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Analysis of factors that influence student engagement
in mathematics learning

W. B. UTAMI, P. SETYOSARI, C. SADIJAH, H. PRAHERDHIONO

ABSTRACT

Introduction. Student engagement in mathematics learning is a form of active student participation in mathematics
learning, both learning activities in mathematics class and outside mathematics class. Several studies state that student
engagement consists of cognitive, behavioural, emotional, and contextual aspects. Therefore, analyzing the four factors
related to student engagement is necessary. In addition, an instrument that comes from the four dimensions is needed
to measure student engagement. This needs to be done because there has not been much research that focuses on the
development of Student Engagement instruments derived from 4 dimensions. For this reason, student engagement is
very important so that the learning process can be achieved. This study aims to confirm student engagement comes from
four domains: cognitive engagement, behavioural engagement, emotional engagement, and contextual engagement in
mathematics learning.

Study participants and methods. This research is a quantitative study involving 375 of 10th in senior high school
students in the city of Malang in Indonesia. They were selected of purposive sampling. The instrument used is the Student
Engagement questionnaire, which consists of four indicators: cognitive engagement, behavioural engagement, emotional
engagement, and construct engagement. Data analysis used Confirmatory Factor Analysis assisted by the Smart Partial
Least Square version 3.0.

Results. The research results show that student engagement is reflected by four forming dimensions: cognitive,
behavioural, emotional, and contextual. A total of 12 items out of 16 items prepared have been constructed in student
involvement and declared valid. This result was obtained from the loading factor of 2 items in the cognitive aspect,
obtained at more than 0.700 with an average variance extracted of 0.649 > 0.500; the loading factor of the three items in
the behavioural aspect was obtained at more than 0.700 with an average variance extracted of 0.761 > 0.500; the loading
factor of the three items on the emotional aspect was obtained at more than 0.700 with an average variance extracted
of 0.599 > 0.500; and the loading factor of the four items in the contextual aspect was obtained at more than 0.700 with
an average variance extracted of 0.666 > 0.500. In addition, a reliability index of 0.878 was also obtained for 12 items
that were declared valid. The findings of this study include obtaining a student engagement in mathematics learning
questionnaire consisting of 12 items from 4 dimensions: cognitive, behavioural, emotional, and contextual.

Conclusion. Student engagement is one of the essential aspects of mathematics learning, and it has an abstract nature.
Engaged students will have a sense of joy (vigour) in learning at school, in groups, or independently at home. The results
of this study showed that student engagement was confirmed to come from cognitive, behavioural, emotional, and
contextual aspects. For this reason, the student engagement instrument obtained in this study can be used to reveal the
characteristics of engaged students. The study results obtained that from 12 valid items, a loading factor of more than 0.5
was obtained for each aspect and a reliability index of 0.878.
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INTRODUCTION

The International Commission on Education for the Twenty-first Century (UNESCO) considers it
essential to change the education paradigm to include all-around human development [1; 2]. This
can be seen in the four pillars of education, which include learning to gain knowledge and to carry out
further learning (learning to know), learning to have essential competencies in dealing with different
work situations and teams (learning to do), learning to actualize oneself as an individual with a
personality that has balance and personal responsibility (learning to be), and learning to be able to
appreciate and practice conditions of mutual dependence, diversity, understanding and internal peace
between nations (learning to live together) [3; 4]. Besides that, the National Education Association
also offers four primary skills: critical thinking and problem-solving, creativity and innovation,
communication, and collaboration [5; 6]. For this reason, education today not only prioritizes
cognitive abilities but also requires student involvement so that students have 21st-century skills to
prepare for life in the future.

Education is oriented toward test scores and pays attention to mastering various skills adapted
to the many needs of the 21st century [7; 8]. Education is a process to change human behaviour in
the desired direction with the hope that changes in behaviour can positively affect life and achieve a
better life in the future with a critical and systematic mindset [9; 10]. Therefore, learning in the 21st
century is not only done through listening to material, writing material, and doing assignments but
also by involving mental processes in the brain [11; 12].

This learning can be implemented by helping students obtain relevant knowledge to face future
challenges [13]. 21st-century learning enables students to develop applicative knowledge skills in
real-world situations [14; 15]. 21st-century learning can help students understand the world that
involves direct experience, interaction, and social context [16], help learners understand the reasons
for implications, and strengthen critical thinking and self-reflection [17; 18]. So, the focus of learning
in the 21st century is to help students develop themselves to achieve success.

In the 21st century, mathematics education has undergone many significant transformations.
This change is caused by massive technological developments and a shift in learning paradigms [11;
12]. The Covid pandemic presents its challenges, the impacts of which are felt to this day, such as
learning loss [19; 20]. Even though we realize it or not, this pandemic has caused learning to provide
significant positive changes, such as learning using e-learning platforms and a hybrid model [21; 22].

Based on the Program for International Student Assessment survey in 2022, Indonesia is ranked
68th out of 81 participating countries with a mathematics score of 379, a science 398, and a reading
of 371 [23; 24]. The results obtained are still categorized as low. In PISA 2022, the mathematics
assessment focused on students' mathematical skills, namely mathematical reasoning, including
critical thinking skills, problem-solving, and higher-order thinking Skills [25; 26]. The results of PISA
2022 generally show that there has been a steep learning loss globally in mathematics, science, and
reading for four years (2018-2022), the leading cause being the impact of the COVID-19 pandemic.
Assessments carried out by PISA explore how well students can solve complex problems, think
critically, and communicate effectively [27; 28]. So, PISA prepares students to develop 21st-century
skills that are important for them, namely preparing themselves to face real life and achieve success
in the future (learning for transfer).

Technological developments are like a double-edged sword [29; 30]. One side is used for positive
things and the other harms students. On the positive side, technology in learning plays a significant
role in mathematics education, such as the emergence of applications, software, and online learning
platforms, thereby changing students' character into digital natives and those with visual tendencies.
This technology follows the principles of mathematics learning, which provides the broadest possible
opportunities for students to construct mathematical knowledge through individual learning,
learning in small groups, or learning in a whole class atmosphere [31]. This also states that student
participation in interactive learning is carried over during learning, so they are accustomed to being
involved in productive interactions and high-level mathematical thinking.

Technological developments in mathematics learning also influence student engagement. Such
a conceptual framework states that student engagement is greatly influenced by developments in
technology used in education [32; 33]. However, there is still a gap in conceptualizing technology
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in learning because technological developments are increasingly rapid without being matched

by existing educational developments [32]. However, this condition does not deny technology's
inherent role in education and the potential to engage students in learning [34; 35]. Previous
researchers stated that students are more interested in learning if the material delivered by the
teacher is presented using technology such as e-learning, interactive media, or other media that
use technology [36; 37].

However, several experts state that the importance of student engagement will determine the
role of students in transforming objects [38; 39]. Students who are engaged will have a sense of
enjoyment in studying at school, studying in groups, or studying independently at home [40; 41].
The feeling of enjoyment in learning is the first step that must be awakened because learning without
being driven by a sense of joy in carrying out these activities will not be effective. Key factors that
influence student engagement in learning include motivation, attention, intellectual effort, attitude,
personality, effort drive, self-confidence, interaction, active learning, and time commitment [42; 43].
So satisfaction, relevance of the material, and feedback from friends and teachers are needed during
learning. This is supported by previous research, which states that student engagement is significant
in achieving learning success [44; 45].

There are four domains of student engagement: cognitive engagement, behavioral engagement,
emotional engagement, and contextual engagement [46; 47]. Cognitive engagement consists of
actions or mental processes that occur during mental processes that occur during the learning
process. Behavioral involvement includes physical activity that shows interaction with other people
or activities related to solving problems during learning [47; 48]. Emotional involvement refers to
the level of satisfaction as evidenced by positive feelings and enthusiasm during learning [44; 46].
Contextual Engagement includes settings that can be linked to anticipated, personal, and relevant
communications [47].

Based on this, this research aims to confirm student engagement comes from four domains:
cognitive engagement, behavioral engagement, emotional engagement, and contextual engagement
in mathematics learning. We believe student engagement is significant in achieving the learning
process, including mathematics learning. The principles of mathematics learning provide the broadest
possible opportunities for students to construct their knowledge through individual learning and
group learning in mathematics classes [49; 50] and improve reasoning, communication, connection,
representation, and problem-solving skills [51].

METHODS

This quantitative research aims to analyze and test the factors influencing student engagement
in mathematics learning. Student engagement is a form of active student participation in activities
at school, both inside the classroom and outside the classroom, such as exerting effort, enthusiasm,
feelings of belonging, paying attention and interest, concentration, and complying with school
regulations [47; 48]. So that the objectives of this research can be achieved, the following factors
that influence student engagement include the dimensions of cognitive engagement, behavioral
engagement, emotional engagement, and contextual engagement.

The population in this study were all class X high school students in Malang City, Indonesia. The
sample size in this study was 375 students of 10th in senior high school taken using a purposive
sampling technique. They are spread across public senior high schools in Lowokwaru, Malang, public
senior high school humber 7 Malang, public senior high school humber 9 Malang, and senior high
school of Brawijaya Smart School. The reason for selecting these three schools was because these
schools were in the top 10 best in the city of Malang, had the same student input, and had the same
learning facilities.

The instrument used in this research is a student engagement questionnaire, which consists of 4
dimensions, namely cognitive engagement (A), behavioral engagement (B), emotional engagement
(C), and contextual engagement (D) [46; 47]. The four dimensions that have been determined are
then explored in 16 items, as seen in Table 1.
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Dimensions of student engagement

Table 1

Dimensions

Indicators

ltem

Cognitive engagement (A)

Cognitive engagement is limited to activities related to a person's
efforts to learn new material.

A1,A2, A3

behavioral engagement (B)

Behavioral engagement includes the effort and energy devoted to
interacting with other students and the mathematics teacher, specifi-
cally to completing mathematics tasks, such as homework for a math-
ematics lesson.

B4, B5, B6, B7, B8, B9

emotional engagement (C)

Emotional involvement includes a measure of feelings and reflective
thoughts about the value of mathematics lessons offered in learning
compared to actions.

C10,C11, C12

contextual engagement (D)

Contextual engagement will be shaped by communication and con-
cepts based on understanding and cues from other perceptions.

D13, D14, D15, D16

Al

A2

A3

B>

b7 [~

B9

c10

c1

ci2

D13

D14

D15

D16

Cognitive
Engagement

Behavioral
Engagement

Emotional
Engagement

Contextual

Student
Engagement

Figure 1 Confirmatory factor analysis model of student engagement

The Student Engagement Questionnaire was prepared using a 5-point Likert scale as a statement
choice. Because this questionnaire is structured into items with positive values, the five choices
are 5 to represent strongly agree, 4 to represent agree, 3 to represent undecided, 2 to represent
disagree, and 1 to represent strongly disagree. Before use, three experts empirically validated the
questionnaire in learning technology, mathematics learning strategies, and the learning environment.
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Experts in learning technology aim to analyze how their knowledge, skills, and experience are

used or applied in learning activities to improve their teaching and learning experience. Experts in
Mathematics learning strategy have an essential role in taking measurements related to practical
approaches, techniques, and methods in teaching and learning mathematics and designing engaging,
relevant, and meaningful learning experiences for students. Learning environment experts measure
how the physical and social environment around students can influence the student learning process
and understand the importance of creating a learning environment that is supportive, stimulating,
and can provide adequate learning facilities for all students. The three validators appointed have a
doctoral scientific background that matches their expertise and an academic background of at least
an associate professor. The assessment results carried out by the three validators showed that the
Student Engagement questionnaire consisting of 4 dimensions obtained valid instrument results and
was suitable for data collection.

After the data is collected, the next stage is data processing and analysis using Confirmatory
Factor Analysis. This analysis uses the help of the Smart Partial Least Square (Smart-PLS) computer
program version 3.0. Figure 1 is a confirmatory factor analysis model of student engagement.
Confirmatory factor analysis is used because this analysis involves the specification and estimation
of one or more putative factor structure models, each of which proposes a set of latent variables
(factors) to account for the covariance among a set of observed variables [52; 53].

RESEARCH RESULTS

As stated in the previous section, the Student Engagement questionnaire was validated by
three people who were considered experts with a doctoral scientific background and an academic
background of at least an associate professor. The validation process is carried out through three
stages, namely, first assessment, revision, and second assessment. In the initial evaluation, it was
found that all validators agreed that the Student Engagement questionnaire needed improvement,
such as (a) the instructions for filling out the questionnaire were not clear, (b) the assessment
aspects were not appropriate, (c) the sentence structure gave rise to multiple interpretations, and
(d) the language used not yet communicative. In the second stage, revisions were made based on
input from the validators. After corrections have been made, the questionnaire is handed back to the
validators for the second assessment. The final assessment results show that the questionnaire is
valid and appropriate in terms of content, so it needs to be tested empirically.

Empirical testing is carried out to see whether there is a parallel between content validity and
empirical validity. For this reason, analysis needs to be carried out using Confirmatory Factor
Analysis. The smart PLS 3.0 program assists in the first calculation of Confirmatory Factor Analysis.
The calculation results obtained are as in Figure 2 and Table 2.

Table 2

Loading factor for each item and average variance extracted for student engagement

Dimensions ltem Loading Factors Average variance extracted

A1 0.240

Cognitive engagement (A) A2 0.838 0.471
A3 0.896
B4 0.560
B5 0.709

Behavioral engagement (B) B0 0.609 0,521
B7 0.640
B8 0.803
B9 0.765
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c10 0.781

Emotional engagement (C) C11 0.802 0,595
C12 0.862
D13 0.791
D14 0.768

Contextual engagement (D) 0,665
D15 0.767
D16 0.759

So far, experts think that an indicator can be declared to meet convergent validity and have a high
level of validity if the outer loading value is at least 0.70 [53; 54]. Convergent validity means that
indicators/dimensions represent one latent variable and are the basis for that latent variable [55;
56]. However, there is a simpler expert opinion stating that convergent validity is the correlation
between the reflexive indicator scores and the latent variable scores [57; 58]. Referring to this
condition, based on Figure 2, it is known that the four components of the student engagement
construct, namely cognitive engagement (A), behavioral engagement (B), emotional engagement
(C), and contextual engagement (D), have items that cannot yet reflect each component in the
student engagement construct, even though it already has a loading factor coefficient of more than
0.7. This is because item A1l for the Cognitive engagement construct has a loading factor of less
than 0.70 (see Figure 2). Apart from that, items B4, B6, and B7 also do not reflect the behavioural
engagement construct (B) because they have a loading factor of less than 0.700 (see Figure 2).

Al
A2
A3
Cognitive
B4 Engagement
" 0.798
B> 0.560 '
hD 709
86 *0.609
40640
87 0.803 0.889
e
B8 #D.?ES Behavioral
i Engagement
B9
0.762 Student
€10 Engagement
*0.781
c1 +0.802
+0.862 0.814
c12
Emotional
Engagement
D13
T
079
14
P *0.768
+0.767
2102 0.759
A
D16 Contextual
Engagemenit

Figure 2 Loading factor confirmatory factor analysis is the first calculation of student engagement
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Apart from considering the loading factor coefficient, each dimension representing a construct can
also be seen from the average variance extracted coefficient. This is in line with the opinion which
states that an indicator can be declared to meet convergent validity and have a high level of validity
if the outer loading value is at least 0.70 and the Average Variance Extracted (AVE) value is at least
0.50 [59; 60]. From this statement, it can be concluded that behavioral engagement (B), emotional
engagement (C), and contextual engagement (D) have an average variance extracted for both
dimensions of more than 0.5. However, cognitive engagement has poor convergent validity because it
has an Average Variance Extracted of less than 0.5.

A2
A3
Cognitive
Engagement
BS
B8
B9
Behavioral
Engagement Student
Engagement
cio
c1
C12
Emotional
Engagement
D13
D14
D15
D16 Contextual

Engagement

Figure 3 Confirmatory factor analysis modified of student engagement

A2
A3
Cognitive
Engagement 0.800
B5
*0.766
B8 +0.822
0.832
0828
B9
Behavioral
Engagement 0.781 Student
Engagement
c10 N
0.785
cn +0.798
+0.863 0.830
c12
Emotional
Engagement
D13
D14
D15
D16 Contextual

Engagement

Figure 4 Loading factor confirmatory factor analysis modified of student engagement
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Based on the results of calculations carried out as summarized in Figure 2 and Table 2, it can
be seen that the dimensions of cognitive engagement (A), behavioral engagement (B), emotional
engagement (C), and contextual engagement (D) cannot yet reflect the student engagement
variable. This is because the loading factor coefficient was found for the items to be less than 0.7
(items Al, B4, B6, and B7), and the AVE coefficient was found for the dimensions to be less than
0.5 (namely, the cognitive engagement dimension). Based on this condition, modifications need
to be made. Modifications are made based on items that have a loading factor of less than 0.7 by
eliminating items A1, B4, B6, and B7 in the calculation process (see Figure 3). The results of the
modified Confirmatory Factor Analysis calculations can be seen in Table 3 and Figure 4.

Based on Figure 3, it is known that the four components of the student engagement construct
have items that can reflect each component of the student engagement construct. This is because
all items have a loading factor coefficient of more than 0.7 (see Figure 3). By looking at the
Average variance extracted coefficient in Table 3, it is found that cognitive engagement (A),
behavioral engagement (B), emotional engagement (C), and contextual engagement (D) have
good convergent validity for the student engagement variable because they have Average Variance
Extracted more than 0.5.

Table 3
Average variance extracted of student engagement based modification
Dimensions ltem Loading Factors Average variance extracted
Cognitive engagement (A) A2 0.840 0.649
A3 0.904
B5 0.766
Behavioral engagement (B) B8 0.822 0.761
B9 0.828
C10 0.785
Emotional engagement (C) C1 0.798 0,595
C12 0.863
D13 0.793
Contextual engagement (D) D14 0.769 0,666
D15 0.764
D16 0.758

Based on the results of the confirmatory factor analysis calculation carried out for the first time
and the modified confirmatory factor analysis results, it can be concluded that (a) the cognitive
dimension of engagement (A) has good convergent validity on student engagement originating
from items A2 and A3, (b) the behavioral dimension engagement (B) has good convergent validity
towards student engagement which comes from items B5, B8 and B9, (c) the emotional engagement
dimension (C) has good convergent validity towards student engagement which comes from items
C10, C11 and C12, (d) the contextual engagement dimension (D) has good convergent validity on
student engagement derived from items D13 to D16.

The reliability of the instrument can be seen from the results of calculating Cronbach's alpha
coefficient obtained from the confirmatory Factor analysis output using SmartPLS. Based on Table 4,
it is found that the coefficient of Cronbach's alpha is 0.878, and composite reliability is 0.900. Many
experts state that an instrument is said to be good if the alpha and composite reliability coefficients
are more than 0.7. The calculation results show that the alpha coefficient and composite reliability
are more than 0.7, so it can be concluded that the student engagement instrument is reliable.

264



Table 4

Cronbach's alpha and composite reliability values of student engagement constructs

Construct Cronbach’s Alpha Composite Reliability Information
Student Engagement 0.878 0.900 Reliable

DISCUSSION

Student engagement in mathematics learning can refer to student engagement in mathematics
learning activities in class. There are four components of student engagement: cognitive
engagement, behavioral engagement, emotional engagement, and contextual engagement [47].
Cognitive engagement consists of actions or mental processes that occur during learning activities
[44; 61]. However, some aspects of cognition have been combined with behavioral skills, collectively
called skills, which refer specifically to students' academic skills. Another aspect of engagement is
called interaction, which includes asking or answering questions, participating in group work, and
completing homework. So cognitive engagement can refer to activities related to a person's efforts to
learn the mathematical material being studied.

Behavioral engagement includes physical activities that involve interaction with other people
in mathematics learning activities related to completing mathematics tasks [47; 62]. The
conceptualization of behavior types relates to the amount of physical effort and energy devoted to
the activity. Behavioral engagement may also include actions that develop a sense of belonging,
as evidenced by relationships with students or teachers. These interactions have also been
conceptualized as collaborative learning and student-teacher and student-student interactions that
lead to quality relationships. Lastly, behavioral engagement includes the effort and energy devoted
to interacting with other students and teachers in mathematics lessons and specifically to completing
assignments given in mathematics lessons.

Emotional engagement refers to the level of satisfaction as evidenced by positive feelings
and enthusiasm for the mathematics learning received [62; 63]. These positive feelings were
also expressed as “students' desire to do their best” and the sense that learning mathematics is
essential. The feeling that mathematics is relevant to students' lives represents another dimension
of emotional engagement. This real-life relevance likely contributed to students' opinions about the
level of enrichment of the mathematics learning experience. Emotional engagement is different from
cognition or behavior because emotional engagement revolves around a measure of feelings and
reflective thoughts about the value of the learning offered in a mathematics class versus action.

The contextual engagement component includes student self-regulation and can be linked to
personal and relevant [47]. The components of contextual engagement do not fit into a cognitive,
behavioural, or emotional framework but generally include aspects of involvement related to
mathematics learning. A frequently emerging component of student engagement is academic
performance, described as engagement about success in a course and earning high grades. Another
common contextual component is student engagement with the institution [64]. Contextual
engagement is also related to measuring how students' experiences shape themselves as individuals.
This context will be shaped by communication and concepts based on understanding and other
perceptual cues.

Student engagement in mathematics learning is not always easy to achieve. However, this is not
impossible to achieve. Engagement requires extraordinary commitment on the part of teachers and
students. Students must be willing to grow into thoughtful, open-minded individuals and eager to
update professional developments regularly.
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CONCLUSION

Based on the results of the analysis that has been carried out on the student engagement

construct, it can be seen that student engagement is confirmed from 4 forming dimensions, namely
cognitive engagement, behavioral engagement, emotional engagement, and contextual engagement.
In addition, in this study, 12 student engagement items were found to be valid with a reliability
index of 0.878. It is recommended to use 12 items based on cognitive, behavioral, emotional, and
contextual dimensions to measure student engagement.
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