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Abstract

Background Student engagement is student investment of time and energy in academic and non-academic experi-
ences that include learning, teaching, research, governance, and community activities. Although previous studies
provided some evidence of measuring student engagement in PBL tutorials, there are no existing quantitative studies
in which cognitive, behavioral, and emotional engagement of students in PBL tutorials is measured. Therefore, this
study aims to develop and examine the construct validity of a questionnaire for measuring cognitive, behavioral,

and emotional engagement of students in PBL tutorials.

Methods A 15-item questionnaire was developed guided by a previously published conceptual framework

of student engagement. Focus group discussion (n=12) with medical education experts was then conducted

and the questionnaire was piloted with medical students. The questionnaire was then distributed to year 2 and 3
medical students (n=176) in problem-based tutorial groups at the end of an integrated course, where PBL is the main
strategy of learning. The validity of the internal structure of the questionnaire was tested by confirmatory factor analy-
sis using structural equation modeling assuming five different models. Predictive validity evidence of the question-
naire was studied by examining the correlations between students' engagement and academic achievement.

Results Confirmatory factor analysis indicates a good fit between the measurement and structural model

of an 11-item questionnaire composed of a three-factor structure: behavioral engagement (3 items), emotional
engagement (4 items), and cognitive engagement (4 items). Models in which the three latent factors were considered
semi-independent provided the best fit. The construct reliabilities of behavioral, cognitive, and emotional factors were
0.82,0.82,and 0.76, respectively. We failed however to find significant relationships between academic achievement
and engagement.

Conclusions We found a strong evidence to support the construct validity of a three-factor structure of student

engagement in PBL tutorial questionnaire. Further studies are required to test the validity of this instrument in other
educational settings. The predictive validity is another area needing further scrutiny.
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Introduction
Studies have demonstrated that student engagement is
one of the most robust predictors of academic achieve-
ment [1] and increased student perseverance and reten-
tion. In addition, student engagement correlates with
desirable mental health outcomes such as low rates of
depression [2], and higher life satisfaction [3]. Student
engagement is also intrinsically rewarding for teachers
[4], while student disengagement is a major factor for
teacher burnout [5]. Furthermore, student engagement is
recognized as a measure of institutional quality [6] and
excellence [7]. Despite the escalating interest in the con-
struct of student engagement, there are several gaps in
the medical education literature about its measurement
and applications in different educational settings.
Recently, we conducted a scoping review on student
engagement in undergraduate medical education [8]
and developed an integrated conceptual framework for
student engagement in health professions education [9].
This comprehensive framework contained the anteced-
ents, mediators, dimensions, spheres, and outcomes of
student engagement. According to this framework, stu-
dent engagement comprises five dimensions: cognitive,
behavioral, emotional, agentic, and socio-cultural. Cog-
nitive engagement involves the student’s psychological
investment in learning, going beyond mere requirements,
seeking challenges, directing effort towards understand-
ing and mastering content, and utilizing metacognitive
and deep learning strategies [10]. Behavioral engagement
refers to positive conduct, persistence, directing effort
towards completing learning tasks, active participation,
asking questions, maintaining focus, and engaging in
school-based activities. Emotional engagement pertains
to the student’s emotional reactions in the classroom,
school, or towards teachers, such as experiencing enjoy-
ment, interest, happiness, and a sense of bonding [10].
Agentic engagement emphasizes the active role of stu-
dents in shaping their educational paths, future social
lives, and broader social environments [11]. Indicators
of agentic engagement within the classroom may mani-
fest as students actively contributing to their learning
and influencing the instructional process [12]. Agentic
engagement beyond the classroom might encompass
students taking an active role in community initiatives,
engaging in peer teaching and mentoring, as well as par-
ticipating in institutional governance and quality assur-
ance efforts [9]. Finally, socio-cultural engagement refers
to the students’ quality of interactions with, accepting to
learn from, and predicting actions of, different social and
cultural groups [13]. Sociocultural engagement develops
when students immerse themselves in a new social set-
ting and develop their unique identities. This process of
identity formation helps bridge the gap between their

Page 2 of 7

personal social and cultural values and the norms of the
new community. Consequently, students may develop
their identities by fostering a sense of belonging within
the new community [14, 15]. In this article, we will con-
fine ourselves to the study of the dimensions that are
deemed directly important in the classroom setting: cog-
nitive, emotional, and behavioral engagement. A second
restriction is that we have focused on the problem-based
small-group tutorial setting rather than on instructional
environments in a broader sense. The study was con-
ducted in such a setting.

Student engagement in problem-based learning (PBL)
has been examined in previous studies [16—20]. Assess-
ment of medical students’ engagement with direct
observation demonstrated that the amount of learner-to-
learner engagement was similar in PBL and team-based
learning (TBL) [17, 18], and much greater than in lecture-
based teaching [17, 19], where most engagement was
of the learner-to-instructor and self-engagement types.
Also, learner-to-instructor engagement appeared greater
in TBL compared with PBL [17, 18]. Another study
developed and validated a 4-item questionnaire for meas-
uring situational cognitive engagement in the PBL class-
room [20]. A recent study used video-stimulated recall as
prompts for personal interviews to explore the dynamics
of their engagement in PBL tutorial groups [21]. They
demonstrated that engagement of students in one dimen-
sion leads to further engagement in other dimensions and
that engagement is decided by students before the PBL
session based on the available antecedents [21]. Although
these studies have used different methods of measuring
student engagement in PBL tutorials, the scope of quan-
titative measurement by the instruments has been lim-
ited to one dimension of engagement, either behavioral
or cognitive. Accordingly, there are no existing studies in
the literature which measure multiple dimensions of stu-
dents’ engagement in PBL tutorials. Therefore, this study
is designed to address the following research questions: 1.
What is the content-related validity evidence of the ques-
tionnaire for measuring student engagement in PBL tuto-
rials? 2. What is the internal structure validity evidence
of the questionnaire for measuring student engagement
in PBL tutorials? And 3. What is the relationship between
student engagement in PBL tutorials and their academic
achievement?

Methods

Overview

The present study used a cross-sectional correlation
design. The questionnaire was designed based on a psy-
chological perspective of engagement and the student
engagement construct was considered multidimensional.
Student engagement is conceptualized in this study as
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the student investment of time and energy in PBL tuto-
rial experiences at the cognitive, affective, behavio-
ral dimensions. An initial questionnaire was designed
to operationalize the three dimensions of the student
engagement construct based on our previously published
conceptual framework of engagement [9]. A focus group
discussion was then conducted with medical education
experts (n=12) who examined the degree of concord-
ance between each item of the questionnaire and the
intended construct and for examining the degree of clar-
ity of the items. The outcome of the focus group discus-
sion was that experts agreed to include all the 15 items
with slight modifications and degrees of agreement rang-
ing from 60 to 100% for items. The questionnaire was
then pilot tested with a small group of year 2 medical stu-
dents (n=10) for suitability of the items and no further
modifications were included.

Setting and participants

The target population in this study were medical students
in phase II of the medical program at a college of medi-
cine in the Gulf region. The medical MBBS program at
this college consists of five years duration. Year 1 (Phase
I) is a foundation year with emphasis on basic medi-
cal sciences and general education courses. Year 2 and 3
(Phase II) consists of integrated medical sciences courses
arranged in body systems. Problem based learning (PBL)
is the main strategy of learning in Phase II of the program
and PBL tutorials are the backbone activity. Year 4 and 5
(Phase III) consists of hospital-based rotations in differ-
ent core clinical specialties.

The context of the study was the PBL small group
tutorials conducted during an integrated system-based
course. Small-group PBL tutorials consist of 8 to 10 stu-
dents who meet twice a week for two hours in each ses-
sion. The tutorials are led by a PBL tutor who functions
mainly as a facilitator of learning rather than providing
information. In the first session, students discuss a clini-
cal case which is designed to stimulate rich discussion in
the group and students generate a list of learning needs
by the end of the session. Students then go into a stage
of self-study scaffolded by structured college teaching
activities between the first and second session. Students
then meet again to present their learning during the week
and integrate the information related to the case. Each
PBL tutor is assigned to the group throughout the whole
semester.

Instruments and sampling

The final form of the study questionnaire consists of 15
items representing emotional engagement (4 items), cog-
nitive engagement (6 items), and behavioral engagement
(5 items). The multiple-choice achievement test consisted
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of 100 items of the A-type (single best response) and
covered all contents of the course. Most of the questions
are context-rich scenarios which test the application of
knowledge rather than simple recall. We used conveni-
ent sampling with a targeted population size of 204 year
2 and 3 medical students. The paper-based questionnaire
was filled in by 176 students (Response rate =86%) at the
end of an organ-system course. Students were informed
to score their overall engagement in PBL tutorials during
the course which ranged from 6 to 7 weeks.

Statistical analysis

The purpose of the study was to collect different lines
of evidence supporting the validity of the questionnaire.
The data were entered and analyzed using the Statistical
Package for Social Sciences (SPSS) version 25.0 and Anal-
ysis of Moment Structures (Amos) version 25.0 (Chicago,
IBM SPSS). A P-value<0.05 was considered statistically
significant.

Confirmatory factor analysis
Confirmatory factor analysis using maximum likeli-
hood estimation was applied to examine the degree of
fit between the measurement model (the observed indi-
cators) and the underlying structural model (the latent
factors). Different indices were used to assess the good-
ness-of-fitness of the model. The Comparative Fit Index
(CFI) assesses the overall performance of the model stud-
ied over a baseline (independence) model. Convention-
ally, CFI should be equal to or greater than 0.90 to accept
the model. This denotes that 90% of the covariation
in the data can be reproduced by the given model. The
Chi-Square (X*) test indicates the degree of fit between
implied and observed covariance matrices. An insignifi-
cant x%or a x* / df <2 indicates good fit for the model. The
Root Mean Square Error of Approximation (RMSEA)
indicates the mean difference between observed and pre-
dicted covariance, and a value of 0.08 or less indicates
an acceptable model fit. The Standardized Root Mean
Square Residual (SRMR) is defined as the mean standard-
ized difference between the observed correlation matrix
and the model implied correlation matrix. A value less
than 0.08 is considered a good fit. This measure tends to
be smaller as sample size increases and as the number of
parameters in the model increases [22]. Finally, often the
Aikaike Information Criterion (AIC) is computed. The
AIC compares all different possible models in terms of
appropriate use of all information in the data. Lower AIC
values indicate a better fit. In conclusion, a decision on
what the best model fit represents always takes these dif-
ferent indicators into account.

We first test the full 15-item questionnaire data as envi-
sioned by the focus groups of students and experts against
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the three-factor model. The results are: x>=321.35,
df=90, x*df=3.57, CFI=0.85, RMSEA=0.12,
SRMR=0.26, and AIC=381.35. This model clearly did
not fit the data. A possible reason was that four items had
small loadings or did load on more than one factor. The
item “I feel the time passes quickly during the PBL tuto-
rial” cross-loaded with high regression weights on both
cognitive and emotional engagement. The items “I chal-
lenge myself in understanding the topics related to PBL
case” and” I pay full attention to during the PBL tutorial”
loaded on both cognitive and behavioral engagement.
On the other hand, the item “I feel bored in PBL tutori-
als” cross loaded on the three engagement dimensions.
We therefore decided to continue the analysis with the
remaining 11 items.

The first model assumed that all these Items loaded on
the same engagement factor, suggesting that one latent
factor was sufficient to explain the data. This model is
the simplest possible and therefore in theory the most
parsimonious. It does, however, not fit with the original
theoretical analyses. The second model hypothesized
three independent, latent factors. The assumption here is
that indeed three latent factors, emotional, cognitive, and
behavioral, would explain the data, but that these factors
were uncorrelated. The third model assumed that the
three factors were uncorrelated. However, since the data
were acquired using the same method, it was hypoth-
esized that the data shared common-method variance in
the form of a fourth latent factor related to all items. This
approach assumes that participants have a biased ten-
dency to respond to all items in a somewhat similar way.
Finally, the fourth model allowed the three latent factors
to be correlated, assuming that emotion, cognition, and
behaviors are (at least) to some extent in harmony.

Construct reliability (CR)

Composite (or construct) reliability is a measure of inter-
nal consistency in the observed indicators that load on a
latent variable (construct). In structural equation mod-
eling, the formula for calculating construct reliability is:

(> )
(1) + ()

CR =
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whereby, A (lambda) is the standardized factor loading
for item i and ¢ is the respective error variance for item i.
The error variance (g) is estimated based on the value of
the standardized loading (\) and appears in the Amos
output [23].

Correlations with academic achievement
Correlations were computed between the three student
engagement factors and their examination scores.

Results

Confirmatory factor analysis

The assessment of normality indicated a within accept-
able range of skewness (between -.02 to 3.2) and kurtosis
(-0.3 to -1.9). In Table 1, the most important findings are
displayed.

Scrutinizing the various fit indicators, both Model 3
and Model 4 fit the data well. Since Model 4 is the sim-
plest one, and therefore the most parsimonious, we con-
ducted further analyses with the latter. Figure 1 shows
factor loadings for each of the items on the three latent
factors.

All items loaded significantly on their respective fac-
tors, with standardized factor loadings ranging from .67
to .96, with the enjoyment, concentration, and participa-
tion items as the highest loading items.

Construct reliability

Construct reliability was calculated for each factor. Con-
struct reliability for cognitive engagement was .75, emo-
tional engagement .80, and behavioral engagement .80.

Correlations with academic achievement

There was a weak positive correlation between behavio-
ral engagement and academic scores (r=.20). However,
the relationships between emotional or cognitive engage-
ment on the one hand and academic achievement on the
other were not significant.

Discussion

The purpose of the present study was to test reli-
ability and construct validity of a multidimensional
questionnaire measuring engagement of students in
problem-based small-group tutorials. The results of the

Table 1 (Model fit for four measurement models of student engagement in PBL tutorials questionnaire (n= 176)

Model X2 df x/df CFl  RMSEA(90%C.l) SRMR  AIC

1. One latent factor 585.82 44 13.31 55 .27 (.25-.29) 20 629.82
2. Three independent latent factors 158.11 44 3.59 91 12 (.10-.14) 24 202.11
3. Three independent latent factors sharing common method variance 58.26 33 177 98 06 (.04-.08) 04 124.26
(expressed as a fourth latent factor explaining all measured variables)

4. Three latent factors allowed to correlate freely 82.52 41 1.88 96 07 (05-.10) 06 13252
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Attending the PBL
tutorials is a pleasure

| enjoy attending
the PBL tutorials

it is an interesting
activity

| wish | could continue
for a while

| put in a lot of effort
in understanding

| am so involved that
| forget everything

| fully concentrate on the
PBL tutorial activities

| use deep learning

strategies to understand

| attend the PBL
tutorials on time

| participate well in
PBL group discussion

| complete all my learning
tasks of the PBL case

GO0 bbb ovoe

Fig. 1 (Confirmatory factor analysis of medical student engagement in PBL tutorials questionnaire demonstrating the three-factor model

with the latent factors correlated)

confirmatory factor analysis provided support for the
reliability and validity of the 11-item questionnaire. The
three-factor structure of the student engagement ques-
tionnaire (emotional, cognitive, and behavioral engage-
ment) seems to be useful in guiding future research
about student engagement in PBL tutorials. The predic-
tive validity of the instrument, expressed as correlations
between the three dimensions and academic achieve-
ment was limited to behavioral engagement.

Cognitive engagement of students in PBL tutori-
als entails their commitment to the process of learn-
ing, extending beyond the mere fulfillment of academic
requirements. This includes dedicating effort towards
comprehending and mastering the subject matter,
immersion in the PBL tutorial that they lose awareness of
the surroundings, completely focusing on the PBL tuto-
rial tasks, and using deep strategies for their learning.
Behavioral engagement in PBL tutorials involves actively

taking part in group interactions, fulfilling all the learn-
ing activities associated with the PBL case, and punctu-
ally attending all tutorial sessions. Emotional engagement
relates to the student’s affective responses during PBL
tutorials, including feelings of enjoyment, interest, pleas-
ure, and a desire for the tutorial to prolong.

Two previous studies examined the dynamics of stu-
dent engagement in small group PBL tutorials [20, 21].
A study by Rotgans and Schmidt [20] was based on cog-
nitive constructivism theory. Based on this perspective,
they made three assumptions. First, students engage in
theory construction during their encounter with a PBL
case and test the theory through self-directed learn-
ing. Second, students develop an interest, ‘hunger for
knowledge, when they encounter authentic cases. Third,
students feel autonomy and agency through generating
their own learning goals. Our findings support the study
by Rotgans and Schmidt in that some of the items in the
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current instrument match with the construct of situ-
ational cognitive engagement [20]. We refer to the stu-
dent’s feeling of being absorbed in the task and the fact
that they put a lot of effort into working with the PBL
case. However, the present instrument broadens the cog-
nitive engagement construct to include concentration
on the task and the use of deep learning strategies. In
addition, the emotional and behavioral engagement con-
structs had no role in their approach.

A second study used a qualitative approach by con-
ducting video-stimulated recall interviews to examine
the dynamics of student engagement in PBL tutorials
[21]. This study was explicitly guided by the multidimen-
sional model of student engagement. The investigators
found that student engagement should be described as
a dynamic and malleable construct by which student
engagement followed a spiral-like pattern. Once stu-
dents were engaged or disengaged on one-dimension,
other dimensions were likely to follow suit. Engagement
is however a malleable variable. The degree of student
engagement in PBL tutorials can change at any moment
in a session depending on group dynamics, authentic-
ity of the case scenario, or tutoring skills of faculty [20].
Therefore, it is suggested that methods of measurement
should be selected to have the appropriate grain size,
sensitive to pick up the contextual changes in student
engagement at the level of PBL tutorial activity. To be
able to measure these contextual changes, measures like
direct observation and experience sampling using short
questionnaires should be used. This represents a diffi-
cult tradeoftf between measuring the multidimensional-
ity of the construct or identifying the short-term changes
in student engagement during the PBL tutorial activity.
The questionnaire tested here represents a compromise
that can be used to measure short-term changes in stu-
dent engagement. Although the study was conducted
to measure student engagement in PBL tutorials at the
course level, this 11-item questionnaire requires around
25 s to fill in, which makes it suitable for identifying the
dynamic and temporal changes in student engagement at
the microlevel.

An analysis of the items that were removed from the
original instrument provides insights into the dynamics
of the constructs themselves. The item “I feel the time
passes quickly during the PBL tutorial” loaded high on
both cognitive and emotional engagement constructs.
When students are emotionally engaged, they enjoy
the learning experience and may feel a sense of flow, in
which they are fully absorbed in the learning experience
and lose track of time. At the same time, if a learner is
cognitively engaged, they are actively processing infor-
mation, making connections, and make them lose
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time awareness as well. The item “I challenge myself in
understanding the topics related to PBL case” loaded on
both cognitive and behavioral engagement. Although
the act of challenging oneself is primarily a cogni-
tive engagement process, the challenge to understand
a topic may lead to increased behavioral engagement
such as increased participation in class or completion
of assignments. Similarly, the item” I pay full attention
to during the PBL tutorial” loaded on both cognitive and
behavioral engagement. When a student pays attention
in class, they are actively engaging their cognitive pro-
cesses to process and understand the information being
presented. On the other hand, when a student pays
attention in class, they are demonstrating behavioral
engagement by actively participating in the learning pro-
cess and demonstrating a willingness to learn. Therefore,
paying attention in class involves both cognitive and
behavioral engagement, as it involves both mental and
observable behaviors that reflect a student’s engagement
in the learning process.

Limitations

Somewhat disappointedly, the predictive validity of the
questionnaire fell short to some extent. A correlation of
r=.20 between behavioral engagement and academic
achievement was found, whereas the two other elements
were not correlated with achievement. Another study
found a similarly low correlation between engagement
and achievement in the context of small-group educa-
tion [24]. We can here only speculate about the reasons
for this finding. A well-known phenomenon in forms
of education stressing student agency and autonomy
in pursuing learning issues is that the achievement test,
representing what the teacher saw as the objectives of
the course, does only fit what students actually study to
some extent. Dolmans and colleagues [25] demonstrated
the topics that students spent time and energy on in a
problem-based course matched on average 64% with fac-
ulty-generated topics. In another study, they were able to
show that student-generated learning issues, not foreseen
by the teacher, often nevertheless were relevant for the
problems at hand [26]. This discrepancy may be a reason
that correlations between engagement and achievement
in these contexts remain low. Another possible explana-
tion is the lack of full alignment between the expected
outcomes of PBL tutorials and the achievement test.
Multiple choice questions are mainly designed to assess
the cognitive dimension of learning. However, the learn-
ing outcomes of PBL tutorials include other competen-
cies which cannot be measured using MCQs such as
communication skills, interpersonal skills, problem solv-
ing, and self-directed learning.
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