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Abstract

Mathematics education faces significant challenges, with students frequently experiencing anxiety and poor learning outcomes,
particularly in developing countries like Pakistan. Mobile learning apps are promising tools for enhancing student engagement and
motivation through interactive, personalized learning experiences. This study examines the influence of mobile learning app usage
on the mathematics motivation and engagement of secondary school students in Pakistan and investigates how perceived barriers
moderate these relationships. Using convenience sampling, 343 students were selected from 15 secondary schools in Sahiwal district.
The study employed Partial Least Squares Structural Equation Modeling (PLS-SEM) to analyze the data. Results indicate that mobile
learning app usage significantly influences students’ mathematics motivation (f = 0.557, p < 0.001) and engagement ( = 0.283, p
< 0.001), while mathematics motivation also significantly influences engagement (f = 0.525, p < 0.001). The model explained
substantial variance (R? = 0.460 for motivation; R2 = 0.616 for engagement). Moreover, barriers negatively moderated these
relationships (motivation: f = —0.125, p < 0.01; engagement: B = —0.052, p < 0.05). These findings guide policymakers and app
developers in developing contexts. By boosting students’ motivation and engagement, mobile learning can reduce mathematics

anxiety, build confidence, and support wellbeing and success. (Afr J Reprod Health 2026; 30 [2]: 179-193).
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Résumé

L'enseignement des mathématiques est confronté a des défis importants, les éleves souffrant fréquemment d'anxiété et obtenant de
faibles résultats scolaires, notamment dans les pays en développement comme le Pakistan. Les applications mobiles d'apprentissage
constituent des outils prometteurs pour renforcer I'engagement et la motivation des éléves grace a des expériences d'apprentissage
interactives et personnalisées. Cette étude examine l'influence de l'utilisation d'applications mobiles d'apprentissage sur la motivation
et I'engagement en mathématiques des éléves du secondaire au Pakistan et analyse comment les obstacles percus modérent ces
relations. Un échantillon de 343 éleves issus de 15 établissements secondaires du district de Sahiwal a été sélectionné par
échantillonnage de commaodité. L'étude a utilisé la modélisation par équations structurelles aux moindres carrés partiels (PLS-SEM)
pour analyser les données. Les résultats indiquent que I'utilisation d'applications mobiles d'apprentissage influence significativement
la motivation ( = 0.557, p <0.001) et I'engagement (B = 0.283, p < 0.001) des éléves en mathématiques, tandis que la motivation
en mathématiques influence également significativement leur engagement (f = 0.525, p < 0.001). Le mod¢le explique une part
importante de la variance (R? = 0.460 pour la motivation; R? = 0.616 pour 1’engagement). De plus, les obstacles modérent
négativement ces relations (motivation: p=—0.125, p <0.01; engagement: 3 =—0.052, p <0.05). Ces résultats orientent les décideurs
politiques et les développeurs d’applications dans 1’élaboration de contextes d’apprentissage adaptés. En stimulant la motivation et
I’engagement des éléves, I’apprentissage mobile peut réduire I’anxiété liée aux mathématiques, renforcer la confiance en soi et
favoriser le bien-étre et la réussite. (Afr J Reprod Health 2026; 30 [2]: 179-193).

Mots-clés: Enseignement des mathématiques; Apprentissage mobile; Motivation des éléves; Engagement des éléves; Obstacles
technologiques; Pakistan

Introduction half of children and adolescents worldwide failing

to achieve minimum proficiency levels in
The global mathematics education crisis has  mathematics.! This crisis is particularly acute in
reached unprecedented proportions, with more than ~ Pakistan, where mathematics consistently ranks
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among the most challenging subjects for secondary
school students, which often results in student
anxiety and poor learning outcomes.? The Annual
Status of Education Report (ASER) 2023 reveals
that mathematics performance remains critically
low across Pakistani secondary schools, with rural
students  demonstrating  particularly  weak
foundational skills in basic mathematical
operations.? These persistent learning gaps,
combined with limited access to qualified
mathematics teachers in rural areas, underscore the
urgent need for innovative pedagogical approaches
that can reach students beyond traditional
classroom constraints.? Traditional instruction
methods often fail to enhance student motivation
and engagement, which are considered the critical
psychological constructs that drive effective
mathematical learning. In this study, wellbeing is
conceptualized not in a broad psychological sense,
but in terms of students’ educational wellbeing,
notably reduced mathematics anxiety, enhanced
feelings of competence, and increased confidence
that emerge through motivation and engagement.
Mobile learning apps have emerged as promising
solutions, offering interactive experiences that can
transform mathematical understanding through
personalized, accessible learning environments.®
Pakistan presents a compelling research context,
with internet users projected to reach 116.0 million
in 2025, representing 45.7% of the population.*
This  unique combination of significant
mathematics learning challenges and growing
mobile technology access creates an ideal setting
for investigating mobile learning effectiveness in
resource-constrained educational environments.
However, realizing this potential requires
addressing  significant  barriers,  including
technological limitations, economic constraints,
cultural factors, and pedagogical challenges.>®
Existing research suffers from
geographical bias, with 85% of mobile learning
studies originating from developed countries.”®
Furthermore, theoretical frameworks inadequately
capture mobile learning’s complexity by treating
technology adoption and learning motivation as
separate phenomena, while the moderating role of
barriers remains unexplored. This study addresses
these gaps by investigating three key research
questions: (1) How does mobile learning app usage
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influence students’ mathematics motivation and
engagement among secondary school students in
Pakistan? (2) To what extent do perceived barriers
moderate these relationships? (3) What is the
mediating role of students’ mathematics motivation
between app usage and engagement? This study
uses both the Technology Acceptance Model
(TAM) and Self-Determination Theory (SDT), and
incorporates them into a barrier-moderated
framework to offer a complete account of mobile
learning effectiveness in resource-limited settings,
providing both theoretical insights and practical
guidance to inform educational stakeholders.

Literature review

Technology acceptance model (TAM)

The Technology Acceptance Model, developed by
Davis®, represents one of the most widely applied
frameworks for understanding technology adoption
in educational contexts. TAM proposes that
technology acceptance is primarily determined by
two factors: perceived usefulness (PU) and
perceived ease of use (PEOU). These factors
together influence behavioral intention to adopt
new technologies.’® Meta-analytical evidence
confirms TAM’s strong predictive validity in
mobile learning contexts.!!

In  mathematics education,
proven particularly relevant as students’
perceptions of usefulness directly relate to
mathematical self-efficacy and learning outcomes.
However, TAM’s focus on technological aspects
while neglecting motivational factors crucial for
sustained educational use represents a significant
limitation.’> Extended TAM models have
successfully integrated motivational variables,
enhancing their explanatory power in academic
contexts.’*  Importantly, TAM’s perceived
usefulness aligns with SDT’s competence
satisfaction, while perceived ease of use supports
autonomy needs, though TAM’s adoption focus
requires motivational theory to explain sustained
engagement.

TAM has

Mobile learning apps

Mobile learning apps offer structured, pedagogical
experiences that differ from general mobile
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technologies. Research demonstrates significant
effectiveness across mathematical domains,
including algebra, geometry, and probability.46
Gamified elements are particularly effective in
STEM subjects for increasing engagement and
motivation.'” Apps enhance learning through
collaborative  features, adaptive  difficulty
algorithms, immediate feedback mechanisms, and
progress visualization systems. 8

The ubiquitous nature of mobile apps
enables anytime, anywhere learning, while touch
interfaces provide intuitive interaction modalities
that are particularly suited to mathematical content
manipulation.®. However, mobile learning app
research suffers from geographical bias toward
developed countries, while research in resource-
constrained environments remains limited.’® In
developing contexts, apps must address unique
challenges, including limited connectivity, diverse
device capabilities, and varying digital literacy
levels. Most effectiveness studies suffer from
duration limitations, with interventions lasting less
than one month. This raises questions about
sustained effectiveness beyond initial novelty
effects. The educational impact of these
technological features ultimately depends on their
ability to satisfy the psychological needs that drive
sustained learning motivation.

Mathematics motivation and self-

determination theory

Mathematics ~ motivation  serves as  the
psychological catalyst that transforms technology
access into active learning experiences.?’ SDT
provides a comprehensive framework through three
basic psychological needs: autonomy (feeling
volitional), competence (feeling effective), and
relatedness (feeling connected to others).?
Research ~ demonstrates  that  competence
satisfaction most strongly predicts mathematics
achievement, with autonomous  motivation
consistently outperforming controlled motivation in
educational outcomes.?

Mobile learning apps can facilitate
psychological need satisfaction through specific
design features. Self-paced learning environments
support autonomy needs, adaptive challenge
algorithms  enhance competence satisfaction
through appropriately difficult tasks, and

Adolescent wellbeing and digital education

collaborative features address relatedness needs by
connecting students with peers and mathematical
communities.?®*?  However, SDT  remains
underutilized in mobile learning research, with
limited validation in technology-enhanced
mathematics  contexts, despite its strong
explanatory power for educational motivation.?
SDT’s psychological needs are directly supported
by TAM’s adoption factors: autonomy through ease
of use, competence through perceived usefulness,
and relatedness through collaborative features.

Mathematics engagement

Mathematics engagement represents the observable
manifestation of motivation across three
interconnected dimensions: behavioral
(participation, persistence, and effort), emotional
(enjoyment, interest, and reduced anxiety), and
cognitive (deep learning strategies, metacognition,
and self-regulation).?® These dimensions operate
synergistically, with emotionally connected
students employing more sophisticated cognitive
strategies and demonstrating greater persistence
through mathematical challenges.

Mobile learning engagement differs from
traditional ~ classroom  engagement  through
asynchronous behavioral patterns and
individualized experiences. These features may
enhance emotional engagement by providing
personalized feedback and reducing social
comparison anxiety. Mobile apps can enhance
behavioral engagement through interactive content
and progress tracking. They can improve emotional
engagement through gamification elements and
success experiences, and cognitive engagement
through multiple problem-solving strategies and
metacognitive support.?>?” Student engagement in
technology-mediated  environments  requires
satisfaction of SDT’s three basic psychological
needs for optimal development.?®

Role of barriers as moderators

Traditional mobile learning research treats barriers
as implementation obstacles rather than theoretical
moderators of learning relationships. However,
meta-analytical evidence reveals that contextual
factors, including education level, region, and
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culture, systematically moderate mobile learning
acceptance relationships.” This suggests barriers
function as critical boundary conditions that
determine when and how mobile learning achieves
theoretical benefits rather than simply impeding
access. Four barrier types systematically moderate
mobile learning effectiveness: technological
(connectivity, device limitations), economic (costs,
affordability), cultural (family attitudes, gender
restrictions), and pedagogical (teacher support,
curriculum alignment). These barriers create
complex interaction effects that may fundamentally
alter  technology-learning  relationships by
disrupting feedback loops that are essential for
maintaining  motivation and  competence
satisfaction.?® The research indicates that the
presence of epistemological, security, and social
barriers influences the self-efficacy and locus of
control of learners substantially implying that
barriers have a psychological operation through
which they impede the process of motivation that
learners heavily rely on in engaging in prolonged
performance.*

Theoretical integration

This paper fills these gaps by combining both TAM
and SDT. TAM observes that early adoption of
technology based on perceived usefulness and easy
use, whereas SDT explains continued use based on
satisfaction ~ of  psychological needs and
motivational processes. The integration addresses
critical gaps: TAM’s adoption focus provides
insufficient explanation for sustained educational
technology use, while SDT’s motivational focus
lacks consideration of initial technology acceptance
factors. Although studies have separately related
SDT to information technology and TAM to
educational contexts, research investigating mobile
learning effectiveness using integrated TAM-SDT
frameworks in mathematics education remains
limited.™=! This integration is particularly decisive
in developing contexts where both technology
adoption and sustained motivation face significant
challenges due to contextual barriers.

Adolescent wellbeing and digital education
Hypothesis development

Based on the theoretical foundations and
empirical evidence presented, this study
proposes an integrated TAM-SDT framework
with barrier moderation to address identified
research gaps.

Direct effects

The established relationships between technology
acceptance, psychological need satisfaction, and
educational outcomes provide the foundation for
three direct-effect hypotheses:

H1l: Mobile learning app usage positively
influences students’ mathematics motivation.

H2: Mobile learning app usage positively
influences students’ mathematics engagement.

H3: Mathematics motivation positively influences
students’ mathematics engagement.

These relationships reflect the theoretical
integration where TAM’s perceived usefulness and
ease of use facilitate initial app adoption, while
SDT’s psychological need satisfaction mechanisms
(autonomy, competence, relatedness) explain
motivational development. The established three-
dimensional engagement framework (behavioral,
emotional, and cognitive) provides the outcome
structure, with motivation serving as the
psychological catalyst that transforms technology
interaction into sustained learning engagement.

Moderation effects

The barrier literature establishes contextual factors
as critical boundary conditions rather than simple
obstacles, which leads to two moderation
hypotheses:

H4: Barriers negatively moderate the relationship
between mobile app usage and students’
mathematics motivation.

H5: Barriers negatively moderate the relationship
between mobile app usage and students’
mathematics engagement.

These hypotheses extend Baron and Kenny’s*
moderation framework to developing educational
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HE: Motivation mediates Usage—Engagement

Figure 1: Integrated TAM-SDT framework with barrier moderation (researcher framework)

contexts, where barriers may disrupt psychological
mechanisms essential for sustained motivation and

engagement.
Mediation effect

The theoretical integration and SDT literature
support a mediation relationship:

H6: Mathematics motivation mediates the
relationship between mobile app usage and
students’ mathematics engagement.

This hypothesis reflects SDT’s proposition
that environmental factors influence behaviors
through motivational processes. While apps may
directly influence certain engagement behaviors,
their primary impact occurs through the satisfaction
of psychological needs, leading to increased
intrinsic motivation.

Methods

Research design and participants

This study examined relationships between mobile
learning app usage, students’ mathematics
motivation, engagement, and perceived barriers
among secondary school students in Pakistan.
Following Churchill’s®® and DeVellis’s** scale
development guidelines to ensure psychometric

rigor when adapting existing scales to new contexts,
instruments underwent expert review by three
education technology researchers and two
mathematics education specialists.

Due to practical constraints of school access and
institutional ~ permissions in the Pakistani
educational system, particularly for girls’ schools,
this study employed convenience sampling.
Schools were selected based on accessibility and
willingness to participate, with 15 secondary
schools from Sahiwal District ultimately agreeing
to participate in the research. A total of 343 students
from 15 secondary schools in Sahiwal district
participated in the study. The students were in
grades 9-10 (ages 14-17), with balanced
representation: 56% male, 44% female, 45% from
urban schools, and 55% rural schools. Smartphone
access varied: 38% always, 41% sometimes, 15%
often, and 6% rarely (see Table 1). This final
sample size exceeds all recommended thresholds:
(1) power analysis requirement of minimum 300 for
medium effect sizes (f2 = 0.15) in moderation
analysis with 80% power;*® (2) PLS-SEM
requirement of 10 times the most significant
number of formative indicators,® requiring
minimum 120; and (3) Westland’s®" algorithm for
SEM indicating minimum 250 for our
model complexity. While this sampling approach
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Table 1: Demographic information

Demographic %
characteristic
Student Gender Male 56
Female 44
Age 14 to 15 years 60
16 to 17 years 40
Grade Grade 9 52
Grade 10 48
School location Urban 45
Rural/Village Area 55
Smartphone access  Always 38
Sometimes 41
Often 15
Rarely 6

facilitated data collection in a challenging research
environment, it limits the generalizability of
findings beyond similar rural Pakistani contexts.
The findings should be interpreted with caution
when extending to urban areas or other developing
country contexts with different technological and
cultural characteristics. As such, the reliance on
convenience sampling should be considered an
important limitation of the study.

Instrument development

All constructs used 5-point Likert scales, ranging
from 1 (strongly disagree) to 5 (strongly agree).
Mobile Learning App Usage (6 items): Adapted
from Davis® and Venkatesh®, measuring
frequency, dependence, integration, help-seeking,
preference, and habitual use in mathematics
learning contexts. Mathematics Motivation (8
items): Adapted from Ryan’s* Intrinsic Motivation

Inventory, capturing enjoyment, perceived
competence, autonomy, and  value/utility
dimensions specific to mobile mathematics

learning. Mathematics Engagement (8 items):
Adapted from Appleton et al.** and Wang et al.?,
measuring behavioral, emotional, and cognitive
engagement with mathematics through mobile
apps. Perceived Barriers (12 items): Developed
based on TAM literature and Pakistan-specific
studies, covering four dimensions: technological
(device access, connectivity), economic (data costs,
affordability), cultural (family restrictions, gender
limitations), and pedagogical (teacher support,

Adolescent wellbeing and digital education

curriculum alignment) barriers. To ensure cultural
appropriateness, all items were reviewed by local
education experts to verify linguistic and contextual
relevance before translation. Questionnaires were
developed bilingually (English/Urdu) using back-
translation procedures.** Pilot testing with 30
students confirmed clarity and reliability before
main data collection.

Data collection and analysis

A total of 390 questionnaires were distributed in the
selected schools. Out of these, 350 questionnaires
were returned, yielding a response rate of 89.7%.
After screening for incomplete responses and data
quality issues, 343 questionnaires were deemed
suitable for analysis, yielding a usable response rate
of 88.0%.

Following the methodological
recommendations of Podsakoff et al.*? and Kock*®,
we implemented multiple approaches to assess and
mitigate common method bias (CMB). First, we
executed Harman’s single factor test using SPSS by
entering all principal constructs into an unrotated
principal component analysis This analysis
revealed a solution having six factors that explain
70.09% of total variance, and the first factor
explained variance at 32.76%, which is well below
the 50% level that is considered problematic for
CMB. Second, we conducted Kock’s®® full
collinearity assessment using the variance inflation
factor (VIF) analysis. VIF values above 3.3 indicate
pathological collinearity and potential CMB
contamination. Our PLS algorithm analysis
revealed VIF values ranging from 1.646 to 3.291
across all measurement items, with all values
remaining below the critical threshold of 3.3,
indicating no significant CMB issues. Third,
examination of the inter-correlation matrix showed
no correlations exceeding 0.90, with the highest
correlation at 0.751, further confirming the absence
of severe  multicollinearity.  Additionally,
procedural remedies were implemented, including
psychological separation through varied question
formats and anonymous data collection with
assurances of confidentiality. These comprehensive
assessments provide strong evidence that CMB
does not significantly impede the validity of our
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findings. We conducted descriptive statistics and
reliability analysis of the collected data using SPSS
version 21.0 and evaluated the demographic profile
of the sample and internal consistency of
constructs. We then employed PLS-SEM using
SmartPLS 4.0 software to analyze our research
model. Consistent with the suggested two-stage
approach to SEM analysis, the measurement model
was tested initially, followed by the testing of the
structural model.*® PLS-SEM was selected for this
study because of its efficiency in complex model
handling, prediction focus, and non-normal data
accommodation suitable when the objective is
prediction and theory development rather than
theory confirmation in the context of a developing
country.

Ethical approval

This study received ethical approval from the
District Education Office of Sahiwal, Pakistan
(Date: January 14, 2025, Approval No: 218/G).
Following approval, the researchers visited
participating schools individually, presented the
approval letter to school principals, and provided
copies for institutional records. Data collection
proceeded only after obtaining written permission
from school administrators. Written informed
consent was obtained from the parents or legal
guardians of all participating students, and student
assent was secured after explaining the research
purpose, the voluntary nature of participation,
confidentiality measures, and the right to withdraw
without penalty. All data were anonymized and
stored securely in compliance with data protection
standards.

Results

Measurement model

At first, the measurement model was assessed for
convergent validity (see Appendix A). This was
calculated using factor loadings, Variance Inflation
Factor (VIF) values, Composite Reliability (CR),
Cronbach’s alpha, and Average Variance Extracted
(AVE). Table 2 indicates that all the loadings of the
items exceeded the recommended measurement
cut-off of 0.6 suggested by Chin.* In addition, the

Adolescent wellbeing and digital education

range of the estimates of composite reliability,
which is actually the extent to which the indicator
variables reflect the latent construct, exceeded the
recommended level (0.70). Cronbach alpha value
also meets the standard criteria of 0.70, while mean
variance extracted (0.60) was higher than the
suggested amount of 0.5, and as such, the indicators
accounted for a significant proportion of the
variance of the latent construct.®

These results confirm that the measurement
model is both reliable and valid, indicating that the
constructs  consistently  capture  students’
mathematics motivation, engagement, and barriers.
In practical terms, this means the instruments used
provide dependable insights into students’ learning
experiences. This was followed by an assessment of
discriminant validity, which describes how
dissimilar constructs are measured. Table 3
indicates that the diagonal values representing the
square root of AVE (of each construct) have higher
values compared to their corresponding correlation
coefficients thus satisfying discriminant validity
criteria.*®

To address recent criticism of traditional
discriminant validity assessment, we conducted
heterotrait-monotrait (HTMT) ratio analysis
following Henseler et al.*® recommendations. This
approach offers improved detection of discriminant
validity issues compared to the conventional
Fornell-Larcker criterion. Using the conservative
0.85 threshold,*" all HTMT values in our study fell
below this criterion (see Table 4), indicating

satisfactory  discriminant  validity = between
constructs.

Structural model

To assess the structural model, Hair et al.®

recommended considering the R, beta, and their t-
values through the bootstrapping process at a
resample of 5000 (see Appendix B). First, we
assessed the direct relationship between the
targeted variables. As given in Table 5, mobile
learning app usage positively influences students’
mathematics motivation (p = 0.557; t=15.696; p <
0.001) and students’ mathematics engagement (f =
0.283; t = 6.559; p < 0.001). In addition, students’
mathematics motivation also positively influenced
students’ mathematics engagement (p = 0.525; t=
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Table 2: Validity and reliability for constructs

Constructs Items Loadings VIF Cronbach’sa  AVE CR
Mobile Learning App Usage MAI1 0.816 2.118 0.885 0.636 0913
MA2 0.803 2.046
MA3 0.796 1.940
MA4 0.791 1.926
MAS 0.797 1.921
MA6 0.781 1.895
Students’ Mathematics Motivation SM1 0.714 1.665 0.888 0.560 0.910
SM2 0.763 1.863
SM3 0.712 1.646
SM4 0.760 1.848
SM5 0.748 1.787
SM6 0.772 1.869
SM7 0.766 1.894
SM8 0.748 1.763
Students’ Mathematics Engagement  SE1 0.813 2.348 0.919 0.640 0.934
SE2 0.782 2.069
SE3 0.816 2.371
SE4 0.807 2.311
SES 0.794 2.147
SE6 0.792 2.147
SE7 0.805 2.216
SES8 0.787 2.163
Perceived Barriers B1 0.896 3.291 0.972 0.611 0.974
B2 0.751 3.117
B3 0.779 3.291
B4 0.618 3.287
B5 0.752 3.054
B6 0.874 3.201
B7 0.844 3.156
B8 0.798 3.273
B9 0.819 3.098
B10 0.759 3.248
B11 0.755 3.156
B12 0.696 3.137

Table 3: Discriminant validity

Constructs 1 2 3 4
Mobile App Usage 0.797 0.646 0.654 -0.192
Students’ Mathematics Motivation 0.646 0.748 0.746 -0.124
Students’ Mathematics Engagement 0.654 0.746 0.800 0.099
Perceived Barriers -0.192 -0.124 -0.099 0.782

Table 4: Heterotrait-monotrait (HTMT)

Constructs 1 2 3 4

Mobile App Usage 1.000 0.726 0.723 0.135
Students’ Mathematics Motivation 0.726 1.000 0.824 0.056
Students’ Mathematics Engagement 0.723 0.824 1.000 0.047
Perceived Barriers 0.135 0.056 0.047 1.000

Note: An empty box is used as a standard reporting method of the HTMT procedure
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Table 5: Structural estimates (hypothesis testing)

Adolescent wellbeing and digital education

Hypotheses Path Beta SD T 2.5% 97.5% P Value Decision
Value
Direct Effects
H1 MA — SM 0.557 0.035 15.696 0.484 0.624 0.000 Supported
H2 MA — SE 0.283 0.043 6.559 0.204 0.372 0.000 Supported
H3 SM — SE 0.525 0.040 13.202 0.442 0.596 0.000 Supported
Moderation
Effects
H4 B x MA — -0.125 0.040 3.164 -0.229 -0.079  0.002 Supported
SM
H5 B x MA — -0.052 0.026 1995 -0.097 -0.010  0.046 Supported
SE
Mediation Effect
H6 MA—->SM— 0292 0030 9.727 0.232 0.351 0.000 Supported
SE (Partial
mediation
analysis)

*Notes: MA = Mobile App Usage; SM = Student Mathematics Motivation; SE = Student Mathematics Engagement; B = Perceived

Barriers

Table 6: Structural model results

Constructs R2 Q2 SRMR NFI
Mobile Learning App Usage - - - -
Students’ Mathematics Motivation 0.460 0.226 — -
Students’ Mathematics Engagement 0.616 0.315 0.071 0.915

Perceived Barriers -

13.202; p < 0.001). Therefore, H1, H2, and H3 were
supported (See Table 5). Moreover, barriers
moderated the relationships between mobile
learning app usage and students’ mathematics
motivation (f =-0.125; t = 3.164; p < 0.01) as well
as between mobile learning app usage and students’
mathematics engagement (§ = -0.052; t = 1.995; p
< 0.05). Therefore, H4 and H5 were also supported.
We then assessed the coefficient of determination
(R?). The R? values of 0.460 for students’
mathematics motivation and 0.616 for students’
mathematics engagement indicate that the model
demonstrates substantial explanatory power. These
values exceed Cohen’s*® guidelines for substantial
effect sizes in behavioral research. Model fit was
assessed using the standardized root mean square
residual (SRMR) and normed fit index (NFI). The
SRMR value of 0.071 is below the threshold
of 0.08, and the NFI value of 0.915 exceeds 0.90,
indicating good model fit.* (see Table 6).

Beyond statistical significance, these
coefficients suggest meaningful improvements in

practice. For example, the strong path coefficient
between mobile app usage and mathematics
motivation (B = 0.557) indicates that students who
use mobile learning apps are substantially more
motivated, which may also translate into greater
confidence and persistence in mathematics tasks.
Similarly, the positive effect of motivation on
engagement (B = 0.525) highlights that motivated
students are not only more likely to participate but
also to sustain their effort and enjoyment, reflecting
real-world educational benefits. These coefficients,
while statistically significant, also carry practical
meaning: stronger mobile app usage corresponds to
noticeable gains in students’ confidence and
persistence in mathematics tasks, which reflects
both improved engagement and wellbeing.

Mediation analysis

Following Zhao et al.>°, we examined the mediation
effect of students’ mathematics motivation on the
relationship between mobile learning app usage and
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students’ mathematics engagement. The indirect
effect was significant (B = 0.292, t = 9.727, p <
0.001), with a 95% confidence interval [0.232,
0.351] that does not cross zero, as shown in Table
5. The direct effect remained significant in the
presence of the mediator, indicating partial
mediation. The variance accounted for (VAF) was
calculated as 50.8%, confirming partial mediation
and supporting H6.

Discussion

The findings of this study offer compelling
evidence that mobile learning apps have the
potential to serve as powerful tools for enhancing
students’ mathematics motivation and engagement
among  secondary  school  students in
underprivileged regions of Pakistan, provided that
implementation  barriers are  systematically
addressed. By integrating the TAM and SDT, we
have developed a comprehensive framework that
explains not only the adoption of mobile learning
technologies but also their psychological influence
on students in resource-constrained environments.
The significant positive relationships between
mobile app usage and both students’ mathematics
motivation ( = 0.557) and engagement ( = 0.283)
validate our theoretical proposition that well-
designed digital tools can satisfy fundamental
psychological needs while overcoming traditional
barriers to mathematics learning.?*?*%* These
improvements in motivation and engagement are
not only academic in nature but also psychological,
as they are associated with reduced mathematics
anxiety and enhanced competence, both important
aspects of students’ wellbeing.

Our analysis identifies that the
effectiveness of mobile learning apps works
through multiple mechanisms. At the most
fundamental level, these tools provide accessible,
interactive content that aligns with TAM’s core
constructs of perceived usefulness and ease of use.
However, the stronger relationship with motivation
suggests that their actual value lies in their ability to
foster intrinsic motivation by supporting autonomy
(through self-paced learning), competence (through
adaptive challenges), and relatedness (through
collaborative features). This finding extends SDT’s
application to digital learning environments in
developing countries, demonstrating that even in
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contexts with significant infrastructural challenges,
technology can still fulfill basic psychological
needs when properly implemented.?452

The moderating role of perceived barriers
provides critical insights for both theory and
practice. Rather than mobile learning simply
overcoming traditional educational barriers, our
results demonstrate that barriers significantly
disrupt the psychological mechanisms through
which mobile learning influences outcomes. The
stronger adverse moderation effect on motivation (8
= -0.125) compared to engagement (p = -0.052)
suggests that barriers particularly undermine the
need-satisfying qualities of technology that are
essential for sustained motivation.® This finding
indicates that the mere provision of mobile learning
technology is insufficient; effectiveness requires
systematic attention to removing technological,
economic, cultural, and pedagogical constraints that
may prevent students from fully benefiting from
these tools.>

Our mediation analysis provides additional
nuance, showing that students’ mathematics
motivation explains approximately half of the
impact of mobile learning on engagement (VAF =
50.8%). This partial mediation indicates that
although apps directly facilitate certain engagement
behaviors (e.g., time spent practicing problems),
their most powerful effects emerge through the
motivational pathways described by SDT. This has
important implications for app design, suggesting
that features supporting psychological needs may
be as crucial as content delivery mechanisms for
achieving meaningful learning outcomes.>*

The study makes several theoretical
contributions. First, it bridges the gap between
adoption-focused models like TAM and learning-
focused theories like SDT, providing a more
comprehensive framework for understanding
educational technology effectiveness. Second, it
extends moderation theory to educational
technology contexts, demonstrating how barriers
fundamentally alter the relationships between
technology use and learning outcomes. Third, it
contributes to mathematics education research by
identifying specific mechanisms through which
technology can address the motivational challenges
that often hinder mathematics learning in
developing countries.
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Implications for policy and practice

The findings have important implications for
educational stakeholders in resource-constrained
environments. Policymakers should recognize that
mobile learning interventions require
comprehensive support systems beyond providing
devices or apps, as our barrier moderation findings
demonstrate that benefits are conditional rather than
automatic. Technological solutions must account
for limited connectivity through offline capabilities,
while economic interventions might include
subsidized data plans or low-cost devices. Cultural
barriers require engagement with families and
communities, particularly for female students.5%5
Pedagogical integration demands teacher training
and curriculum alignment to ensure apps
complement rather than compete with classroom
instruction.>” For app developers, designing for
psychological need satisfaction may be as crucial as
technical features. We recommend collaborative
efforts among policymakers, educators, and
developers to create interventions that are not
merely accessible but actually effective in
improving students’ mathematics motivation and
engagement.

Strengths and limitations

This study has several notable strengths, including
the integration of TAM and SDT within a barrier-
moderated framework, valuable evidence from
Pakistan, where mobile learning research has been
limited, the PLS-SEM methodology allowing for
the simultaneous testing of relationships, and an
adequate sample size (n = 343). However,
limitations should be acknowledged. The cross-
sectional design prevents the establishment of
causality, as pre-existing motivated students may be
more likely to engage with apps. Convenience
sampling from the Sahiwal District limits
generalizability. ~ Self-report  measures  may
introduce bias, though CMB assessments indicated
minimal concern. The study did not examine
specific app features. Future research should
employ experimental designs, longitudinal
approaches, and cross-contextual examinations to
establish causality and generalizability
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Conclusion

This study provides comprehensive evidence for
the effectiveness of mobile learning apps in
enhancing students’ mathematics motivation and
engagement among secondary students in Pakistan.
The integration of TAM and SDT offers a
comprehensive  theoretical ~ framework  for
understanding both technology adoption and
learning effectiveness in developing educational
contexts, particularly for mathematics education,
where motivational challenges are prevalent. The
significant positive effects of mobile learning app
usage on student outcomes, combined with the
essential moderating role of perceived barriers,
highlight both the potential and challenges of
mobile learning implementation. In particular, the
moderating role of barriers requires continuous
attention, as it fundamentally shapes how mobile
learning influences student motivation and
engagement in developing contexts. The findings
suggest that while mobile learning can significantly
improve mathematics education, realizing its full
potential requires systematic attention to contextual
constraints that may undermine effectiveness. As
educational systems worldwide increasingly
embrace digital transformation, understanding
these relationships becomes essential for ensuring
equitable and effective learning opportunities.
Although the study primarily focused on motivation
and engagement, the findings indirectly support
students’ wellbeing by showing how mobile
learning can help reduce anxiety, foster confidence,
and build a stronger sense of competence in
mathematics. Our findings offer both theoretical
insights and practical guidance for stakeholders
seeking to leverage mobile technology for
improving mathematics education in resource-
constrained environments. The study’s contribution
extends beyond the Pakistani context, offering
insights applicable to similar developing
educational settings worldwide. As the global
community works toward achieving Sustainable
Development Goal 4 (Quality Education),
evidence-based understanding of mobile learning
effectiveness becomes increasingly critical for
educational policy and practice.

African Journal of Reproductive Health January 2026; 30 (2):189



Rao et al.

Contribution of authors

MSR and KN conceived the study and designed the
research methodology. MSR collected the data.
MSR, KN, DW, and FA conducted the data analysis
and interpreted the findings. MSR and KN drafted
the original manuscript, and MSR, KN, DW, and
FA critically reviewed and revised it. All authors
approved the final version.

Conflict of interests

The authors declare no conflicts of interest related
to the research, authorship, or publication of this
article. This research received no funding from
public, commercial, or not-for-profit sectors.

Acknowledgments

The authors thank the District Education Office of
Sahiwal, Pakistan, for granting permission to
conduct this research. We are grateful to the
participating schools, students, and their families
for their participation and cooperation. Special
thanks to the school administrators and teachers
who facilitated data collection

References

1. UNESCO Institute for Statistics. More than one-half of
children and adolescents are not learning worldwide
(Fact Sheet No. 46). Montreal: UIS 2017.
http://uis.unesco.org/sites/default/files/documents/fs
46-more-than-half-children-not-learning-en-
2017.pdf. Accessed 03 July 2025.

2. ASER Pakistan. Annual status of education report 2023.
ASER Pakistan 2023. Accessed 30 June 2025.

3. Shurygin V and Anisimova T. Modern approaches to
teaching future teachers of mathematics: The use of
mobile applications and their impact on students’
motivation and academic success in the context of
STEM education. Interactive Learning
Environments 2023;32(6):2884-2898.
https://doi.org/10.1080/10494820.2022.2162548

4.DataReportal. Digital 2025: Pakistan.
https://datareportal.com/reports/digital-2025-
pakistan 2025. Accessed 02 July 2025.

5. Jamil S. The COVID-19 pandemic and e-learning: The
digital divide and educational crises in Pakistan’s
universities. ~ American  Behavioral  Scientist
2023;67(3):267-285.
https://doi.org/10.1177/00027642231156779

6. Muslem A, Yusuf YQ, and Juliana R. Perceptions and
barriers to ICT use among English teachers in

Adolescent wellbeing and digital education

Indonesia. Teaching and Teacher Education
2018;72:19-29.
https://doi.org/10.1016/j.tate.2018.02.012

7. Liu C, Wang Y, Evans M, and Correia AP. Critical
antecedents of mobile learning acceptance and
moderation effects: A meta-analysis on technology
acceptance model. Education and Information
Technologies 2024;29(8):20351-20382.
https://doi.org/10.1007/s10639-024-12645-8

8. Crompton H and Burke D. The use of mobile learning in
higher education: A systematic review. Computers &
Education 2018;123:53-64.
https://doi.org/10.1016/j.compedu.2018.04.007

9. Davis FD. Perceived usefulness, perceived ease of use, and
user acceptance of information technology. MIS
Quarterly 1989;13(3):319-340.
https://doi.org/10.2307/249008

10. Venkatesh V and Davis FD. A theoretical extension of the
technology acceptance model: Four longitudinal
field studies. Management Science 2000;46(2):186-
204. https://doi.org/10.1287/mnsc.46.2.186.11926

11. Al-Emran M, Mezhuyev V, and Kamaludin A. Technology
acceptance model in M-learning context: A
systematic review. Computers & Education
2018;125:389-412.
https://doi.org/10.1016/j.compedu.2018.01.003

12. Pedrotti M and Nistor N. How students fail to self-regulate
their online learning experience. In Proceedings of
the 11th European Conference on Technology
Enhanced Learning (pp. 377-385). Springer 2016.
https://doi.org/10.1007/978-3-319-45153-4_29

13. Teo T, Milenkovic D, and Lim SC. Technology acceptance
model in M-learning context: A systematic review.
Computers & Education 2019;109:56-73.
https://doi.org/10.1016/j.compedu.2017.02.005

14. Jagust T, Botic¢ki I, and So HJ. Examining competitive,
collaborative and adaptive gamification in young
learners’ math learning. Computers & Education
2018;125:444-457.
https://doi.org/10.1016/j.compedu.2018.06.022

15. Chang KE, Wu LJ, Lai SC, and Sung YT. Using mobile
devices to enhance the interactive learning for spatial
geometry. Interactive Learning Environments
2016;24(4):916-934.
https://doi.org/10.1080/10494820.2014.948458

16. Cai S, Liu E, Shen Y, Liu C, Li S, and Shen Y. Probability
learning in mathematics using augmented reality:
Impact on student’s learning gains and attitudes.
Interactive Learning Environments 2020;28(5):560-
573.
https://doi.org/10.1080/10494820.2019.1696839

17. Zhao J, Hwang GJ, Chang SC, Yang QF, and Nokkaew A.
Effects of gamified interactive E-books on students’
flipped learning performance, motivation, and Meta-
cognition tendency in a mathematics course.
Educational Technology Research and Development
2021;69(6):3255-3280.
https://doi.org/10.1007/s11423-021-10053-0

18.0Outhwaite LA, Gulliford A, and Pitchford NJ.
Understanding how educational maths apps can

African Journal of Reproductive Health January 2026; 30 (2):190



Rao et al.

enhance learning: A content analysis and qualitative
comparative analysis. British Journal of Educational
Technology 2023;54(4):1045-1063.
https://doi.org/10.1111/bjet.13339

19. Sung YT, Chang KE, and Liu TC. The effects of integrating
mobile devices with teaching and learning on
students’ learning performance: A meta-analysis and
research synthesis. Computers & Education
2016;94:252-275.
https://doi.org/10.1016/j.compedu.2015.11.008

20. Ramirez G, Shaw ST, and Maloney EA. Math anxiety: Past
research, promising interventions, and a new
interpretation framework. Educational Psychologist
2018;53(3):145-164.
https://doi.org/10.1080/00461520.2018.1447384

21. Ryan RM and Deci EL. Self-determination theory and the
facilitation of intrinsic  motivation,  social
development, and well-being. American
Psychologist 2000;55(1):68-78.
https://doi.org/10.1037/0003-066X.55.1.68

22. Wang MT, Degol JL, and Ye F. Math achievement is
important, but task values are critical, too:
Examining the intellectual and motivational factors
leading to gender disparities in STEM careers.
Frontiers in Psychology 2022;13:Article 809698.
https://doi.org/10.3389/fpsyg.2022.809698

23. Jeno LM, Adachi PJ, Grytnes JA, Vandvik V, and Deci EL.
The effects of m-learning on motivation,
achievement and well-being: A self-determination
theory approach. British Journal of Educational
Technology 2019;50(2):669-683.
https://doi.org/10.1111/bjet.12657

24. Guay F. Applying self-determination theory to education:
Regulations types, psychological needs, and
autonomy supporting behaviors. Canadian Journal
of  School Psychology 2022;37(1):75-92.
https://doi.org/10.1177/08295735211055355

25. Chen KC and Jang SJ. Motivation in online learning:
Testing a model of self-determination theory.
Computers in Human Behavior 2010;26(4):741-752.
https://doi.org/10.1016/j.chb.2010.01.011

26. Fredricks JA, Blumenfeld PC, and Paris AH. School
engagement: Potential of the concept, state of the
evidence. Review of Educational Research
2004;74(1):59-1009.
https://doi.org/10.3102/00346543074001059

27. Wang MT, Fredricks JA, Ye F, Hofkens TL, and Linn JS.
The math and science engagement scales: Scale
development, validation, and  psychometric
properties. Learning and Instruction 2016;43:16-26.
https://doi.org/10.1016/j.learninstruc.2016.01.008

28. Chiu TK. Applying the self-determination theory (SDT) to
explain student engagement in online learning during
the COVID-19 pandemic. Journal of Research on
Technology in Education 2021;54(supl):S14-S30.
https://doi.org/10.1080/15391523.2021.1891998

29. Bervell B and Umar IN. Validation of the UTAUT model:
Re-considering  non-linear  relationships  of
exogenous variables in higher education technology
acceptance  research.  Eurasia  Journal  of

30.

31

31.

32

33

34

35

36

37

38

39

40

41

Adolescent wellbeing and digital education

Mathematics, Science and Technology Education
2017;13(10):6471-6490.
https://doi.org/10.12973/ejmste/78076

Magsayo AH. Factors influencing mobile learning

acceptance among higher education students: An

technology
International Journal of Mobile Learning and
Organisation
https://doi.org/10.1504/1JML0.2023.131456

. Nikou SA and Economides AA. Mobile-based assessment:
Investigating the factors that influence behavioral

Computers

extended

intention

to use.

2017;109:56-73.
https://doi.org/10.1016/j.compedu.2017.02.005

accepta

2023,

nce model.

17(3):312-329.

& Education

Baron RM and Kenny DA. The moderator-mediator

variable distinction in social psychological research:
Conceptual, strategic, and statistical considerations.
Journal of Personality and Social Psychology

1986;51(6):1173-1182.

. Churchill GA. A paradigm for developing better measures
of marketing constructs. Journal of Marketing

1979;16(1):64-73.
https://doi.org/10.1177/002224377901600110

. DeVellis RF. Scale development: Theory and applications
(4th ed.). Sage Publications 2017.

. Faul F, Erdfelder E, Buchner A, and Lang AG. Statistical
power analyses using G*Power 3.1: Tests for

Research

correlation and

Research

European

Methods
https://doi.org/10.3758/BRM.41.4.1149

. Hair JF, Risher JJ, Sarstedt M, and Ringle CM. When to
use and how to report the results of PLS-SEM.

Business

Review

2009;41

regression analyses. Behavior

(4):1149-1160.

2019;31(1):2-24.

https://doi.org/10.1108/EBR-11-2018-0203
. Westland JC. Lower bounds on sample size in structural
equation modeling. Electronic Commerce Research
2010;9(6):476-487.

and

Applications
https://doi.org/10.1016/j.elerap.2010.07.003

. Venkatesh V, Morris MG, Davis GB, and Davis FD. User
acceptance of information technology: Toward a
unified view. MIS Quarterly 2003;27(3):425-478.
https://doi.org/10.2307/30036540

. Ryan RM. Control and information in the intrapersonal
sphere: An extension of cognitive evaluation theory.
Journal of Personality and Social Psychology

1982;43(3):450-461.
3514.43.3.450

. Appleton JJ, Christenson SL, Kim D, and Reschly AL.
Measuring cognitive and psychological engagement:
Validation of the student engagement instrument.
Journal of School Psychology 2006;44(5):427-445.
https://doi.org/10.1016/j.jsp.2006.04.002

. Brislin RW. Back-translation for cross-cultural research.

of Cross-Cultural
1970;1(3):185-216.
https://doi.org/10.1177/135910457000100301

. Podsakoff PM, MacKenzie SB, Lee JY, and Podsakoff NP.
Common method biases in behavioral research: A
critical review of the literature and recommended

Journal

remedies.

Journal

https://doi.org/10.1037/0022-

of

Applied

Psychology

Psychology

African Journal of Reproductive Health January 2026; 30 (2):191



Rao et al.

42.

43.

44,

45.

46.

47.

48.

49.

2003;88(5):879-903.
9010.88.5.879

Kock N. Common method bias in PLS-SEM: A full
collinearity assessment approach. International
Journal of e-Collaboration 2015;11(4):1-10.
https://doi.org/10.4018/ijec.2015100101

Chin WW. The partial least squares approach to structural
equation modeling. Modern Methods for Business
Research 1998;295-336.

Fornell C and Larcker DF. Evaluating structural equation
models  with  unobservable variables and
measurement error. Journal of Marketing Research
1981;18(1):39-50.
https://doi.org/10.1177/002224378101800104

Henseler J, Ringle CM, and Sarstedt M. A new criterion for
assessing discriminant validity in variance-based
structural equation modeling. Journal of the
Academy of Marketing Science 2015;43(1):115-135.
https://doi.org/10.1007/s11747-014-0403-8

Kline RB. Principles and practice of structural equation
modeling (3rd ed.). Guilford Press 2011.

Cohen J. Statistical power analysis for the behavioral
sciences (2nd ed.). Lawrence Erlbaum Associates
1988.

Hu LT and Bentler PM. Cutoff criteria for fit indexes in
covariance structure analysis: Conventional criteria
versus new alternatives. Structural Equation
Modeling 1999;6(1):1-55.
https://doi.org/10.1080/10705519909540118

Zhao X, Lynch JG, and Chen Q. Reconsidering Baron and
Kenny: Myths and truths about mediation analysis.
Journal of Consumer Research 2010;37(2):197-206.
https://doi.org/10.1086/651257

https://doi.org/10.1037/0021-

50.

51.

52.

53.

54.

55.

56.

Adolescent wellbeing and digital education

Dowker A, Sarkar A, and Looi CY. Mathematics anxiety:
What have we learned in 60 years? Frontiers in
Psychology 2016;7:Article 508.
https://doi.org/10.3389/fpsyg.2016.00508

Porter G, Hampshire K, Milner J, Munthali A, Robson E,
De Lannoy A, Bango A, Gunguluza N, Mashiri M,
Tanle A, and Abane A. Mobile phones and education
in Sub-Saharan Africa: From youth practice to public
policy. Journal of International Development
2016;28(1):22-39. https://doi.org/10.1002/jid.3116

Hamidi H and Chavoshi A. Analysis of the essential factors
for the adoption of mobile learning in higher
education: A case study of students of the University
of Technology. Telematics and Informatics
2018;35(4):1053-1070.
https://doi.org/10.1016/j.tele.2017.09.016

Niemiec CP and Ryan RM. Autonomy, competence, and
relatedness in the classroom: Applying self-
determination theory to educational practice. Theory
and Research in Education 2009;7(2):133-144.
https://doi.org/10.1177/1477878509104318

GSMA. The mobile gender gap report 2022. Mobile
forDevelopment.  https://www.gsma.com/r/gender-
gap/. Accessed 30 June 2025.

Hussain | and Safdar M. Role of information technologies
in bridging the gender digital divide in Pakistan.
Technology in Society 2020;63:Article 101348.
https://doi.org/10.1016/j.techsoc.2020.101348

Teo T. Factors influencing teachers’ intention to use
technology: Model development and test. Computers
& Education 2011;57(4):2432-2440.
https://doi.org/10.1016/j.compedu.2011.06.008

African Journal of Reproductive Health January 2026; 30 (2):192



Rao et al. Adolescent wellbeing and digital education

Appendix

L)) e i3 B4 am B2

'\'\D:‘Jﬁ\ \0618“}752 08?‘ / // /%
07510779 /wz

B 0819_075970.75570.65

08130782 0816 opy a7 0792 0205 0787

2/
h ./././/\.\.\\

Appendix A: Measurement model: Factor loadings, VIF values, composite reliability (CR), Cronbach’s o, and
average variance extracted (AVE) for all constructs
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Appendix B: Standardized path coefficients () and t-values from the bootstrapping procedure
(5,000 resamples) illustrating direct, moderation, and mediation effects
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