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Abstract — The main objective of this study was to
examine new ways of assessing self-efficacy in learning
mathematics that affect students' educational
performance through perceived utility and intrinsic
motivation. The study's research design was cross-
sectional in nature, consisting of 1232 elementary-level
students. Data were collected using the Mathematics
Motivation Scale (MMS), which was later analyzed
using SmartPLS4 and SPSS software. After analysis,
the authors concluded that SELPM (Self-Efficacy to
Learn and Perform in Mathematics) partially mediates
the relationship between the IMLM (Intrinsic
Motivation to Learn Mathematics) of the students and
their PUM. The researchers suggested that teachers
should design effective teaching methodologies that
significantly contribute to their (self-efficacy to learn
and perform in mathematics) SELPM, (intrinsic
motivation to learn mathematics) IMLM, and PUM
(Perceived Utility of Mathematics). Future studies
might be conducted to replicate the study's result and
to explore the causes of the partially mediated effect of
students' SEPM between their IMLM and PUM.
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1. Introduction

The ability to address challenges and complexities
is inherent to humans. It forms the foundation of all
intellectual disciplines and areas of inquiry [1].
Mathematics is an important area of study that
enables a person to tackle various challenges and
deal with day-to-day matters [2]. As a result, it is
taught to almost everyone worldwide [3], making it
an essential component of curricula at different levels
of formal education [4], [5]. It has wide-ranging
utilities with practical and professional applications
[6]. Mathematics education aims to increase students'
knowledge and practical application of the subject
[7]. According to Ning [8], it is one of the most
critical aspects of an educational system, as it could
help in higher-level cognitive functions such as
problem-solving, creativity, probability, and
mathematical reasoning. Mathematics is believed to
be one of the disciplines that help push the
boundaries of science and technology [9], [10]. Thus,
a strong foundation is essential for any nation's
technological and economic development [11], [12],
[13].

Mathematicians  study  numbers, shapes,
dimensions, and dynamics, making mathematics an
essential field of knowledge for learning and
enhancing students' analytical skills [14], problem-
solving [15], spatial visualization [16] and
speculative thinking skills [17]. As a result, it helps
them become effective and productive citizens [18].

Mathematics is generally considered a more
challenging and complex subject [19]. This difficulty
is not limited to classroom performance but also the
ability to use it in everyday life. Rodriguez et al. [20]
said that students often had low self-perceptions
about their mathematical skills, which could lead to
negative thinking and doubts about their effective
use. However, students' active participation, intrinsic
motivation, perceptions of utility and importance,
and self-efficacy can change their attitude and
approach to it [21].
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1.1. Intrinsic Motivation of Students and Mathematics
Learning

Due to mathematics' significance and unique
nature, its teaching-learning process has seized the
attention of researchers and educationists [22], [23].
Students are usually driven to study and do well in
class due to their intrinsic motivation [24]. They
perform better in class when they truly care about
their learning and are interested in the process. It is
believed that an individual's intrinsic motivation is
generally fueled by one's pursuit of and willingness
to take on new challenges. Even when no tangible
benefits are at stake, people are willing to acquire
new knowledge and put their skills to the test if
interesting challenges are posed. Intrinsically
motivated learners actively pursue knowledge in their
studies [25]. They are also more likely to be more
regular, set higher goals for themselves, and achieve
goals [26].

Mathematics teaching is also most effective when
students are motivated and actively participate [21],
[26], [27]. Goal setting and IMLM of students are
strongly interrelated factors [28]. Interest in the
subject and learning are inextricably shaped by the
learning environment and motivation [29], [30].
Adamma et al. [26] examined the influence of
intrinsic motivation on students' school success in
different mathematics-related tasks. Data from 200
elementary students were collected, and they found
that students' intrinsic motivation correlates with
their success and task performance in mathematics.

1.2. Intrinsic Motivation of Students and the Utility of
Mathematics

There have been some studies about intrinsic
motivation and the utility of mathematics. The
findings of those studies are mixed. Some found a
positive correlation between those two variables,
while others found either a negative or no
correlation. A study by Middleton [31] revealed that
the utility of mathematics contributed to students'
intrinsic motivation. Suarez et al. [32] also found
intrinsic motivation to be a significant predictor of
students' behavioral engagement and the utility of
mathematics. Another study by Rodriguez et al. [33]
also supported this. It was found that when students
believed their learning would be helpful in their daily
lives, they paid more attention to their tasks and
completed them better.

Sivrikaya et al. [25] also examined the correlation
between intrinsic motivation and performance. After
collecting data from 500 students using a
questionnaire, they found that students' intrinsic
motivation was on the higher side; however, the
relationships between intrinsic motivation and the
subfactors of the scale were weak.
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However, Husman et al. [34] found no correlation
between intrinsic motivation and the perceived utility
of mathematics (PUM).

1.3. Students' Self-efficacy and Utility of Mathematics

Fan and Williams [35] found that student self-
efficacy  strongly  predicts their  academic
performance. Positive self-efficacy  multiplies
academic performance, goal-setting, and work ethic
[36]. Lazarides et al. [37] examined the relationship
between students' self-efficacy and their eagerness to
perform different tasks in mathematics. They found a
correlation between students' self-efficacy and their
ability to perform different tasks in mathematics.
Alves et al. [38] investigated the relationship
between students' self-efficacy and mathematics'
perceived importance and utility. The findings
revealed that mathematics' utility was associated with
students' self-efficacy. Similar results were also
reported by Tossavainen et al. [39]. On the other
hand, students' self-efficacy did not correlate with the
utility of mathematics [40]. It was also found that the
utility of mathematics was higher among male
students than their counterparts.

1.4. Self-Efficacy and Intrinsic Motivation

Many studies have found positive relationships
between intrinsic motivation, self-efficacy, and
school success [41], [42], [43]. Furthermore, multiple
studies have found a strong relationship between
student self-efficacy and their level of intrinsic
motivation in mathematics [44], [45], [46]. Siddiqui
et al. [42] found a positive correlation between
students' intrinsic motivation, self-efficacy, and
mathematics performance. Furthermore, it was
revealed that intrinsic motivation, self-efficacy, and
performance were positively associated with blended
learning. In addition, girls were found to have higher
motivation levels than boys. Another study found
that intrinsic motivation and self-efficacy increased
when they actively participated in mathematics
learning [28]. Collecting data from elementary-level
students through a longitudinal survey, Niehaus et al.
[36] found that students' self-efficacy and intrinsic
motivation correlated throughout the academic year.
Ozcan and Eren Giimiis [47] also concluded that
students' self-efficacy was a motivational measure
alongside external and internal motivators and,
therefore, viewed as a tiered construct under
motivation in the existing body of knowledge. They
revealed that the students' self-efficacy for
mathematics had a strong relationship with their
IMLM.
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1.5. Mediating Role of Student Self-Efficacy in
Mathematics

Some studies have investigated the mediating role
of students' self-efficacy in mathematics. In one of
those studies, You et al. [28] found that self-efficacy
and motivational behavior were strongly correlated.
In addition, it was concluded that self-efficacy
mediated the relationship between teacher behavior
and students' performance in mathematics. The
mediating role of students' self-efficacy in the
relationship between their grades and different
motivation factors is also evident in the study [48].

Li and Zheng [49] also conducted a study to
explore the mediating role of elementary-level
students' self-efficacy for mathematics on intrinsic
motivation, PUM, and self-regulated learning. The
findings revealed that the level of self-efficacy
significantly influenced students' self-regulated
learning, intrinsic motivation, and perceived utility.
Both intrinsic motivation and perceived utility were
strong predictors of self-regulated student learning.
Furthermore, the direct effect of self-efficacy on self-
regulated learning was shown to be significantly
mediated by PUM.

Although there have been various studies on the
factors contributing to intrinsic motivation and utility
(perceived utility) of mathematics and a few studies
using self-efficacy as a mediating variable, such
studies reveal mixed results. Furthermore, not a
significant volume of studies has been conducted on
subcontinental students.

It is essential as the teaching-learning style in the
subcontinent  (mainly focusing on traditional
techniques, still a very much teacher-focused
approach, etc.) is quite different from western
countries.

Realizing this gap, the current study has been
carried out in Pakistan to investigate the mediating
effect of the SELPM of students between their
IMLM and their PUM. To the best of the authors'
knowledge, no such study has been carried out in
developing countries, including Pakistan. Therefore,
it would be a significant effort to fill the knowledge
gap and to provide a foundation for future
researchers and academia working on students' self-
efficacy to learn and perform in mathematics
SELPM). Moreover, it mediates the effect on
variables that contribute to mathematics learning.
The research objective addressed in the current study
is the following:

e Investigate the mediating effect of students'
self-efficacy in learning and performing
mathematics between their intrinsic motivation
to learn mathematics and their perceived
utility.

1.6. Research Model and Hypotheses

The study's research model was designed based
on the literature review on students' self-efficacy to
learn and perform in mathematics (SELPM), their
intrinsic motivation to learn mathematics (IMLM),
and their perceived utility of mathematics (PUM).
The model has been developed based on the research
objective (Figure 1). It revolves around three
variables: students' IMLM (independent variable),
their PUM (dependent variable), and students'
SELPM (mediating variable).

self-efficacy to learn and
perform in mathematic
(SELPMN)

IJediator

to learm mathematics

Intrinsic motivation W
(INLM) J

Percerved utility

> of mathematics

(PUM)

Figure 1. Proposed model
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Based on the study model and the research
objective, the authors developed the following null
hypotheses, which were tested at Alpha level 001.
Hoi. There is no significant relationship between the
IMLM of the students and their SELPM.

Hoz. There is no significant direct effect of students'
IMLM on their PUM.

Hos. There is no significant indirect effect of the
students' IMLM on their PUM through their SELPM.

2. Methodology

Considering the nature of the study, the current
study followed a positivistic research philosophy to
examine the mediational role of students' self-
efficacy between their intrinsic motivation to learn
mathematics and their perceived utility of
mathematics learning. A quantitative research
approach was used in the present study to understand
how self-efficacy mediates the said relationship
through direct and indirect pathways.

2.1. Research Design

The current study was carried out to explore the
mediating effect of grade eight students’ SELPM
between their IMLM and their PUM. Following the
positivist worldview, the authors used a quantitative
research method. The research design of the study
was cross-sectional. The researchers collected
SELPM, IMLM, and PUM data from grade eight
students.

2.2. Participants

The study population consisted of eight grade-
level students enrolled in public schools of the
Lahore division during the academic year 2022-23.
The entire Lahore division, which has four districts
(Lahore, Kasur, Nankana, and Sheikhupura), was
taken as a geographical unit for the current study.
During that academic year 2022-23, 1,40,208 eight
grade students were enrolled in the Lahore division:
Lahore, 1,40,208; Kasur, 34,728; Nankana, 15,165;
and Sheikhupura, 29,858. [50]. Data were collected
from intact groups (whole classes) randomly selected
from randomly selected schools in those districts.
Only one class was selected from every school. A
total of 1,232 eighth-grade students were chosen
from 20 different schools. The sample was selected
from two districts of the Lahore division (Lahore,
47.4%; Kasur, 52.6%). Whereas 46.4% of them were
boys and 53.6% were girls. Table 1 provides further
details.
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Table 1. Demographic information of the participants
(N =1232)

Variables Category Number Percentage
Gender Boy 572 46

Girl 660 54
District Kasur 648 53

Lahore 584 47

2.3. Research Instrument and Data Collection

To measure students' responses against study
variables, the authors adapted the mathematics
motivation scale (MMS) developed by Zakariya and
Massimiliano [51]. The original MMS consists of
five factors (self-efficacy for learning and
performance motivation, intrinsic motivation, the
utility of mathematics motivation, the importance of
mathematics motivation, and extrinsic motivation)
and 24 items. The researchers modified MMS and
revised it into three factors and 17 items. Factors
were renamed, that is, SELPM, IMLM, and PUM,
and items were revised accordingly. The authors used
the modified scale to measure students' responses
against study variables on a five-point Likert-type
scale ranging from 1 (strongly disagree) to 5
(strongly agree). Data was collected using a self-
administered  questionnaire.  The  researcher
personally visited the schools and collected data from
elementary-level students. The whole process took
three months (December 20223 to February 2023).

2.4. Validation of a Modified Scale

The researchers used Smart PLS software to
check the reliability and validity of the scale.
Cronbach's Alpha was used to check the reliability of
the scale.

Table 2. Reliability of the scale

Cronbach’s Composite

Constructs Alpha rho_A Reliability AVE
IMLM .622 .690 795 570
SELPM .758 790 .826 523
PUM 784 .808 .847 .528
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Table 2 shows the results of the Cronbach alpha
test. According to Hair et al. [52], the scale is
excellent, with a Cronbach alpha value exceeding 80.
Above .70, it is acceptable, and at 60 or above, it is
considered an exploratory scale. For the current
scale, the Cronbach alpha value for students' IMLM
is .622; for their SELPM, .758; and for PUM, the
value is .784, making the modified scale reliable for
data collection.

Composite reliability is recommended over
Cronbach's alpha to evaluate the convergent validity
of a reflective model. Since Cronbach's alpha could
overstate or understate reliability, it could be favored
as a measure of consistency. An ideal estimate of
composite reliability would be 1. Composite
reliability values should be greater than .6 for
exploratory studies, greater than .7 for confirmatory
studies, and more than .8 for strong confirmatory
studies [53]. For the current study, the positive
reliability values for all subfactors were greater than
.7 (IMLM .975, SELPM .826, and PUM .842).

The extracted average variance (AVE) was
applied in divergent and convergent ways for the
validity testing. AVE reflects the typical degree of
group membership shared by individual latent factors
in a reflective model. AVE should be greater than .5
[54]. This indicates that the determinants should
account for at least 50% of the variance in the
dependent variables. An AVE < .50 indicates that the
error variance is greater than the explained variance.
In this study, the AVE for all subfactors is above .5
(Table 2).

2.5. Discriminant Validity

The Fornell-Larcker criterion was used to
examine and test discriminant validity by assessing
the degree to which every latent variable differed
from other constructs [55]. The results are provided
in Table 3.

Table 3. Fornell-Larcker criterion

Constructs  IMLM SELPM PUM
IMLM 755

SELPM 443 641

PUM 434 584 667

To ensure the scale's discriminant validity, the
researchers calculated the square root of the AVE
and correlated it with the constructs measured by the
scale. The diagonal entries showed values for the
analysis.

The analysis revealed that the model's
discriminant validity is acceptable, as all diagonal
entries are higher than non-diagonal ones (Table 3).
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2.6. Collinearity Assessment

Multicollinearity is the eminent assumption to be
tested for the mediation model. To test
multicollinearity, the researchers computed the
values of the inner variation inflation factor (VIF)
and the outer VIF, presented in Tables 4 and 5.

Table 4. Outer VIF values

Latent Variables Constructs  Factor Loading
IMLM IM1 1.338
IM2 1.452
IM3 1413
IM4 1.130
SELPM SE1 1.393
SE2 1.315
SE3 1.375
SE4 1.201
SE5 1.616
SE6 1.652
SE7 1.661
PUM UoM1 1.126
UoM?2 2.124
UoM3 2.039
UoM4 1.296
UoM5 1.624
UoM6 1.495
UoM7 2.037
Table 5. Inner VIF values
IMLM SELPM PUM
IMLM 1.000 1.244
SELPM 1.244
PUM

The findings in Tables 4 and 5 show that the
outer and internal VIF values are much lower than 5,
suggesting multicollinearity is not an issue with these
data [56].

TEM Journal —Volume 14 / Number 1 / 2025.
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2.7. Ethical Considerations

The study respondents were elementary-level
students (adolescents) enrolled in the public schools
of the Kasur and Lahore districts. The authors
recruited study participants by taking a signed
consent form from school administrators and class
teachers. Before collecting data, the researchers
briefed students about the study's aim. No physical or
psychological harm was involved, as the data was
collected in school settings. The students could
withdraw from the study if they felt any potential
harm. They were also assured of their anonymity and
confidentiality.

3. Results

After collecting data, the authors applied data
screening to identify missing values and exclude
them from the data analysis file.

Table 6. Relationship between IMLM and SELPM

A software like SmartPLS4 and Statistical
Package for Social Sciences (version 26) was used
for data analysis. The null hypotheses were tested at
0.01, using the SEM model based on the
bootstrapping method. The results are provided
below under the relevant headings.

3.1. Relationship between Students IMLM and Their
SELMP

The researchers collected data to measure
students' IMLM and SELPM to test collinearity.
They designed the first null hypothesis to test one of
the assumptions of mediation analysis, which is that
the independent and mediator variables should have a
relationship but not be higher than .80 to avoid
multicollinearity. The authors determined the
bivariate relationship by applying Pearson's
correlation, and the results are presented in Table 6.

IMLM SELPM
Pearson Correlation 1 402"
IMLM Sig. (2-tailed) .000
N 1232 1232
Pearson Correlation 402" 1
SELPM Sig. (2-tailed) .000
N 1232 1232

**_The correlation is significant at this level: 01 (2-tailed).

In Table 6, the authors presented the collinearity
analysis and found that the mediator variable
(SELPM) and the independent variable (IMLM) had
a linear, positive and moderate correlation (r = .402,
n = 1232) and statistically significant at p < .01. It
was found that the data did not support Hoi. There
was a moderate relationship between IMLM and
SELPM, and the multicollinearity assumption was
not violated.

Table 7. Total direct effect

3.2. Direct Effect of Students' IMLM on PUM

The second null hypothesis was designed to
measure the direct effect of students' IMLM on their
PUM. The authors deployed SEM using the
bootstrapping method at a confidence interval of 95
and bootstrapping samples of 5000.

The results of the direct effect of IMLM on PUM
are provided in Table 7.

Effect SE

t-statistics

p-value LLCI ULCI

IMLM -> PUM .250 .022

11.288

.000 .207 .293

In Table 7, the authors revealed that the IMLM of

students had directly affected their PUM (8 = .250,
SE =.022).
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The analysis did not support the second null
hypothesis, and it was found that the direct effect of
IMLM of students on their PUM is significant at t =
11.288, p =.000 < .001.
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3.3. Mediating Effect of Student’'s SELPM between Their
IMLM and PUM

To test the third null hypothesis, the researchers
used SEM with the help of SmartPLS4 at a
confidence interval of 95 and a bootstrapping sample
of 5000.

Table 8. Summary of the mediation analysis

Bootstrapping is a technique for validating and
testing a model's significance, and t-statistics indicate
how significant path coefficients are [52]. Table 8
provides the results for the mediating effect of
students' SELPM between their IMLM and PUM.

. . Total Direct Indirect . . . .
Relationship offect offect effect Confidence interval t-statistics Conclusion
Lower Upper
bond bond
IMLM -> .398 .250 Partial
SELPM->PUM  (000)  (.000) 148 118 179 17.74 mediation

Confidence interval = 95 %, bootstrap samples = 5000

In Table 8, the researchers presented an analysis
of the mediation effect of the SELPM of the students
between their IMLM and PUM. It was found that
there is a significant indirect effect of

IMLM on PUM (B = .148, t = 17.74), rejecting the
third null hypothesis for the mediational effect of
SELPM of students between their IMLM and PUM.

Furthermore, the direct effect of the IMLM of the
students on their PUM in the presence of the
mediator is also significant (f =.250, p <.001).

Therefore, the SELPM of the students partially
mediates the relationship between their IMLM and
PUM. Figure 2 further explains the results of the
mediation analysis.

SE1 SE2 SE3 SE4 SES SE6 SE7
\V\ 1

14839 13.025 738

17.544

Self-Efficacy

19671 23749 26317

Uah1
Uahi2

Uohi3

Utility of
mathematics \

Figure 2. Structural equation model (bootstrapping)

IM1 “
21.216
M2 f'-t}.m;"_‘
24.969
IM3 *9953—-”
r‘
M4 Intmsic Motivation
In Figure 2, the researchers presented the

highlighted routes focusing on relative values.
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Relative values help show the magnitude of the
constructs; higher values have heavier (wider/
thicker) paths.
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4., Discussion

The present quantitative study investigated the
mediating effect of students’ SELPM between their
IMLM and PUM. After analysis, it was found that
the IMLM of the students has a moderate relationship
with their SELPM. It was an important finding. First,
it supported the collinearity by indicating the
relationship; second, its lower value nullified the
multicollinearity assumption of the mediation.
Although it was a moderate-level relationship, it was
linear and positive, which supported several findings
of previous studies that revealed a positive
relationship between SELPM and IMLM [41], [42],
[43]. The authors found a moderate-level relationship
that differed from various studies, which revealed
that SELPM and IMLM have a strong relationship
[28], [42]. This conflict of results will open new
opportunities for future researchers to find the
reasons for this conflict, ranging from moderate to
high relationships.

Mathematics is among the most important
subjects for bringing scientific, digital, and
technological innovation [9]. It is essential in higher-
order scientific developments and learning and plays
a vital role in the day-to-day affairs of a typical
person [2]. As a result, mathematics teaching and
learning have gained much attention from researchers
worldwide [22], [23]. However, few studies have
been carried out in the subcontinent about the
relationship of students' IMLM with their PUM and
SELPM separately. This study bridges some of this
research gap. Furthermore, it finds out the mediating
role of students’ SELPM between their IMLM and
PUM.

The findings revealed a significant effect and a
positive and linear correlation between the students'
IMLM and their PUM. It reinforces the results of
previous studies, which found a strong relationship
between intrinsic motivation and the utility of
mathematics [26]. PUM and IMLM have also
contributed to a conducive and positive learning
environment [29]. However, the current study does
not align with the findings of Wang and Berlin [57],
who found no significant relationship between the
students' IMLM and PUM. This conflict can arise
because the two studies were conducted in different
contexts, education systems, and times. PUM
depends significantly on how mathematics is taught
in the classroom and how the participants define
utility. In two different contexts, an effective utility
may be defined differently (in underdeveloped
countries, it is more related to basic mathematical
calculations about daily life; in developed countries,
it may be more about higher-order utility). As a
result, those from relatively developing countries
may find their mathematics more effective than those
from relatively more advanced countries.
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Regarding the third hypothesis, the study finds
that students’ SELPM strongly mediates the
relationship between their IMLM and PUM. The
literature has also supported these findings [28].
Although You et al. [28] collected data from both
teachers and students, the crucial finding that self-
efficacy is the eminent mediator is the same in both
studies. The results of the current study also
corroborate those of Tossavainen et al. [39], who
identified a relationship between student self-
efficacy, motivation, and usefulness in performing
different mathematical tasks. It is also logical since
self-efficacy (a person's belief in their ability to
complete a task or achieve a goal) is likely to affect
intrinsic motivation (doing an activity for its inherent
satisfaction rather than some separable consequence)
and the PUM. Self-efficacy has also been shown to
mediate other variables and relationships in
mathematics strongly [48], [58].

5. Conclusion

The present study was designed to examine the
mediating role of SELPM in students' IMLM and
PUM. Data in this quantitative study were collected
using random sampling techniques. As a result, the
findings can be generalized to the target population.
However, as discussed earlier, the literature presents
mixed results on the mediating role of SELPM
between students’ IMLM and their PUM. As a result,
the findings may not be generalized beyond similar
contexts. Apart from context, other variables, such as
academic culture, perceived role and importance of
science and technology in society, teaching
strategies, and the level and type of actual utility of
mathematics in society, may influence the findings.

Despite those concerns, this study's findings
indicate that strategies to increase intrinsic
motivation and self-efficacy should be employed.
These strategies would improve students' interest in
mathematics and also help improve their
understanding, performance, and utility in practical
life.
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