of these variables interpret
the teaching practices (SET items) and the teaching
effectiveness in the same way, and the relationships
between these variables and SET can be investigated
[30-31].

Asparouhov and Muthén recommended the use of
multi-group confirmatory variable analysis (MGCFA) to
test Ml [32]. van de Schoot et al. and Putnick and
Bornstein recommended several steps to assess MI
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using MGCFA [33]. These steps start with a
confirmatory factor analysis (CFA) model for each level
of the under investigation variables separately, so the
construct validity of the SET -in this study- can be
evaluated using a number of model global fit indices.
This stage is called configural invariance model testing.
This step tests whether the SET has the same pattern
of free and fixed loadings of SET items across the
subgroups of targeted variables. Invariance at the
configural level means that the structure of the SET is
established in all the levels of targeted variables (i.e.,
teacher of the medical course from the college of
medicine or college of science). Configural
noninvariance on the other hand, indicates that the
loadings pattern of the SET items on the SET
theoretical construct differ across the levels of targeted
variables (i.e., teacher of the medical course from the
College of Medicine or College of Science) [33-31].

If configural invariance is established, the next step
is to assess the metric invariance or equivalence of the
item loadings. Metric invariance indicates that each
teaching practice in the SET survey contributes to the
SET theoretical structure to a similar degree across all
the levels of targeted variables. Metric invariance is
evaluated by constraining loadings (i.e., the loadings of
the teaching practices on the SET) to be equivalent
across all the levels of targeted variables. The metric
model is then compared to the configural invariance to
assess the fit. If the fit is significantly worse in the
metric invariance model compared to the configural
invariance model, it means that at least one teaching
practice is not equivalent across the levels of targeted
variables, and metric invariance is not established. If
the fit is not statistically worse, it means that
constraining the loadings across all the levels of
targeted variables does not statistically affect the
model fit, and metric invariance is established.

If metric invariance is established, the next step is to
assess scalar invariance or equivalence of SET
teaching practices intercepts. Scalar invariance is
tested by constraining the teaching practices’
intercepts to be equivalent across the levels of targeted
variables. The scalar invariance model is compared to
the metric invariance model to determine fit. If the
model fit is statistically worse, it indicates that at least
one teaching practice intercept differs across the levels
of targeted variables, and scalar invariance is not
established. If the fit is not statistically worse, it means
that constraining the item intercepts across the levels
of targeted variables does not statistically affect the
model fit, and scalar invariance is established.

Model fit is evaluated using different global fit
indices. In this study, the model fit indices which are
suggested by Rutkowski and Svetina were used [34].

Tucker-Lewis Index (TLI), Comparative Fit Index (CFl),
and standardized root mean squared residual (SRMR).
CFl and TLI compare the fit of targeted models, and
they should be > .90. SRMR should be < .08. For
model comparisons, changes in the fit indices are
insignificant if the CFI and TLI change more than 0.010,
and the SRMR change more than 0.03 [35].

Few studies investigated Ml in SET using different
grouping variables. Bazan-Ramirez et al. evaluated Ml
of the teaching performance of the psychology course
according to gender, age, and academic stage. The
measurement invariance was not supported based on
these variables [36]. Another study by Kalender and
Berberoglu evaluated MI in SET between high and
low-achieving students, which showed that MI is not
supported. Besides that, reviewing the related literature
shows the absence of studies investigating Ml on BMS
SET. The study is trying to contribute to the existing
literature by investigating this issue [37].

Most of the conducted studies that have aimed to
test the differences in SET of BMS students according
to course levels have not tested the MI of SET across
the students' academic years or levels. To have a fair
compression, measurement invariance must be tested
and held [38]. Therefore, this study aims to test the
measurement invariance (MI) of the SET questionnaire
according to the college of the processors of the
course.

Study Rationale and Aim

Most of the studies that tested the effect of different
variables on SET have not taken MI into account.
Violations of full Ml make comparing groups’ mean
differences misleading [39]. Medical education courses
differ from other higher education curricula. The
structure of the medical study plan requires students to
take predefined courses rather than making individual
choices. This could raise a question about the
comparability of SET between the College of Medicine
and other colleges. Walsh raised a very important
question “Medical education research: is participation
fair’ [40]. This question might be extended from
depending heavily on medical students during most
research on medical education to the fairness of the
SET surveys in such research. This study aims to
examine the MI in SET differences according to the
Academic College of the teacher and Course level, and
testing means differences in SET when it is fair to make
these comparisons.

METHODOLOGY

Sample

The sample of this study represents all the students
registered in four medical core courses, and each
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Table 1: Sample Distribution According to Students’ Academic College
Course Name College of Teacher Number of Students Percent
Organic Chemistry Science 369 22.4
General anatomy Medicine 350 21.2
Circulatory system Medicine 385 23.3
Nervous system 2 Medicine 545 33.1
Total 1649 100.0

course represents the year level of the BMS course
(student level). Sample distribution to courses is
presented in Table 1.

SET Survey

The data analyzed in this study were provided to the
authors by Yarmouk University. The University uses a
survey that was developed and approved by the
university to assess teaching effectiveness at the
university level. It is a self-reported survey that is
distributed at the end of each semester. This survey
consists of 20 Likert-type items distributed to four
factors: planning, instruction, management, and
assessment teaching practices; each factor is
measured by five items. The reliability and validity of
this SET survey are presented in the results section of
this study.

Statistical Analysis

To achieve the goals of the study, the following
analyses were used:

1. Four Factor Confirmatory Factor Analysis (CFA)
was conducted to assess the construct validity of
the SET survey.

2. MI was used to assess the Course (Organic
chemistry and three medical courses) as a
source of variation in the SET survey.

3. MI was used to assess the Academic College of
the teacher (Medical and Science Colleges) as a
source of variation in the SET survey.

4. MI was used to assess the level of the medical
courses offered by the College of Medicine

(Years 1-3) as a source of variation in the SET

survey.

5. When MI was supportive, mean differences were
tested.

RESULTS

First, four-factor CFA was used for the full dataset
(Model_ 0). Then, the three MI models were performed
using MGCFA. The global fit indices of these models
are shown in Table 2. Using Chen’s cut-off values, the
content of Table 2 shows that Model_0 has a good
model fit (CFl,,; = 0.946, TLI,; = 0.937, SRMR,, =
0.029, RMSEA,; = 0.107) [35]. These results were
evidence of SET construct validity.

The first source of variation tested in this study was
the BMS medical courses (Four medical courses as
shown in Table 1), and the first tested model in Ml was
the Configural model. The fit indices of the Configural
model, which is presented in Table 2, reached the
accepted level, and the same factorial structure holds
across all BMS medical courses (CFlgonfigural = 0.925,
TLIConfigural = 0'937' SRMRConfigural = 0'033'
RMSEA(onfigural = 0.131) . The configural invariance
model was used as a reference model to compare the
fit of metric invariance.

The results presented in Table 2 show that the fit
indices of the Model 0- CFA and Model 1-configural
have (Full dataset) reached the cut-off values
suggested by Rutkowski and Svetina (TLI and CFI >
0.90. and SRMR < 0.08) [41]. This provides evidence
of SET construct validity. The fit of Model 2- metric
requires comparing Model 1- configural and Model 2-

Table 2: Fit Indices of the MGCFA for Evaluating Ml Models According to Medical Courses Offered by the College of

Medicine and College of Science (n=1649)

Model x2 df CFI* TLI RMSEA SRMR A CFI A SRMR
Model 0- CFA 3270.44 164 0.946 0.937 0.107 0.029 - -
Model 1- configural 5283.77 656 0.925 0.914 0.131 0.033 - -
Model 2- metric 5910.15 704 0.916 0.909 0.134 0.092 0.009 0.059
Model 3- Scalar 6058.25 752 0.914 0.914 0.131 0.093 0.002 0.001

TLI: Tucker-Lewis Index, CFl: Comparative Fit Index, SRMR: Standardized root mean squared residual, RMSEA: Root mean square error of approximation.
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Table 3: Fit Indices of the MGCFA for Evaluating Ml Models According to The Teacher Academic College (Medicine

and Science)

Model x? df CFI TLI RMSEA SRMR A CFI A SRMR
Model 1- configural 3315.77 328 0.951 0.943 0.105 0.027 - -
Model 2- metric 3921.60 344 0.941 0.935 0.112 0.087 0.010 0.060
Model 3- Scalar 4007.95 360 0.940 0.936 0.111 0.087 0.001 0.000

TLI: Tucker-Lewis Index, CFl: Comparative Fit Index, SRMR: Standardized root mean squared residual, RMSEA: Root mean square error of approximation.

metric fit indices. A CFl equals 0.009, and A SRMR
equals 0.059. Based on Chen’s criterion [35], metric
invariance is not supported.

Since the model fit was significantly worse in the
metric invariance model, this indicates that at least one
teaching practice in the SET survey was not
equivalently loaded on its factor across the levels of
targeted variables, and the medical courses are a
source of variation in BMS students’ evaluation of
teaching effectiveness. This indicates that the meaning
and understanding of teaching practices were different
from one course to another. The medical courses
included in this study were offered by two different
colleges (One offered by the College of Science:
Organic Chemistry- Level 1, and three offered by the
College of Medicine: General anatomy- level 1,
Circulatory system- level 2, and Nervous system 2-
level 3). This means that the teachers of these courses
from two colleges and the Ml according to this variable
were tested, and the results are presented in Table 3.
Moreover, the three medical courses offered by the
College of Medicine were from three different levels
(First, second, and third year of BMS). Also, the M
according to this variable was tested, and the results
are presented in Table 4 to find out the source of
variation in SET of BMS students.

The second source of variation tested in this study
was the college of the faculty members that offer the
BMS medical courses (College of Medicine and
College of Science), and the first tested model in M
was the Configural model. The fit indices of the
Configural model, which is presented in Table 3,
reached the accepted level, and the same factorial
structure holds across all colleges (CFl¢opfigural = 0-951,

TLIConfigural = 0.943, SRMRConfigural = 0.027,
RMSEA onfigural = 0.105 ). The configural invariance
model was used as a reference model to compare the
fit of metric invariance.

The results presented in Table 3 show that the fit
indices of the Model 1- configural have reached the
cut-off values suggested by Rutkowski and Svetina
(TLI and CFI > 0.90. and SRMR < 0.08) [41]. This
provided evidence of SET construct validity. The fit of
Model 2- metric requires comparing Model 1- configural
and Model 2- metric fit indices. A CFIl equaled 0.01,
and A SRMR equaled 0.06. Based on Chen’s criterion,
metric invariance was not supportive [35]

Since the model fit was significantly worse in the
metric invariance model, this indicates that at least one
teaching practice in the SET survey was not
equivalently loaded on its factor between the two
colleges, and the college that offered the medical
courses was a source of variation in BMS students’
evaluation of teaching effectiveness. This indicated that
the meaning and understanding of teaching practices
of the faculty members from the College of Medicine
are different from those of the faculty members from
the College of Science.

The third source of variation tested in this study was
the medical course levels offered by the College of
Medicine. First, four-factor CFA was used for the
college of medicine courses only dataset (Model_ 0).
Then, the three MI models were performed using
MGCFA. The global fit indices of these models are
shown in Table 4. Using Chen’s cut-off values [35], the
content of Table 2 shows that Model_0 has a good
model fit (CFlyegical = 0.958,  TLIyedical = 0.952,

Table 4: Fit Indices of the MGCFA for Evaluating MI Models According to Course Levels Offered by the College of

Medicine
Model x? df CFI TLI RMSEA SRMR A CFI A SRMR
Model 0- CFA 2278.44 164 0.958 0.952 0.100 0.013 - -
Model 1- configural 4246.45 492 0.928 0.917 0.134 0.020 - -
Model 2- metric 4264.93 524 0.928 0.922 0.129 0.022 0.000 0.002
Model 3- Scalar 6058.25 752 0.928 0.926 0.126 0.023 0.000 0.001

TLI: Tucker-Lewis Index, CFl: Comparative Fit Index, SRMR: Standardized root mean squared residual, RMSEA: Root mean square error of approximation.
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SRMR pjegical = 0.013, RMSEApegicas = 0.100) . These
results were evidence of SET construct validity at the
College of Medicine level.

The fit indices of the Configural model, which is
presented in Table 4, reached the accepted level, and
the same factorial structure holds across all colleges
(CFICOnfigural =0.928, TLIConfigural = 0917,
SRMRonfigural = 0.020, RMSEAcohfigural = 0.134). The
configural invariance model was used as a reference
model to compare the fit of metric invariance.

The fit of Model 2- metric requires comparing Model
1- configural and Model 2- metric fit indices. A CFI
equals 0.00, and A SRMR equals 0.002. Based on
Chen’s criterion [35], metric invariance is supportive.

As the M| was established, the estimated difference
between SET means based on the level of the medical
course (First, second, and third level of BMS medical
courses) was fairly tested. SET means of the three
levels are Xieverr = 78.93,  Xievelz = 62.16, and
Xievels = 61.48 . ANOVA testing of the differences
between the means showed that F,,,, = 57.48, and
it was significant (p < 0.001). This means that there is a
true difference -since Ml is supported- in BMS students’
evaluation of teaching effectiveness according to the
course level. The result suggests that teachers who
teach first-year level medical courses were evaluated
higher (X evel; = 78.93) when compared with teachers
who teach second-year and third-year level courses
(Xpevelz = 62.16 and X oyez = 61.48).

DISCUSSION AND CONCLUSIONS

Ml in SET of medical courses was evaluated in this
study according to the following variables: Course, the
college of the offered courses, and the level of the
courses offered by the College of Medicine. Testing Ml
according to these variables is a prerequisite for
investigating the effect and the relationship between
SET of medical courses and these variables.

As shown in Table 2, A CFl equals 0.009, and A
SRMR equals 0.059. Based on Chen’s criterion [36],
metric invariance was not supported, and the scalar
model was not tested. Since the MI metric model of
SET was not supported, it means that students from
different courses had responded to the teaching
practices in different ways so that the differences in the
teaching practices cannot be compared across courses,
as comparing the mean differences of theoretical
constructs across groups requires scalar invariance
[42], which was the case in this study. This indicated
that the meaning and understanding of teaching
practices are different from one course to another, and
the source of variation in SET of the included courses
in this study was different from one course to another.

The four medical courses included in this study
were offered by two colleges (Medicine and Science),
and the previous results showed a source of variation
in the SET of these courses. Ml was assessed
according to college. The results presented in Table 3
showed that metric invariance was not supported, and
college was a source of variation in the SET of BMS
students. This indicated that at least one teaching
practice in the SET survey was not equivalently loaded
on its factor between the two colleges, and the college
that offered the medical courses was a source of
variation in BMS students’ evaluation of teaching
effectiveness. This indicated that the meaning and
understanding of teaching practices of the faculty
members from the College of Medicine are different
from those of the faculty members from the College of
Science.

The third source of variation that was tested in this
study was the medical course levels offered by the
College of Medicine (n=1280). The four-factor CFA
results in Table 4 provided evidence of SET construct
validity at the College of Medicine level. Also, the
results supported full Ml of SET of the three levels of
the courses offered by the College of Medicine. This
gave us the ability to compare SET across the level of
medical courses. SET means of the three levels were
Xievelr = 78.93, Xieverz = 62.16, and Xj.ye3 = 61.48.
The result suggested that teachers who teach first-year
level medical courses were evaluated higher
(Xpevels = 78.93) when compared with teachers who
teach second-year and third-year level courses
(Xpevelz = 62.16 and X oyez = 61.48).

The study results showed that the SET of medical
courses was comparable according to the College that
offered the courses, and the SET of medical courses is
comparable according to the course levels. Students
who studied the year one level course have higher SET
compared with the students who studied second and
third year level courses. This suggested the need for
the College of Medicine to conduct an internal review to
know the reasons behind giving first-level courses
higher SET and benefit from these results to develop
teaching practices at the college level.
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