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Teacher-made 360-degree VR tours for foreign language learning: insights into
learned helplessness in a low socioeconomic status context

M. Eftekhari, M. Rahimi"

English Department, Shahid Rajaee Teacher Training University, Tehran, Iran

ABSTRACT

Educational technology has long been recognized as a powerful
Received: 17 July 2025 tool for enhancing foreign language learning opportunities, with particular relevance for
Reviewed: 10 September 2025 students in under-resourced environments where instructional quality and materials are
Revised: 09 October 2025 often limited. Among emerging tools, virtual reality (VR) videos have gained increasing
Accepted: 12 December 2025 attention for their capacity to create immersive, authentic learning experiences in recent

years. Despite the promise of these emerging technologies, little is known about how their
pedagogical effectiveness varies among learners with different psychological profiles. One

KEYWORDS: such psychological factor-learned helplessness (LH)- plays a critical role in students’ academic
VR behaviours, motivation, and resilience. Learners with high LH often experience persistent
360-Degree Videos negative expectations about their abilities, reduced perseverance, and diminished
EFL Learning engagement, potentially limiting the benefits they receive from technology-enhanced
Learned-Helplessness learning environments. Although previous research has explored LH in EFL settings and the
Low SES equity implications of educational technology, no study to date has examined how teacher-

made 360° VR videos influence language learning outcomes across LH levels in a low
* Corresponding author socioeconomic status (SES). Therefore, the present study was designed to fill this gap by
& rahimi@sru.ac.ir examining the effects of teacher-made 360° VR tours on English achievement among students
@ (+9821) 22970035 with different levels of LH in an underprivileged setting.

The study employed a mixed-methods experimental design. Fifty-
eight female 10th-grade students (aged 15-16) from an underprivileged school were
randomly assigned to an experimental (n=29) and a control group (n=29). The experimental
group used tailored 360° VR tours, made by a Samsung Gear 360 camera, and the control
group used ready-made 360 VR videos from YouTube for one academic year. The learning
gains were assessed by the English final exam, and the level of LH was evaluated by the EFL-
LH scale. Quantitative data were analyzed using a two-way analysis of variance (ANOVA) to
compare post-test performance between research groups and participants with different
levels of LH. To explore learner perceptions, an open-ended questionnaire was used with a
purposive subsample representing both high- and low-LH groups. Qualitative data were
analyzed thematically to identify patterns in learners’ perceptions of the VR learning
experience.

Quantitative results showed no statistically significant difference in English
achievement between the teacher-made 360° VR tour group and the ready-made VR video
group, although the experimental group demonstrated slightly higher mean gains. However,
LH emerged as a strong differentiating factor [F(2, 52)=5.311, p=0.008<0.05]. Learners with
low LH significantly outperformed high-LH learners both within and across the two
instructional conditions. Low-LH learners in the experimental group demonstrated the
greatest improvement, suggesting that immersive, teacher-designed experiences may be
particularly effective for motivated and self-efficacious learners. Qualitative findings
illustrated that low-LH learners expressed positive attitudes, describing the tours as engaging,
relevant, and helpful in improving vocabulary and comprehension. In contrast, high-LH
learners reported difficulties in maintaining interest, scepticism about the educational value
of the VR tours, and occasional feelings of being overwhelmed by the immersive environment.
The study highlights the nuanced role of LH in shaping learners’ responses to
immersive educational technologies. While teacher-made 360° VR tours have the potential to
enhance engagement and learning, their benefits are not equally distributed among all
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learners. In low-SES contexts, where LH may be more prevalent due to environmental and
systemic constraints, simply introducing advanced technologies is not sufficient for ensuring
equitable learning outcomes. Effective integration of VR tools requires pedagogical
scaffolding, emotional support, and targeted interventions to address LH-related barriers.
These findings underscore the need for context-sensitive technology integration frameworks
that consider both technological affordances and learners' psychological differences.

COPYRIGHTS
@ ® @ © 2026 The Author(s). This is an open-access article distributed under the terms and conditions of the Creative Attribution-
NC NonCommercial 4.0 International (CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/)
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Introduction

The diffusion of information and
communication technologies (ICTs) has
significantly contributed to educational equality
by providing the resources disadvantaged
learners need and helping them reach their full
potential in academic and professional arenas.
However, providing technological services to
narrow the digital divide does not automatically
lead to academic success or community
empowerment in low-socioeconomic-status
(SES) environments. The reason lies in the fact
that using technology for pedagogical purposes
depends on many factors, including “economic
conditions, teachers, social dynamics, and
institutional culture differences” [1, p. 1070] in
this milieu. While previous research on this
issue has mainly focused on technological
variables [2], the role of disadvantaged
students’ psychological characteristics in
benefiting from technology to support their
academic success remains under-researched.

One particular motivational variable in this
survey scheme is learned helplessness (LH),
defined as a psychological condition in which
people come to believe that they have no
control over their situation and stop their effort
to change [3]. People who experience
persistent failure, abuse, and poverty are more
prone to suffer from LH and often stop trying to
their
opportunities to change are provided. LH is

improve situations, even when
reported to be connected to living status in
underprivileged areas [4], where individuals
and communities often face chronic poverty,
economic hardship, limited access to social
services, undeveloped technological

infrastructure, and educational disadvantages.

In  underprivileged environments, the
experiences of being overlooked or excluded
from society may lead to the passivity of the
elder members of the family and their
withdrawal from fighting for their rights or
better living conditions. Unfortunately, this may
deeply affect young people because children
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often learn from their parents’ behaviors,
attitudes, and beliefs. Doubting the ability to
overcome difficulties leads to low confidence
and self-esteem that immensely impacts
learning, motivation, and academic success at
school. In this context, the students may not
show any willingness to pursue their academic
tasks, not because of resource disparity or
digital divide, but because of their LH, which
may be the underlying reason for the modest
effect of technology on disadvantaged
students’ learning [5]. As no study has
examined the role of emerging technologies in
learning  outcomes  and LH among
disadvantaged students, the current study
aimed to probe into the effect of teacher-made
360° VR virtual tours on learning English as a
foreign language (EFL) in an underprivileged
area when students’ LH is taken into account.
The study utilized an exploratory sequential
mixed-methods design where the quantitative
and qualitative data collection and analyses
were integrated sequentially. The purpose of
this study is threefold:

(a) Identifying the effects of teacher-made 360°
VR tours on learning English as a school subject
in a low SES environment;

(b) Assessing the role of students’ level of LH in
learning English when teacher-made 360° VR
tours are integrated into instruction in a low SES
environment; and

(c) Understanding the participants’
perceptions of the experience of teacher-made
360° VR tours in their English classes with a
focus on their level of LH.

Review of the Related Literature

Educational Technology and Digital Divide
(DD)

The advent of different types of technologies
and their presence in almost all spheres of
human professional and personal endeavor

have raised awareness of DD, where a sector of
society is deprived of access and use [6]. As for
pedagogical purposes, the use of educational
technologies at schools is reported to be
immensely correlated with the SES of where the
school is located and where the students live
[7]. Three levels of DD, including deprivation of
devices and infrastructure at schools, a lack of
teachers’ readiness to integrate technology in
instruction, and technology use to empower
each student [8], cause digital inequality
between advantaged and disadvantaged areas.

The first level of DD that has been frequently
surveyed is concerned with the equitable access
to technology, including hardware, software,
and internet connection within school
environments. Insufficient IT infrastructure
development (environmental determinants) as
a first-order barrier to technology use at schools
[9] plays a key role in technology acceptance
and integration by both teachers and students.
Previous literature shows that satisfactory
access to technology at schools increases the
guantity and quality of educational activities
[10], causes more collaboration among
teachers and school staff [11], and lowers

technostress while enhancing IT literacy [12].

It is notable to mention that satisfactory
access to technology at schools is associated
with the diffusion of technology and its
normalization in a social system [13]. This
includes a range of technologies that have been
in the process of being normalized in different
learning contexts (advantaged Vs.
disadvantaged) for the past two decades, such
as computer simulations and interactive white
boards (IWB), learning platforms, mobile
devices, digital games, electronic books,
immersive technologies (AR, VR), robotics, and
Al [10]. Therefore, schools’ digital capacity is
dependent on school leadership, management,
and strategic planning [14] and how the school
culture inspires teachers and students to adopt
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a positive mindset towards technology and its
educational benefits [15].

Central to this argument is the fact that DD is
never eradicated, considering the reluctance of
the educational stakeholders to accept
constant change that takes place in the realm of
educational technology and the limited
resources the governments have for the
development of technological infrastructure
[16]. Hence, in this context, there is a need to
understand why a satisfactory IT infrastructure
does not necessarily guarantee widespread use
of technology for pedagogical purposes [17].
This concern widens the avenue of research on
second-order barriers, that is, personal
determinants [9], including teachers and
students, and their role in technology disparity.

Teachers’ ICT integration is often studied
within the ‘Will Skill Tool’ framework [18] that
deals with teachers’ attitudes to technology,
their competence to work with technological
systems and devices, the time they spend
working with technology, and whether they
own any technological devices. Type of school
leadership, as well as availability of
technological tools and devices, are found to be
the determinants of these three attributes.
Teachers’ attitudes and motivation to use
technology are reported to be related to school
school administration

culture, where the

supports and encourages  technology
integration [19]. Also, teachers’ knowledge
base to use technology operationalized in the
TPACK framework [20] is influenced by how
schools provide

technologies and ways of using them in their

them with innovative

instruction. Teachers’ willingness to own
modern digital devices is hugely impacted by
their job satisfaction, job demand, and the
financial resources and professional support
from administrators and

they receive

policymakers [12].

As for students’ use of educational
technologies, past research indicates a variance
in the way students used technologies for
academic purposes, with task type and social
context of learning playing a mediating role
[21]. In addition to academic gains, other
student variables, including pedagogical (e.g.,
skill development), psychological (e.g.,
attitudes), sociological (e.g., gender), and
technological (e.g., technology type), have been
studied [22]. The results of the studies show
mixed findings with respect to the effect of
educational technology on students’ academic
performance and an insignificant correlation
between ICT use and learning gains, suggesting
more research is required on the issue when
school culture, philosophy of education, and
learning environments are taken into account.

Learned Helplessness and EFL Learning

Learned Helplessness is a psychological
phenomenon through which an individual stops
trying to their situation after
experiencing repeated negative events beyond
their if opportunities for
improvement arise [23]. LH shows its effects in

change

control, even
almost any human activity that needs concerted
effort to set goals and reach them with
persistence and endeavor, such as education,
professionalism, and social/individual
relationships. The negative impact of LH often
shows itself in lowering motivation or
depression, where people feel powerless to
progress and thus quit trying to overcome
problems or improve their conditions. LH can be
a major barrier to success and productivity
because when people repeatedly encounter
failure, setbacks, or uncontrollable obstacles,
they may develop negative perceptions and
beliefs that their actions do not matter in
altering the circumstances. This mindset leads
to inaction, reduced effort, and a lack of

motivation, even if a positive and healthy
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environment provides the conditions for
thriving and improvement. Research shows that
LH can reduce initiative, creativity, and
problem-solving skills [24] and lead to
procrastination, avoidance, and stress [25].

Learned Helplessness plays a pivotal role in
education as it can affect students’ learning
motivation, engagement, and overall academic
success [26]. When students experience failure
on different occasions during learning different
subject matters, they may develop an attitude
that their efforts will not aid them in acquiring
knowledge or improving their skills. Previous
research shows that a high level of LH results in
disengagement from schoolwork [27] and poor
performance in tasks or tests [28] and thus
creates a sense of reluctance for trying harder
to achieve academic goals. LH leads students to
avoid challenging assignments because the fear
of failure causes avoidance of difficult subjects,
assignments, or projects. The constant fear of
failure and low self-esteem may create learning
anxiety [29] and lead students to lose their
worth and capability for participating in class
activities. This feeling gradually turns them into
passive learners and destroys their risk-taking
potential to take the initiative to answer
questions or take the responsibility of
completing group or individual tasks. The
interplay among these negative feelings causes
students to lose their interest in studying and
reinforces lower academic performance as a
result of poor grades [30].

Learned Helplessness in students may
develop due to various factors rooted in
repeated experience of failure or a lack of
control over academic progress. Schools,
teachers, teaching content, assessment
techniques, and the type of syllabus, as well as
parents and students themselves, are among
the sources of school LH. Consistently struggling
with school subjects, tests, and assignments
without receiving appropriate feedback and/or

guidance to help them thrive makes students
believe that their effort for success is pointless
and doomed to failure. A system of education
that puts lots of pressure on students for
unrealistic objectives through overemphasizing
product-oriented syllabuses creates a strong
fear of committing mistakes and self-
worthlessness among students, which heavily
affects their willingness to try hard.
Overwhelming expectations from the students
by their parents
improving their problem-solving skills, and thus,
their self-confidence is destroyed, leading to
the feeling of incapability to do anything [24].
Teachers’ authoritative  approach limits
students’ freedom and engagement in school
work and lowers their autonomy and self-
directedness, which ultimately
passive learning behaviors. Students’ negative
feelings towards themselves and their
capabilities may increase their fear of making
mistakes or being judged by other students.
These emotional struggles may drain learning

hinder students from

results in

motivation and contribute to the development
of depression and stress over time, and lead to
avoiding taking risks or learning new skills [31].
When LH is examined within an EFL setting, it
leads to a condition called EFL LH or a language
their
incapability to master English, typically formed

learner’s  perception of intrinsic
through a pattern of repeated failures in their
language acquisition journey. Unlike other
subjects, foreign language learning
distinctly demands regular public risk-taking
(e.g., speaking in front of peers). Several
factors, such as fear of speaking, repeated
negative feedback, and overemphasis on
accuracy over communication, which often
expose learners to anxiety, embarrassment,
and judgment, are ideal conditions for
helplessness to take root [32].

EFL LH is a critically important issue, as
students with this mindset start to believe that

school
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being successful in language learning is gained
only due to their innate skills rather than their
efforts. This fixed mindset can affect language
learners’ lives in different ways. The first one is
the motivational aspect, which is viewed as the
heart of LH. Lack of motivation in this context
may manifest as unwillingness to participate in
language tasks or undermining goal-setting and
persistence in language learning [3]. Another
aspect of EFL LH is the emotional dimension of
language learning that often triggers intense
emotions such as anxiety, shame, frustration,
and hopelessness in language learners [32].
Moreover, there is the cognitive aspect of EFL
LH, which involves maladaptive beliefs about
one’s capabilities, like overgeneralization of
past failures and low self-efficacy [33]. Finally,
the behavioral deficit of EFL LH is the most
visible factor observed by teachers. It includes
disruptive behaviors, passivity, and task
avoidance [34]. Since the negative interaction
of these four dimensions can hinder language
acquisition, understanding EFL LH as a complex,
intertwined system of different psychological
aspects is of utmost importance.

Into the bargain, several studies have been
done investigating the relationship between LH
and English language learning since the
conception of LH. Itis known that an individual’s
outlook has a great influence on their sensitivity
to LH, and the neuroticism trait, which refers to
people  with
vulnerability to failure, increases the risk of
experiencing LH in learning English [35].
Students’ self-concept and beliefs toward
themselves have a crucial role in developing a
sense of helplessness during language learning
[31]. To put it another way, students with an
internal locus of control and a low level of LH
tend to show a more positive attitude toward
English [36]. Evidently, LH and language
learning anxiety are two affective variables that
adversely affect the educational process [29].

emotional instability and

A few studies underscore the fact that LH has
a domain-specific component, and there is a
negative relationship between helplessness and
academic achievement in language [36, 37].
Sucu and Bulut [38] found a significant
relationship between students’ level of LH in
English language learning and their objectives in
terms of perceived English achievement levels.
Interestingly, people who had good career
expectations as their objective in learning
English experienced a higher degree of LH than
those who learned English because they
enjoyed it. Similarly, Kolber [39] claimed that
the degree of LH in English lessons is nearly the
same as in other high school subjects, such as
Polish and math, and motivational deficit
strongly influences the growth of LH.

It should not be neglected that teachers’
positive attitudes toward students’ capabilities
improve students’ English language
performance [40]. The significant role of
teachers’ care in alleviating LH is undeniable, as
it increases students’ motivation and
educational success in EFL classrooms [26].
along  with
supportive feedback provided by the teacher,
exhibited successful results in reducing
learners’ LH and enhancing English language
[41].
Investigation into the influence of the L2

Motivational intervention,

learners’ academic  achievements
Motivational Self System program on secondary
students’ LH in English language learning shows
that the program improved
learners’ self-guides, visualization
capacity, and scholastic achievements, as well

as minimizing the negative effects of LH [42].

intervention
future

Method

Participants

A total of 58 female 10th-grade students, aged
15-16, participated in the study as the control
(n=29) and the experimental groups (n=29). The
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study was conducted in a public high school
located in District 18 of Tehran. This area is
classified as one of the less developed
neighborhoods of the capital, considering the
indices of life quality, including population
density, economy, culture and identity, safety
and urban management, sports/recreation
centers, and quality of transportation/passages
[43]. Due to financial issues the families faced,
the majority of the students had to work to
enhance their living conditions. No student
owned a digital device, and this was their first
experience of using portable digital devices for
educational purposes.

Instruments

The English Test

An English achievement test was used to assess
participants’ knowledge of the content covered
in the Grade 10 English textbook (Vision 1). The
test was developed by the English Department
of the Ministry of Education (MOE) and had 53
multiple-choice items and 4 parts, including
vocabulary (14 items), pronunciation (4 Items),
grammar (25 items), and reading (10 items).
intervention, the test was
administered as a pretest to assess students’
baseline knowledge of the course content and
to ensure the homogeneity of the control and

Before the

experimental groups. The same test was
administered again at the end of the study as a
posttest to measure students’ learning gains
following the instructional intervention.

Test validity and reliability were calculated
before the experiment through a pilot study
based on test development guidelines [44]. To
this aim, first, a detailed table of specifications
was outlined to encompass a well-balanced
representation of the content of the book.
Then, the test items were studied in detail, and
a thorough assessment was conducted to
ensure the effectiveness of the distractors.

Following that, the test was piloted with 104

students, and a thorough item analysis (item
distribution, item  facility, and item
discrimination) was done in order to evaluate
test validity. The indices were checked by two
experienced English teachers, and the final
version of the test was approved after
undergoing revisions on specific items. Internal
consistency reliability was estimated using the
Kuder-Richardson formula 21 (KR-21), yielding a
coefficient of 0.92.

EFL-LH Scale

To assess students’ LH in English classes, the
EFL-LH scale [25] was used. The scale has 25
items rated on a five-point Likert-type scale,
ranging from ‘I=strongly disagree’ to
‘5=strongly agree’. The EFL-LH scale measures
four dimensions of LH in learning English as a
foreign language, including motivational (M),
emotional (E), cognitive (C), and behavioral (B)
deficits. The reliability coefficients of the EFL-LH
scale and its factors were estimated by
Cronbach’s alpha and found to be 0.93, 0.82,
0.85, 0.87, and 0.85, respectively.

The Open-Ended Perception Questionnaire

The participants were asked to express their
perceptions of their experience of watching
teacher-made 360° VR tours by completing a
perception
guestionnaire. The questionnaire consisted of

researcher-made  open-ended
seven open-ended questions designed to elicit
students’ reflections on engagement, perceived
learning benefits, teacher role, and challenges
encountered during the intervention.

Before the main study, the questionnaire
was piloted with 30 students from a school with
similar  socioeconomic and educational
characteristics. Based on the pilot results, minor
revisions were made to the wording of some
guestions to improve comprehensibility. The
final version was reviewed by two experienced
EFL teachers for content clarity and relevance.
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Example questions are: “How did watching the
360° VR tours affect your understanding of the
lesson content?” and “How would you describe
your teacher's role in encouraging you to use
this technology?

Materials

The Textbook

The textbook was Vision 1, developed by Iran’s
MOE for grade 10 of high school [45]. The book
has four lessons focusing on teaching all four
language macro skills, as the Vision Series is
developed based on the Nation’s four strands
proposition [46]. Vision Series utilizes ‘“‘an
adapted version of communicative approach
labeled ‘the self-esteemed and active
approach” [16, p. 486] and follows the Content
and Language Integrated Learning (CLIL)
framework to present the content [46].

360° VR Tours

Teacher-Made 360° VR Tours

Eight 360° VR videos were prepared by the

teacher to be incorporated into teaching the

content of Vision 1 (Fig. 1). To design the videos,
certain stages were taken as described below:

o Identifying the subthemes and topics of each
lesson of Vision 1;

o Identifying the parts of the book where 360°
VR videos were to be incorporated
(coursebook reading, workbook reading, and
the passages of the fluency section);

o Selecting the venues for making the 360° VR
tours in Tehran in association with the
themes of the lessons;

o Writing the of the tours,
considering the general and linguistic
(vocabulary and grammar) contents of each
lesson;

o Reviewing the scenarios by two colleagues;

o Finalizing the scenarios;

o Recording the 360° VR tours by Samsung
Gear 360 camera; and

scenarios

o Editing and finalizing the VR videos with
Movavi 360 Video Editor

Ready-Made 360° Virtual Tours

Unlike the experimental group, the control
group was provided with authentic 360° tours.
The videos were selected based on their
compatibility and relevance with the topics and
content of the lessons of Vision 1 (Fig 1).

(b)
Fig 1: 360° VR Tours: (a) Teacher-made 360° VR
tour (Darabad Wild Life Museum in Tehran), and (b)
Ready-made 360° VR tour (Paris Tour)

Digital Devices

The Samsung Gear 360 camera was utilized by
the teacher (the first author of the study) to
capture 360° videos. The 360 Dual lens video
recording resolution of the camera is up to 2048
X 4096 (24 fps), and the Single lens video
recording resolution is up to 1920 x 1080 (60
fps). The camera comes with a special
application called Samsung Gear 360 Manager
that lets users manage the recorded content

(Fig. 2).
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GTab S8X tablets were used in the classes so
that the students could watch 360° videos
during instruction. The tablets had an 8-inch
screen with a resolution of 800 x 1280 pixels of
the IPS type that provided a completely
acceptable image resolution and readability to
watch 360° videos.

The Software
The Samsung Gear 360 Manager was used to
control the process of filming teacher-made
360° videos with the Samsung Gear 360. The
application allows users to create, view, and
share 360° content on their smartphones.
Movavi 360 Video Editor was used to edit
teacher-made 360° VR videos after filming.
Special effects, background music, graphics,
animations, and texts were added to the
recorded tours to make the content more
pedagogical. VR Media Player was installed on
the tablets to enable students to watch the
videos easily. The application not only supports
360° or spherical videos and photos but also
allows users to have 180° equirectangular,
regular lens, and fisheye lens views (Fig 2).

Research Design

The study adopted an exploratory sequential
mixed methods design, combining quantitative
and qualitative data [46]. The quantitative
phase employed a pretest-posttest quasi-
experimental design with an experimental and
a control group. The qualitative phase was
subsequently conducted to provide deeper
insights into learners’ experiences and
perceptions of 360° videos and to support the
guantitative findings.

Procedure

Research Procedure

Fifty-eight female grade 10 students were
selected randomly and were assigned to be the

control and experimental groups by the

fishbowl draw. The students were informed
about the research study and the upcoming
events. Participants were assured that all
findings and data gathered from tests and the
open-ended questionnaire would remain
confidential and exclusively utilized for research
objectives, without being shared with external
parties. To ensure participant anonymity,
pseudonyms were used when reporting
excerpts from participants’ written responses

to the open-ended questionnaire.
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Fig 2: Software used for creating, editing, and
viewing 360° virtual tours: (a) Samsung Gear
360° Manager, (b) Movavi 360° Video Editor, and
(c) VR Media Player

Since this study was the students’ first
encounter with VR videos at school, an
introduction along with certain instructions was
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given to make them familiar with the
technology. Before the study, all participants
took part in pretests in two consecutive
sessions, including English test administration
and questionnaire completion. The study lasted
for one academic year from October 2023 to
June 2024. At the end of the study, both groups
participated in posttests, and the experimental
group members completed the open-ended
questionnaire.

Instructional Practice

The 360° VR videos were integrated into
teaching reading sections of Vision 1 since
reading texts function as the context of
introducing new words and grammar, and a
basis for developing the other three language
skills (listening, speaking, and writing) in this
book. Reading passages were taught based on
the pre-during-post reading cycle. This
approach involves the initial step of stimulating
students' prior knowledge of the subject before
instructing them to engage in reading and
understanding the text. After reading the
passage, the teacher assesses the student's
comprehension through post-reading exercises
like reading comprehension questions [46].
360° videos were used in the pre-reading stage
to make students familiar with the topics and
contents of the text they were going to read.
The goals of each phase of reading instruction
are depicted in Table 1 [47].

Table 1: Major goals of each phase of the pre-
during-post reading framework [47, p. 249]

Pre-Reading
Phase

During-Reading
Phase

Post-Reading
Phase

comprehension

-Give students

-Provide

(e.g., opportunities to opportunities for
vocabulary, connect what is students to
background) read with what is summarize,
-Set up known; to synthesize,
expectations evaluate what is evaluate,
-Stimulate being read elaborate,
interest -Provide integrate,
-Build opportunities for extend, and
confidence and fluency apply text
motivation development information
-Explain or -Support ongoing  -Give students
support text summarization the chance to
organization critique the
author and
aspects of the
text (e.g.,

writing, content)
-Establish and
recognize
comprehension
successes

Results and Findings

Pre-Reading During-Reading Post-Reading
Phase Phase Phase

-Establish -Guide readingto  -Check

reading facilitate comprehension
purpose comprehension -Explore how
-Tap prior -Help students text organization
knowledge construct supports
-Provide meaning and comprehension
information monitor -Consolidate
needed for comprehension learning

Pretests

To examine the entry-level performance of the
participants on the English test and EFL-LH
scale, two independent samples t-tests were
run. The results showed that both groups were
homogeneous in their English knowledge [t
(56)=0.54, p=0.591>0.05] and LH level [t (56)
=0.54, p=0.360>0.05] before the experiment.

Effects of Teacher-Made 360° VR Tours on
Achievement

Two-way Analysis of Variance (ANOVA) was
used to explore the effect of teacher-made 360°
virtual tours on the achievement of students
across groups, considering their level of LH.
running ANOVA, the
(normality,

Before preliminary

assumptions linearity,
multicollinearity, and  homogeneity of
variances) were checked [48]. As the result of

ANOVA shows (Table 2), the interaction effect
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between research group (type of intervention)
and level of LH was not statistically significant
[F(2, 52) = 0.068, p = 0.934>0.05]; however,
there was a statistically significant main effect
for LH level [F(2, 52)=5.311, p = 0.008<0.05],
with a big effect size (np? = 0.17>0.14) [49].

Post-hoc comparisons using the Tukey HSD
test indicated that the mean
achievement for the low LH group (M = 42.85,
SD = 7.672) was significantly different from the
mid LH (M = 33.556, SD = 13.249) and the high

score of

LH (M = 33.950, SD = 9.610) groups. The main
effect for group did not reach statistical
significance [F(2, 52) =0.957, p = 0.333>0.05].
The estimated marginal means of both
groups’ performance in the posttest across
levels of LH show that students with a lower
level of LH outperformed those with mid and
high in both control and
experimental groups. Moreover, students of all
three sub-sets in the experimental group
outperformed their counterparts in the control

group (Fig. 3).

levels of LH

Table 2: The result of a two-way ANOVA on post-test across research groups, considering the levels of

LH
Type lll Sum of ] Partial
Source df Mean Square F Sig. Eta
Squares
Squared

Corrected Model 1206.671 5 241.334 2.188 .070 174
Intercept 76925.225 1 76925.225 697.527 .000 931
Group 105.505 1 105.505 .957 333 .018
LH level 1171.406 2 585.703 5.311 .008 .170
Group* LH level 15.010 2 7.505 .068 .934 .003
Error 5734.709 52 110.283
Total 85900.000 58
Corrected Total 6941.379 57

4500

4250

4000

3750

Estimated Marginal Means
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3250
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low

mid
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Fig 3: Estimated marginal means of post-test

Perceptions of Teacher-Made 360° VR Tours

The qualitative data were obtained from the
participants’ written responses to the open-
ended questionnaire administered at the end of

the intervention. The responses were analyzed
using qualitative content analysis. The texts
were coded first manually and then by utilizing
QSR NVivo Enterprise 20. To do the content
analysis, first, both researchers read the texts
carefully and independently and coded the

responses manually. In three elaboration
sessions, the codes were compared, and
disagreements  were resolved (Kappa

index=0.92). The coded responses were then
grouped into themes and subthemes. The
codes, themes, and subthemes were inserted
into the software for further analysis. The
are
the

frequency and percentage of codes
presented Table 3
interpretation of the themes.

As can be seen in Table 3, five main themes

in to support

emerged from the students’ perceptions of
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their experience with 360° VR tours, including:
attitudes/evaluative perceptions, perceived
disadvantages, language learning, perceived
challenges, and teacher role.

Table 3: Participants’ perceptions of 360° VR tours
for learning English

~ € gp
Themes E Word 5 E Subthemes
&
- » 1 Effective 21 430 Likes
& 2 6 2 enjoyable 18  3.72 Dislikes
T 58 3 think 15 3.33
£ S 5 4 interesting 14  3.26
< 5 good 16 2.97
1 watching 19 3.98 -Motivation
s 8 2 self- 16 3.90 -Cognition
g W confidence -Self-
gg 3 better 12 2.93 confidence
€2 4 work 14 236
5 involve 10 2.32
1 words 57 8.86 -Macro skills
® o 2 reading 54 7.28 -Micro skills
© £ 3 improved 26 4.11
g § 4 grammar 22 3.48
= 7 5 comprehens 26 2.85
ion
" 1 questions 17 12.9 -Technology
E E" 2 tasks 7 5.22 -lLanguage
@ o 3 difficult 6 3.98 tasks
E g 4 discussion 5 3.73
5 details 4 2.99
o 1 motivated 9 5.00 -Caring
° 2 explained 6 3.33  behavior
3 3 tried 6 333 -TPACK
§ 4 energetic 5 2.78
= 5 encouraging 6 2.22

Attitudes and Evaluative Perceptions towards
360° VR Videos

Students generally expressed positive feelings
and perceptions toward the 360° VR tour
experience, often highlighting the enjoyment
and novelty of exploring new places virtually.
Many described the tours as engaging and
Mina (a low-LH student)
explained that the experience allowed her “to

immersive, as

get familiar with famous places and people in
Tehran and learn many words about them.”
Mid-LH students echoed this appreciation,
emphasizing the realism and accessibility of the
virtual visits. Sara noted that “the 360° videos
allowed us to experience the locations as if we
were actually there”, and Zahra said that the
experience motivated them “to study more
about these places and ... plan to visit these
great tourist attractions.”

Students also expressed enthusiasm for
working with mobile devices as Shamim found
the technology “user-friendly”, noting that
“interacting with the videos multiple times
supported accessibility, especially for students
with low eyesight”. Low-LH learners like Atena
described the experience as “very interesting”,
explaining how surprising and exciting it was “to
work with tablets in our school” for the first
time. The sense of enjoyment was frequently
mentioned, as Hadis (one low-LH student)
stated, “It was an interesting experience ... | get
eager to listen and watch more English content”
and highlighted the immersive quality of the
videos by referring to their “high resolution and
high-quality sound”.

Despite the overall positivity, some high-LH
students expressed negative
primarily due to the difficulty they had with the

perceptions,

content. Maryam stated that, “/t made me
confused because | couldn’t understand the
contents of it,” while Yara noted that they
“would rather have more practice and teaching
on grammar” instead of using the tours.

Perceived Advantages of 360° VR Videos

Across LH levels, many students emphasized
the motivational impact of the 360° videos.
Several described how the tours activated prior
knowledge and made subsequent readings
more comprehensible. Sima (a low-LH student)
noted, “The videos introduce you to new
information, and then when you read passages
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with the same topic, it is much more
comprehensible”. Mid- and high-LH learners
also reported increased interest in English, as
Sanam (one mid-LH student) stated, “/ am more
interested in learning English now,” and Yekta (a
high-LH learner) explained that the videos
encouraged them “to try my best to learn new
things”.

Students also described clear cognitive
benefits, particularly in comprehension,
memory retention, and working memory. Low-
LH learners reported that the videos “boosted
our comprehension skills”, while mid-LH
students emphasized the advantage of visual
support, that
remembered more than sounds”, giving 360°

noting “pictures  will be
videos superiority over audio files or ordinary
videos. Many highlighted the value of
multimodal input; for example, Nasim (one low-
LH student) appreciated receiving information
“from different sources, such as pictures, voices,
some transcriptions, and words”; and Hasti (a
mid-LH student) added that watching and
listening  simultaneously  helped  them
understand context that would be missing from

audio-only files.

Despite overall benefits, a few high-LH
students reported that the videos were “too
difficult” and “not interesting”, noting that they
sometimes struggled with comprehension and
found this technology less useful for learning
some parts of their books, like grammar and
writing.

Language Learning by 360° VR Videos

Students widely agreed that 360°
supported their language learning, particularly
in receptive skills and vocabulary development.
Many improved reading

tours

described
comprehension. Mobina (a mid-LH student), for
instance, stated that “/ could understand the
reading of my textbook and workbook better

after watching these videos,” and Rojan (a high-
LH student) similarly reported that her reading
had “grown much better,” despite still
struggling with some comprehension questions.

Vocabulary development emerged as a
strong outcome as well. Low-LH students
described recalling words by “referring to their
pictures in the video,” while high-LH students
acknowledged vocabulary growth even when
other areas felt less supported, stating that the
experience enabled them to “write new
sentences and express... opinions” with newly
learned words. However, consistent with earlier
themes, some high-LH suggested that the
benefits were more pronounced for receptive
language skills than for form-focused aspects of
language learning.

Perceived Challenges in Using 360° VR Videos
Students reported a few technical challenges or
minor technical problems while using the
devices. More commonly, students highlighted
challenges with the follow-up language tasks.
Some low-LH learners initially found the tasks
difficult but engaging, explaining that looking
for unfamiliar words in the videos using their
fingers “was some kind of a game and drove our
curiosity,” and encouraged them to persist
despite the difficulty. A few high-LH learners,
however, were more likely to describe the
activities as difficult or overwhelming. Kiana, for
instance, noted that “/ found them too difficult
for me”, while Roshanak stated that fill-in-the-
blank and writing tasks were challenging “since
my English language skills are low”.

Teacher role

Students across all LH levels consistently
highlighted the teacher’s crucial role in shaping
their experience with VR videos. Many
described the teacher as caring, supportive, and
motivating, emphasizing her efforts to guide

them and encourage participation. Students
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also appreciated the teachers’ technological
and pedagogical skills. Low-LH learners were
impressed by the creation of the 360° content,
as Roya stated, “I have never imagined that
someone could make such educational content
by recording 360° videos.” Mid-LH students
praised her creativity, noting that she “always
came up with new tasks and ideas” to stimulate
their interest, while high-LH students valued
her patience and clarity, describing her role as
“a facilitator who helped us in need and
explained everything clearly.”

Despite this overwhelmingly positive view, a
few high-LH students felt that the teacher’s
effort could not fully compensate for the
difficulty they experienced with the videos.
Pardiss explained that although the teacher
“explained everything multiple times, the videos
were more beneficial for more proficient
students,” suggesting a mismatch between the
technology’s demand and their own proficiency
level.

Discussion

Over the past decade, researchers have
explored how LH manifests in EFL learners, its
underlying causes, and its impact on language
acquisition and motivation. Since this condition
significantly impacts language learning and
teaching, this study was done to find a remedy
for enhancing EFL  achievement and
helplessness in a low SES setting by integrating
teacher-made 360° VR tours into English
classes.

Based on the findings of the study, the
implementation of 360° VR videos, either
ready-made or teacher-made, was found to
have a statistically positive effect on EFL
learning gains at the end of the experiment,
supporting what is already reported in the
literature that using VR technology leads to

better language learning outcomes as it offers

an active learning experience [50]. As a form of
multimedia, VR can cognitively engage learners
with the content by helping them select
relevant information, organize it into visual or
verbal formats, and connect it with what they
already know. Using VR multimedia can reduce
the cognitive load on WM and help students
manage their intrinsic cognitive load, freeing
their capacity to process information more
confidently [51]. Also, optimization of the
germane cognitive
extraneous cognitive load that ultimately leads
to better retention and learning outcomes [52].

Virtual videos increase learners’
engagement and motivation and lower their
language learning anxiety as they offer an
opportunity for learners to practice,
understand, and build their confidence in real-
through
environments [53]. Further, virtual learning
environments are perceived positively by
students as they facilitate interactional
behavior through developing cross-cultural

load minimizes the

life interactions simulated

competence [54]. It is obvious that physical
travel for the purpose of language learning is
not always feasible. Thus,
environment that the 360° VR videos offer can
reinforce language learning as the learners have
the opportunity to practice the target language
in a virtual world [55]. In addition, former
studies show that integrating VR into the CLIL
framework can increase comprehension and
language learning as students are engaged both
in the learning

the simulated

physically and cognitively
environment [51].
Noteworthy to mention, however, that
although the experimental group outperformed
their counterparts in the achievement posttest,
the difference between both groups was not
significant when the group members’ level of LH
was not considered. In other words, what could
make a change in benefiting from the
integration of teacher-made 360° VR videos was
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students’ level of LH, as students with a lower
level of LH in the experimental group
outperformed their peers in the control group
in all three subsets. In other words, students
with high LH did not benefit from the
intervention as low LH groups did, and LH is an
underlying key factor in making students exploit
the advantages of technology-enhanced
learning environments. One reason for this
outcome can be the study context, that is, a low
SES setting,
homogeneous, and many students lack the
prerequisite knowledge base when they enter
the upper grades. Schools in this area are
overcrowded with many low achievers who

where the classes are not

show no motivation for learning English as a
school subject. Their weakness in English
accumulates grade grade, and a
challenging situation arises as learners with low
English levels struggle to fit in the class and keep
up with other students. Many of these students
lack enough knowledge of grammar and
vocabulary, and their language proficiency in

after

the four skills is lower than expected grade [25].

In this process,
consistently disappointing
withdrawal from any classroom participation
and, at higher levels, self-abandonment. This
sense of constant failure is reinforced by what

repeated failure and

results lead to

they experience out of school, where they live,
as well. Families with low socio-economic status
may experience repeated job rejections, low
wages, and limited economic status, and over
time develop the belief that no matter how
hard they try, their situation will not change,
and thus they may stop seeking better jobs or
education. When parents feel powerless in the
face of challenges and consistently express
defeat, hopelessness, or the belief that they
cannot change anything, children may develop
the same fixed mindset [3]. As a result, the
students lose their passion, motivation, and
hunger for progressing in their studies and

develop the belief that studying does not help
them have better lives.

Furthermore, the analysis of the qualitative
data showed noteworthy results in all five main
themes. Regarding feelings and evaluative
perceptions, students with a lower LH level had
more positive feelings toward virtual tours and
their overall experience compared to those in
the mid and high LH groups. Generally, using
teacher-made VR videos made the students
able to not only travel to different places in
their city but also listen to the familiar voice of
their teacher and learn new vocabulary and
grammatical items better because of its
context-based approach. Therefore, teacher-
made 360° VR videos could lower students’
foreign language anxiety and improve students’
interaction with the content that was more
familiar to them. Meanwhile, one of the
reasons for some negative perceptions toward
virtual tours could be the educational and
financial status of the students’ families. This
study was conducted in a school where the
majority of the students came from families
with
problems. As a matter of fact, most of the
students were not willing to study, let alone
learning a foreign language. Since their priority
is to financially support their families, learning

low educational levels and financial

English tends to be neglected over time, and
drop-out,
corroborating the fact that ill-suited academic
courses and financial and personal issues are
the main reasons that make a student not
willing to continue an educational program
[56].

Considering the benefits, all students in the
low and mid LH group found the experience
useful and effective in motivation, cognition,
and self-confidence. However, a few students in
the high LH group doubted the efficiency of
their language learning
experience. Evidently, utilizing teacher-made

sometimes it leads to school

virtual tours in
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360° videos along with related activities in the
process of language learning brought about
positive perceptions among the students of the
experimental group, as the instructional
content was attractive and impressive. The
teacher-made materials have been reported to
be encouraging for students because of the
sense of relativity that the learners feel while
doing them, since the contents are created with
the students’ culture in mind [57]. As the pupils
can relate to the content and activate the
related schemata, they have a sense of
accomplishment. In terms of language learning,
all students claimed significant improvements
in developing their receptive skills, vocabulary,
and pronunciation. Yet, a few members of the
high LH group were not sure about the
effectiveness of 360° VR videos in learning
language structures and grammar. One possible
reason for this finding is that the experimental
group was provided with teacher-made 360°
videos in which the instructor narrated the
scenes with her own voice. Obviously, teacher-
generated materials are more appropriate in
terms of language and vocabulary for students,
as they are simplified or developed in
accordance with lexical and linguistic norms
[58]. This provided an environment for
exchanging ideas and negotiation, which
boosted participants’ interactions in the
classroom that ultimately improved their
pronunciation [59]. Notably, the effective use of
voice is pivotal for students' academic
achievements and overall well-being in school,
as it significantly affects their information
processing and comprehension abilities [60].
The native accent of the speakers and the speed
of speaking may sometimes cause problems in
the comprehension and understanding of the
students as non-native speakers, but intelligible
English pronunciation is reported to be more
understandable for EFL learners [61].

It is worth mentioning that some students
had challenges with tasks that followed the

360° VR videos. Despite facing some difficulties,
the low-LH learners were able to deal with the
applying language
strategies. However, the high-LH ones struggled

situation by learning
with the tasks due to their low English levels and
questioned the benefits. This could be because
of the fact that students have different
capacities to handle difficult situations and
adjust to the challenges. The more helpless a
participant thinks they are, the more likely they
are to withdraw from tasks [25].

Finally, the role of the teacher was claimed
to be facilitating, motivating, and supporting by
all the students with either low LH or high LH.
The caring behavior and knowledge of teaching
were two factors that highlighted the positive
role of the teacher in the process of using 360°
videos for language learning. Regardless of the
constructive role of the teacher, few high-LH
learners assumed that language learning via
virtual tours was a better option for students
with a high proficiency level in English. The
interactions between learners and educators
play an undeniably significant role in different
domains of a learner’s progress. The consistent
and active support that the students receive
from their teacher leads to their development
and, as a result, builds self-esteem [62]. Also,
healthy relationships between students and
educators hinder the level of LH and reduce the
possibility of experiencing higher levels of this
[63].
highlighted the crucial role of teachers in

phenomenon Former studies have

learners’ academic success, as they were
suggested to pay more attention to students’
emotional state and build positive rapport with
them [12] [41], which can be achieved more
effectively by teacher empathy in VR learning
environments [64] [65]. Teachers’ care is not
only concerned with learners’ emotional well-
being but also with the guidance they can
provide to help the students reach their highest
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level of capacity [26] through integrating
presence and agency as two key affordances of

VR lessons [66].

Conclusions

The present study explored the effects of
teacher-made 360° VR tours on EFL
achievement and helplessness in an
underprivileged setting. Through a mixed-
methods research design, quantitative and
gualitative data were collected from 58 Iranian
female high-school students.
differences between experimental and control
groups in terms of learning gains at the end of
the experiment were revealed, with the
experimental group members outperforming
their counterparts. In terms of different levels
of LH, students in the low LH group surpassed
their peers in the high LH group within and
between study groups. Further, learners in the
low LH group demonstrated
perceptions toward virtual tours and the
effectiveness of this technology in their foreign

Insignificant

positive

language learning journey, while some high LH
group members expressed their unwillingness
to learning by this technology and questioned
the educational benefits of the 360° videos. The
outcome indicated that 360° VR tours not only
acted as an entertaining agent and adventure
guide but also as an educational medium, which
facilitated the language learning process by
exposing students to the use of different
language items in specific contexts.

Certain limitations were identified in this
study, which highlight the need for cautious
interpretation of the results and pave the way
for future research to address these
One key
prohibition of smartphones or personal devices
in the school, forcing the study to rely on a
limited number of tablets supplied by the
researchers. Another constraint stemmed from

constraints. limitation was the

Iran’s single-gender education system, as the
study included only female participants. While
this allowed a focused examination of factors
affecting female students, it overlooked
potential gender-based differences that might
emerge in co-educational settings, restricting
the applicability of the results to mixed-gender
populations. Furthermore, selecting culturally
and educationally appropriate 360° VR videos
posed a challenge for the researchers. The
videos needed to align with the national
coursebook and reflect Iranian cultural values,
leading to the use of authentic content with
caution after being evaluated by two
colleagues.

Despite the limitations, further investigation
by other researchers on this topic is
recommended. In future studies, it would be
advantageous to conduct a similar study that
includes both male and female participants,
allowing for a their
performances, since this study highlighted only

female participants. Moreover, it is advised to

comparison  of

conduct further studies with a larger sample
size to improve the generalizability of the
findings. Also, a comparable study between
students of different fields of study or learners
from different high schools would be beneficial
for the future of this research scope.

The results of this study provide valuable
insights into the field of EFL and immersive
technologies, thanks to its novel focus on VR-
based language instruction. With ongoing
technological advancements, the future of VR-
based language learning looks very promising;
thus, it is not impossible to think that VR can
revolutionize language learning and teaching.
Considering the EFL helplessness, the findings
of the present study showed that learners with
lower levels of LH demonstrated higher
engagement and reported improved
comprehension and vocabulary learning when
using teacher-made 360° VR tours, while some
high-LH learners expressed difficulty
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maintaining interest and confidence. This
suggests that the technology works in favor of
EFL students when appropriate pedagogical
support is improved, as it creates an enjoyable
learning experience. EFL learners may become
more engaged in the lesson, and the positive
learning experience reported by participants
may help reduce negative feelings associated
with helplessness during the process of learning
a foreign language. Thus, immersive
technologies could be considered as a potential
supportive approach for addressing EFL LH.
The study’s implications extend beyond the
classroom, potentially benefiting educational
authorities, including the MOE, by addressing
learned helplessness, which could lead to better
academic outcomes and fewer dropouts.
Introducing VR into teacher training programs
could also equip new educators with knowledge
of its potential. Additionally, material
developers could capitalize on this approach by
creating tailored 360° VR videos for various
lessons, supporting teachers, and addressing
the lack of culturally relevant content online.
Local material developers, in particular, could
produce
appropriate videos for language learners that

educationally and culturally
boost their learning motivation and outcomes.
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Meta-analysis of research related to gamification with emphasis on its long-term
effects on the academic performance of elementary students

J. Keyhan *, Go. Sheikhloo

Department of Educational Studies and Curriculum Planning, Ur.C., Islamic Azad University, Urmia, Iran

ABSTRACT

CELCICILERET Mol JIEETE In recent years, gamification has emerged as a prominent strategy for
Received: 01 July 2025 redesigning learning experiences and enhancing students’ motivation and engagement, gaining a
Reviewed: 08 September 2025 significant position in the literature on school-based education. Despite the growth of empirical studies,
Revised: 21 October 2025 a considerable portion of the existing evidence has focused on short-term outcomes, and a conclusive

synthesis of the long-term effects of gamification on academic performance, particularly in elementary
education, is still lacking. Given that the early school years are critical for the development of learning
habits and stable motivational patterns, evaluating the long-term impacts of gamification from the
perspective of curriculum planning and educational policy is of particular importance. Accordingly, the

Accepted: 15 December 2025

KEYWORDS: present study aimed to conduct a meta-analysis of quantitative studies on gamification, with an emphasis
Semantic Web on its long-term effects on the academic performance of elementary school students, to determine the
Distance Education combined effect size and the consistency of longitudinal study results in this domain.

E-Learning This study was conducted using a meta-analytic approach. The research

population included all published domestic and international quantitative studies over the past 24 years
that reported the long-term effects of gamification on the academic performance of elementary school
students. Literature search and retrieval were conducted using keywords related to gamification,

% .
_Correspondmg author academic performance, longitudinal studies, and elementary education, and the retrieved studies were
£ Javad.keyhan@iau.ac.ir screened based on inclusion and exclusion criteria. Key inclusion criteria comprised a focus on elementary
@ (+98914) 1400199 school students, use of quasi-experimental longitudinal designs, provision of quantitative data

convertible to effect sizes, and reporting of outcomes over a long-term period. Following evaluation and
coding of data using the data extraction forms, a total of 21 quasi-experimental and longitudinal studies
were included in the analysis. Data analyses were performed using Comprehensive Meta-Analysis (CMA)
software, focusing on effect sizes and heterogeneity indices across studies.

The fixed-effect model indicated that gamification exerts a positive and statistically significant

long-term impact on students’ academic performance, yielding a pooled effect size of 0.472, which falls
within the moderate range. The heterogeneity indices suggested no statistically meaningful between-
study variability (Q = 19.14, x> = 36.415, 12 = 0%), indicating overall consistency across the included studies.
Nevertheless, interpretation of the long-term effect should remain sensitive to contextual conditions and
implementation quality, as substantive variations in real-world impact may not be fully captured by
heterogeneity statistics. Within this framework, students’ developmental and individual characteristics,
classroom and school contexts, and the intensity and quality of gamified technology design and use may
moderate the magnitude and durability of academic outcomes. Moreover, intervention duration and the
timing of follow-up assessments are key factors that likely shape whether gamification effects are
sustained or attenuate over time in longitudinal research.
Based on the synthesized evidence, gamification can positively and significantly improve the
long-term academic performance of elementary school students. This finding extends gamification
beyond a short-term motivational intervention, positioning it as a reliable strategy for designing
sustainable learning experiences, provided that game elements align with educational objectives and
curriculum logic. Practically, it is recommended that the development and implementation of gamified
approaches in elementary schools be supported, with emphasis on design quality, developmental
appropriateness, and continuity of implementation. Furthermore, future research that reports detailed
intervention components, follow-up duration, and implementation quality can enable more nuanced
analyses and clarify the mechanisms underlying the long-term effectiveness of gamification.
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Introduction

In recent decades, educational systems across
the globe have been confronted with a growing
set of complex and interrelated challenges.
Among the most prominent of these are the
declining levels of students’ active participation
in the learning process, the erosion of intrinsic
motivation to engage with academic tasks, and
the persistent weaknesses observed in learners’
basic academic performance [1]. These issues
have become especially pressing in a world that
is rapidly changing due to technological
advancements, shifting societal demands, and
increasingly diverse learning populations. As a

result, traditional pedagogical approaches,
which often emphasize rote memorization and
passive knowledge transfer, have been

criticized for their inability to address the
evolving needs of contemporary learners [2].

In response to these concerns, educational
researchers and practitioners have begun to
explore modern, student-centered, and more
engaging approaches to teaching and learning.
One of the most promising of these approaches
is gamification, which has attracted significant
scholarly attention over the past decade.
Gamification (rooted in principles of game
design) refers to the deliberate incorporation of
motivational and interactive elements into non-
game environments such as the classroom, to
enhance students’ engagement and persistence
[3]. In the field of education, this means
constructing learning environments in which
students perceive themselves to be on a path
marked by progress, meaningful challenges,
and rewarding achievements [3,4].

When applied to educational
gamification often involves the integration of
specific components such as scoring systems,

practice,

badges, immediate feedback mechanisms, and
structured opportunities for collaboration or
competition among learners. Together, these
attempt to shift the learning
experience away from a passive reception of
information toward a more active, immersive,
and meaningful process of knowledge
construction [5]. Put differently, gamification
seeks to enrich educational environments by
drawing inspiration from the inherently
attractive and motivating features of games. By
doing so, it not only injects excitement and
novelty into learning activities but also
strengthens learners’ intrinsic desire to engage,
persist, and ultimately succeed in their
academic endeavors. It is important to note
that gamification is different from game-based
learning; in game-based learning, complete
games are used as educational tools, whereas
gamification merely adds some elements of
games (such as scoring or competition) to the
real educational

elements

environment [6]. This
approach has been applied across a wide range
of subjects—from mathematics and science to
language education—and in both digital (e.g.,
online classes with game-like platforms) and
non-digital forms (e.g., paper-based scoring
systems in the classroom) [7]. The main goal of
using game elements in education is to increase
motivation and participation in
learning activities by creating incentives and
rewards for their efforts. In fact, gamification is
a structured process aimed at reinforcing
learning behaviors and improving academic
outcomes by creating game-like experiences in
educational settings [8]. For instance, Kirikova
et al showed that adding rewards and
recognition of achievements
stimulate students’ active participation and
make learning more attractive [9]. Thus,

students’

in class can
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gamification is an attempt to utilize the intrinsic
appeal of games to create meaning in learning

and enhance students’ interaction with
educational content [10].
A meta-analysis of studies related to

gamification indicates that this approach can
play a significant role in enhancing students’
academic performance, particularly at the
elementary level [11]. The reviewed findings
reveal that gamification has been associated
with increased active participation, improved
intrinsic motivation, and the enhancement of
learning processes [12,13,14]. Furthermore, the
meta-analyses conducted by Seiler and Homner
[13] and Zhao et al. [15] demonstrated that
gamification exerts a positive (though
moderate) effect on both cognitive and
motivational outcomes, thereby contributing to
the consolidation and reinforcement of learning
[15]. In this regard, Huang et al [16] emphasized
the importance of tools such as leaderboards,
which were found to significantly improve
learning performance. In addition, Harris and
Park reported that gamification can foster
improvements in memory, concentration, and
attention, thereby laying the foundation for
more sustainable academic achievement
among students. Longitudinal investigations
have further supported these findings: Barta et
al. [17], in a three-year study, and Nehring et al.
[18], during an 11-week intervention, both
documented continuous
student performance within gamified learning
contexts [9,10,2,11,12,13,14,19]. Overall, the
available evidence suggests that gamification
not only produces short-term positive effects
on learning but also contributes, in the long run,
to knowledge retention, the -cultivation of
sustained motivation, and the continuous
improvement of elementary
academic performance [16, 20].
However, this issue is particularly important
in elementary education because children may

improvements in

students’

initially respond enthusiastically to game
elements but may become accustomed to or
bored with them after a while. A recent
systematic review conducted by Rodriguez et al.
[21], specifically in the context of elementary
schools, also emphasizes this point [22]. They,
by reviewing 31 studies at the
elementary level, found that although most
gamification experiences at this level led to
improved participation, motivation, and self-
efficacy among students, there was no
conclusive evidence of improvement in learning

recent

outcomes and academic performance in these
studies [23]. In other words, in elementary
schools, the effects of gamification on student
collaboration have sometimes been negative,
and the learning outcomes resulting from it
reported as contradictory or
inconclusive. These findings are a warning that
although  gamification may boost the
excitement and enthusiasm for learning in the
short term, to assess its true value, one must
examine whether this approach also leads to
academic

have been

sustainable  improvement in
performance. Overall, the lack of certainty
about the continuation of the positive effects of
gamification in the long term (especially for
young students) indicates a necessity that the
present research aims to address [24,25,26].

Therefore, the main research question of the
present study is: Does augmented reality and
gamification have a long-term effect on the
academic performance of elementary school
students? What are the effect sizes of this
technology on students’ academic performance
in the long term? What variables have
contributed to the heterogeneity of the
observed effect sizes on students’ academic
performance over the long term

Review of the Related Literature

As mentioned, studies have

examined the effects of gamification on

numerous
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students” motivation, engagement, and
academic performance, reporting positive
outcomes [9,10,2,11,28,28,29,30,31,32,33].

Some of these studies are discussed in detail
below. Lin et al. [34] conducted a long-term
study comparing computer-based and game-
based formative assessments. The
showed that game-based assessments
increased students’ average scores, improved
academic performance, and enhanced learning
motivation over time. Nabizadeh et al [35]
carried out a ten-year study on students’
behavior in a gamified Findings
indicated that students with higher interaction
with game content demonstrated more stable
academic performance and maintained
motivation consistently throughout the period.
Recabarren et al [36] examined the effects of
gamification on gamer and non-gamer
students. Results showed that gamer students
exhibited higher motivation and academic
performance, and gamified learning increased
their engagement and participation in the
learning process. Pesek et al [37] investigated
the “Troubadour” gamified e-learning platform
for music education. The study found that
students using the platform achieved higher
test performance and experienced better user
engagement compared to traditional methods.

Keyhan [38] studied the effects of a
computer-based game on
accuracy, speed, learning, and retention in

results

course.

jigsaw puzzle

mathematics among lower secondary students.
Findings indicated significant improvements in
academic performance, problem-solving speed,
and learning retention. Van Roy and Zaman [39]

assessed the motivational effects of
gamification over a semester. Results
demonstrated that students’ controlled

motivation persisted over time, suggesting that
well-designed gamified elements can foster
sustained engagement and active participation

in learning. Nehring et al [40] examined

gamification’s impact on student performance
in a quasi-experimental study. Results showed
that gamification improved both motivation
and academic performance, with students in
the experimental group outperforming those in
the control group. Barata et al [41] investigated
individual differences in student responses to
gamified education. Findings indicated that
students with higher engagement in gamified
activities showed greater motivation and
learning outcomes, emphasizing that long-term
effects depend on individual student
characteristics.

Hakulinen et al [42] explored gamification
effects on students with different achievement
goal orientations. The study found that badges
and game elements enhanced mastery-
oriented motivation and reduced avoidance
behaviors, though effects varied depending on
students’ goal orientations. Dodero et al [43]
applied tangible co-design gamification in
Results showed students
gamified

primary schools.
enjoyed
participation and motivation in voluntary tasks,

activities, increasing
highlighting the positive influence of gamified
learning on active engagement. Barata et al [44]
examined gamification’s impact on
participation and learning. Findings revealed
that online gamified activities increased student
gaps, and

confirming

engagement, reduced score

enhanced learning outcomes,

gamification as an effective instructional

strategy.

Method

Design

This study was conducted as a quantitative
meta-analysis to synthesize empirical evidence
on the long-term effects of gamification on
elementary students’ academic performance.
Meta-analysis was selected because it enables
the systematic integration of findings from
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independent controlled studies, producing a
pooled estimate of sustained impact and
clarifying whether observed benefits persist
beyond short-term engagement gains. The
scope of the review covered studies published
between 2001 and 2025, reflecting both early
foundational research and more recent
technology-supported gamification
interventions in  primary education. A
systematic search strategy was implemented
across national and
Iranian databases and repositories included
Irandoc, Noormags, Maglran, SID, and Elmnet.
International coverage was sought through
major bibliographic and publisher platforms,
with emphasis on Scopus and relevant full-text
environments such as ScienceDirect/Elsevier
and Wiley Online Library, where applicable. To
minimize retrieval bias, the reference lists of
eligible papers were also examined. Search
terms were structured around three concept
domains and combined using Boolean
operators: gamification; long-term/follow-
up/retention/sustained effects; and academic

international sources.

performance/achievement/grades/learning
outcomes.

Materials

Eligibility criteria were defined a priori to ensure
conceptual
comparability. Studies were included if they (1)

relevance and methodological

examined gamification as a clearly identifiable
educational intervention (e.g., structured use of
points, levels, badges, leaderboards, feedback
loops, or digital gamified
integrated into instruction); (2) targeted
elementary school students (typically <12
years); (3) used experimental or quasi-
experimental designs with a control or
comparison condition; (4) reported long-term
or follow-up assessments of academic
performance beyond the immediate post-
intervention measurement; (5) implemented

environments

interventions lasting at least four weeks to
support more credible inferences about
sustained learning effects; (6) were published in
English or Persian; and (7) provided sufficient
gquantitative information to compute
standardized effect sizes (group sample sizes,
means, and standard deviations). Studies were
excluded if they were theoretical papers,
commentaries, or reviews; focused on non-
elementary populations; lacked explicit
gamification components; did not include
follow-up outcomes; had interventions shorter
than four weeks; or failed to report adequate
statistical data for effect size estimation. Study
selection proceeded through sequential
screening of titles/abstracts and full texts
according to the predefined criteria. After
eligibility and methodological
verification, 21 longitudinal experimental or
guasi-experimental studies were retained for
final synthesis. Data were extracted using a
structured form adapted from Mesrabadi and
Yadollahi [45], capturing bibliographic details,
characteristics, features of the

assessment

sample
gamification intervention, duration and timing
of follow-up, and outcome statistics. When
studies reported multiple relevant outcomes,
academic performance indicators most directly
aligned with achievement at the follow-up point
conceptual

were prioritized to maintain

coherence across the dataset.

Procedure

Effect sizes were calculated using the d family of
standardized mean differences. For each
eligible study, group-level sample size, mean,
and standard deviation of academic
performance at the follow-up assessment were
extracted for intervention and comparison
conditions. Meta-analytic computations were
conducted using Comprehensive Meta-Analysis
(CMA) software. Pooled effect size estimates
with confidence intervals were generated, and
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between-study heterogeneity was assessed
using the Q statistic and the 1% index. Given the
study’s explicit focus on long-term impact in a
developmentally sensitive educational stage,
this analytical framework was intended to
provide a rigorous and policy-relevant estimate
of the sustained academic value of gamification
in elementary education.

Results and Findings

First, the present study examines the key
characteristics of the 21 studies related to
gamification, as summarized in Table 1. This
analysis focuses on several critical dimensions,
including the educational level of participants,
the subject or discipline under investigation, the
type and duration of gamified interventions,
and the gamification elements
implemented (e.g., scoring systems, badges,
leaderboards, or collaborative tasks). By

specific

systematically reviewing these characteristics,
the study aims to provide a comprehensive
overview of the current research landscape,
identify common patterns and trends, and
highlight potential gaps in the existing
literature. In particular, understanding these
study features is essential for interpreting the
effectiveness and generalizability of
gamification interventions across different
educational contexts. Moreover, examining the
diversity in study designs, sample sizes, and
methodological approaches
researchers to assess the

enables
robustness of
reported outcomes and to make informed
recommendations for future research and
practical implementation of gamification in
education. Table 1 thus serves as a foundational
reference, offering a structured summary of the
21 selected studies and facilitating a deeper
understanding of how gamification has been
applied, evaluated, and reported across various
settings.

Table 1: Longitudinal Studies on Gamification and Academic Performance

Researc Article - Key Effect .
No. her Year Title Findings Info Approach Duration Country
Gamified Motivation
students !
. Performan
Assessing showed .
Hanus & Gamificatio lower ce Quasi-
1 2015 . S Exp: N=71, Experimen 4 months USA
Fox n Effects in intrinsic
Classrooms motivation M=4.78 tal
and exam Ctrl: N=71,
M=4.95
scores.
Students L
. . Motivation
Differentiat reacted .
. . Exp: N=46, Quasi-
Barta et ionin differently . 36 German
2 2017 e M=77.80 Experimen
al. Gamified but showed months y
Learnin higher Ctrl: N=46, tal
& gne M=75.67
motivation.
Imbrovin Gamification
P & improved Motivation
Student .
Nehrin Performan student Exp: N=64, Quasi- German
3 & 2018 . motivation M=78.58 Experimen 3 months
et al. ce via y
Gamificatio and Ctrl: N=55, tal
performance M=77.80

n
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Researc Article i Key Effect .
No. her Year Title Findings Info Approach Duration Country
Gamificatio Gamification Performan
n& improved ce Quasi-
4 Putz et 2020 Learning retention Exp: N=39, Experimen 24 Austria
al. Enhancem and learnin M=3.33 tal months
ent outcomes ¢ Ctrl: N=44,
' M=1.68
Game-based Performan
Game- testin ce
Based vs showegd Exp: N=51 Quasi-
5 Linetal. 2023 Formative ) p: V=0 Experimen 4 months China
Assessmen higher M=59.90 tal
¢ average Ctrl: N=59,
scores. M=71.49
Gamified ' ngh' Motivation .
. . interaction Exp: N=99, Quasi-
Nabizad Learning . . 120
6 2021 predicted M=3.22 Experimen Iran
ehetal. Over a months
Decade stable long- Ctrl: N=35, tal
term scores. M=2.20
Improved
Gamificatio participation = Motivation .
. and Exp: N=36, Quasi-
Lusap & nin . 36 Netherl
7 2014 . voluntary M=3.24 Experimen
Opma Technical months ands
Higher Ed task Ctrl: N=36, tal
& engagement M=3.00
Gamified Motivation
Gamers vs . , .
Recabar learning Quasi-
Non- . Performan . 12 .
8 ren et 2023 . improved Experimen Chile
Gamers in ] ce months
al. academic tal
Classrooms outcomes Exp: N=49
’ Ctrl: N=47
Tangible S‘;:ji‘;’;;s Motivation
Dudero Gamified using the Exp: N=42, Qu§5|- 12
9 2014 L . M=12.32 Experimen Italy
et al. Design in designed months
School amified Ctrl: N=42, tal
gan M=10.74
objects.
UR: ] N Quasi-
10 PeKet 9020 Gamified E- s UX Exp:N=13, berimen 12 USA
al. . encouraged M=68.9 months
Learning S tal
Platform participation Ctrl: N=19,
. M=60.60
Controlled
Van Roy Gamificatio motivation Motivation Quasi-
11 & 2018 n Needs in persisted Exp: N=40 Experimen 4 months Belgium
Zaman Education across the Ctrl: N=40 tal
semester.
Participati
Boosting Improved ar cl)cr:pa !
Participatio online Quasi-
Barat Exp: N=52 60 Port
12 arata 2013 n with activity and xP ! Experimen oriiga
etal. Gamificatio reduced M=79.99 tal months !
Ctrl: N=52,
n score gaps.

M=81.06
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Researc Article i Key Effect .
No. her Year Title Findings Info Approach Duration Country
Gamificatio Gamified Motivation
Hong & n& students had Exp: N=29, Quasi-
13 Masgud 2014 Secondary higher M=5.35 Experimen 5 months Taiwan
Student intrinsic Ctrl: N=31, tal
Motivation motivation. M=4.94
Gamificatio Badges ACh'i‘éeme
Hakolin n Effects b linked with Exp: N=26 Quasi-
14 en & 2014 v mastery and p:N=25, Experimen 5 months Finland
Auvinen Goal reduced M=1.77 tal
Orientation avoidance Ctrl: N=26,
' M=0.98
Long-Term Improved Perfccngman
Literacy reading N Quasi-
15 thr ® 2019  Growthvia habits, ETS'_E_S?' Experimen 6 months China
: Gamificatio emotions, o tal
n and skills Ctrl: N=29,
' M=3.95
Girls Performan
GBL & outperforme ce Quasi-
Khan et Gender . Exp: N=31, . Pakista
16 al. 2017 Differences end SOZ:nlgnt M=7.16 Expi;llmen 6 months n
in Science angd fcores Ctrl: N=41,
) M=4.79
- Gamified Achieveme
Gamified nt .
Practices & methods Exp: N=49 Quasi-
17 Yildirim 2017 Student rsor()eit::nd M=24.23 Expigllmen 6 months Turkey
Progress P atgtitude Ctrl: N=48,
' M=21.04
Hi
e .|g.her. Performan
Gamificatio participation
. . ce .
Ortiz nin , but no Exb: N=50 Quasi- Colombi
18 Rojas et 2017 Programmi significant |\F/)|—9 ;4 ! Experimen 5 months 3
al- Edu:§tion er?glrrry:nce Ctrl: N=50, =
P M=4.74
Gamificatio Improved Performan
n for speaking ce Quasi-
19 Wa:lg et 2017 Chinese belief, but EX'\IZI_??SO, Experimen 6 months China
' Language no effect on e tal
Learnin other skills Ctrl: N=30,
& ' M=3.46
- Performan
Gamified Motivation ce
STEM A i-
Andrade . i unchanged; Exp: N=22, QuéSI .
20 2020 in Experimen 6 months Brazil
etal. other factors M=9.59
Secondary . tal
Schools improved. Ctrl: N=26,
M=8.88
21 Hamzeh 2015 Gamificatio Gamified Motivation 21 Hamzeh 2015
et al. n& students et al.
Motivation were more
in E- motivated to
Learning use

platforms.
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From the information in Table 1, it can be seen
that among the reviewed studies, no Iranian
research with a
retrieved, and 21 foreign studies (100%) were
identified, all of which were quantitative and
conducted with a quasi-experimental approach.
Furthermore, according to Table 2, the status of
these studies in terms of the long-term duration
used in the reviewed research is presented in
Table 1.

long-term approach was

Table 2: Frequency of Long-Term Duration in
Gamification Studies

Research Absolute Relative
Duration Frequency Frequency
Less than 12
13 62%
months
12 to 36 months 6 29%
More than 36
2 9%
months
Total 21 100%

Table 2 shows that the majority of research
durations fall within the period of less than 12
months, accounting for 62% of the studies; the
12 to 36 months period includes 6 studies,
equal to 29%; and the least frequent duration is
more than 36 months, with 2 studies,
comprising 9% of all the studies reviewed.
In addition, the frequency distribution of the
studies based on their publication years is
presented in Table 3.

Table 3: Frequency Distribution of Gamification
Studies by Publication Year

Publication Absolute Relative
Year Frequency Frequency
2000 to 2010 0 0%
2011 to 2020 18 67%
2021 to 2024 3 23%
Total 21 100%

According to Table 3, most of the reviewed
studies were conducted between the vyears
2011 and 2020, with a frequency of 18 studies

(86%), and 3 studies, equal to 14%, were
conducted between 2021 and 2024. However,
in the period from 2000 to 2010, no long-term
study with a longitudinal gamification approach
was retrieved.

Assessment of Publication Bias

At the beginning of the meta-analysis, the
researcher examined the publication bias of
gamification  studies. In  meta-analysis,
evaluating publication bias is important
because there is a possibility that certain
studies or data have not been assessed due to
non-publication or being overlooked, which
might be disregarded by researchers. This issue
may lead to errors and bias in the final results
of the meta-analysis.

Therefore, identifying and correcting
publication bias in the early stages of meta-
analysis is essential to improve the accuracy and
validity of the results. The funnel plot is a simple
and standard method for detecting publication
bias in meta-analyses. In this plot, the effect of
the intervention on individual study estimates is
displayed in relation to the sample size of each
study. This chart can assist in making decisions
related to publication bias and the credibility of
meta-analysis results.

Fig. 1 displays the funnel plot of the
gamification studies. In the presented funnel
plot, the standard error is plotted on the
vertical axis, and the standardized mean
difference is plotted on the horizontal axis. The
central line, which passes through the middle of
the plot, represents the mean standardized
effect size across all studies. The dashed lines
indicate the 95% confidence intervals for the
mean effect size. As can be observed, the data
points are symmetrically distributed around the
central line, with no significant deviation from
it. This suggests that the likelihood of

publication bias in this meta-analysis is low.
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Fig. 1: Funnel Plot of Gamification Studies

Effect Size Calculation

Effect size is a statistical index that indicates the
strength or importance of the relationship
between two variables or the difference
between two groups [27]. As a standardized
metric, effect size allows us to compare the
results of different studies with each other.

One of the most well-known and widely used
effect sizes is Cohen’s d, introduced by Jacob
Cohen in 1988. This index is calculated based on
the difference between the means of two
groups and their pooled standard deviation,
and it is commonly used to compare group
differences in experimental and clinical studies.
To calculate the effect sizes of the gamification
studies, the CMA (Comprehensive Meta-
Analysis) software was used, and the results are
presented in Table 4.

According to Table 4, studies in which the
mean differences were statistically significant
and had a considerable effect size—such as
Barata et al. [41], Putz et al. [22], and Lin et al.
[34]—demonstrated large or medium effect
sizes. In contrast, studies where the mean
differences were not statistically significant—
such as Hanus and Fox [21], and others—
showed small or very small effect sizes.

According to Table 5, the fixed effect size of
the studies is 0.472, which indicates a medium
and statistically significant effect size. This
effect size shows that the mean difference

favors the first group and is statistically

significant, as the p-value is less than 0.05.
Additionally, the upper and lower bounds of the
95% confidence interval are 0.199 and 0.397,
respectively, indicating a reliable and precise
estimate of the effect size. The Z-value also
indicates a substantial standard deviation,
confirming that the observed difference is
statistically significant.

Fig. 2 presents the effect size (standardized
mean difference) and the 95% confidence
interval for each of the studies. The horizontal
axis represents the effect size, while each
line shows the 95%
interval for a study. The vertical lines on both

horizontal confidence
sides of the graph represent points A and B. The
dots and squares represent the estimated
effect sizes of each study, and the size of the
squares reflects the weight of each study in the
overall meta-analysis.

According to this plot, the studies with
negative effect sizes (located to the left of the
zero axis) include Hanus and Fox [21]. These
studies indicate a preference for Group A over
Group B (i.e., the control group over the
experimental group), but this preference is not
statistically significant, as the confidence
intervals include zero. On the other hand, the
studies with positive effect sizes (located to the
right of the zero axis) include Barata et al. [41],
Putz et al. [22], Lin et al. [34], Nabizadeh et al.
[35], Recabarren et al. [36], Dudero et al. [15],
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Table 4: Effect Sizes of Research Variables at the 95% Confidence Level

Model Study name Statistics for each study
Std diff Standard Lower Upper

in means error Variance limit limit Z-Value p-Value

Hanus & Fox (2015) _1 -0.291 0.165 0.027 0615 0.033 -1.758 0.079
Hanus & Fox (2015) _2 0.138 0.168 0.028 -0.191 0.468 0.823 0.410
Hanus & Fox (2015) _3 -0.013 0.168 0.028 -0.342 0316 -0.079 0.937
Barata et. al (2017) 1.662 0.242 0.058 1.188 2.136 6.873 0.000
Nehring et. al (2018) 0.307 0.185 0.034 -0.056 0.669 1.658 0.097
Putz et. al (2020) 1.170 0.238 0.057 0704 1.636  4.917 0.000
Lin et. al (2023) 0.142 0.191 0.037 0234 0517 0.739 0.460
Nabizadeh et. al (2021) 3.150 0.275 0076 2610 3.689 11.448 0.000
losup & Epema (2014) 0.324 0.237 0.056 -0.141 0.789 1.367 0.171
Recabarren et. al (2023) _1 0.168 0.205 0.042 0233 0568 0.819 0.413
Recabarren et. al (2023) 2 -0.289 0.205 0.042 0691 0.113  -1.409 0.159
Recabarren et. al (2023) 3 0.000 0.204 0.042 -0.400 0.400 0.000 1.000
Dodero et. al (2014) 0.448 0.221 0.049 0.015 0.881 2.028 0.043
Pesek et. al (2020) 1.475 0.366 0.134 0758 2193  4.032 0.000
VanRoy & Zaman (2018) 1 0.812 0.233 0.054 0356 1.268 3.489 0.000
VanRoy & Zaman (2018) 2 -0.655 0.230 0053 -1.105 -0.205 -2.853 0.004
Barata et. al (2013) -0.238 0.197 0039 0624 0.148 -1.210 0.226
Hong & Masood (2014) 0.573 0.264 0.069 0.056 1.089 2.173 0.030
Hakulinen & Auwvinen (2014) 0.833 0.289 0.084 0266 1.399 2.879 0.004
Zhu et al. (2019) 0.796 0.273 0.074 0261 1.331 2918 0.004
Khan et al. (2017) 1.783 0.281 0.079 1233 2333 6.354 0.000
Yildirim (2017) 0.695 0.209 0.044 0285 1.105 3.323 0.001
OtizRojas et al (2017) 1.819 0.238 0.057 1.353 2285 7.650 0.000
Wang et al. (2017) 0.110 0.258 0.067 -0.396 0.617 0.427 0.669
Andrade (2020) 1.899 0.349 0.121 1216 2582 5.449 0.000
Hamzah et al. (2015) 2.317 0.528 0278 1283 3.351 4.390 0.000
Fixed 0.472 0.044 0.002 0386 0559 10.693 0.000

Meta Analysis
Table 5: Combined Effect Size of Gamification Studies
Model Studyname Statistics for each study
Std diff  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Fixed 0472 004 0002 0386 0559 10693 0.000

Meta Analysis



35

Tech. of Edu. J. 20(1): 23-42, Winter 2026

Hanus & Fox (2015) _1 ——
Hanus & Fox (2015) 2 ——
Hanus & Fox (2015) 3 —i—
Barata et. al (2017) >
Nehring et. al (2018) ——
Putz et. al (2020) —_—
Lin et. al (2023) ——
Nabizadeh et. al (2021) >
losup & Epema (2014) —
Recabarren et. al (2023) _1 ——
Recabarren et. al (2023)_2 —a—
Recabarren et. al (2023)_3 —a—
Dodero et. al (2014) —a—
Pesek et. al (2020) —
VanRoy & Zaman (2018)_1 —
VanRoy & Zaman (2018) 2 ——
Barata et. al (2013) ——
<&
-1.00 0.50 0.00 0.50 1.00
Favours A Favours B

Fig. 2: Forest Plot of Confidence Intervals (Accumulation Chart) for Gamification Studies

Pesk et al. [17], Van Roy and Zaman [39], and
Barata et al. [44]. These studies show a
preference for Group B over Group A, and this
preference is statistically significant, since the
confidence intervals do not include zero.

In addition, the studies whose confidence
intervals include zero (located around the zero
axis) include Nehring et al. [40], Lusap and
Opma, and Van Roy and Zaman [39]. These
studies indicate that there is no clear
preference between Group A and Group B, and
the differences are not statistically significant.
Overall, based on the forest plot, many studies
show significant differences in favor of Group B,
while a few studies show insignificant

differences or differences in favor of Group A.

Assessment of Study Heterogeneity

In the final section of the meta-analysis, study
heterogeneity was assessed using the Q-test for
between-study variability [28]. The Q-test
indicates whether there is a statistically
significant heterogeneity among the studies.
The results of the analysis of all the reviewed
studies, which included 17 variables across 12
studies, are presented in Table 6.

Table 6: Q-Test Results at 95% Confidence Level

Q Number of d Chi-square Result
Statistic  Variables f (X?)
Heteroge
278.91 17 L 26.629 neity
8 > .
Exists

The results in Table 6 show that the total Q-
value is 278.918, which is much higher than the
critical value of 26.296 for 16 degrees of
freedom at the 0.05 significance level. This
result indicates the existence of considerable
heterogeneity among the studies under review.
Alongside the Q-test in assessing the
heterogeneity of gamification studies, the I?
index was also calculated and found to be
94.29%. This value indicates that about 94.29%
of the observed variation in study results is due
to heterogeneity among the studies and not
due to random differences; this demonstrates
substantial heterogeneity among the studies.
Accordingly, various variables may play a key
role in this heterogeneity in the effect of
gamification on the academic performance of
students in longitudinal studies. To this end, the
variables influencing the heterogeneity in the
effect of gamification on students' academic
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performance in longitudinal studies can be

outlined as follows:

o Changes in student characteristics: Over
time, students develop and evolve in terms
of cognitive skills, learning abilities,
interests, and motivations. These changes
can affect the effectiveness of educational
games throughout the study period and
over time. Students' learning needs and
goals change during their educational
course and as time progresses. Educational
games should adapt to these changes and
address the new needs and goals to
maintain their effectiveness.

o Changes in the educational environment:
Curricula evolve based on new educational
needs and approaches. Educational games
must align with these curriculum changes
and be designed and implemented
accordingly to remain effective.

o Changes in intervening variables: Shifts in
the socio-economic status of students and
their families can occur over time. These
changes can
educational resources, family and school
support, and ultimately the effectiveness of

influence  access to

educational games throughout the study
period. Additionally,
attitudes and beliefs of teachers, parents,
and the community regarding educational
games can vary over time. These changes
may impact the acceptance and
implementation of this
method in schools and ultimately affect its
effectiveness during the study period.

o Emergence of long-term effects:
Longitudinal and extended studies provide
an opportunity to observe the long-term
effects of gamification on students’
academic performance. These long-term
effects may not be visible in short-term
studies and may emerge over time as the
study progresses.

changes in the

educational

o Variation in individual responses: Different
students respond differently to educational
games, and the effects of this method can
vary among Longitudinal and
extended studies, by examining the effects
of gamification on a wide range of students
over time, can contribute to a better
understanding of the diversity in individual
responses and the factors influencing
them.

In fact, the factor of time and the duration of
the study play a complex and multifaceted role
in the heterogeneity observed in the effects of
gamification on students’ academic
performance in longitudinal studies. A deeper
understanding of these effects requires a more
detailed examination of changes in student
characteristics, the educational environment,
intervening variables, and the emergence of
long-term effects of gamification over time.

them.

Discussion

The present study aimed to conduct a meta-
analysis of research related to gamification,
with an emphasis on its long-term effects on the
academic performance of elementary school
students. Based on the findings, several of the
reviewed studies showed notable effect sizes,
including those by Barata et al. [41], Putz et al.
[22], Lin et al. [34], Nabizadeh et al. [35],
Recabarren et al. [36], Dudero et al. [15], Pesk
et al. [17], Van Roy & Zaman [39], and Barata et
al. [44], where the effect sizes were large or
medium.

Alongside this, the overall fixed effect size
across all studies was found to be 0.298, which
indicates a small to medium effect size. This
learning
performance, motivation,
learning motivation, academic performance,
and achievement drive have been most
impacted by gamification in the long term.

means that variables such as

achievement
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This result aligns with the studies of Lopez
and Tucker [8], which have shown that the
success of digital games in long-term education
contributes to improved motivation,
engagement, and social impact, allowing
students to enhance their learning and
experience joy and depth in the process. It also
aligns with the longitudinal study by Harris and
Park [20], which showed that gamification leads
to improvements focus, and
attention over the long run. Furthermore, the
results are consistent with the longitudinal
studies by Buckley and Doyle and Barata et al.
on the improvement of student performance.

To explain this finding, it should be said that
large and significant effect sizes can indicate
meaningful impacts that may reflect the
sustainability of results in experimental and
longitudinal research. In particular, the
enjoyment of digital games in education helps
enhance students’ motivation, engagement,
and deep learning; such that game elements in
instructional create engaging
experiences for players and associate learning

in  memory,

design can

with positive emotions and enjoyment.

In contrast, studies where the difference in

means was not statistically significant, such as
Hanus and Fox [21] had small or very small
effect sizes. This means that achievement and
learning motivation may decline in the long
with the
longitudinal studies of Hanus and Fox, who
found that students in the gamified condition
demonstrated lower motivation and lower final
exam scores compared to the non-gamified
class.
Additionally, the study by Hanus and Fox [21].
showed that gamification did not affect
performance, dropout rates, or pass rates
compared to the control group.

This suggests that the effects of gamification
may vary in the short term and long term.
Longitudinal studies that cover different time

term. This result also aligns

frames may produce different outcomes.
Differences in the duration of intervention can
result in variations in the magnitude and
sustainability = of  gamification
Longitudinal studies should aim to measure
effects across different time intervals to
accurately assess changes over time.

Multiple variables may play a key role in this
heterogeneity in the long-term impact of
gamification on students' academic
performance. The effectiveness of educational
games over time may be influenced by changes
in student characteristics, the educational
environment, and intervening factors. Students
grow over time in terms of cognitive skills,
interests, and motivation, and their learning
needs and goals evolve. The educational
environment also transforms through changes
in the curriculum and new instructional
approaches. Additionally, socioeconomic status
and the attitudes of teachers and parents can
access to and
educational games. Longitudinal studies reveal

effects.

influence acceptance of
the long-term effects of gamification on student
academic performance and help in better
understanding the diversity in
responses.

This finding is in line with the studies of
Hanus and Fox [21]. All these studies highlight
the challenges and limitations of long-term

individual

gamification in educational environments.
Hanus and Fox showed that gamification could
lead to reduced motivation and lower scores,
emphasizing the need to adapt educational
games to changing student characteristics and
environments. Hanus and Fox [21]. showed that
gamification had no impact on performance,
dropout rate, or success rate in distance
learning, possibly due to changes in intervening
variables and the educational context.

Several reasons may explain why
gamification may have reduced effects over

time. First, the initial motivation driven by the
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novelty and appeal of these technologies may
wane as students become accustomed to them,
reducing their effectiveness. Second, the
repetitive and monotonous nature of content
may lower student interest and engagement.
Third, shifts in the educational environment and
evolving student needs and learning goals may
render such technologies less effective over
time.

Additionally, intervening factors such as
students' and the
attitudes and beliefs of teachers and parents
can affect access to and acceptance of these
technologies. Lastly, individual differences
among students and their varying responses to
these methods may contribute to a general
decline in the long-term effectiveness of
gamification and augmented reality.

Based on the findings and analyses, it
appears that gamification can significantly
influence students' academic performance.
However, these effects vary over time and
depend on various contextual

socio-economic status

factors. In
general, the effect size of gamification has been
positive and notable, especially when these
technologies are implemented over extended
periods. Research has shown that gamification
can effectively enhance students’ motivation,
engagement, and deep learning, which aligns
with the findings of longitudinal studies that
emphasize the sustainability and positive
impacts of such approaches.

Conversely, some studies have shown that
the positive effects of gamification may
diminish over time, possibly due to factors such
as repetitive content, reduced novelty and
appeal, and habituation. Ultimately, multiple
variables can affect the heterogeneity of
gamification’s effect sizes and its influence on
students’ academic outcomes. These variables
include students’ individual characteristics, the
duration of the
intensity of

educational
intervention,

environment,
frequency and

technology use, and environmental and
psychological changes.

Therefore, the use of these technologies in
education should be approached with care and
tailored to the evolving needs of students and
the learning context to achieve long-term and

sustainable positive effects.

Conclusions

The findings of this meta-analysis indicate that
gamification has a generally positive, small-to-
medium long-term effect on the academic
performance of elementary school students,
with an overall fixed effect size of 0.298. Several
studies demonstrated medium to large effects,
areas such as learning
achievement motivation,
learning motivation, and deep engagement.
These results align with longitudinal evidence
showing that digital games and game elements
can sustain learners’ motivation, improve
cognitive processes such as memory and
attention, and enhance academic performance

particularly in
performance,

over extended periods. However, the analysis
report
Some

also revealed that not all studies

favorable outcomes.
investigations, particularly those by Hanus and
Fox [21], indicate that the effectiveness of
gamification may diminish over time,
potentially due to declining novelty, repetitive

instructional content, and changes in learner

long-term

characteristics or contextual conditions.
Despite these insights, the present meta-
analysis faces several limitations. First, the
studies reviewed vary considerably in terms of
duration, intervention design, educational
settings, and participant characteristics, which
contributes to heterogeneity in the findings.
Second, differences in measurement tools and
outcome variables across studies may limit
comparability. Third, relatively few longitudinal
studies with extended follow-up periods exist in
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the field, which the depth of
conclusions regarding long-term sustainability.

restricts

Additionally, contextual moderators such as
socio-economic status, teacher attitudes, and
instructional  design were not
consistently reported, limiting the ability to
conduct moderator analyses. The results of this

research have important practical implications

quality

for instructional designers, teachers, and
policymakers. Gamification can be an effective
approach for enhancing learner motivation and
performance when implemented strategically
and aligned with students’ developmental and
contextual needs. Sustaining its effectiveness
requires integrating diverse game elements,
avoiding monotonous content, and
continuously adapting activities to maintain
novelty and relevance. Educators should also
consider environmental and psychological
variables—such as learner readiness, classroom
climate, and support from teachers and
parents—that shape the success of long-term
gamified learning.

Future research should address the existing
gaps by conducting longitudinal studies with
standardized measures, consistent time
intervals, and robust experimental designs.
Scholars should examine the role of moderating
factors such as intervention duration, intensity
of game use, learner characteristics, and

changes in  educational environments.

Moreover, comparative studies between
gamification and emerging technologies—such
as augmented reality or adaptive learning
systems—may provide deeper insights into how
different digital tools support sustained student
engagement and performance. Finally, future
research should explore qualitative dimensions
of learner experiences to better understand the
psychological

mechanisms underlying long-

term changes in motivation and achievement.
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The power of time: how spacing techniques revolutionize ESP vocabulary learning
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ABSTRACT

The growing influence of Information and Communication
Received: 28 August 2025 Technology (ICT) has considerably altered educational practices, particularly in language learning
Reviewed: 20 October 2025 contexts. In English for Specific Purposes (ESP) courses, mastering technical vocabulary is a
Revised: 22 November 2025 fundamental yet challenging requirement due to the specialized nature of the content and

Accepted: 28 December 2025  learners’ limited exposure beyond academic settings. Traditional vocabulary instruction methods
often provide insufficient repetition and lack flexibility, which can negatively affect retention and
long-term learning. In response to these challenges, technology-enhanced learning tools have

KEYWORDS: emerged as effective alternatives for supporting vocabulary development. Digital flashcards,
Digital Flashcards especially when used through online platforms, offer structured repetition, learner autonomy,
ICT and increased engagement. However, despite their widespread use, there is limited empirical
Technical Vocabulary research examining the effectiveness of digital flashcards implemented at predetermined time
Quizlet intervals in ESP contexts. Therefore, this mixed-methods study aimed to investigate the effects

of using ICT-based digital flashcards with spaced repetition on undergraduate ESP learners’
acquisition of technical vocabulary. Additionally, the study explored learners’ perceptions of

* Corresponding author using Quizlet as a technology-supported instructional tool.
X z.cheraghi@sru.ac WELEREIERTRY GRS The study employed a mixed-methods research design integrating
@ (+98912)5383046 quantitative and qualitative data to provide a comprehensive understanding of the research

objectives. The participants were 60 undergraduate students enrolled in ESP courses, who were
randomly assigned to an experimental group and a control group. Before the instructional
intervention, both groups completed a background questionnaire and a technical vocabulary pre-
test to ensure comparability in terms of prior knowledge. During the treatment phase, the
experimental group learned technical vocabulary through digital flashcards delivered via an
online platform at planned and systematic time intervals based on spaced learning principles. In
contrast, the control group received conventional vocabulary instruction without the use of
digital flashcards or ICT-based tools. Data collection instruments included technical vocabulary
pre- and post-tests, post-treatment questionnaires, and semi-structured interviews. Quantitative
data were analyzed using paired-samples t-tests to examine within-group changes and an
independent-samples t-test on gain scores to compare the magnitude of vocabulary
improvement between the two groups. Qualitative interview data were analyzed through
content analysis using NVivo software.

he results of the quantitative analysis showed that the experimental group achieved
significantly greater vocabulary gains than the control group, as confirmed by an independent-
samples t-test on gain scores. These findings indicate that the use of digital flashcards with spaced
intervals had a positive and statistically significant effect on ESP learners’ vocabulary acquisition.
Learners who experienced repeated and structured exposure to technical terms demonstrated
higher levels of retention and recall. Moreover, the results suggested that Quizlet functioned as
an effective and reliable ICT-based platform for facilitating vocabulary learning. The qualitative
findings further supported the quantitative results, revealing that learners held positive attitudes
toward the use of digital flashcards. Participants reported increased motivation, improved
engagement, and greater control over their learning process. They also noted that spaced
repetition helped reduce cognitive load and made learning complex technical vocabulary more
manageable.
The findings of this study demonstrate that integrating ICT-based tools, particularly
digital flashcards with spaced repetition, can effectively enhance technical vocabulary learning in




Z. Cheraghi et al. a4

ESP contexts. From a technology of education perspective, the results highlight the pedagogical
value of online learning platforms in promoting learner autonomy and improving vocabulary
retention. This study contributes to the field of educational technology by providing empirical
evidence for the effectiveness of interval-based digital flashcards in ESP instruction. It is
recommended that ESP instructors and curriculum designers incorporate technology-enhanced
vocabulary learning strategies into their courses to achieve more effective and sustainable
learning outcomes.
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Introduction repeated exposure,

retrieval

The integration of Information and
Communication Technology (ICT) into language
education has reshaped instructional practices
and redefined how learners engage with
linguistic input. Recent advancements in digital
learning environments have shifted the focus
from teacher-centered transmission models
toward learner-centered, technology-mediated
pedagogies that promote autonomy, sustained
engagement, and data-driven feedback [1-2]. In
addition, recent syntheses of research suggest
that technology integration in language
classrooms can significantly enhance learner
interaction and self-regulated learning when
pedagogically grounded [3-4]. Within applied
linguistics, the growing emphasis on evidence-
based instructional design has highlighted the
importance of aligning technological tools with
established cognitive learning principles. As a
result, vocabulary instruction—long recognized
as a cornerstone of second and foreign
language proficiency—has increasingly been
supported through digital platforms that enable

adaptive review mechanisms [5-6].

Vocabulary
foundational

knowledge constitutes a
dimension of communicative
competence, directly influencing learners’
reading comprehension, listening ability,
speaking fluency, and academic achievement.
In English for Specific Purposes (ESP) contexts,
lexical competence becomes even more critical
because learners must acquire discipline-
specific terminology that occurs with limited
frequency outside specialized domains [7-8].
Research on vocabulary acquisition further
emphasizes that systematic and technology-
supported lexical instruction can strengthen
depth of processing and long-term retention,
particularly when digital tools are integrated
into structured learning environments [9]. The
technical and often abstract nature of ESP
vocabulary presents learning
challenges, particularly in contexts where
learners have restricted exposure to authentic
input. Consequently, relying solely on incidental
vocabulary  acquisition is
intentional, systematically structured lexical

substantial

insufficient;
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instruction is necessary to facilitate durable
retention and productive use [10].

From a cognitive perspective, vocabulary
acquisition is incremental and requires multiple
encounters distributed across time. One of the
most robust findings in memory research—the
spacing effect—demonstrates that learning
episodes spaced over intervals yield stronger
long-term retention than massed practice
conducted within a single session [11-12-13].
Spaced memory
consolidation by strengthening neural encoding

retrieval enhances
pathways and reducing cognitive overload,
thereby increasing both accuracy and durability
of recall [14]. In second language acquisition
research, retrieval practice combined with
distributed scheduling has been shown to
significantly retention
compared to
temporal spacing [15].

improve vocabulary
repeated exposure without

Digital flashcard applications provide an
ideal environment for operationalizing spacing

principles  within  language classrooms.
Platforms such as Quizlet incorporate
automated review cycles, time-controlled

repetition, gamified testing modes, and mobile
accessibility, all of which may enhance both
cognitive processing and learner motivation

[16-2].  Unlike  traditional  paper-based
flashcards, digital systems can algorithmically
schedule review sessions, monitor

performance, and adjust repetition intervals to
optimize learning efficiency. However, despite
the well-documented benefits of spaced
practice in cognitive psychology, empirical
investigations  examining digitally
scheduled spacing influences ESP learners’

how

technical vocabulary development remain
limited.

Addressing this gap is important for both
theoretical understanding and  practical
application. Examining  spaced digital

vocabulary learning in ESP contexts connects

research on cognitive memory with effective
technology-enhanced  language  learning.
Understanding learning outcomes and learner
perceptions allows for informed curriculum
design, enabling educators to purposefully
integrate digital tools to support vocabulary
instruction. In higher education, where time
constraints and demanding subject matter
often limit opportunities for repeated
vocabulary practice, identifying efficient,
research-backed instructional strategies is very
essential. Recent empirical evidence suggests
that retrieval-based instructional approaches,
especially those employing systematic spacing
improve long-term vocabulary retention in
second language contexts [17].

Although the effectiveness of spaced
learning was approved in recent years [18-19-
20], the present mixed-methods research is
aimed at examining the impact of spaced
learning on the enhancement of ESP vocabulary
using Quizlet digital flashcards. Additionally, the
study sought to explore the following research
inquiries:

- Is spacing technical vocabulary learning
through digital flashcards more effective than
massed learning?

- What are the perceptions of learners in the
experimental group
implementation of spaced retrieval?

regarding the
- What are the ESP learners’ attitudes toward

using Quizlet digital flashcards with specific
intervals for learning technical vocabulary?

Review of Related Literature

Theoretical Background

The present study is grounded
complementary theoretical perspectives that
explain learners’ acceptance of digital learning
tools and their engagement in structured
vocabulary learning environments: the
Technology Acceptance Model (TAM) and the

in two
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Theory of Planned Behavior (TPB). Rather than
adopting these frameworks as isolated models,
the study integrates them to explain how
perceived usefulness, perceived ease of use,
behavioral intentions, and perceived control
may influence learners’ engagement with
spaced digital flashcards.

Recent extensions of TAM emphasize that
learners’ adoption of educational technologies
is largely determined by their perceptions of
usefulness,  usability, and
affordances [3-21]. Empirical investigations in
higher education settings further indicate that
students’ sustained engagement with digital
learning platforms is strongly predicted by
perceived usefulness and self-efficacy beliefs
[22]. In language learning contexts, perceived
usefulness  often improved
performance, efficiency, and long-term
retention, while perceived ease of use relates to
reduced cognitive load and accessibility of the
platform [2]. When learners perceive digital
tools as beneficial and manageable, their

motivational

relates to

intention to use such technologies increases
significantly.

Similarly, the Theory of Planned Behavior
posits that behavior is driven by behavioral
intentions shaped by attitudes, subjective
norms, and perceived behavioral control [23]. In
digitally
environments, perceived behavioral control

mediated  vocabulary learning
may manifest as learners’ belief in their ability
to regulate their study schedules, manage
repetition intervals, and successfully retrieve
vocabulary items. Recent research has shown
that students’ intention to continue using
educational technologies is strongly associated
with motivational beliefs and perceived
autonomy [2-4].

By integrating TAM and TPB, the present
study provides a theoretical basis for examining
not only the effectiveness of spaced digital

vocabulary learning but also learners’

perceptions and attitudes toward scheduled
repetition in Quizlet. These frameworks justify
the inclusion of qualitative data exploring
motivation, engagement, and perceived
learning enhancement.

Spaced Retrieval and Vocabulary Learning
The spacing effect, one of the most robust
findings in cognitive psychology, suggests that
distributed learning episodes result in stronger
long-term retention than massed practice [11-
12]. Spaced memory
consolidation by allowing forgetting to occur
between sessions, thereby strengthening
retrieval pathways when information s
reactivated [24].

In second language acquisition, retrieval-
based practice temporal
distribution has demonstrated significant gains

retrieval enhances

combined with

in vocabulary retention compared to repeated
exposure without spacing [15]. Experimental
research has also demonstrated that expanding
retrieval schedules produces more durable
vocabulary retention than fixed or massed
repetition patterns, particularly when practice
sessions are distributed across days rather than
within a single session [17]. Meta-analytic
evidence indicates that distributed practice
yields medium to large effect sizes for long-
term vocabulary retention, particularly when
retrieval is effortful and feedback is immediate
[14].

Although the cognitive advantages of spaced
learning are well established, fewer studies
have examined how spacing principles operate
digital vocabulary platforms that
algorithmically schedule review sessions. As

within

digital environments allow precise control over
interval timing and frequency, they may
spacing more effectively than

classroom-based repetition.
specifically
targeting ESP learners and technical vocabulary

optimize
traditional
research

However, empirical
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within digitally scheduled spacing remains
limited. This gap highlights the need for
research that combines cognitive principles
with technology-enhanced language learning.

Vocabulary Learning in ESP Contexts
Vocabulary knowledge is widely recognized as a
core component of language proficiency,
particularly in academic and professional
domains [25]. In ESP contexts, learners must
acquire discipline-specific lexical items that are
often abstract, low-frequency outside the field,
and conceptually dense [7]. Technical
vocabulary plays a decisive role in enabling
learners to comprehend specialized texts and
participate in professional
communities [8].

Contemporary perspectives emphasize that
vocabulary acquisition is incremental and
requires repeated, meaningful
across time [10-9]. Incidental exposure alone is
insufficient for technical
terminology; intentional  and
approaches are

discourse

encounters

mastering
instead,
structured instructional
necessary.

Moreover, digital learning environments
offer expanded affordances for repeated
multimodal presentation, and

learner-controlled pacing. Research has shown

exposure,

that technology-mediated vocabulary learning
can enhance engagement, autonomy, and
retention when grounded in cognitive principles
such as retrieval practice and spacing [5-2].
Despite these advances, the intersection of ESP
digital flashcards, and
scheduled spacing

vocabulary,
algorithmically
underexplored.

remains

Digital Flashcards and Quizlet

Digital flashcard applications operationalize key
principles of vocabulary learning, including
form—meaning mapping, retrieval practice, and

distributed exposure. Recent empirical

investigations suggest that digital flashcards are
effective tools for improving vocabulary
retention, particularly when they incorporate
adaptive scheduling and gamified features [6-
16].

Unlike traditional paper-based flashcards,

digital platforms such as Quizlet provide
automated review cycles, performance
tracking, and mobile accessibility. These

features may enhance learner engagement and
encourage sustained practice. A recent meta-
analysis on technology-enhanced vocabulary
learning confirmed that digital tools produce
significant  positive compared to
traditional methods, especially when repetition
is structured and interactive [2].

However,

effects

studies have
examined digital flashcards in general EFL

while previous

settings [4-6-16], relatively limited research has
investigated their effectiveness for technical
vocabulary acquisition in ESP contexts,
particularly through experimentally
manipulated spacing intervals. Furthermore,
the role of learners’ perceptions, motivation,
and competitive
environments requires
exploration.

engagement in  such

further qualitative

ICT in ESP and Research Gap

ICT integration in ESP classrooms has been
associated with increased learner autonomy,
improved access to authentic materials, and
enhanced  professional [26].
Nevertheless, much of the research on ICT in

relevance

ESP focuses on general digital integration rather
than cognitively principled instructional design.

Although separate bodies of research exist
on (a) spacing effect in vocabulary learning, (b)
digital flashcards in language education, and (c)
ICT use in ESP contexts, there is a notable lack
of mixed-method examining the
combined impact of digitally scheduled spacing

studies

on technical vocabulary development within
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ESP settings.

The present study addresses this gap by
experimentally comparing spaced and massed
vocabulary learning through Quizlet digital
flashcards while simultaneously exploring
learners’” perceptions and attitudes. By
integrating cognitive theory, technology
acceptance models, and ESP pedagogy, this
study contributes to both theoretical
understanding and pedagogical practice in
technology-enhanced language learning.

Method

Participants

The participants initially consisted of 90 Iranian
undergraduate students majoring in
Architecture, all enrolled in an ESP course. The
cohort included both male and female students,
aged between 19 and 24, who were in their
second or third academic year. To ensure
homogeneity in general English proficiency, an
Oxford Placement Test was administered.
Based on the test results, 60 learners who met
the intermediate level criterion (B1 according to
the Common European Framework of
Reference [CEFR]) were selected as the final
sample. The selected participants were then
assigned to two intact groups: an experimental

group (n = 30) and a control group (n = 30).

Participation was voluntary and informed
consent was obtained from all individuals
involved.

Instruments

Placement Test

An Oxford Placement Test consisting of 50
multiple-choice items assessing grammar and
vocabulary knowledge was administered to
determine participants’ general language
proficiency. The test duration was 40 minutes
(averaging 48 seconds per item). According to
the test guidelines, scores above 31 correspond

to the intermediate (B1) level. Only those
meeting this criterion were included in the
study.

Technical Vocabulary Tests

To measure vocabulary development, a
researcher-developed technical vocabulary test
was administered as both a pre-test and a post-
test. The tests included 30 multiple-choice
items derived from Technical
Architects.

English for

To establish content and construct validity,
the instrument was piloted with 120 EFL
learners at another university who shared
characteristics with the target
population. Internal consistency was calculated
separately for each administration, yielding a
Cronbach’s alpha of 0.82 for the pre-test and

similar

0.86 for the post-test, indicating high reliability
across both measurements. Both pre- and post-
tests were scored independently by two raters
to reduce scoring bias, and the average of the
two scores was used as the final score.

Post-treatment Questionnaire

The post-treatment questionnaire, adopted
Lotfolahi and Salehi [19], was
administered immediately after the post-test to

from

explore the perceptions of the experimental
group about using spaced digital flashcards. It
addressed experiences and attitudes formed
during the intervention, aiming to examine the
effects of the spacing technique on learning
target vocabulary. The questionnaire consisted
of 14 Likert-scale items rated on a five-point
scale (1 = Strongly Agree to 5 = Strongly
Disagree). It was completed by all 30
participants in the experimental group. To
prevent misunderstanding, the questionnaire
was translated into Persian. The translated
version underwent

expert validation by

bilingual specialists to ensure linguistic
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accuracy, conceptual equivalence, and cultural
appropriateness.

Semi-structured Interview

To obtain in-depth qualitative data, semi-
structured interviews were conducted with 10
participants purposively selected from the
experimental group to represent a range of final
vocabulary test scores (high, medium, low),
ensuring diverse perspectives on the learning
experience. The interviews aimed to explore
participants’  attitudes, motivation, and
perceptions regarding the use of Quizlet digital
flashcards with scheduled
interviews were audio-recorded and
transcribed for analysis.

The interview protocol consisted of four
open-ended questions (see Appendix) designed
to collectively deepen and complement the
guantitative findings across all three research
guestions. Rather than mapping each question
to a single research question in isolation, the
questions  were
participants to

intervals. All
later

constructed to allow

reflect on interconnected
aspects of their learning experience—including
motivation, engagement, perceived challenge,
and vocabulary retention—which together
inform all three research questions. This design
ensured that the qualitative data captured the
complexity and interrelatedness of learners’
experiences with spaced digital flashcard
practice, while allowing participants the
freedom to elaborate on their unique
perspectives. The integration of responses
across all four enabled the

researchers to identify recurrent themes that

questions

cut across the study’s research objectives,
thereby strengthening the triangulation of
guantitative and qualitative findings.

Data Collection Procedure
Ethical approval for the study was obtained
from the English Department of Pars Higher

Education Institute, Tehran, Iran. Participation
was voluntary, and informed consent was
obtained from all students. Following the
administration of the placement test, 60
intermediate learners were selected and
assigned to experimental and control groups.
The intervention lasted six weeks, with classes
held twice a week for two hours. Both groups
were taught by the same instructor to control
for teacher-related variables. At the beginning
of the study, both groups took the technical
vocabulary pre-test under standardized
conditions. During the intervention period,
both groups used Quizlet digital flashcards to
learn technical
experimental group was required to follow a
spaced schedule,
vocabulary at two-day intervals. In contrast, the
control group used Quizlet without
predetermined intervals. At the end of the
treatment, both groups completed the post-
test under identical conditions. Afterward, a
post-treatment

vocabulary. However, the

structured reviewing

questionnaire was
administered only to the experimental group to
gather data on their perceptions of the spaced
digital flashcard use. This questionnaire was not
given to the control group because their
instruction did not involve a spaced schedule,
making the questions irrelevant to their
experience. Finally, semi-structured interviews
were conducted with 10 participants from the
experimental group to gain deeper insights into
their learning experiences. A standardized
protocol was followed to ensure consistency
and depth across all sessions. Each interview
was conducted individually in a quiet, private
setting to minimize distractions. Before the
interview, participants were briefed on the
purpose of the study, assured of confidentiality,
and provided informed consent. The interviews
began with a brief, neutral opening question to
establish rapport. The then
followed the guiding questions (see Appendix),

interviewer
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allowing participants to speak freely while using
prepared prompts (e.g., “Can you elaborate on
that?” or “Could you give an example?”) to
explore responses in greater depth when
necessary. Each interview lasted approximately
20-30 minutes.

Data Analysis

A mixed-method approach was employed for
data analysis. Quantitative data were entered
into  SPSS. conducting
statistics, assumption testing was performed.
The normality of score distributions for both
groups was examined using the Shapiro—Wilk
test, and the homogeneity of variances was
assessed through Levene’s Test of Equality of

Before inferential

Variances. Descriptive statistics, including
means and standard deviations, were
calculated to summarize  participants’

performance on the pre- and post-tests. To
examine within-group changes from pre-test to
post-test, paired-samples  t-tests
conducted separately for the experimental and

were

control groups. In addition, to compare the
effectiveness of spaced versus non-spaced
digital flashcard practice between the two
groups, gain scores (post-test minus pre-test)
were calculated for each participant. An
then
performed on these gain scores to determine

independent-samples  t-test  was

whether the magnitude of improvement
differed significantly between the experimental
and control groups. This approach was adopted
because comparing raw post-test scores alone
does not account for potential pre-existing
differences in baseline vocabulary knowledge,
whereas gain score analysis directly measures
the amount of change attributable to the
intervention. Statistical significance was set at p
< .05. For qualitative analysis,
transcripts were imported into NVivo software
and analyzed using thematic content analysis.

An inductive coding procedure was applied to

interview

identify recurring themes related to motivation,
engagement, competition, and perceived
vocabulary improvement.

For qualitative analysis, interview transcripts
were imported into NVivo software to facilitate
systematic data management and coding. The
analysis followed the six-phase thematic
analysis protocol proposed by Braun and Clarke
[27] to ensure rigor and transparency. First, the
researchers familiarized themselves with the
data by reading and re-reading the transcripts.
Second, an inductive coding procedure was
applied to generate initial codes for meaningful
segments of text. Third, these codes were
collated into potential themes related to
motivation, engagement, competition, and
perceived vocabulary improvement. Fourth, the
themes were reviewed against the coded
extracts and the entire dataset to ensure they
accurately reflected the participants’
experiences. Fifth, the specific nature of each
theme was defined and named. Finally, the
analysis was written up, linking the identified
themes back to the study’s research questions.
This structured approach ensured that the
findings were grounded in the data rather than
researcher bias.

Design of the Study

The present study adopted a quasi-
mixed-methods design to
examine the effect of digitally delivered
flashcards via Quizlet on the acquisition of
technical vocabulary under scheduled spaced
intervals. Due to the use of intact classroom

experimental

groups, random assignment was not feasible;
therefore, control and experimental groups
were compared within a quasi-experimental
framework. Quantitative data were collected
through pre- and post-tests measuring learners’
vocabulary knowledge, along with a structured
guestionnaire assessing their perceptions of
spaced digital practice.
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To gain deeper insights into the
intervention’s impact, qualitative data were
gathered through semi-structured interviews
with participants in the experimental group.
The integration of quantitative and qualitative
findings allowed for triangulation and provided
a more comprehensive understanding of how
digitally = scheduled spacing influenced
vocabulary  development  and learner
perceptions.

Results and Findings

Descriptive Statistics

To provide an initial overview of participants’
performance, descriptive
calculated for both the
experimental groups in the pre-test and post-
test phases. The results are presented in Table
1.

statistics were

control and

As presented in Table 1, the pre-test mean
scores of the control group (M = 17.88, SD =
4.87) and the experimental group (M = 18.52,
SD = 5.35) were closely aligned, indicating a
comparable level of technical vocabulary

knowledge before the intervention. This

similarity  suggests baseline
between the two groups.

In the post-test phase, however, a clear
divergence emerged. While the control group
showed only a marginal increase in mean score
(M =18.04, SD = 4.03), the experimental group
demonstrated a substantial improvement (M =
24.00, SD = 2.70). Additionally, the reduction in
standard deviation in the experimental group
suggests more homogeneous performance
following the intervention. These descriptive
findings indicate a notable gain in vocabulary
achievement among learners exposed to
scheduled spaced practice through Quizlet,
warranting further inferential
determine statistical significance.

equivalence

analysis to

Assumption Testing

Normality Tests

Before conducting parametric analyses, the
assumption of normality was examined using
the Kolmogorov—=Smirnov and Shapiro—Wilk
tests. These tests were applied separately to
the pre-test and post-test scores of both groups
to determine whether the data were normally
distributed. The results are presented in Table
2.

Table 1: Descriptive Statistics for Pre-test and Post- test Scores

Group N Mean Std. Deviation Std. Error Mean
Control 30 17.88 4.87 0.975
Pre-T Experimental 30 18.52 5.35 1.068
Control 30 18.04 4.03 0.805
Post-T  gyperimental 30 24.00 2.70 0.539

Table 2: Kolmogorov-Smirnov and Shapiro—Wilk Tests of Normality

Group Kolmogorov-Smirnova Shapiro-Wilk
Statistic Df Sig. Statistic Df Sig.
Control 0.175 30 0.092 0.950 30 0.364
Pre-test Experimental 0.144 30 0.240 0.958 30 0.461
Control 0.165 30 0.132 0.946 30 0.346
Post-test Experimental 0.173 30 0.109 0.925 30 0.134
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As reported in Table 2, all significance values for
both the Kolmogorov—Smirnov and Shapiro—
Wilk tests exceeded the .05 threshold. This
indicates that the pre-test and post-test scores
for both the control and experimental groups
did not significantly deviate from a normal
distribution. Therefore, the assumption of
normality was satisfied, and parametric
statistical procedures were considered
appropriate for subsequent analyses.

Homogeneity of Variance

Levene’s test was conducted separately for the
pre-test and post-test scores. Establishing
variance equality at the pre-test stage confirms
the statistical comparability of the two groups
before the intervention (Table 3), whereas
testing homogeneity at the post-test stage
verifies whether the equal variances
assumption required for the independent-
samples t-test is satisfied (Table 4).

Table 3: Levene’s Test for Equality of Variances
(Pre-test Scores)

Levene
Variable L. dfl df2 Sig.
Statistic
Vocabulary
. 0.15 1 58 0.152
Learning

Table 4: Levene’s Test for Equality of Variances
(Post-test Scores)

Levene

Variable L. dfl df2 Sig.
Statistic
Vocabulary
. 2.041 1 58 0.161
Learning

The results in Table 3 reveal that Levene’s test
was not statistically significant (p = .152 > .05),
indicating that the assumption of homogeneity
of variance was satisfied for the pre-test scores.
Thus, the variability of vocabulary knowledge
was comparable across the control and
experimental groups before the intervention.
As presented in Table 4, Levene’s test for the
post-test scores was not statistically significant

(p =.161 > .05), suggesting that the assumption
of equal variances was met. Consequently, the
results corresponding to the “equal variances
assumed” row of the independent-samples t-
test were interpreted.

RQ One: The Effectiveness of Spaced versus
Massed Vocabulary Learning through Digital
Flashcards

To address the first research question—
whether spacing technical vocabulary learning
through digital flashcards is more effective than
massed learning—both  within-group and

between-group comparisons were conducted.

Changes in Vocabulary Performance: Control
Group

To determine whether the control group
demonstrated significant improvement over
time, a paired-samples t-test was conducted
comparing their pre-test and post-test scores.

The results are presented in Table 5.

As shown in Table 5, the paired-samples t-
test revealed no statistically significant
difference between the control group’s pre-test
and post-test scores [t (29) = -0.267, p = .801].
The 95% confidence interval for the mean
difference included zero, further confirming the
absence of a significant change over time. These
findings indicate that vocabulary learning
without structured spaced intervals did not lead
to measurable improvement in the control

group during the study period.

Changes in Vocabulary ~ Performance:

Experimental Group

To examine whether the experimental group
demonstrated significant improvement
following the intervention, a paired-samples t-
test was conducted comparing pre-test and
post-test scores. The results are presented in
Table 6.
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Table 5: Paired-Samples t-Test for the Control Group

Paired difference

95% confidence
interval of the

Std. Std. Error Sig. (2-
Mean Deviation Mean difference T D tailed)
Lower Upper
Pair pretest-, 15 2.989 0.589 -1.40 1.10 0267 29 0.801
posttest
Table 6: Paired-Samples t-Test for the Experimental Group
Paired difference
95% confidence
Vean Std. Std. Error '”L?fr;’a' of the . Sig.(2-
Deviation Mean iTrerence tailed)
Lower Upper
Pair
pretest- -5.36 4.431 0.866 -7.48 -3.26 -6.325 29 0.001
posttest

As demonstrated in Table 6, the paired-samples
t-test statistically significant
difference between the experimental group’s
pre-test and post-test scores, t(29) = -6.325, p <
.001. The 95% confidence interval for the mean
difference did not include zero, indicating a
reliable the
intervention. The negative mean difference
reflects higher post-test scores compared to
pre-test scores. These findings demonstrate
that participation in digitally scheduled spaced
practice led to a substantial gain in technical

revealed a

improvement following

vocabulary knowledge among learners in the
experimental group.

Between-Group Comparison: Gain  Score
Analysis
While the within-group comparisons

demonstrated that only the experimental group
achieved significant pre-to-post improvement,
comparing two separate p-values does not
constitute a valid statistical test of between-
group differences. A group may show a non-
significant p-value not because it truly failed to
improve but because of higher variability or
smaller effect size. Therefore, to directly
compare the magnitude of vocabulary gains

between the two groups, gain scores were
calculated for each participant by subtracting
pre-test  scores post-test
Descriptive statistics for the gain scores are
presented in Table 7.

from scores.

Table 7: Descriptive Statistics for Gain Scores

Std.
Mean Std.
Group . L. Error
Gain Deviation
Mean
Control 30 0.16 2.99 0.546
Experimental 30 5.48 4.43 0.809

As presented in Table 7, the experimental group
demonstrated a substantially larger mean gain
(M =5.48, SD = 4.43) compared to the control
group (M = 0.16, SD = 2.99), indicating that
learners who followed the structured spaced
schedule achieved

considerably greater

improvement in  technical  vocabulary
knowledge. Before conducting the between-
group test

performed to assess the homogeneity of

comparison, Levene’s was
variances for the gain scores. The results are

presented in Table 8.
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Table 8: Levene’s Test for Equality of Variances
(Gain Scores)

L
Variable evene df1 a2 sig.
Statistic
Gain
3.214 1 58 .078
Scores

The result of Levene’s test was not statistically
significant (p = .078 > .05), indicating that the
assumption of equal variances was met for the
gain scores. Consequently, the equal variances
assumed condition of the independent-samples
t-test was interpreted. An independent-
samples t-test was conducted to compare the
gain scores of the control and experimental
groups. The results are presented in Table 9.

As shown in Table 9, the independent-
samples t-test revealed a statistically significant
difference between the gain scores of the
control and experimental groups, t(58) = -
5.456, p <.001. The 95% confidence interval for
the mean difference ranged from -7.27 to -
3.37, indicating that the experimental group’s
improvement was reliably and substantially
greater than that of the control group. These
results confirm that digitally scheduled spaced
vocabulary practice produced
greater vocabulary gains compared to non-
spaced practice, thereby providing a robust
affirmative answer to the first research
question.

significantly

This gain score analysis addresses a critical
methodological concern: although the pre-test
means of the two groups were similar (control:
M = 17.88; experimental: M = 18.52), they were
not identical. By analyzing gain scores rather
than raw post-test scores, the comparison
directly captures the amount of change each
participant experienced, thereby controlling for
any baseline differences and providing a more
precise estimate of the intervention effect.

RQ Two: Learners’ Perceptions of Spaced
Retrieval Implementation

To address the second research question—
what are the perceptions of learners in the
group the
implementation of spaced retrieval—a post-

experimental regarding
intervention questionnaire was administered to
the 30 participants in the experimental group.
Responses were collected on a five-point Likert
scale (1 = Strongly Agree to 5 = Strongly
Disagree). Descriptive statistics were calculated
to determine the distribution of responses
across items, and one-sample t-tests were
conducted to compare the mean score of each
item against the neutral midpoint of the scale
(M = 3).
presented in Table 10.

The distribution of responses is

Table 9: Independent-Samples t-Test for Comparing Gain Scores between Groups

Mean Std.
Sig. (2- . Error 95% ClI 95% ClI
t Df it Differe .
tailed) Differen Lower Upper
nce
ce
Equal
variances -5.456 58 .001 -5.32 0.975 -7.27 -3.37
assumed
Equal
:’;rt'a”ces -5.456 50.4 .001 5.32 0.975 -7.28 3.36

assumed
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Table 10: Detailed Questionnaire Results

. 1 2 3 4 5
Survey questions
% % % % %
1- Spatial repetition improves my word recall. 56.67 23.33 13.33 6.67 0
2- Spaced learning lessons help me retain more 60 26.67 13.33 0 0
knowledge.
3-1 can remember spaced vocabulary longer and 63.33 13.33 23.33 0 0
faster on tests.
4- | can observe an |m'p.rovement in my vocabulary 46.67 30 16.67 6.67 0
through spaced repetitions.
5- Spaced-out lessons help me understand things 0 26.67 30 333 0
more clearly.
6- Spaced-out lessons help me learn more quickly. 33.33 40 16.67 6.67 3.33
7- Wh(-en topics are spaced out, | pay greater 30 0 93.33 6.67 0
attention.
8- When lessons are spaced out, it inspires me 16.67 50 16.67 3.33 13.33
more.
9- When learning topics are spaced out, | get less 33.33 6.67 43.33 16.67 0
bored.
10- I'm pleased that.spaced practice has made 0 10 30 20 0
vocabulary study enjoyable for me.
11- Spacgd-out classes make vocabulary learning 0 33.33 13.33 13.33 0
more enjoyable.
12- | appreciate repeating actions over and over
. 16.67 60 16.67 6.67 0
again.
13- | prefer to acquire words by spaced practice 66.67 13.33 16.67 333 0
from now on.
14- In general, | agree that lessons should be 50 36.67 333 0 0

spaced out.

Note. 1 = Strongly Agree; 2 = Agree; 3 = No Idea; 4 = Disagree; 5 = Strongly Disagree.

As illustrated in Table 10, the distribution of
responses indicates a predominantly positive
perception of spaced vocabulary instruction. A
substantial proportion of participants selected
“Strongly Agree” or “Agree” for items related to
improved recall (Item 1), enhanced retention
(Item 2), faster retrieval during assessments
(tem 4), and noticeable vocabulary
development (ltem 5). the
majority of learners expressed a preference for

Furthermore,

continuing to use spaced practice in future
vocabulary learning (Item 14), reflecting a high
level of acceptance of the instructional
approach.

To determine whether these positive
perceptions were statistically significant, one-
sample t-tests were conducted to compare the
mean score of each questionnaire item against
the neutral midpoint of the scale (M = 3). The

results are presented in Table 11.

Table 11: One-Sample t-Test Results for Questionnaire Items (Test Value = 3)

Sig. (2- Mean

Item Mean Sb T bf tailed) Difference
1 1.70 0.95 -7.49 29 .001 -1.30
2 1.53 0.73 -11.03 29 .001 -1.47
3 1.60 0.86 -8.91 29 .001 -1.40
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Item Mean SD T bf ?aglle(j) DiffMeT::ce
4 1.83 0.95 -6.74 29 .001 -1.17
5 1.97 0.93 -6.07 29 .001 -1.03
6 2.07 1.01 -5.04 29 .001 -0.93
7 2.07 0.91 -5.60 29 .001 -0.93
8 2.47 1.17 -2.48 29 .020 -0.53
9 2.43 1.10 -2.83 29 .008 -0.57
10 2.30 1.18 -3.25 29 .003 -0.70
11 2.00 1.05 -5.22 29 .001 -1.00
12 2.13 0.78 -6.10 29 .001 -0.87
13 1.57 0.86 -9.11 29 .001 -1.43
14 1.53 0.57 -14.12 29 .001 -1.47

Note. Mean scores below 3 indicate agreement (positive perception). Mean Difference =ltem Mean - 3.

The results of the one-sample t-tests confirmed
that the mean scores of all 14 questionnaire
items were significantly lower than the neutral
midpoint (p < .05), indicating statistically
significant positive attitudes toward spaced
repetition across all dimensions assessed. The
strongest agreement was observed for Items 2
and 14 (M = 1.53), reflecting learners’ strong
beliefs that spaced
knowledge retention and their
endorsement of spaced instruction. Iltems 3 (M
= 1.60) and 13 (M = 1.57) also yielded notably
low means, indicating that learners perceived
improved recall speed and expressed a clear
preference for adopting spaced practice in the

learning  enhances

overall

future. While all items reached statistical
significance, Items 8 (M = 2.47, p =.020) and 9
(M = 2.43, p = .008) had means closer to the
midpoint compared to other items, suggesting
that although learners held positive views
toward the motivational and boredom-reducing
effects of spacing, these perceptions were
relatively more moderate. This may indicate
that while the cognitive benefits of spaced
repetition were strongly perceived, its affective
impact on sustained interest varied among
learners.

Overall, the findings demonstrate that

learners held favorable cognitive and attitudinal
perceptions of digitally scheduled spaced
vocabulary  learning. When considered
alongside the statistically significant
performance gains observed in the
experimental group, these results provide
converging evidence for the effectiveness of the
intervention.

RQ Three: Learners’ Attitudes toward Using
Quizlet Digital with Spaced
Intervals

To address the third research question—what
are the ESP learners’ attitudes toward using
Quizlet digital flashcards with specific intervals

Flashcards

for learning technical vocabulary—semi-
structured online interviews were conducted
with 10 participants from the experimental
group following the intervention. The
interviews explored learners’ experiences
through open-ended questions focusing on key
areas such as motivation, engagement,
perceived learning outcomes, and the overall
experience of using scheduled intervals. All
interviews were audio-recorded, transcribed
verbatim, and subjected to thematic content
analysis. The resulted in the

identification

analysis

of four recurrent themes
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reflecting learners’ experiences with the of occurrence are presented in Tables 12 and
intervention. These themes and their frequency 13.

Table 12: Interview Themes Identified Through Content Analysis

Interview themes Respondents
Motivation 5
Improved Engagement 4
Creating a Competing Environment 3
Improving the capacity for vocabulary learning 4

Table 13: Representative Quotations for Each Theme

Theme Participant Representative Quotation
“I felt motivated to keep going because | knew the next
Motivation P2 review session was already planned. It pushed me to

prepare better each time.”

“The intervals gave me something to look forward to. |
P5 wanted to see if | could remember more words than the
last time.”
“Honestly, before this method, | used to just memorize
words the night before the exam. But with spacing, | felt

P7 more driven to study regularly because | didn’t want to
fall behind.”
“Every time | reviewed the flashcards, | noticed | was
Improved P1 paying more attention to the details of each word—like

Engagement spelling and how it’s used in a sentence—because | had
seen it before and could focus on deeper things.”
“The different activities on Quizlet—matching, writing,
P4 listening—kept me involved. | didn’t just passively look at
words; | actually worked with them each session.”
“I found myself spending more time on the flashcards
P9 than | expected. The spaced schedule made each session
feel manageable, so | didn’t skip any.”

Creating a “When we had timed activities, it felt like a challenge. |
Competitive P3 kept trying to beat my own score, and that made me
Environment focus more.”

“I liked that there was time pressure. It made me take the
P6 practice seriously, almost like a game. | competed with
myself to get faster.”
“Seeing my progress over the sessions was motivating. |
P10 wanted to do better each round, and the time limits made
it more exciting.”
“After a few weeks, | realized | could recall architectural
terms without struggling. The repeated exposure at
different times really helped the words stick in my
memory.”
At first, the technical words seemed impossible to
remember. But after reviewing them several times with
gaps in between, they became familiar. It was like my
brain had more room for new words.”
“l noticed that | could handle more vocabulary items by
P8 the end. The spacing made it less overwhelming—I didn’t
feel like | was cramming everything at once.”
“The intervals helped me process each word better. By
P5 the third or fourth review, | didn’t even need to think
hard—the meaning just came to me naturally.”

Improving the
Capacity for P1
Vocabulary Learning

P4
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Theme 1. Motivation: Motivation emerged as
the most frequently mentioned theme,
reported by five out of ten participants.
Learners described the scheduled intervals as
stimulating and energizing, explaining that the
structured timing of review sessions increased
their willingness to remain involved in
vocabulary practice. As P2 explained, knowing
that review sessions were pre-planned created
a sense of purpose and encouraged more
consistent preparation. P7 highlighted a shift
from last-minute memorization habits toward
regular, distributed study, attributing this
change to the accountability created by the
spaced schedule. Participants generally
conveyed that the predictability and structure
of the intervals transformed vocabulary study
from a burdensome task into an achievable
routine.

Theme 2. Improved Engagement: Improved
engagement was another prominent theme,
mentioned by four participants. Learners
indicated that the spaced format encouraged
consistent interaction with vocabulary items
and supported deeper processing of word
meanings, spelling, and contextual usage. P1
noted that repeated encounters with the same
items allowed attention to shift from surface-
level recognition to more detailed processing of
usage and form. P4 emphasized the role of
Quizlet’s
matching, writing, and listening exercises—in
sustaining active involvement across sessions.
P9 remarked that because each spaced session
felt manageable in length, the likelihood of
skipping practice was reduced, which
contributed to sustained engagement over the
six weeks.

Theme 3. Creating a Competitive
Environment: The theme of a competitive
learning environment emerged in three
interviews. Participants described the time
constraints embedded in certain Quizlet

varied activity modes—such as

activities as creating a sense of challenge, which
fostered focus and persistence. Rather than
perceiving the time limits as restrictive, learners
viewed them as motivating elements that
enhanced their involvement in the learning
process. P3 and P6 both described competing
against their own previous scores as a source of
motivation, while P10 noted that tracking
visible progress over sessions reinforced a

sense of achievement and encouraged
continued effort.

Theme 4. Improving the Capacity for
Vocabulary Learning: Four  participants

reported that structured spaced repetition
expanded their perceived capacity for learning
technical vocabulary. P1 described a noticeable
reduction in the effort required to recall
architectural terminology after several spaced
review cycles. P4 reported that words that
initially seemed difficult gradually became
familiar  through  repeated
distributed over time, reducing the sense of
cognitive overload. P8 emphasized that spacing

encounters

made the learning process less overwhelming
by distributing the vocabulary load across
manageable sessions rather than concentrating
it within a single study period. P5 described a
shift toward more automatic retrieval, noting
that after multiple spaced reviews, meanings
surfaced without deliberate effort.

Overall, the qualitative findings corroborate
the quantitative questionnaire and test results.
Learners not only demonstrated measurable
improvement in  technical  vocabulary
acquisition but also articulated positive
cognitive and motivational experiences
associated with digitally scheduled spaced
practice. The convergence of performance data
and thematic evidence strengthens the overall
interpretation that structured spaced repetition
can effectively enhance both vocabulary
learning outcomes and learner engagement in

ESP contexts.
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Discussion

The present study examined the impact of
scheduled spaced intervals implemented
through Quizlet digital flashcards on ESP
learners’ acquisition of technical vocabulary.
The findings demonstrated that although both
groups improved
intervention, the experimental group—who
practiced vocabulary at predetermined
intervals—outperformed the control group
significantly. These results provide empirical
support for the superiority of spaced practice
over non-scheduled or massed digital review in
ESP vocabulary learning contexts.

The quantitative findings demonstrated that
the experimental group achieved significantly
greater vocabulary gains than the control
group, as confirmed by the independent-
samples t-test on gain scores, t(58) = -5.456, p <
.001. The mean gain of the experimental group
(M = 5.48) was substantially larger than that of
the control group (M = 0.16), indicating that
structured spaced intervals were the primary
factor driving vocabulary improvement. This
interpretation

over the six-week

is consistent with cognitive
research indicating that retrieval distributed
over time strengthens consolidation processes
and supports durable retention [12-24].
Beyond scores, the
guestionnaire results revealed that learners
perceived spaced digital learning as more
efficient, less cognitively overwhelming, and
more enjoyable. Participants reported greater
autonomy, flexibility, and sustained
engagement when using Quizlet with defined
These affective findings are
particularly significant in ESP contexts, where
technical vocabulary is often perceived as
demanding and demotivating. Research in
mobile-assisted and technology-enhanced
language learning similarly suggests that
structured digital environments can increase

achievement

intervals.

motivation and self-regulated engagement
when learning sequences are pedagogically
organized [28-29].

Although the present study did not directly
measure constructs from the Technology
Acceptance Model (TAM) or the Theory of
Planned Behavior (TPB), the results appear
theoretically consistent with these frameworks.
Learners’ positive perceptions of structured
Quizlet use suggest enhanced perceived
usefulness and perceived ease of use, two
central determinants of technology adoption in
TAM. Moreover, the increased willingness to
continue using the application may reflect
strengthened behavioral intention, a key
component of TPB. Therefore, while TAM and
TPB were not empirically tested in this study,
the findings provide indirect support for their
explanatory relevance in technology-mediated
ESP learning environments.

Qualitative interview data further enriched
these interpretations. Participants described
the spaced sessions as engaging, competitive,
and cognitively manageable. Features such as
repeated exposure across different activity
modes (e.g., matching, listening, writing, and
live games) appeared to facilitate retrieval
strength and response speed. Importantly,
learners emphasized that spacing reduced
feelings of overload and enhanced confidence
acquired
terminology. These perceptions correspond
with the quantitative improvements observed
in post-test scores.

The present findings extend the results of
Lotfolahi and Salehi [19], who demonstrated
the long-term advantages of spaced practice
over massed learning among young EFL
learners. Unlike their study, however, the
current research situates spacing within a
digital ESP environment and integrates affective
dimensions through survey and interview data.
Similarly, the results are consistent with Nakata

in using newly architectural
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[18], who reported learners’ positive
perceptions toward spaced schedules in

computer-assisted vocabulary learning. The
findings also resonate with Serfaty and Serrano
[20], who found that the interval between

Quizlet practice sessions influenced the
retention of newly learned foreign-language
vocabulary.

In the present study, the combination of
academic relevance, structured intervals, and
interactive digital appears to have
strengthened both retention and learner
motivation. Furthermore, with
research highlighting the positive attitudinal
impact of technology integration [30-29-32],
participants expressed increased enjoyment
and reduced resistance toward vocabulary
learning when technology was purposefully
structured.

Overall, the study demonstrates that the
pedagogical value of digital flashcards does not
lie merely in their technological features, but in
how they are strategically integrated into

tools

consistent

instructional design. Structured spacing, rather
than unsystematic repetition, appears to be the
critical factor enhancing technical vocabulary
acquisition in ESP contexts.

Conclusions

Aiming to determine the efficacy of spaced
repetition in technical vocabulary learning, this
study investigated the impact of digitally
scheduled review on Iranian undergraduate ESP
learners in Architecture. The findings confirm
that a structured two-day interval schedule
significantly enhances retention compared to
unstructured digital practice, reinforcing the
cognitive principle that distributed retrieval
strengthens memory consolidation. These
results extend existing evidence on spaced
repetition to the specific domain of digitally
mediated ESP instruction. Furthermore, the

study highlights that learners not only achieve
superior academic outcomes but also hold
strongly positive perceptions of this approach,
viewing it as a valuable and engaging tool.
Consequently, integrating spaced repetition
algorithms into ESP curricula appears to be a
pedagogically sound and learner-friendly
method for fostering durable vocabulary
knowledge.

Beyond the primary performance metrics,
the study explored learner perceptions,
revealing a strong consensus on the efficacy of
spaced repetition in technical
vocabulary. While cognitive benefits such as
improved recall speed and long-term memory
consolidation were universally acknowledged,

retaining

affective  factors like  motivation and
engagement displayed a nuanced pattern,
varying slightly across individuals. Qualitative
insights deepened this understanding by
highlighting four pivotal themes: heightened
motivation, sustained engagement, a
competitive  learning  atmosphere, and
expanded vocabulary capacity. Participants
emphasized that the structured intervals
instilled a sense of accountability, shifting their
approach from superficial recognition to deep,
contextual architectural
terminology. Moreover, the time-bound nature
of the digital healthy
competitive spirit that maintained focus, while
the distributed practice significantly alleviated
cognitive load, rendering complex concepts
more manageable. Ultimately, these findings
suggest that integrating spaced repetition into
ESP curricula not only optimizes retention but
also cultivates a psychologically supportive
environment that encourages persistent and
meaningful learning.

Synthesizing the quantitative and qualitative
evidence, this study concludes that the
pedagogical efficacy of digital flashcards hinges

not on their technological features, but on the

processing  of

tasks fostered a
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strategic integration of cognitive mechanisms
like spaced retrieval. When these tools are
designed around theoretical principles rather
than used as ad hoc resources, they significantly
enhance vocabulary retention and foster
positive learner attitudes. These findings
resonate with the Technology Acceptance
Model and the Theory of Planned Behavior,
underscoring that perceived usefulness and
behavioral control are pivotal in sustaining
engagement with learning technologies.

These findings offer critical implications for
ESP pedagogy and curriculum design. First,
technical vocabulary acquisition in specialized
fields requires intentional instruction paired
with structured spaced repetition, rather than
relying solely on incidental learning. Second,
digital platforms like Quizlet and Anki are
effective for implementing these principles,
provided review intervals are systematically
planned by instructors rather than left to
learner discretion. Third, educators should
embed spaced scheduling as a core syllabus
component, treating technology as an essential
instructional tool rather than an optional

supplement. Finally, the positive learner
perceptions suggest that this approach can
mitigate the affective barriers of dense
terminology, thereby enhancing learner
autonomy and sustaining motivation.

Several limitations warrant

acknowledgment. First, the use of convenience
sampling from a single institution restricts the
generalizability of findings to other contexts.
Second, the sample size of 60 participants,
while large effects, limits
statistical power. Third, the quasi-experimental
design using intact groups, despite baseline
equivalence, leaves room for uncontrolled pre-

sufficient for

existing differences. Finally, the exclusive focus
on receptive vocabulary via multiple-choice
items overlooks productive skills
(speaking/writing), potentially underestimating

the full scope of lexical acquisition. Fifth, the six-
week intervention lacked a delayed post-test,
leaving long-term retention effects unverified.
Sixth, the control group used Quizlet without
structured spacing; thus, the study isolates the
limits conclusions

spacing variable but

regarding the broader efficacy of digital
flashcards versus traditional methods. Seventh,
qualitative data relied on self-reports, which
may be influenced by social desirability bias.
Eighth, instruction by a single instructor, while
controlling for teacher variability, may
constrain ecological validity if specific instructor
characteristics drove the outcomes. Finally,
administering the questionnaire only to the
group
prevented comparative analysis of perceptions

experimental post-intervention

between groups and pre-post attitude changes.
To address the
findings,

limitations and extend
future research should prioritize
investigating the transfer of spaced repetition
benefits to productive vocabulary skills, such as
speaking and writing. Longitudinal designs
incorporating delayed post-tests at intervals of
several months are essential to assess the
durability of these learning effects. To enhance
generalizability, subsequent studies ought to
employ multi-institutional

larger, samples

across diverse ESP disciplines, including
engineering and medicine, to determine if
disciplinary context moderates retention.
Furthermore, researchers should systematically
compare various digital flashcard platforms and
identify optimal

spacing algorithms to

configurations and explore how spaced
repetition interacts with broader pedagogical
frameworks like task-based or communicative
language teaching. Finally, methodological rigor
can be strengthened by administering pre-test
guestionnaires to both groups, adapting post-
tests to capture the

control group’s

experiences, and supplementing self-reports
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with objective engagement metrics, such as
platform usage analytics.
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Appendix

Semi- Structured Interview Questions: The following
questions were used to guide the interviews with
participants from the experimental group:

1- How did the use of Quizlet with scheduled intervals
affect your motivation to learn the technical vocabulary?
2- Can you describe your level of engagement with the
tool? Did the specific timing make you more or less
involved in the learning process?

3- Did you experience any sense of challenge or
competition due to the time constraints? How did this
influence your focus?

4- In your opinion, how did this spaced repetition
method impact your capacity to learn and retain the new
words compared to other methods?
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EEELI G e No) JIEGITERE The accelerating pace of technological change has rendered the
effective integration of technology into education not merely desirable, but essential for

preparing students for the demands of the 21st century. Educational systems worldwide have
invested substantially in technological infrastructure to facilitate this integration. Yet, despite
these considerable investments, the actual use of technology by teachers in classroom
practice often remains below expectations. This persistent gap between infrastructure
availability and meaningful technology integration suggests that access alone is insufficient.
Prior research has identified teachers' beliefs, knowledge structures, and individual
characteristics as key determinants of this phenomenon. Teachers' pedagogical beliefs
function as cognitive filters that shape their decisions about whether and how to incorporate
technology into their teaching. Their knowledge structures, particularly regarding how to
integrate technology with subject content and pedagogical approaches, determine their
capacity for effective implementation. Additionally, individual characteristics such as gender,
age, teaching experience, and educational attainment may influence teachers' readiness to
adopt technological innovations. However, studies simultaneously examining the roles of
these variables within a comprehensive model remain scarce, particularly in the Iranian
educational context. Accordingly, this study was conducted to elucidate the roles of
technological beliefs, knowledge structures, and individual characteristics in technology
integration among secondary school teachers in Tabriz, thereby addressing this significant gap
in the literature.

This quantitative, applied study followed a descriptive-correlational
design. The statistical population comprised all secondary school teachers in Tabriz during the
2023-2024 academic year (N = 4,973), representing diverse subject areas and educational
districts. Using the Krejcie and Morgan table, a sample of 357 participants was selected
through proportionate stratified random sampling to ensure representation across the city's
five educational districts. Data were collected via four validated instruments: (1) a researcher-
developed demographic questionnaire collecting information on gender, age, teaching
experience, and educational attainment; (2) a 17-item knowledge structures questionnaire,
measuring three dimensions (perceived technological knowledge, perceived knowledge for
technology integration, and pedagogical uses of ICT) on a 5-point Likert scale; (3) a 14-item
technological beliefs questionnaire inspired by Digital Pedagogical Beliefs framework; and (4)
the 19-item technology integration questionnaire. Validity was established through
confirmatory factor analysis and expert judgment by a panel of specialists in educational
technology. Reliability coefficients (Cronbach's a) exceeded 0.70 for all instruments,
indicating acceptable internal consistency. Data were analyzed using descriptive statistics and
structural equation modeling (SEM) with Smart PLS 4 software.

The results revealed that technological beliefs were the strongest positive and
significant predictor of classroom technology integration (B = 0.388, p < 0.01), consistent with
theoretical frameworks emphasizing the role of teachers' perceptual filters in adopting
educational innovations. Knowledge structures emerged as the second most influential factor
(B = 0.287, p < 0.01), underscoring the centrality of the TPACK framework in meaningful
technology integration. Among individual characteristics, only educational attainment
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showed a positive, significant association (B = 0.094, p < 0.05), whereas gender, age, and
teaching experience had no statistically significant effects. This finding reinforces the notion
that the capacity for technology integration is broadly distributed across the teaching force
and not confined to specific demographic subgroups. The proposed model demonstrated
excellent fit (NFI = 0.93, CFl = 0.96, RMSEA = 0.056) and explained 68% of the variance in
technology integration (R? = 0.68), indicating that the independent variables collectively
account for a substantial proportion of predictive power.

The findings affirm that successful technology integration hinges less on
demographic variables and more on the evolution of teachers' professional beliefs and the
growth of integrated pedagogical-technological-content knowledge. This underscores the
necessity of redefining teacher professional development programs—not merely as technical
skill workshops, but as initiatives aimed at nurturing positive beliefs about technology's role
in meaningful learning and cultivating TPACK-based knowledge structures grounded in
authentic classroom challenges. Educational policymakers should prioritize interventions that
target belief transformation and knowledge integration rather than focusing exclusively on
infrastructure provision or basic digital literacy training.
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Introduction competencies—including

The rapidly accelerating pace of technological

advancement has compelled educational
institutions and systems to revisit traditional
instructional approaches and harness emerging
tools to enhance the teaching—learning process.
In this context, the integration of new
technologies is no longer
supplementary enhancement but as a
fundamental requirement for fostering
dynamic, effective learning environments.
Purposeful technology use can boost student
motivation, strengthen teacher—learner
interaction, enable meaningful and lasting

learning, and 21st-century

viewed as a

cultivate

creativity, and the intelligent application of
digital tools.

Nevertheless, the extent and effectiveness
of technology adoption in educational settings
vary considerably and are shaped by numerous
interrelated factors. A central challenge—
particularly in secondary education—is that,
despite substantial budgetary allocations for
technological infrastructure and equipment,
the actual implementation of these tools by
teachers often falls short of expectations. Over
the past decades, the adoption of Information
and Communication Technologies (ICT) in
education has raised significant concerns, with
their deployment increasingly regarded as
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indispensable  for systemic educational competencies to identify and deploy
transformation [1]. Even when teachers appropriate technological tools effectively in

demonstrate confidence and ease in using ICT,
their pedagogical application remains limited
[2]. Moreover, extensive efforts have been
made to support teachers in classroom
technology integration by identifying
facilitating and inhibiting factors. However,
empirical evidence consistently indicates that
teachers' ICT use remains constrained and
insufficient [3]. This clearly demonstrates that
mere access to technology does not guarantee
its effective or meaningful integration into
teaching and learning [4]. Instead, success
depends on multiple factors, including teachers'
digital skills, pedagogical beliefs, and consistent
institutional support [5].

Teachers' use of ICT significantly influences
student learning outcomes not only by
enhancing motivation but also by improving
students' ability to utilize these technologies
more effectively [6]. Consequently, researchers
have undertaken numerous studies to identify
factors that hinder
technology integration in teaching practices.
Among the most prominent factors identified
are teachers’ attitudes, self-efficacy, prior
experiences, and digital competencies [7, 8].
Findings from some studies further indicate

either facilitate or

that technology integration in educational
settings
individual teacher characteristics, school-level
conditions, and broader systemic structures [9].
Lai and Bower emphasize the complexity of the
technology integration  process  within
educational contexts [10], while Bower [11]
highlights  the importance  of
understanding the dynamic interplay among
beliefs, knowledge, practices, and the
instructional environment in educational
technology adoption. Thus, to navigate a world
characterized by intricate socio-technical
dynamics, teachers must acquire the necessary

is shaped by a combination of

critical

fulfilling their instructional responsibilities. For
instance,
with classroom technology use include age,
teaching experience, subject area, and class size
[12]. Additionally, factors such as pedagogical
knowledge, personal perceptions, access to
resources, individual attributes, and disciplinary
culture all significantly influence teachers’
decisions regarding technology integration [13].

Technology integration in education refers
to the purposeful application of digital tools to

teacher characteristics associated

facilitate learning and strengthen critical
thinking and problem-solving skills. This
approach goes beyond merely teaching

computer literacy or providing basic familiarity
with digital instruments; rather, it emphasizes
the meaningful use of technology in contexts
where it offers the greatest support for the
learning process. Realizing this vision requires
transformations within schools—
such that all members of the educational

structural

community (students, parents, teachers, and
administrators)
technology as an inseparable component of
daily educational life [14]. Moreover, this
integration entails the purposeful use of digital
tools in instruction, which can yield significant

collectively recognize

educational benefits. By fostering the

development of innovative teaching
methodologies, it enables the creation of more
engaging and effective learning environments
(e.g., through videos, interactive software, and
reality), deepens conceptual
understanding, allows for more precise
assessment of student progress, cultivates
essential digital competencies for life and work
in the modern era, and enhances teachers’
access to up-to-date and expansive educational
resources [15].

A central domain of technology integration

involves the use of digital platforms and tools—

virtual
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such as Learning Management Systems (LMS),
educational media, and instructional
software—which enable personalized learning
experiences, assessment, and
enhanced communication among teachers,
students, and parents. Over recent decades,
technology integration has emerged as a
transformative force in education, with
research evidence pointing to its positive
impact on student learning
particularly in developing countries [16]. This
trend was dramatically accelerated by the
COVID-19 pandemic, which rendered digital
technologies an indispensable component of
teaching and learning [17]. In practice, this
integration has manifested in diverse forms,
including: (a) the adoption of LMS platforms
that facilitate personalized learning and instant
feedback; (b) the integration of mobile devices
into everyday instruction; (c) the application of
advanced technologies—such as virtual and
subject
areas; and (d) the development of Al-driven

real-time

outcomes,

augmented reality—in specialized
educational systems capable of adapting to
individual learner needs [18]. Despite these
advancements, the path forward is fraught with
significant challenges: Concerns regarding
digital equity and the accessibility gap [19];
Insufficient professional preparedness among
teachers; Ethical dilemmas associated with Al in
education; and Infrastructure and budgetary
constraints [20].

Despite the significant
potential of digital tools
fundamental question persists:
technology integration
widespread challenges? The answer lies not in
surface-level deficiencies, but in deeper layers
of the teaching process—particularly teachers'
beliefs and attitudes. While infrastructure and
access to tools are necessary preconditions for
transformation, they are ultimately insufficient
on their own. Teachers' beliefs determine how,

transformative
in education, a
Why does

continue to face

in  what contexts, and to what quality
technology is employed in the teaching—
learning process.

Teachers' pedagogical beliefs function as
cognitive filters that shape technology
integration in the classroom. According to
Nespor [21], such beliefs provide a framework
for problem definition and task interpretation,
serving as key predictors of teaching behavior.
A prevalent belief regarding ICT, for instance, is
its capacity to enhance productivity and
efficiency—a perception that has driven
widespread adoption of digital tools across
sectors, including education [21, 22]. Another
influential belief concerns ICT's potential to
democratize access to information, positioning
the internet as an empowering conduit for
equitable knowledge distribution [23]. This
perceived affordance has significantly informed
large-scale investments in digital infrastructure.

Ultimately, teachers' perspectives on
learning and the role of technology directly
influence both the quality and quantity of its
[14].
integration

classroom use Therefore, successful
technology
technical equipment and more on transforming
teachers' professional attitudes and beliefs.
However, beliefs alone are insufficient; they

must be operationalized through coherent,

depends less on

integrated knowledge structures.

Teachers' professional knowledge
structure—particularly  the  Technological
Pedagogical Knowledge (TPACK)
framework introduced by Mishra and Koehler
[24]—plays a pivotal role in technology
integration. TPACK posits that
integration requires the dynamic synthesis of
three domains: content, pedagogical, and
technological knowledge. Effective use does not
depend on isolated mastery of each domain,
but on an integrated knowledge base emerging
at their intersection [24]. For instance, using a

simulation tool effectively

Content

successful

requires
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understanding both its impact on students'
conceptual grasp and how to adapt instruction
accordingly. This integrated knowledge enables
teachers to move beyond superficial use and
leverage technology to deepen learning. Torani
and Jafari corroborate this, noting that
digital literacy enhances both
effective tool use and meaningful instructional
interactions [25].

A vital dimension of this knowledge structure
is Pedagogical Content Knowledge (PCK),
originally conceptualized by Shulman [26]. PCK
refers to teachers' unique ability to transform
specialized subject knowledge into forms
comprehensible to students with diverse
backgrounds and abilities [26]. When
technology is incorporated into this
framework—forming TPACK—teachers with
strong PCK are better equipped to identify
which technological tools can address specific
learning challenges or simplify complex
concepts. For instance, a chemistry teacher

teachers'

with robust PCK recognizes that molecular
modeling software can enhance students' visual
understanding of chemical bonding, whereas
another tool might prove ineffective [26].
Authoritative international reports reinforce
the importance of cultivating this complex
knowledge structure. The OECD's Teaching and
Learning International Survey explicitly stresses
that effective professional development must
transcend technical skill training and instead
focus on how to integrate such skills with
pedagogical approaches and subject-specific
content [20]. The report cautions that
technology-focused training disconnected from
specific curricular contexts yields limited impact
on actual classroom practice. Consequently,
meaningful technology integration requires
investment in programs that foster integrated
TPACK development among teachers. However,
the formation and enactment of this

sophisticated knowledge are themselves

influenced by a constellation of individual and
contextual teacher characteristics—which can
either facilitate or impede its realization in
practice [20].

Individual teacher characteristics—including
gender, age, and teaching experience—are
regarded as influential factors shaping how
teachers perceive, accept, and enact integrated
TPACK in educational settings. These attributes
not only affect teaching styles and classroom
interactions, but also critically
teachers’ attitudes toward
innovations (e.g., technology integration) and

influence
educational

their capacity to synthesize the three
knowledge domains effectively. Research
indicates that teacher gender can impact

student engagement and achievement: for
instance, the OECD's Programme for
International Student Assessment notes a
perception—though
dependent—that female students in
mathematics and science may relate more
effectively to female teachers (see OECD

common context-

international assessment reports). Moreover,
studies suggest that female teachers tend to
favor more collaborative instructional methods.
Age and teaching experience are also highly
influential.  Veteran  teachers  typically
demonstrate stronger classroom management
skills.
Computer and

and organizational However, the

International Information
Literacy Study (ICILS) reveals a learning curve:
novice teachers may bring greater energy and
novel ideas for technology integration, whereas
more experienced teachers possess deeper
content knowledge and
expertise (see |IEA comparative studies on

digital literacy).

refined classroom

Review of the Related Literature

A review of both domestic and international
findings.
Domestically, Khadem-Nia et al. [27] found a

literature reveals diverse
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significant  positive  correlation  between teacher-centred beliefs about technology,
teachers’ media literacy, epistemological viewing it primarily as a productivity tool rather

beliefs, and technology acceptance. Najafzadeh
et al. [28] concluded that teachers' digital
technology acceptance and integration depend
on individual, environmental, technological,
and organizational factors. Similarly, Maleki
Dastjerdah et al [29] emphasized that
motivational beliefs, attitudes
toward technology, and teachers' technological
knowledge are key drivers in adopting novel

self-efficacy,

technologies, with digital literacy acting as a
mediating factor. Internationally, Ifinedo,
Rikala, and Hamalainen [30], in a study of
Nigerian teachers, identified three variables—
perceived technological knowledge, teacher
knowledge, and perceived knowledge for
technology integration—as direct predictors of
technology integration. Qaddumi et al [31]
investigated Palestinian in-service teachers'
beliefs regarding ICT integration in English
language teaching, finding that while teachers
recognized ICT's potential and felt equipped,
significant implementation barriers remained,
highlighting a demand for targeted in-service
training. Similarly, Peng, Razak, and Halili [32],
in a Chinese context, reported that attitudes,
self-efficacy, digital competence, and digital
tool usage influenced ICT
integration among in-service trainers. Their
study further revealed that gender, age, and
teaching experience moderate these factors;
for instance, female teachers showed higher
positive attitudes and digital competence, while
teachers aged 31-35 and those with less than
three years of experience demonstrated
stronger digital abilities and integration
practices compared to older or more
experienced counterparts.

Recent cross-cultural studies further enrich
this understanding: Abedi, Prestridge, and
Hodge [33], in a qualitative study in Ghana,
found that teachers

significantly

predominantly hold

than a catalyst for pedagogical transformation.
Similarly, Peretti et al. [34] examined Italian
early childhood teachers' beliefs and reported
that self-efficacy and outcome expectations
were significant internal predictors of
technology integration intentions. Collectively,
these studies underscore the complex interplay
between psychological, knowledge-based, and
demographic factors in technology integration
across diverse educational contexts.

In light of the theoretical foundations and
empirical literature reviewed, it is evident that
while numerous factors influencing technology
integration have been identified,
simultaneously examining the roles of
characteristics, knowledge
structures, and technological beliefs within a
comprehensive model—particularly in the
Iranian educational context—remains scarce.
Therefore, this study seeks to fill this gap by
addressing the central research question: Do

research

individual

technological beliefs, knowledge structures,
and individual characteristics play a role in
technology integration in the classroom among
secondary school teachers? Answering this
guestion can clarify the relative contribution of
key  determinants, thereby informing
policymakers, school leaders, and teachers in

efforts to enhance instructional technology use.

Method

Participants

This study employed a quantitative approach
and is categorized as applied in terms of
purpose and descriptive-correlational in nature
and data collection method. The statistical
population consisted of all secondary school
teachers in Tabriz (N = 4,973). Using the Krejcie
and Morgan table, a sample size of 357 was
determined. Participants were then selected via
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proportionate stratified random sampling,
aligned with the distribution of teachers across
the city’s five educational districts.

Instruments
Data collection utilized multiple questionnaires.
The instruments comprised four sections.

A researcher-developed  demographic
guestionnaire: It consisted of information on
gender, age, teaching experience, and
educational attainment.

A knowledge structures questionnaire: This
guestionnaire was adapted from Chai and Tsai
and was designed with 17 items across three
dimensions [35]: perceived technological
knowledge, perceived knowledge  for
technology integration, and pedagogical uses of
technology. It was administered using a five-
point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree). Confirmatory
factor analysis confirmed validity, and reliability
(Cronbach’s a) was 0.831.

It is important to clarify that while these
three dimensions are not direct one-to-one
equivalents of the specific TPACK intersections
(i.e., TPK, TCK, and TPACK), they serve as
operational indicators of teachers' perceived
levels of technological-pedagogical knowledge.
Aligning with Chai and Tsai's framework [35],
Perceived Technological Knowledge (PTK)
constitutes the foundational layer
corresponding to Technological Knowledge (TK)
in Mishra and Koehler's model [24]. Perceived
Knowledge for Technology Integration (PKTI)
captures the intersection of pedagogical and
technological knowledge  (TPK),  while
Pedagogical Uses of ICT (PU-ICT) aligns more
closely with the contextualized core of TPACK.
This hierarchical approach to measuring
integrated knowledge has been empirically
validated by Ifinedo et al. [30], confirming these
constructs as robust predictors of classroom
technology integration.

The technological beliefs questionnaire: It
was inspired by Prestidge [36], comprised 14
items, and was administered using a five-point
Likert scale ranging from 1 (strongly disagree) to
5 (strongly agree). Validity was confirmed via
confirmatory factor analysis, and reliability
(Cronbach’s a) was 0.727.

Schmidt et al’s Technology Integration
guestionnaire [37]: It consisted of 19 items and
was administered using a five-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly
agree). This instrument has demonstrated
established validity and reliability in multiple
domestic and international studies.

Face and content validity of all instruments
were confirmed by expert judgment. Reliability
was assessed using Cronbach’s alpha, with all
constructs exceeding a = 0.70—indicating
acceptable internal consistency. Specifically, for
the researcher-developed technological beliefs
guestionnaire, while Cronbach's alpha was
0.727, the Composite Reliability (CR) exceeded
0.90 (Table 1), confirming robust internal
consistency suitable for PLS-SEM analysis. Items
were retained to maintain theoretical coverage
based on Prestidge's framework [36], as
removing items solely to inflate alpha could
compromise the construct's content validity.

Content validity was ensured through a
systematic three
specialists
measurement evaluated all items for relevance,
clarity, and alignment with the theoretical
framework, and revisions were made based on
their feedback. This qualitative validation
approach, supplemented by Confirmatory
Factor Analysis (CFA) and convergent validity
indices (AVE > 0.50), aligns with established
methodological practices in educational
technology research where theory-driven item
development and expert judgment are
prioritized alongside statistical validation of the
measurement model [30],[35].

expert review process:

in educational technology and
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Table 1: Composite reliability and convergent using Composite Reliability (CR) and Average
validity estimates Variance Extracted (AVE). Results are presented
Construct Cronbach’s a CR AVE in Table 1. All CR values exceeded 0.70, and all
lTeCh"O'OSV 0.909 0.921 0.581 AVE values surpassed 0.50—indicating
ntegration X X
BTaO adequate internal consistency and convergent
Technological 0.885 0.904 0.504 idi
Beliefs ' ' ' validity.
';::’u"‘c’li‘:(f: 0.899 0.915 0.576 To address the research question—Do
_ technological beliefs, knowledge structures,
Pedagogical Uses 0.863 0.901 0.646 L o .
of Technology . . . and individual characteristics influence
technology integration among secondary

Data Analysis

Data analysis employed both descriptive and
inferential statistics. Descriptive statistics
included frequency, percentage, mean, and
standard deviation. To address the research
question, structural equation modeling (SEM)
was performed using Smart PLS 4. This method
comprises two components: the measurement
model (assessing composite reliability,
convergent validity, and discriminant validity)
and the structural model (examining path
coefficients and model fit indices).

Results and Findings

Following data collection from 357 secondary
school teachers, findings are presented in two
(SEM)
statistics. Table 2 displays the means and

sections: descriptive and inferential
standard deviations of key variables. As shown,
the highest mean pertains to Technological
Beliefs (M = 4.11), while the lowest belongs to
Perceived Technological Knowledge (M = 3.79).
The dependent variable, Technology
Integration, yielded a mean of 4.02—indicating
a generally favorable level of integration among
participants.

Prior to hypothesis testing, measurement

model reliability and validity were assessed

school teachers?—the structural model was
tested using bootstrapping. Path coefficients
(B), t-values, and
reported in Table 3.

significance levels are

Overall model fit indices were: Normed Fit
Index (NFI): 0.93; Comparative Fit Index (CFl):
0.96; and Root Mean Square Error of
Approximation (RMSEA): 0.056. The NFI and CFI
values exceed the 0.90 threshold, and RMSEA is
below 0.08—indicating acceptable model fit.
Moreover, the model explained 68% of the
variance in technology integration (R? = 0.68),
suggesting that the
collectively account for a substantial proportion
of predictive power. In summary, the findings
indicate that:

independent variables

o Technological beliefs (B = 0.388) emerged as
the strongest predictor of technology
integration;

o Knowledge structures (B = 0.287) ranked
second in importance;

individual
educational attainment showed a positive,
significant relationship (B = 0.094); gender, age,
and experience were non-significant;

o The model exhibited excellent fit and explained
68% of the variance in technology
integration

o Among characteristics, only
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Table 2: Descriptive statistics of the study's variables

Measure Mean Standard Deviation Variance Min Max
Perceived Technological Knowledge 3.79 0.64 0.41 2 5
Perceived Knowledge for Technology Integration 3.99 0.61 0.31 183 5
Pedagogical Uses of Technology 4.00 0.70 0.50 1.80 5
Technological Beliefs 4.11 0.61 0.37 2 5
Technology Integration 4.02 0.52 0.27 142 5
Table 3: Path analysis results and hypothesis testing
Relationship Path Cc();)ffluent vaTue p-value Outcome
Technological Beliefs - Technology Integration 0.388 8.92 p<0.01 Significant
Knowledge Structures - Technology Integration 0.287 6.45 p <0.01 Significant
Educational Attainment - Technology Integration 0.094 2.12 p<0.05 Significant
Gender - Technology Integration 0.021 0.89 p>0.05 Not
Significant
Age - Technology Integration 0.032 1.12 p>0.05 Not
Significant
Teaching Experience - Technology Integration 0.045 134 p>0.05 Not
Significant

These results unequivocally demonstrate that
advancing technology integration in classrooms
requires primary focus on strengthening
teachers’ positive technological beliefs and
developing their
structures. Figure 1 presents the structural
equation model with standardized path
coefficients. The path coefficients (B) displayed
on the arrows indicate the direct effects of each

specialized knowledge

predictor on technology integration. Consistent
with the findings in Table 3, the model
highlights the dominant role of technological
beliefs (B = 0.388) as the most influential factor,
followed by knowledge structures (B = 0.287)
and educational attainment (B = 0.094). The
non-significant paths for gender, age, and
teaching experience are represented with
dashed lines, indicating their lack of statistical
contribution to the model. The R? value of 0.68
inside the endogenous construct (technology
integration) denotes that the model explains
68% of its variance, underscoring the collective
predictive power of the included variables. This

visual representation complements the

numerical details in Table 3 by illustrating the
relative strength the
relationships.

and structure of

Discussion

This study aimed to examine the roles of

individual characteristics, knowledge
structures, and ICT-related beliefs in technology
integration among secondary school teachers.
The findings clearly indicate that teachers'
positive technological beliefs constitute the
most critical factor in predicting their success in
into  instruction.

integrating  technology

Following  beliefs, teachers' level of
knowledge—particularly their understanding of
technology and how to integrate it meaningfully
with

importance. Among individual characteristics,

subject content—ranked second in

only educational attainment showed a
significant positive association with technology
integration, whereas gender, age, and teaching

experience exhibited no notable effects.
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Fig. 1: Structural model with standardized path coefficients

The results robustly confirm that technological
beliefs serve as the strongest predictor of
successful classroom technology integration.
This aligns with Nespor's [21] theoretical
framework and corroborates Ertmer's [5] and
Kog's [14] emphasis on the role of teachers'
perceptual and cognitive filters in adopting
educational innovations. Teachers who deeply
believe technology can enrich teaching and
learning demonstrate greater motivation and
perseverance in overcoming technical and
organizational barriers. This finding resonates
with Zeytounly, Ghorbani, and Robatjazy et al.'s
[34] study in the lIranian context, which
reported satisfactory levels of technology use
despite limitations, largely
explainable via the Technology Acceptance
Model. It also aligns with Khadem-Nia et al.
[27], who highlighted the positive link between
epistemological beliefs and technology
acceptance.

infrastructural

The second significant construct, knowledge
structures, corroborates the TPACK framework
[24], affirming that technical knowledge alone
(TK) is insufficient for effective integration.
Rather, teachers require integrated knowledge
spanning content, pedagogy, and technology.
This finding aligns with Ifinedo et al. [30] and

the OECD's TALIS report [20], both of which
recommend professional development

programs focused on integrating these
knowledge domains rather than merely
providing technical training. The critical

importance of such integrated knowledge
becomes especially evident when considering
Zeytounly et al.'s [38] finding that Iranian
students explicitly cited instructors' inadequate
guidance in selecting appropriate tools and
strategies as a primary barrier.

Regarding individual characteristics, only
educational attainment showed a significant
with  technology
integration. This may be attributable to higher

positive relationship

exposure to theoretical foundations and
specialized training at advanced academic
levels. More importantly, the non-significance
of gender, age, and experience constitutes a
highly encouraging finding. It suggests that the
capacity for technology integration
confined to specific demographic subgroups.
This is directly supported by Zeytounly et al.
[38], who found no significant gender
differences in students' expectations or actual
ICT use, and by Jafari et al. [39], who reported
no meaningful association between
demographic variables and teachers' digital

is not
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competencies. This convergence indicates that
in the Iranian context, psychological-
professional factors (beliefs, knowledge) hold
precedence over demographic ones.

Conclusions

This study contributes to the existing literature
by simultaneously examining the roles of
individual characteristics, knowledge
structures, and technological beliefs within a
comprehensive model in the educational
context. The model's 68% explanatory power

high predictive
that the

technological beliefs, knowledge structures,

underscores its validity,

demonstrating combination of
and educational attainment provides a robust
framework for wunderstanding technology
integration. This confirms that accelerating
educational transformation through technology
demands a shift beyond purely technical
approaches toward human-centered, capacity-

building strategies.

In light of these findings, several practical
implications are offered. First, professional
should
developing integrated TPACK and transforming

development programs prioritize
teachers' beliefs about technology's role in
meaningful learning, rather than focusing
exclusively on technical tool operation. Second,
establishing professional learning communities
among teachers can help teachers share
successful integration experiences, thereby
reinforcing collective positive beliefs. Third,
should

organizational

foster a
that
innovative practice and views errors as integral
to the
ongoing in-school technical and pedagogical

schools progressive

culture encourages

learning process. Finally, ensuring
support is crucial to help teachers navigate

implementation challenges.

While this study provided valuable insights,
it acknowledged that the operationalization of
"individual characteristics" was limited to
gender, age, experience, and educational
attainment. Future research could expand this
construct to include psychological variables
such as technology self-efficacy, intrinsic
motivation, and learning styles, which have
been identified as significant predictors of
technology adoption in literature.
Additionally, longitudinal studies are
recommended to examine how changes in
beliefs and knowledge structures over time
influence integration practices, thereby
complementing the cross-sectional design of
the present study. Furthermore, replicating this
model in different educational contexts and
levels would enhance the generalizability of the
findings.

prior

Authors’ Contribution

The first author completed this research under the
guidance and supervision of the second author.

Acknowledgments

This article is derived from the master's thesis
entitled "The Role of Individual Characteristics,
Knowledge Structures and Beliefs of Information
and  Communication  Technology on the
Technologies Integration of High School Teachers,"
defended at Azarbaijan Shahid Madani University in
2025. We hereby deem it necessary to express our
gratitude to all those who contributed to the
research process.

Conflicts of Interest

The authors declare no conflict of interest.

References

[1] LeTendre G. Globalization and the impact of ICT on teacher’s
work and professional status. In: Menter |, editor. The Palgrave
handbook of teacher education research. Cham: Palgrave
Macmillan; 2022. p. 1-22.
doi:10.1007/978-3-030-59533-3_83-1.


doi:10.1007/978-3-030-59533-3_83-1.
doi:10.1007/978-3-030-59533-3_83-1.
doi:10.1007/978-3-030-59533-3_83-1.
doi:10.1007/978-3-030-59533-3_83-1.

77

Tech. of Edu. J. 20(1): 65-78, Winter 2026

[2] Pham ST, Sampson PM. The development of artificial
intelligence in education: a review in context. ] Comput Assist
Learn. 2022;38(5):1408-1421. doi:10.1111/jcal.12696.

[3] Cabero-Almenara J, Guillén-Gamez FD, Ruiz-Palmero J,
Palacios-Rodriguez A. Digital competence of higher education
professor according to DigCompEdu: statistical research
methods with ANOVA between fields of knowledge in different
age ranges. Educ Inf Technol. 2021;26(4):4691-4708.
doi:10.1007/s10639-021-10476-5.

[4] UNESCO. Global education monitoring report 2023:
technology in education: a tool on whose terms? Paris: United
Nations Educational, Scientific and Cultural Organization; 2023.

[5] Ertmer PA. Addressing first- and second-order barriers to
change: strategies for technology integration. Educ Technol Res
Dev. 1999;47(4):47-61. doi:10.1007/BF02299597.

[6] Aidoo B, Macdonald MA, Vesterinen VM, Pétursdéttir S,
Gisladottir B. Transforming teaching with ICT using the flipped
classroom approach: dealing with the COVID-19 pandemic.
Educ Sci. 2022;12(6):421. doi:10.3390/educsci12060421.

[7] Zhao Y, Frank KA. Factors affecting technology uses in
schools: an ecological perspective. Am Educ Res J.
2003;40(4):807-840. doi:10.3102/00028312040004807.

[8] Schepers J, Wetzels M. A meta-analysis of the technology
acceptance model: investigating subjective norm and
moderation effects. Inf Manag. 2007;44(1):90-103.
doi:10.1016/.im.2006.10.007.

[9] Taimalu M, Luik P. The impact of beliefs and knowledge on
the integration of technology among teacher educators: a path
analysis. Teach Teach Educ. 2019;79:101-110.
doi:10.1016/j.tate.2018.12.012.

[10] Lai JW, Bower M. How is the use of technology in education
evaluated? A systematic review. Comput Educ. 2019;133:27-
42. doi:10.1016/j.compedu.2019.01.005.

[11] Bower M. Technology-mediated learning theory. Br J Educ
Technol. 2019;50(3):1035-1048. doi:10.1111/bjet.12771.

[12] Gil-Flores J, Rodriguez-Santero J, Torres-Gordillo JJ. Factors
that explain the use of ICT in secondary-education classrooms:
the role of teacher characteristics and school infrastructure.
Comput Human Behav. 2017;68:441-449.
doi:10.1016/j.chb.2016.11.057.

[13] Burke PF, Schuck S, Aubusson P, Kearney M, Frischknecht
B. Exploring teacher pedagogy, stages of concern and
accessibility as determinants of technology adoption. Technol
Pedagog Educ. 2018;27(2):149-163.
doi:10.1080/1475939X.2017.1387602.

[14] Kog¢ M. Implications of learning theories for effective
technology integration and preservice teacher training: a critical
literature review. J Turk Sci Educ. 2005;2(1):2-18.

[15] Kilag OK, Mifioza J, Comighud E, Amontos C, Damos M,
Abendan CF. Empowering teachers: integrating technology into
livelihood education for a digital future. Excellencia Int
Multidiscip J Educ. 2023;1(1):30-41.

[16] Bulman G, Fairlie RW. Technology and education:
computers, software, and the Internet. In: Hanushek EA,
Machin S, Woessmann L, editors. Handbook of the economics
of education. Vol. 5. Amsterdam: Elsevier; 2016. p. 239-280.
doi:10.1016/B978-0-444-63459-7.00005-1.

[17] Williamson B, Eynon R, Potter J. Pandemic politics,
pedagogies and practices: digital technologies and distance
education during the coronavirus emergency. Learn Media
Technol. 2020;45(2):107-114.
doi:10.1080/17439884.2020.1761641.

[18] Cheung ACK, Slavin RE. How methodological features affect
effect sizes in education. Educ Res. 2016;45(5):283-292.
doi:10.3102/0013189X16656615.

[19] Reich J. Teaching our way to digital equity. Educ Leadersh.
2019;76(5):30-35.

[20] Organisation for Economic Co-operation and Development.
TALIS 2018 results. Volume |, Teachers and school leaders as
lifelong learners. Paris: OECD Publishing; 2019.
doi:10.1787/1d0bc92a-en.

[21] Nespor J. The role of beliefs in the practice of teaching. J
Curric Stud. 1987;19(4):317-328.
doi:10.1080/0022027870190403.

[22] Brynjolfsson E, McAfee A. The business of artificial
intelligence: what it can—and cannot—do for your
organization. Harv Bus Rev [Internet]. 2017 Jul 18.

[23] Loader BD, Mercea D. Networking democracy? Social
media innovations and participatory politics. Inf Commun Soc.
2011;14(6):757-769. doi:10.1080/1369118X.2011.592648.

[24] Mishra P, Koehler MJ. Technological pedagogical content
knowledge: a framework for teacher knowledge. Teach Coll Rec.
2006;108(6):1017-1054.
doi:10.1111/j.1467-9620.2006.00684.x.

[25] Toorani H, Jafari A. Investigating the mediating role of
teachers’ digital literacy in the relationship between e-learning
and instructional interactions in elementary schools in Tehran.
Tech Edu J. 2025;19(1):179-194. [In Persian]
doi:10.22061/tej.2025.10164.2952.

[26] Shulman LS. Knowledge and teaching: foundations of the
new reform. Harv Educ Rev. 1987;57(1):1-22.
doi:10.17763/haer.57.1.j463w79r56455411.

[27] Khadem Nia R, Alavi Langarudi SK, Zandvakilian A, Hemmati
H. The relationship between media literacy and epistemological
beliefs with technology acceptance among teachers in Yazd. J
Inf Commun Technol Educ Sci. 2023;13(3):143-163. [In Persian]


doi:10.1111/jcal.12696.
doi:10.1111/jcal.12696.
doi:10.1111/jcal.12696.
doi:10.1007/s10639-021-10476-5.
doi:10.1007/s10639-021-10476-5.
doi:10.1007/s10639-021-10476-5.
doi:10.1007/s10639-021-10476-5.
doi:10.1007/s10639-021-10476-5.
https://unesdoc.unesco.org/ark:/48223/pf0000385723
https://unesdoc.unesco.org/ark:/48223/pf0000385723
https://unesdoc.unesco.org/ark:/48223/pf0000385723
doi:10.1007/BF02299597.
doi:10.1007/BF02299597.
doi:10.1007/BF02299597.
doi:10.3390/educsci12060421.
doi:10.3390/educsci12060421.
doi:10.3390/educsci12060421.
doi:10.3390/educsci12060421.
doi:10.3102/00028312040004807.
doi:10.3102/00028312040004807.
doi:10.3102/00028312040004807.
doi:10.1016/j.im.2006.10.007.
doi:10.1016/j.im.2006.10.007.
doi:10.1016/j.im.2006.10.007.
doi:10.1016/j.tate.2018.12.012.
doi:10.1016/j.tate.2018.12.012.
doi:10.1016/j.tate.2018.12.012.
doi:10.1016/j.compedu.2019.01.005.
doi:10.1016/j.compedu.2019.01.005.
doi:10.1016/j.compedu.2019.01.005.
doi:10.1111/bjet.12771.
doi:10.1111/bjet.12771.
doi:10.1016/j.chb.2016.11.057.
doi:10.1016/j.chb.2016.11.057.
doi:10.1016/j.chb.2016.11.057.
doi:10.1016/j.chb.2016.11.057.
doi:10.1080/1475939X.2017.1387602.
doi:10.1080/1475939X.2017.1387602.
doi:10.1080/1475939X.2017.1387602.
doi:10.1080/1475939X.2017.1387602.
https://www.tused.org/index.php/tused
https://www.tused.org/index.php/tused
https://www.tused.org/index.php/tused
https://www.researchgate.net/publication/374924052
https://www.researchgate.net/publication/374924052
https://www.researchgate.net/publication/374924052
https://www.researchgate.net/publication/374924052
doi:10.1016/B978-0-444-63459-7.00005-1.
doi:10.1016/B978-0-444-63459-7.00005-1.
doi:10.1016/B978-0-444-63459-7.00005-1.
doi:10.1016/B978-0-444-63459-7.00005-1.
doi:10.1080/17439884.2020.1761641.
doi:10.1080/17439884.2020.1761641.
doi:10.1080/17439884.2020.1761641.
doi:10.1080/17439884.2020.1761641.
doi:10.3102/0013189X16656615.
doi:10.3102/0013189X16656615.
https://www.ascd.org/el/articles/teaching-our-way-to-digital-equity
https://www.ascd.org/el/articles/teaching-our-way-to-digital-equity
doi:10.1787/1d0bc92a-en.
doi:10.1787/1d0bc92a-en.
doi:10.1787/1d0bc92a-en.
doi:10.1080/0022027870190403.
doi:10.1080/0022027870190403.
https://hbr.org/2017/07/the-business-of-artificial-intelligence
https://hbr.org/2017/07/the-business-of-artificial-intelligence
https://hbr.org/2017/07/the-business-of-artificial-intelligence
doi:10.1080/1369118X.2011.592648.
doi:10.1080/1369118X.2011.592648.
doi:10.1080/1369118X.2011.592648.
doi:10.1111/j.1467-9620.2006.00684.x.
doi:10.1111/j.1467-9620.2006.00684.x.
doi:10.1111/j.1467-9620.2006.00684.x.
doi:10.22061/tej.2025.10164.2952.
doi:10.22061/tej.2025.10164.2952.
doi:10.22061/tej.2025.10164.2952.
doi:10.22061/tej.2025.10164.2952.
doi:10.17763/haer.57.1.j463w79r56455411.
doi:10.17763/haer.57.1.j463w79r56455411.
https://sanad.iau.ir/Journal/ictedu/Article/1007050/FullText.
https://sanad.iau.ir/Journal/ictedu/Article/1007050/FullText.
https://sanad.iau.ir/Journal/ictedu/Article/1007050/FullText.
https://sanad.iau.ir/Journal/ictedu/Article/1007050/FullText.

S. Asadian, S. Bibak

78

[28] Najafzadeh B, Barghi I, Ghasemzadeh A. A step to validate
the model of acceptance and use of digital technology by
teachers. Res Teach. 2022;10(3):23-45. [In Persian]
doi:10.34785/J012.2022.037.

[29] Maleki Dastjerdeh M, Maleki N, Shorkaei R. Investigating
the role of teachers in adopting new technologies in the
educational process. In: Proceedings of the Second
International Conference on Educational Sciences, Counseling,
Psychology, and Social Sciences; 2023; Hamedan, Iran. [In
Persian]

[30] Ifinedo E, Rikala J, Hdmaladinen T. Factors affecting Nigerian
teacher educators’ technology integration: considering
characteristics, knowledge constructs, ICT practices and beliefs.
Comput Educ. 2020;146:103760.
doi:10.1016/j.compedu.2019.103760.

[31] Qaddumi H, Smith M, Masd K, Bakeer A, Abu-Ulbeh W.
Investigating Palestinian in-service teachers’ beliefs about the
integration of information and communication technology (ICT)
into teaching English. Educ Inf Technol. 2023;28:12785-12805.
doi:10.1007/510639-023-11689-6.

[32] Peng R, Razak RA, Halili SH. Investigating the factors
affecting ICT integration of in-service teachers in Henan
Province, China: structural equation modeling. Humanit Soc Sci
Commun. 2023;10:380. doi:10.1057/s41599-023-01871-z.

[33] Abedi EA, Prestridge S, Hodge S. Teachers’ beliefs about
technology integration in Ghana: a qualitative study of
teachers’, headteachers’ and education officials’ perceptions.
Educ Inf Technol. 2024;29(5):5857-5877.
doi:10.1007/510639-023-12049-0.

[34] Peretti S, Kubiatko M, Caruso F, Di Mascio T, Giancola M,
D’Amico S, et al. #InstaMind: teachers’ beliefs on educational
technology to promote seamless technology integration in early
education. Front Educ. 2024;9:1399807.
doi:10.3389/feduc.2024.1399807.

[35] Chai CS, Koh JHL, Tsai CC. A review of technological
pedagogical content knowledge. Educ Technol Soc.
2013;16(2):31-51.

[36] Prestridge S. The alignment of digital pedagogy to current
teacher beliefs. In: Proceedings of the ACEC2010 Digital
Diversity Conference; 2010 Apr 6-9; Melbourne, Australia.
Melbourne: Australian Council for Computers in Education;
2010.

[37] Schmidt DA, Baran E, Thompson AD, Mishra P, Koehler MJ,
Shin TS. Technological pedagogical content knowledge (TPACK):
the development and validation of an assessment instrument
for preservice teachers. J Res Technol Educ. 2009;42(2):123—-
149. doi:10.1080/15391523.2009.10782544.

[38] Zeitounly M, Ghorbani MR, Robatjazy MA. Exploring Iranian
university students’ expectations and technology use for out-of-
class English language learning. Tech Edu J. 2025;19(1):271-
292. [In Persian] doi:10.22061/tej.2025.11598.3170.

[39] Jaafari E, RezaeiZadeh M, Shahverdi R, Bandali B,
Abolghasemi M. Evaluating teachers’ digital competencies
during the COVID-19 pandemic. Tech Edu J. 2024;18(3):527—
548. [In Persian] doi:10.22061/tej.2024.10320.2996.

AUTHOR(S) BIOSKETCHES

Saed Bibak is a graduate of the Master's program in
Curriculum Studies at Azarbaijan Shahid Madani
University. He is interested in conducting research
in his specialized field, including the teaching-
learning process of students and the quality of their

curricula.
Saed Bibak, M.A. in Curriculum Studies, Azarbaijan Shahid
Madani University, Tabriz, Iran.

saeedbibak25@gmail.com

Sirous Asadian holds a Ph.D. in Curriculum Studies
from Allameh Tabataba'i University and is an
Associate Professor in the Department of Education
at Azarbaijan Shahid Madani University. His
academic credentials include the publication of two
specialized books and over fifty research articles in
scientific journals, as well as dozens of papers
presented at national and international
conferences. His research interests focus on the
quality and characteristics of curricula across
various educational levels and the teaching-learning

process.
Asadian, S. Associate Professor, curriculum studies, Azarbaijan
Shahid Madani University, Tabriz, Iran.

@ . .
dr.sasadian@gmail.com

49 https://doi.org/10.22061/te}.2026.12755.3333

Citation (Vancouver): Bibak S, Asadian S. [Technological beliefs, knowledge structures, and individual @;"PF@
characteristics: determinants of technology integration in the classroom] Tech. Edu. J. 2026; 20(1): 65-78 .:.II-J" ;



doi:10.34785/J012.2022.037.
doi:10.34785/J012.2022.037.
doi:10.34785/J012.2022.037.
https://civilica.com/doc/1757213/
https://civilica.com/doc/1757213/
https://civilica.com/doc/1757213/
https://civilica.com/doc/1757213/
https://civilica.com/doc/1757213/
https://civilica.com/doc/1757213/
doi:10.1016/j.compedu.2019.103760.
doi:10.1016/j.compedu.2019.103760.
doi:10.1016/j.compedu.2019.103760.
doi:10.1016/j.compedu.2019.103760.
doi:10.1007/s10639-023-11689-6.
doi:10.1007/s10639-023-11689-6.
doi:10.1007/s10639-023-11689-6.
doi:10.1007/s10639-023-11689-6.
doi:10.1057/s41599-023-01871-z.
doi:10.1057/s41599-023-01871-z.
doi:10.1057/s41599-023-01871-z.
doi:10.1057/s41599-023-01871-z.
doi:10.1007/s10639-023-12049-0.
doi:10.1007/s10639-023-12049-0.
doi:10.1007/s10639-023-12049-0.
doi:10.1007/s10639-023-12049-0.
doi:10.3389/feduc.2024.1399807.
doi:10.3389/feduc.2024.1399807.
doi:10.3389/feduc.2024.1399807.
doi:10.3389/feduc.2024.1399807.
https://www.jstor.org/stable/jeductechsoci.16.2.31
https://www.jstor.org/stable/jeductechsoci.16.2.31
https://www.jstor.org/stable/jeductechsoci.16.2.31
https://research-repository.griffith.edu.au/items/0b33001e-5622-5df1-a74d-b44fd0637dfe
https://research-repository.griffith.edu.au/items/0b33001e-5622-5df1-a74d-b44fd0637dfe
https://research-repository.griffith.edu.au/items/0b33001e-5622-5df1-a74d-b44fd0637dfe
https://research-repository.griffith.edu.au/items/0b33001e-5622-5df1-a74d-b44fd0637dfe
https://research-repository.griffith.edu.au/items/0b33001e-5622-5df1-a74d-b44fd0637dfe
doi:10.1080/15391523.2009.10782544.
doi:10.1080/15391523.2009.10782544.
doi:10.1080/15391523.2009.10782544.
doi:10.1080/15391523.2009.10782544.
doi:10.1080/15391523.2009.10782544.
doi:10.22061/tej.2025.11598.3170.
doi:10.22061/tej.2025.11598.3170.
doi:10.22061/tej.2025.11598.3170.
doi:10.22061/tej.2025.11598.3170.
doi:10.22061/tej.2024.10320.2996.
doi:10.22061/tej.2024.10320.2996.
doi:10.22061/tej.2024.10320.2996.
doi:10.22061/tej.2024.10320.2996.

Tech. Edu. J. 20(1): 79-96, Winter 2026

e I Technology of Education Journal
g by (TEJ)

TES Homepage: jte.sru.ac.ir T

ORIGINAL RESEARCH PAPER
The mediating role of academic engagement in the relationship between social
support and student satisfaction in online learning environments

A. Taghizade™, A. Akbari Balootbangan?

1 Department of Educational Sciences, Farhangian University, P.O. Box14665-889, Tehran, Iran
2 Department of Psychology and Counseling, Farhangian University, P.O. Box14665-889, Tehran, Iran

ABSTRACT

Perceived social support is a critical factor in enhancing academic
Received: 05 June 2025 engagement and satisfaction in online learning environments. However, the mechanisms
Reviewed: 23 July 2025 through which social support influences satisfaction, particularly the mediating role of distinct
Revised: 06 September 2025 dimensions of academic engagement, remain underexplored. So, the current study seeks to
Accepted: 06 November 2025 develop and test a structural model that explores how academic engagement, specifically its

affective and behavioral components, mediates the relationship between perceived social
support and satisfaction among master’s students enrolled in online learning environments

KEYWORDS: within Iranian higher education institutions.

Social Support WELCHEIRERLRSGELEE A total of 391 master's students from several universities in Iran
Academic Engagement participated in this study through an online survey conducted in April 2024. Participants
Learner Satisfaction completed validated Persian versions of three instruments: the Online Social Support
Online Learning Questionnaire, the Online Student Engagement Questionnaire, and the Satisfaction with E-

learning Scale. Structural equation modeling (SEM) was employed to assess the fit of the
hypothesized structural model. Bootstrapping procedures (5,000 resamples) were

* Corresponding author subsequently used to test the significance of the indirect (mediating) effects.
£ A.Taghizade@cfu.ac.ir m The results revealed that social support had a significant positive direct effect on
(+98936) 4882375 satisfaction (B = 0.37, p < 0.01). Additionally, social support significantly predicted both

affective engagement (B = 0.90, p < 0.001) and behavioral engagement (B = 0.92, p < 0.001).
Both affective engagement (B = 0.41, p < 0.001) and behavioral engagement (B = 0.25, p <
0.05) positively influenced satisfaction. Mediation analyses confirmed that affective
engagement (B =0.37,95% CI [0.26, 0.64]) and behavioral engagement (B =0.23,95% CI [0.05,
0.57]) partially mediated the relationship between social support and satisfaction, with
affective engagement demonstrating a stronger mediating effect. The proposed structural
model exhibited good fit to the data (CMIN/df = 3.34, CFl = 0.92, RMSEA = 0.07, SRMR = 0.05).
Perceived social support enhances e-learning satisfaction both directly and
indirectly through academic engagement. Affective engagement mediates this relationship
more strongly than behavioral engagement, highlighting the critical role of emotional
connection, particularly in collectivist cultural contexts. To enhance student satisfaction,
elearning environments should be deliberately designed to cultivate supportive interpersonal
dynamics and foster meaningful academic engagement alongside active participation.

COPYRIGHTS
@ ® @ © 2026 The Author(s). This is an open-access article distributed under the terms and conditions of the Creative Attribution-
NG NonCommercial 4.0 International (CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/)
NUMBER OF REFERENCES NUMBER OF FIGURES NUMBER OF TABLES

73 2 4



https://creativecommons.org/licenses/by-nc/4.0/

Taghizade A, Akbari Balootbangan A.

80

;M' 9B Ao

sl 50 (b gdils Guinialsd) g (eloial Culos (Lo alul) )0 (Luasd Coghino (ileo (Al

RO RPN

"G & Lgls 5 05T fad) . Foolj T ules

Ol sl ) FEEO-AT s 4574 LK 15 olKe2ils o i 7 psle 3 jp0] 05,5
Ol sl ) FFFO-AT s 4574 5 LeK,5 olRiils o 9lio 5 ool 5590l 09,5

ouS

Gainculs ) g dass codgrin iuliEl o Sl Jolse 51 (SO oan STl cloiz! ooles HEIREIRREOERITY]
2 elein! Coles byl @,k 51aS Slo S g5 (Jlonll 095 oo wogmmo (T 5 pSol slalames ,o 51,3
00 oy B jsb 4 jein ans Sudginine pleie olul (glalauly i ohga N8 oo il satecals,
5 ible sloailie omile i b o pbxl o lsle Jow o (yge3l g g Bl pol> sl ol ply sl
0l el IS Qlgamiils gateculs 5 oo STyl elaia! Colem oyl abal; jo Lass colgi i (5,18,
255 8 G5slS 8550 Olnl e el Slasze ;5 (T 6150k ladazme o S o J2L

sy vy 2 G 3 ol oIS i 2 | i S gl 51 TR sy ol o D
Coloz Al iy 1030505 JooSS 1) I3l ass B eS8, 000,58 8 5 ol pbxl VF- Y Lo olocys 9,8 40 a5
dwbu»_..:): 9 U)U u5):5~>Li sllose BN le'-“"’ CMJM MLW): ‘u’)u <$):§°l?. sl 5o Gcl.o.;.?l
Gl SYslee oL o 3l og,ae s i w Jow (55l b)) sl (Sg Sl (6 S ols 5l usecal 5,
Beve Lv) u).«_...:luy U“J5) )l A(Gld—lﬂ—hﬁ)‘j) p...a.._....a)...c u‘).ul 6)‘\)L«M u}.ﬂj )3.]4..A44 €t ol eolai_wl (SEM)
A a8 )5 0,40 (009033

2518 aieigls, 5 lolins 5 it paiit s 1 gl eloizl Coles a5 ols lis saelccwon @Lu
B=0/A0 ) dible cugiin v s loline b a4 bl Coles oopl g el (P <l ) (B =CTY )
Colpiie alge 93 10 S (oo Gt [ P <l ) B TAY ) 1) st er g (P < 0)e )
Goecolo) p suie 23l (P < 10 P =eIVO )k, Sdgiin s (P < +/e0) (B=0/F) ) bl
Cdgiiia g (IFF < YF) 120 olisebsl aloll o B =YV ) ble colgiin a5 ols olas milee Julod asils
Gaeals, 5 eloizl Cola Gl daly Sz job 4 (/OV +/+0) 720 olicebl alolil (B =+/YY ) )L,
@l Joo ol 65698 6 Sl Jl s ble Sudsite lee (nl 50 4 0SSzl |,
8,55 5 mosls b SRMR = +/- 6 RMSEA = -/-Y CFI = -/aY LMIN/df = ¥IY'F) ollae (550, 5l soloiin

Og

Fsareiald) o Joams Colsiiio dlanly 4 izman 5 peliine b @ oot STl (eleta] Culoo FEFTEEEE
GOy Cograive a4y Comd (g ymion a8l 1) alal) ol ible codgain ans ge (Rl (Sdg xSl (6 S0k
I iy o Sy S8 ol 3 03t s bl g Sl (55 5 ST 45 55 e 5 Slany
S iyt sl S1gSa wttbin ol b iy S (55l sloagme il il ol 3,

s (o9 ¢ Jlad oS jlie JLS j0 1) Hloline (deass cgrina 1 g caiSoler (698 0ke sl by

VE-F olo, V0 sl o )b
VEF oloje o) igyelo
VEF 5o V0 ol )l
VEE LT sy b

igoals’ o 3lg
bzl cylom
a..\jﬁf.bbu wLa)

by S0l

Jgis oot ™
A.Taghizade @cfu.ac.irt<
SAYF-FAAYYVD @

Introduction

The widespread integration of digital tools into
education, coupled with the forced transition to
remote learning during the COVID-19
pandemic, has permanently reshaped higher
education. What once served as a substitute for
in-person instruction has now become a lasting

and essential mode of academic delivery [1].
This evolution has pushed certain psychological
and pedagogical concepts to the forefront of
educational research, as institutions seek to
better understand and enhance the conditions
that foster meaningful learning
experiences [2]. Within this context, student

online

satisfaction continues to be regarded as a
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fundamental marker of quality in e-learning
environments. It captures both the cognitive
judgments and emotional responses of learners
regarding the degree to which their academic
expectations and personal needs are fulfilled
[3].

In light of persistent concerns tied to online
learning, such as social isolation, student
disengagement, and higher dropout rates,
identifying what drives satisfaction has become
an urgent priority for educators and researchers
alike [2]. A central factor influencing how
students evaluate their satisfaction in online
learning is their level of academic engagement.
Across higher education, engagement is widely
regarded as a key predictor of academic
achievement and degree completion. When
students fail to engage meaningfully with their
studies, the consequences often include lower
academic performance, as well as reduced
retention and graduation rates at the
institutional level [4]. Early identification of
learners who may be disengaging or are at risk
of dropping out is therefore a critical task, one
that demands a solid grasp of the engagement
construct and its underlying dimensions [5-7].
Underlying this concern is the growing
awareness that many students feel a
heightened sense of isolation and marginality in
online academic settings, conditions that can
further weaken their connection to the learning
process [8].

Alongside the focus on engagement, social
support has increasingly been recognized as a
critical element in shaping how students
navigate and experience online learning. In e-
learning environments, where learners must
often grapple with unfamiliar technologies,
manage complex platforms, and acquire course
content with limited real-time access to
instructors or peers, the presence of support
becomes particularly vital. Encouragement and
assistance received from family members,

peers, and educators can contribute
meaningfully to learners’ motivation, academic
self-confidence, and satisfaction,
ultimately enhancing their performance in
virtual settings [9]. Beyond these direct effects,
social support also plays a role in strengthening
students’ self-esteem, which can translate into
greater commitment and sustained effort in
academic tasks. Some scholars suggest that this
support influences achievement and
satisfaction indirectly, by shaping the degree to
which students engage with their learning [10].
Itisimportant to note, however, that the nature
of social support in online courses may differ
considerably from what is typically observed in
face-to-face classrooms.

The absence of physical presence and non-
verbal cues, combined with the asynchronous
rhythm of much online communication, can
shift how learners perceive and interpret
supportive  behaviors. These contextual
differences highlight the need to examine social
support specifically within e-learning settings,

overall

where the quality and frequency of interaction
diverge from those found in conventional social
[11].
Although a substantial body of research has
sought to link social support to various online
learning outcomes [12-13], a more nuanced

networks or traditional classrooms

understanding requires distinguishing between
two related but distinct forms of support:
general emotional support and what may be
termed educational support. The latter refers to
the provision of informational and practical
assistance that directly aids the learning
process, such as when an instructor clarifies a
difficult concept or classmates share relevant
resources.

This type of support helps reduce obstacles
to completing academic tasks, fosters a sense of
ease with digital tools, and promotes both
active participation and self-directed learning
[14]. Although scholarly attention to the factors
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that shape the quality of online education,

particularly social student

engagement,

support,
and satisfaction, has grown
considerably in recent years, several important
gaps persist in the literature. First, while
previous studies have generally confirmed
positive relationships among these variables
[15],
underlying processes through which social
support contributes to learner satisfaction [3].
despite
positioning engagement as a potential mediator

relatively few have explored the

Second, theoretical arguments
between contextual conditions and academic
outcomes, empirical evidence examining this
mediating role, especially with attention to
distinct forms of engagement such as affective
and behavioral dimensions, remains limited
within the context of online learning. Third,
graduate students, who often navigate unique
academic and personal circumstances in virtual
settings, have been largely overlooked in this
line of inquiry. Finally, little research has
investigated these dynamics in collectivist
cultural environments such as lIran, where
interpersonal connections and emotional ties
may carry particular weight in shaping
educational experiences and perceptions. In
light of these gaps, the current study seeks to
develop and test a structural model that
how  academic

explores engagement,

specifically its affective and behavioral

components, mediates the relationship

between perceived social support and
satisfaction among master’s students enrolled
in online learning environments within Iranian
higher education institutions. By doing so, the
research aims to generate practical insights that
can inform the design of more supportive online
learning environments, ultimately fostering
greater engagement and higher levels of

student satisfaction.

Review of the Related Literature

Social support and satisfaction

Broadly understood as the assistance and
reassurance individuals draw upon when
confronting challenging circumstances [16],
social support has long been recognized as a
factor closely tied to psychological health and
[17-19]. Early
conceptualizations tended to frame it primarily
in terms of interpersonal exchanges and
observable behaviors [17], but more recent
studies have expanded this lens to include e-
learning environments [20-21]. Drawing on
Self-Determination Theory, researchers have
observed that in online educational settings,
instructors are particularly well-positioned to

overall well-being

support learners' needs for autonomy and
competence, while peers often contribute more
substantially to satisfying the need for
relatedness [22]. Although social support may
not always offer direct solutions to academic
difficulties, it plays an indispensable role in
addressing psychological needs,
reducing feelings of isolation, and enhancing
satisfaction in virtual learning contexts [21][23].
Despite its recognized importance, the study of
social support within e-learning environments
remains relatively underexplored [11][24]. Early
efforts, such as those by Weng et al., drew
relevance for technology
acceptance in education, revealing the distinct

learners’

attention to its

contributions of peers, supervisors, and family
members [24]. In a similar vein, Hsu et al. found
support can bolster learners’
resilience, deepen cognitive engagement, and

that social

contribute to more meaningful educational
experiences online [11]. While these studies
underscore the value of social support, they
tend to approach it as a unified construct,
offering limited insight into how its various
dimensions may function differently within the
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context of online learning. Based on the above
empirical evidence, H1 is formulated as follows:

H1. Higher education students' social
support has a positive effect on their
satisfaction.

Social support and learning engagement

The central role of engagement in shaping
educational outcomes has been consistently
emphasized across both face-to-face and online
learning contexts [25-27]. As Bergdahl and
colleagues observed, engagement in digitally
mediated environments differs in meaningful
ways from what occurs in traditional
classrooms, largely due to technological
features such as real-time interaction and the
absence of nonverbal cues, factors that call for
renewed theoretical and empirical examination
[28]. From the standpoint of the self-system
motivational perspective, engagement s
understood to emerge from students' ongoing
interactions with their learning environment
[7]. It is therefore considered responsive to
contextual shifts and is characterized by the
energy, focus, and sustained effort learners
in academic tasks [6]. Within this
motivational framework, engagement s
conceptualized as a multidimensional construct
encompassing behavioral, cognitive, social, and

invest

affective components [6][29]. Given that the
present study centers on the behavioral and
affective dimensions of engagement, each is
described in greater detail below. Behavioral
engagement refers to the extent to which
students take part in academic activities,
demonstrate appropriate conduct, and refrain
from behaviors that disrupt the learning
process [30]. Affective engagement, by
contrast, concerns students' emotional
responses to their learning experiences,
including feelings of enjoyment, interest, and
connection as well as their attitudes toward
classmates, course content, and the broader

educational context [31-32]. This dimension
has previously been captured through
indicators such as joy, pleasure, excitement,
and the sense of rapport students perceive with
instructors and peers [33]. In a related vein,
Hernandez et al. define social support as any
form of assistance or help extended to an
individual by others, noting that positive
relationships are often built around the
exchange of such support. Within educational
settings, the primary sources of this support
tend to be teachers, classmates, and family
members. Their findings indicate that social
support exerts a meaningful positive influence
on university students’ academic engagement
[34]. Support from guardians, in particular, has
been shown to help students remain engaged in
their studies and achieve stronger academic
outcomes [35]. Moreover, the presence of
supportive relationships with both peers and
educators increases the likelihood that
adolescents will exhibit higher levels of
behavioral engagement in the classroom [36].
Among these sources, the support provided by
teachers, particularly when perceived as
accessible and reliable, appears to play an
sustaining and
nurturing students’ academic engagement over
time [37]. In summary, hypothesis H2 and H3
are proposed as following:

H2. Higher
support has a positive effect on higher

especially critical role in

education students' social
education students’ Affective engagement.

H3. Higher
support has a positive effect on their Behavioral

engagement.

education students' social

Student engagement and learner satisfaction

Among the most frequently cited indicators of
quality in online education is student
satisfaction, widely regarded as a fundamental
component of effective and successful learning

experiences [38-39]. Generally defined,
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academic satisfaction refers to learners’
assessment of the extent to which their
expectations, needs, and personal goals have
been fulfilled throughout their educational
journey [40]. A growing body of research has
drawn attention to the positive association
between satisfaction and both academic
performance and student engagement [41-42].
With specific regard to the relationship
between engagement and satisfaction,
empirical studies have consistently pointed to a
positive directional link. In an investigation
involving 347 university students, Gao et al.
found that both playfulness and emotional
contributed
learners' satisfaction, suggesting that a well-
designed and stimulating online platform can
enhance students' overall contentment with

engagement significantly to

their courses.

Notably, emotional engagement emerged as
a mediating variable between several platform-
related factors such as perceived usefulness,
ease of use, and interactivity and satisfaction.
This finding implies that students' emotional
responses are shaped by their perceptions of
the learning environment. Interestingly, the
same study reported that cognitive
engagement did not exert a significant
influence on satisfaction, indicating that
learners may derive greater fulfillment when
their engagement is effectively and emotionally
anchored rather than purely intellectual [43].
Further support for the engagement-
satisfaction link comes from Yousaf et al., who
examined the role of course evaluation and
digital platforms in shaping online learning
experiences. Drawing on data from 652
university students, their findings confirmed a
meaningful relationship between engagement
and satisfaction [44]. In a related study, Fisher
et al. observed, based on a sample of 348
students, that both blended and flipped
learning approaches enhanced participants'

perceptions of engagement, academic
performance, and satisfaction. of particular
interest was the finding that engagement
within flipped learning directly
contributed to satisfaction, even in cases where
students did not perceive noticeable gains in
performance [45].

Taken together, these studies offer
compelling evidence that student engagement
and satisfaction are closely intertwined. They
also suggest that specific dimensions of
particularly emotional
engagement, may serve as mediating
mechanisms through which various forms of
support learners' satisfaction in
online settings. Nevertheless, relatively few
studies have systematically examined how the
affective
engagement function as mediators in the
relationship between perceived social support
and overall satisfaction with online learning. In
view of this research gap, we set out to examine
these
following:

H4. Higher education students’ Affective
engagement has a positive effect on their
satisfaction.

H5. Higher education students’ Behavioral
engagement has a positive effect on their
satisfaction.

H6. Affective engagement plays a mediating
effect in the
education students' social support and their
Satisfaction.

H7. Behavioral engagement
mediating effect in the relationship between
higher education students' social support and
their Satisfaction.

contexts

engagement,

influence

and behavioral dimensions of

relationships and hypothesize the

relationship between higher

plays a

Proposed structural model

Based on these hypotheses generated from the
above literature review, our proposed
structural model is presented in Figure 1.
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Affective

engagement
social
Satisfaction
support
Behavioral
engagement
Fig. 1: Hypothesized Structural Model

Method master's students were recruited using a

Participants
The present investigation employed an
exploratory design, utilizing structural equation
modeling to  examine the
interrelationships among perceived
support,
engagement, and
context of online learning. This methodological
approach is particularly well-suited for research
aimed at developing a more nuanced
understanding  of

complex
social
affective engagement, behavioral

satisfaction within the

specific  phenomena,
especially in situations where the researcher
exercises limited control over data collection
procedures and the variables of interest emerge
from naturally occurring educational settings
[46].

Data collection for the study was conducted
in  April 2024, using an survey
administered to graduate students across
several universities in Iran. These universities
provided a variety of programs in the
humanities, engineering, and basic sciences. In
addition to their online programs, they also
provided Initially, 397

online

in—person courses.

convenience sampling method,
factors
participation, and active engagement in online
courses. After removing outliers, the sample
was refined to 391 participants. Before data
gathering, participants were informed about
the study's objectives, with an emphasis on the
their
responses. They were also made aware that

considering

such as availability, voluntary

confidentiality and anonymity of
they could withdraw from the research at any
time without any consequences.

Data collection was carried out via an online
survey. The minimum required sample size for
this study was determined using the Soper
sample size calculator for structural equation
modeling [47].
effect size of 0.3, a desired statistical power
level of 0.80, 4 latent variables, 22 observed
variables, and a probability level of 0.05, the
calculator indicated a minimum sample size of
240-260 respondents. The final sample of 391
participants threshold,
confirming its adequacy for subsequent SEM
analysis [47]. The demographic distribution of
the participants is detailed in Table 1.

Considering an anticipated

exceeded this
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Table 1: Demographic characteristics of participants

Variable Subcategory Frequency %
Gender Female 129 33%
Male 262 67%
First-year student 102 26%
Year of Study Second-year student 156 40%
Third-year student and above 133 34%
22-26 121 31%
27-31 113 29%
Age Range 32-36 78 20%
37-41 47 12%

42-46 20 5%

47-51 12 3%
. Engineering 211 54%
Field of Study Social sciences and humanities 180 46%

It should be noted that all universities involved
in this research operated under a nationally
standardized instructional design framework
for the development and delivery of their online
courses. This model incorporates both
synchronous and asynchronous modes of
instruction, with course content and learning
delivered through the Moodle
platform. Multimedia learning materials, along

activities

with formative and summative assessment
tools such as quizzes and assignments, are
developed by subject matter specialists with
the aim of fostering student engagement and
monitoring academic progress. In addition, real-
time interactive sessions are facilitated through
BigBlueButton, allowing for live communication
and immediate feedback between instructors
and learners.

Instruments

Online Social Support Questionnaire

To evaluate learners' social support in online
courses, the 15-item self-report questionnaire,
developed by the researchers and adapted
from five previously validated instruments
[24,52,53], assesses the students' perceived
educational and emotional social support in
online courses. Items are rated on a 5-point
Likert scale (1=strongly disagree, 5=strongly
agree), with higher scores indicating higher

perceived social support. The instrument

evaluates the social support provided by family,
peers, and teachers and was adapted by
Taghizade et al. to fit the Iranian educational
context [54]. For this research, educational
social support items were used (9 items). These
items are rated on a 5-point Likert scale, where
higher scores indicate greater levels of
perceived educational social support. In this
study, the reliability of the Online Social
Support was established with a Cronbach's
alpha value of 0.92.

Online Student Engagement Questionnaire

To evaluate learners' engagement in online
courses, the OSEQ [55] was used as the main
guestionnaire. It comprises 16 self-report items
measuring four types of engagement (cognitive,
behavioral, social, and affective engagements).
Each item is rated on a 5-point Likert scale (1 =
strongly disagree, 2 = disagree, 3 = moderately
agree, 4 = agree, and 5 = strongly agree), and
higher scores indicate higher engagement

levels. For this research, affective and
behavioral engagement, which consists of 8
five-point, Likert-type items, adapted by

Taghizade et al. to fit the Iranian educational
context, was employed [56]. This adaptation
linguistic
modifications to ensure its suitability and
effectiveness. The reliability of this culturally
adapted version was confirmed in the study, as

involved necessary cultural and
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evidenced by a high Cronbach's alpha value of

0.86 (affective engagement) and 0.81
(behavioral engagement).
Satisfaction with e-learning
The Learner Satisfaction Survey (LSS),

developed by Chang [57], was utilized to
evaluate students' satisfaction with e-learning.
This survey has undergone various validations
in different contexts. For instance, Taghizade et
al. translated it into Farsi and validated its
reliability for use in the Iranian educational
context [58]. The current study also used this
translated version. The LSS comprises 25 items
that assess four types of interaction (learner-
content, learner-instructor, learner-learner,
and learner-technology) as well as overall
satisfaction. In this study, general satisfaction
items were used (5 items). These items are
rated on a 4-point Likert scale, where higher
scores indicate greater levels of satisfaction. In
this study, the reliability of the LSS was
established with a Cronbach's alpha value of
0.90.

Data analysis

The SPSS software (version 27) was utilized to
provide a descriptive analysis of the data. For
the path analysis and model fit assessment, the
AMOS module (Version 26) was employed. To
evaluate the overall fit of the model, several
recommended indices were calculated in this
study: Chi-Square Minimum per degree of
freedom CMIN /df, the goodness of fit index
(GFI), the adjusted goodness of fit index (AGFI),
the normed fit index (NFl), the comparative fit
index (CFl), the root-mean-square error of
approximation (RMSEA), the Root-mean-square
residual (RMR), and Incremental Fit Index (IFI)
[48].

Based on recommended thresholds in the
literature, the acceptable level for the model fit
indicators in the current study were defined as
follows: CMIN/DF between 3 and 5, GFI > 0.90,

AGFl > 0.80, [49]; RMSEA between 0.05 and
0.08, CFl between 0.90 and 0.95, and RMR <
0.05 [50]; and an adequate level for IFI [51]. To
assess the significance of indirect effects in
mediation models, bootstrapping procedures
were employed using 5,000 resamples drawn
from the original dataset. This approach
generates bias-corrected confidence intervals
for each estimated indirect effect, with
mediation considered statistically significant
when the resulting interval does not include
zero.

Results and Findings

Preliminary analyses

Table 2 presents the means, standard
deviations, skewness, kurtosis, and correlations
between all research variables. The results
indicate that all measures met the standard for
univariate normality, with skewness and
kurtosis values ranging from -0.17 to -0.44,
which fall within the acceptable range of -1.96
to +1.96 at a significance level of .05 [49]. The
Durbin—Watson statistic (1.76) fell within the
acceptable range of 1.5-2.5, indicating no
significant autocorrelation, while VIF (<5) and
tolerance (>0.2) values indicated no substantial
multicollinearity [49]. These findings indicate
that the prerequisites for SEM were met.

Measurement model

The confirmatory factor analysis of the overall
measurement model revealed a satisfactory
model fit (CMIN /df =663/203= 3.27, p<0.000;
IFI = 0.93; GFI = 0.86; AGFI=0.83; NFI=0.90;
CFI=0.93; RMSEA = 0.07; RMR = 0.05). The
results showed that the factor loadings of the
latent variables (social support, affective
engagement, behavioral engagement, and
satisfaction) in the measurement model ranged
from 0.53 to 0.86, all of which are well above
the acceptable threshold of 0.30 as suggested
by Kline [48].
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Table 2: Descriptive statistics for focal variables

Factors Mean SD Skewness Kurtosis TOL VIF 1 2 3
. Social Support 289 0.88 -0.31 -0.43 031 324 1
. Affective Engagement 295 093 -0.31 -0.17 036 280 067" 1
. Behavioral Engagement ~ 3.01  0.88 -0.37 -0.29 034 292 068" 0.64" 1
. Satisfaction 2.87 0.94 -0.25 -0.44 - - 073" 073" 072" 1

p < .05; *¥*p < .01; SD = Standard Deviation; TOL = Tolerance; VIF = Variance Inflation Factor

The construct validity was evaluated by
analyzing both convergent and discriminant
validity. Convergent validity was assessed using
In this
analysis, the AVEs of all the constructs were

average variance extracted (AVE).

above the threshold of 0.50, indicating good
convergent validity [49]. Discriminant validity
was also assessed to ensure that the constructs
are distinct from one another. According to
Fornell and Larcker, discriminant validity is
demonstrated when the square root of the AVE
for each construct exceeds the correlations
between that construct and other constructs,
indicating that all constructs in the model have
achieved discriminant validity, confirming the

uniqueness of each construct in the
measurement model [59]. Furthermore,
construct reliability was assessed using

composite reliability (CR) and Cronbach's alpha,
indicating satisfactory reliability for all six
observed variables, with values exceeding the
0.70 threshold [48] (Table 3).

Structural model

We analyzed the structural model to investigate
the research hypotheses. As hypothesized, the
structural model offered a good fit to the data
(CMIN /df =681/204= 3.34, p<0.000; IFI = 0.92;
GFI =0.86; AGFI=0.83; NFI=0.90; CFI=0.92;

RMSEA = 0.07; RMR = 0.05). As shown in Figure
2, the findings indicated that increasing social
support had a positive effect on improving
students' satisfaction (B = 0.37, p =0.01), which
confirmed our first research hypothesis (i.e.,
H1). The findings also showed that increasing
students' social support had a positive and
significant effect on increasing affective
engagement (B = 0.90, p = 0.000), which
confirms the second hypothesis (i.e., H2).
Moreover, the results of the analysis showed
that increasing students' social support had a
positive effect on increasing behavioral
engagement (B = 0.92, p =0.000). So, the third
hypothesis of the study, i.e., H3, was also
confirmed.

Also, the results of the analysis showed that
increasing students' affective engagement had
a positive effect on increasing satisfaction (B =
0.41, p =0.000). So, the fourth hypothesis of the
study, i.e., H4, was also confirmed. Also, the
results of the analysis showed that increasing
students' behavioral engagement had a positive
effect on increasing satisfaction (B = 0.25,
p =0.02). So, the fifth hypothesis of the study,
Table 4
demonstrates the summary of the direct,

i.e., H5, was also confirmed.

indirect, and total effects of the proposed
relationships.
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Table 3: The measurement model

Constructs o CR AVE 1 2 3 4
1. Social Support 0.92 0.92 0.56 (0.75)
2. Affective Engagement 0.86 0.86 0.61 0.67 (0.78)
3. Behavioral Engagement 0.81 0.82 0.54 0.68 0.64 (0.73)
4. Satisfaction 0.90 0.90 0.65 0.73 0.73 0.72 (0.81)

Note: The square roots of AVEs from observed variables are on the diagonal and within parentheses; off-diagonal numbers are correlations among
observed variables. a = Cronbach alpha; CR = Composite Reliability; AVE = Average Variance Extracted

Table 4: The summary of direct, indirect, and total effects

Hypoth . . Direct Indirect Total
eses Proposed relationship effect effect effect
H1 Social support -> Satisfaction .37 0.60 .97
H2 Social support - Affective engagement .90 - .90
H3 Social support -> Behavioral engagement .92 - .92
H4 Affective engagement -> Satisfaction 41 - 41
H5 Behavioral engagement - Satisfaction .25 - .25
H6 Social support - Affective engagement -> Satisfaction .37 .37 .74
H7 Social support - Behavioral engagement  -> Satisfaction .37 .23 .60
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Fig. 2: Final empirical structural model
Mediation analyses based on recommendations in recent

To examine whether affective and behavioral
engagement function as mediators in the
relationship between perceived social support
and student satisfaction, a bootstrapping
procedure with 5,000 resamples
conducted. This analytical strategy was selected

was

methodological literature, which advocate for
bootstrapping as a particularly robust approach
to testing mediation, especially in studies
involving relatively large sample sizes [60].

The results showed that the standardized
direct effect of social support on satisfaction
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was B = 0.37, p = 0.01. The indirect effect of
social support on students' satisfaction with the
mediating role of affective engagement was B=
0.37, wherein the Cl was between the range of
0.26—0.64, and the 95% ClI did not include zero.
Moreover, the indirect effect of social support
on students' satisfaction with the mediating
role of behavioral engagement was B= 0.23,
wherein the Cl was between the range of 0.05—
0.57, and the 95% CI did not include zero. This
result indicates that the indirect effect between
support and through
affective and behavioral engagements is
significant. After including affective and
behavioral engagements as intermediate
variables, the association between social
support and satisfaction was reduced, but it still
remained significant. This shows that affective
and behavioral engagements partially mediated
the effect of social support on satisfaction;
hence, hypotheses H4 and H5 were supported.
The indirect effect of social support on
satisfaction through affective and behavioral

social satisfaction

engagements was significant. Thus, considering
the confirmation of the research hypotheses
and the significant effects of the research
variables on each other, it can be concluded
that the proposed research model was
approved as the final model (see Fig. 2).

Discussion

The primary objective of this research was to
examine whether academic engagement,
specifically its and behavioral
dimensions, mediates the relationship between
perceived social support and satisfaction with
online learning among master's students.
Analysis of the data confirmed all seven
hypotheses  proposed in the  study,
demonstrating both direct and indirect
pathways through which the variables of
interest are interconnected.

affective

Taken together, these findings contribute to
theoretical understandings of how engagement
functions within digital learning contexts while
also offering practical implications for the
design and facilitation of online educational
experiences that foster student satisfaction.
First, the results confirmed that social support
has a positive and significant direct effect on
students' satisfaction (H1: B = 0.37, p < 0.01).
This finding is consistent with previous studies
that have underscored the value of supportive
interpersonal especially those
involving instructors and fellow students, in
shaping learners' satisfaction within online
educational settings [15] [61]. By fostering a
sense of belonging and alleviating the isolation
often experienced in digitally mediated
environments, support contributes
meaningfully to the maintenance of student
satisfaction [62]. Second, social support was
found to significantly predict both affective
engagement (H2: B = 0.90, p < 0.001) and
behavioral engagement (H3: B = 0.92, p <
0.001). These findings are in line with the self-
system motivational perspective, which holds
that when conditions are
supportive, engagement is
strengthened through the
fundamental psychological
autonomy, competence, and relatedness [63—
64]. Within online learning environments,
where physical distance can leave students
feeling disconnected, the presence of social

exchanges,

social

contextual
students'
satisfaction of

needs, namely,

support becomes an especially valuable
resource, one that encourages both active
participation and emotional
involvement in academic tasks. Third, both
affective engagement (H4: B = 0.41, p < 0.001)
and behavioral engagement (H5: B = 0.25, p <
0.05) were found to positively
satisfaction.

These results align with earlier research

establishing engagement as a significant

positive

influence
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predictor of both satisfaction and academic
achievement in higher education contexts
[15][30][65]. Affective engagement captures
the emotional bonds students form with their
learning experiences, fostering greater intrinsic
motivation and genuine enjoyment of academic
tasks. Behavioral engagement, by contrast, is
reflected in the effort learners invest, their
persistence in the face of challenges, and their
active involvement in course activities, each of
which contributes to a more rewarding and
meaningful educational journey [66]. The
mediation analyses revealed that affective
engagement (H6: B = 0.37, 95% CI [0.26, 0.64])
and behavioral engagement (H7: B = 0.23, 95%
Cl [0.05, 0.57]) partially mediated the
relationship between support and
satisfaction. Taken together, these findings
point to a dual role for social support in shaping
student satisfaction, operating both directly
and indirectly through its influence on
engagement. This mediating pathway finds
theoretical support in engagement-mediated

social

models of academic success, which contend
that contextual variables shape educational
outcomes largely by shaping how students
engage with their learning [67]. Consistent with
this perspective, recent investigations into
online and blended learning environments have
reported patterns, with
engagement functioning as a bridge between

comparable

supportive conditions and favorable academic
results [15].

The observation that affective engagement
exerted a stronger mediating influence than its
behavioral counterpart may reflect the
particular salience of emotional connection in
shaping how social support translates into
satisfaction within the Iranian cultural setting.
This pattern could be understood in light of the
collectivist orientation that characterizes
Iranian society, where interpersonal ties and
emotional bonds carry considerable weight

[68]. In such a context, the support individuals
receive from others may contribute to
satisfaction less by prompting observable
actions and more by nurturing positive
emotional experiences and reinforcing a sense
of belonging. From a methodological
perspective, the application of bootstrapping
techniques with 5,000 resamples yielded
reliable estimates of the indirect effects under
investigation, with  confidence intervals
confirming the statistical significance of the
proposed mediation pathways. This analytical
approach is extensively endorsed in the
methodological literature as a preferred
strategy for testing mediation within structural
equation modeling frameworks, particularly in
situations data
distributions or considerable
complexity [69-70].

involving non-normal

models of

Conclusions

The present research adds to the expanding
scholarly conversation surrounding student
engagement and satisfaction in online learning
contexts through the empirical examination of
a mediation model linking social support,
engagement, and
offer confirming
evidence that social support functions as a

significant predictor of both engagement and

affective and behavioral

satisfaction. The results

satisfaction, while also revealing that
engagement operates as a central mechanism
through which support exerts its influence on
learners' overall contentment. Taken together,
these findings carry important implications for
the design of digital learning environments,
highlighting the value of cultivating supportive
interpersonal dynamics and deliberately
fostering conditions that encourage meaningful
student engagement.

While the present study employed rigorous
analytical procedures, limitations

should be considered when interpreting its

several
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findings. First, the use of cross-sectional survey
data introduces certain constraints inherent to
this methodological approach. Reliance on self-
reported measures raises the possibility of
response bias, as participants may not always
accurately recall or articulate their experiences
[71]. Future research would benefit from
incorporating both subjective and objective
indicators, alongside qualitative methods such
as interviews, to develop a more nuanced
understanding of the relationships identified
here [72]. Second, the cross-sectional design
precludes any definitive claims about causal
direction. To establish causality and trace how
these dynamics unfold over time, longitudinal
or experimental designs would be necessary
[73]. Third, the sample was restricted to
graduate
institutions, which may limit the extent to which
findings can be generalized to other educational
levels or cultural settings.

students enrolled in Iranian

Based on the findings and limitations of the
present study, several suggestions for future
research can be offered. Replicating this work
across diverse populations and national
contexts would help clarify whether and how
cultural factors moderate the observed
relationships. In addition, future investigations
might extend the scope of inquiry by examining
other facets of engagement such as cognitive
and agentic dimensions as well as additional
outcome variables including academic
performance and student retention. Exploring
the potential moderating influence of individual
differences, such as learners' self-regulation
abilities or digital literacy, could also offer
valuable insights into the conditions under
which support and engagement most
effectively contribute to positive outcomes. In
sum, this research highlights the central role
that social support and academic engagement
play in shaping students' satisfaction with

online learning. By cultivating supportive

relationships and  fostering  meaningful
engagement, educators and institutions can
contribute to the creation of online learning
environments that are not only more satisfying
for students but also more conducive to their
academic success.
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ORIGINAL RESEARCH PAPER
ICT self-efficacy, ICT engagement and teaching enjoyment among Iranian EFL
teachers: an age-moderated model

R. Nejati

English Department, Faculty of Humanities, Shahid Rajaee Teacher Training University, Tehran, Iran

ABSTRACT

The integration of information and communication technologies
Received: 01 August 2025 (ICTs) into English as a foreign language (EFL) instruction is now a routine aspect of
Reviewed: 16 September 2025 educational practice. It may be related to teachers’ motivation, emotional experiences, and
Revised: 09 November 2025 professional well-being. Previous research has mainly focused on issues such as technology
Accepted: 26 December 2025 adoption, technical skills and attitudes toward ICT. Much less attention has been paid to the

emotional consequences of technology use. In particular, positive emotions such as teaching
enjoyment remain underexplored. Age may be especially relevant in this respect. The present

KEYWORDS: study examined the relationships among ICT self-efficacy, ICT engagement, and teaching
Age enjoyment among Iranian high school EFL teachers. The study tested whether ICT
EFL Teachers engagement mediates the relationship between ICT self-efficacy and teaching enjoyment. It
ICT Self-efficacy also investigated whether age moderates both the direct and indirect associations among
ICT Engagement these variables.

Teaching Enjoyment A cross-sectional correlational design was employed. Participants

comprised 194 Iranian high school EFL teachers recruited through purposive sampling via
social networking platforms. Participation was voluntary and anonymous. Teachers

* Corresponding author completed three self-report questionnaires assessing ICT self-efficacy, ICT engagement, and
£ reza.nejati@sru.ac.ir foreign language teaching enjoyment. All instruments were administered in Persian following
@ (+9821) 22970035 a rigorous translation, back-translation, and content validation procedure. Teaching

enjoyment was measured using a scale capturing personal enjoyment, student-related
enjoyment, and collegial enjoyment. ICT engagement assessed teachers’ behavioral,
cognitive, motivational, and social involvement with digital technologies. ICT self-efficacy
measured teachers’ perceived capability to use ICT for instructional, professional, and
communicative purposes. Age was operationalized as a categorical variable. Before analysis,
data were screened for normality, multicollinearity, and suitability for parametric procedures.
Structural equation modeling and regression-based analyses were conducted to test
mediation, moderation, and moderated mediation associations. Indirect associations were
evaluated using bootstrapped confidence intervals to ensure robust estimation of conditional
relationships.

The results indicated that ICT self-efficacy was positively associated with both ICT
engagement and teaching enjoyment. ICT engagement was also positively associated with
teaching ICT self-efficacy and teaching enjoyment. Age significantly moderated the
relationship between ICT engagement and teaching enjoyment. Among younger teachers,
higher levels of ICT engagement were associated with greater teaching enjoyment. Among
older teachers, this relationship was weak and not statistically significant. ICT self-efficacy was
negatively related to ICT engagement among older teachers. Moderated mediation analyses
further showed that ICT engagement mediated the relationship between ICT self-efficacy and
teaching enjoyment only among younger teachers. For older teachers, the indirect association
did not reach statistical significance. After accounting for engagement, the relationship
between ICT self-efficacy and teaching enjoyment is partially moderated by age.

These findings suggest that ICT engagement plays a crucial role in translating
teachers’ ICT self-efficacy into teaching enjoyment, but this process is partially moderated by
age. For younger teachers, engagement with technology appears to be an emotionally
meaningful activity through which confidence in ICT use is associated with teaching
enjoyment. For older teachers, ICT use may be more selective or instrumental, carrying less
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affective significance. The results underscore the importance of adopting an age-sensitive
perspective in professional development and technology integration policies. Teaching
enjoyment is associated with more than improving technical skills. It is also associated with
meaningful, autonomy-supportive forms of ICT engagement that align with teachers’
pedagogical values and professional identities. Limitations include reliance on self-report
measures, non-probability sampling and a cross-sectional design that precludes causal
inference. Future research would benefit from longitudinal designs to explore how
technology-related emotions are associated across teachers’ age groups and how contextual
factors shape these experiences in diverse educational settings.
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Introduction

information  and
in EFL
contexts has altered how English is taught,

The  expansion  of
communication technologies (ICTs)
instructional

extending its impact beyond

techniques. Research suggests that ICT
adoption also bears on teachers' motivational
states, emotional responses, and psychological
experiences [1,2]. While early
emphasized access to digital tools and technical

skills, recent studies suggest that effective ICT

research

integration depends more critically on teachers'
engagement with technology, their self-efficacy
beliefs, and affective outcomes such as teaching
enjoyment [3—6]. These psychological factors

are particularly important, as technology
adoption alone does not guarantee
instructional effectiveness or teacher well-
being.

From the Uses and Gratifications Theory
(UGT) perspective, teachers' engagement with

ICT is driven by the intention to meet specific
professional and instructional demands, such as
supporting  student
instructional

learning,  obtaining

materials, and facilitating
classroom management tasks [7-9]. Moving
beyond explanations centered solely on needs,
the Technology Acceptance Model (TAM)
highlights perceived usefulness and perceived
ease of use as central determinants of teachers'
continued involvement with technological tools
[10,11]. However, TAM's rationalist focus may
underrepresent motivational and affective
while UGT-based studies often
remain descriptive, limiting insight into the
psychological mechanisms  that
engagement over time [12,13].

processes,

sustain

Closely related to ICT engagement is ICT self-
efficacy, rooted in Bandura's [14] Social
Cognitive Theory, which holds that teachers
with higher ICT self-efficacy are more tending to
adopt digital tools,
instructional practices, and persist when facing

implement innovative
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technological challenges [15,16]. From a Self-
Determination Theory (SDT) perspective,
perceived competence supports intrinsic
motivation and autonomy, thereby fostering
engagement and well-being [17-19].

Teaching enjoyment has emerged as a
theoretically important affective dimension of
teachers' engagement with ICT, particularly in
[20,21].
refers to a positive and enduring emotional
with
engagement in instructional activities [22—-24].

EFL contexts Teaching enjoyment

state associated satisfaction and
According to Flow Theory, teachers experience
enjoyment when the challenges they face in
instruction are well matched to their perceived
skills, leading to intense involvement and
satisfaction [25-27]. From the

perspective of Broaden-and-Build Theory,

intrinsic

enjoyment functions as a resource-generating
emotion that broadens teachers' cognitive and
behavioral capacities, promoting upward spirals
of engagement and strengthening self-efficacy
[28,29].
integrate ICT engagement, self-efficacy, and

However, empirical models that

teaching enjoyment—particularly in EFL
settings—remain limited [30].

Individual differences, notably age, may
moderate these relationships. Research
indicates that older teachers often report lower
levels of ICT self-efficacy, potentially reflecting
differential exposure, variations in digital
fluency, or stronger reliance on established
instructional routines [31,32]. From a lifespan
perspective, age may influence how teachers
render ICT engagement and efficacy beliefs into
affective experiences, such as enjoyment. Yet
age is rarely modeled as a moderator in these
pathways, leaving

psychological important

developmental and contextual dynamics

insufficiently understood [33].

Review of the Related Literature

ICT self-efficacy refers to teachers' beliefs in
their ability to use digital tools effectively for
instructional purposes [14,15,33]. These beliefs
influence how teachers
technologies, respond to challenges, and
integrate ICT into classroom routines. Self-
efficacy is partly technical and partly
pedagogical, however, dominant frameworks
often foreground operational skills (e.g.,
troubleshooting) over
relational or instructional uses of technology,
reflecting what scholars describe as techno-
rationalist framings of teacher competence
[34].

Older teachers often report lower ICT self-
efficacy than younger colleagues, a pattern
frequently attributed to later exposure to
digital technologies and professional
socialization in pre-digital instructional contexts
[35,36]. For many, ICT competence developed
reactively in response to institutional mandates
rather than through exploratory or self-initiated
use, which may influence how technology is
established pedagogical

approach new

navigating software,

integrated  into
routines [32].

Iranian EFL research similarly indicates that
younger teachers tend to report higher
confidence and greater engagement with
multimedia tools and digital platforms than
older colleagues [37]. These differences appear
to reflect variations in professional socialization
rather than simple skill deficits.

Importantly, lower ICT self-efficacy does not
indicate technical skill.
shaped by
accumulated

necessarily lower
Rather, efficacy beliefs are
professional identity and

pedagogical experience, which may influence
how digital practices are emotionally appraised,

particularly among older teachers [14,2].
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ICT engagement is generally viewed as a
multidimensional construct that encompasses
teachers' behavioral, cognitive, and emotional
involvement with technology [38]. It refers not
only to how often teachers use digital tools, but
also to the depth and meaningfulness of their
interactions with them [39]. ICT engagement
involves activities such as exploring and
experimenting with digital resources, thereby
sustaining their use over time, and integrating
them purposefully into pedagogical practice.

Age moderates ICT engagement partly
because teachers' motivational dispositions,
professional priorities and identity concerns
evolve across the life span [40,41]. Younger
teachers often approach technology with
curiosity, ambition and identity-building
motives. As such, ICT competence is viewed as
pedagogy and
professional legitimacy within contemporary

an indicator of modern
educational contexts [42,30]. For many young
teachers, digital proficiency is closely tied to
aspirations for innovation and recognition [43].

As teachers accumulate experience, ICT
engagement tends to become more selective
and pragmatic. who
frequently  balance
demands alongside
responsibilities and family commitments, are

Mid-career teachers,
intensified teaching
administrative

more likely to evaluate technology use in terms
of cost—benefit considerations, asking whether
the effort invested yields tangible pedagogical
returns [41,44]. In later career stages, teachers
often rely on instructional approaches that have
demonstrated effectiveness over time, which
skeptical
orientations toward ICT adoption, particularly

can lead to more cautious or

when new technologies are perceived as
disruptive to established practices rather than
supportive of them [45].

Iran's educational system has experienced
some technology reforms, often structured
through centralized, top-down policy initiatives

that seek to modernize teaching and learning
(e.g., adoption of national educational ICT
platforms and infrastructure programs) but
whose implementation varies widely across
regions (e.g., connectivity, access to devices)
[46,47].

Teaching enjoyment is a positive emotional
experience that emerges when teachers feel
effective, connected, and productive [48,49].
Enjoyment matters because it supports
persistence, creativity and pedagogical risk-
taking. Research shows that technology can
increase enjoyment by diversifying instructional
materials, enabling interactive tasks and
enhancing communication [50]. However, ICT
can also erode enjoyment when it introduces
technical problems,
unfamiliar routines—particularly for teachers
with lower ICT self-efficacy.

Teachers' emotional reactions to technology
can be effectively explored by integrating
insights from both Self-Determination Theory
(SDT) and the Technology Acceptance Model
(TAM). SDT posits that positive feelings and
intrinsic
activities emerge when individuals experience
autonomy, competence, and relatedness [18].
In technology-rich teaching settings, these
needs are more likely to be satisfied when

cognitive overload, or

motivation toward professional

teachers feel capable of using ICT, perceive
choice in its implementation, and maintain
meaningful interactions with students and
colleagues [2]. TAM emphasizes that perceived
usefulness and ease of use shape attitudes
toward technology and intentions to adopt it
[10,11]. Empirical research suggests that age
and teaching experience may relate to teachers'
attitudes towards ICT use, although these
relationships are typically modest and highly
context-dependent rather than uniformly linear
[51]. In addition to age, alignment between
technological tools and teachers' pedagogical

values, instructional goals, and classroom
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interaction patterns appears central to  innovation—while repeated negative
fostering positive emotional engagement. experiences (such as system instability or
Mohammadi & Yousofi [52] highlight the coercive  implementation) may narrow
importance of relational, narrative and engagement and diminish perceived

culturally mediated pedagogical practices in
shaping teachers' affective experience.

The literature consistently links ICT self-
efficacy to teachers' engagement with digital
technologies, which in turn shapes their
enjoyment of teaching. This association,
however, is indirect and varies with age.
Conceptualizing ICT engagement as a mediating
variable between self-efficacy and teaching
enjoyment, with age as a moderator, provides a
lens for
produces uneven emotional outcomes among
Iranian EFL teachers.

From a

understanding why digitalization

Social Cognitive and Self-
Determination perspective, ICT self-efficacy
reflects perceived competence as a core driver
of autonomous engagement [14,18]. Teachers
who are competent in using ICT tend to explore
and integrate digital tools. Nevertheless, self-
efficacy alone does not guarantee enjoyment.
Positive affect arises when engagement is
meaningful, pedagogically aligned, and
voluntary. Imposed tasks may reduce
enjoyment even among competent users.

The Flow Theory clarifies this mediating role:
enjoyment emerges when ICT challenges match
teachers' skills [53]. Younger teachers, familiar
with digital routines, more readily experience
flow, reinforcing both engagement and self-
efficacy. Older teachers often encounter a
mismatch between task demands and
established teaching schemas, which may
trigger anxiety and weaken the self-efficacy—
enjoyment link.

Research on teacher technology adoption
suggests that positive ICT experiences can
broaden educators' thought-action
repertoires—expanding their cognitive
flexibility and behavioral options for classroom

competence, particularly among older teachers
who face steeper learning curves [29,33].

These patterns align with Fredrickson's
Broaden-and-Build Theory, which postulates
that positive emotions broaden momentary
thought-action repertoires and build enduring
personal resources over time, whereas negative
emotions narrow attention and behavioral
options. While originally developed in positive
psychology, this framework has been applied to
technology contexts to explain how emotional
responses to ICT shape long-term engagement
trajectories.

TAM identifies perceived usefulness and
perceived ease of use as major factors of
technology adoption [10]. Empirical studies
applying TAM to educational contexts have
found that age-related differences in these
perceptions are often mediated by prior
experience rather than age itself and can
influence adoption decisions among teachers
[11]. Notably, self-efficacy is not a construct in
the original TAM but appears in extended
models (e.g., TAM2) and related frameworks
like the Unified Theory of Acceptance and Use
of Technology (UTAUT).

The Uses and Gratifications Theory offers a
complementary lens by examining how
teachers actively select technologies to satisfy
specific professional needs (e.g., efficiency,
student engagement), rather than passively
responding to system features [8]. This theory
does not address ease of use or self-efficacy but
helps explain why educators pursue particular
technologies based on anticipated
gratifications.

The Broaden-and-Build Theory highlights
how experiences with ICT build over time.
Positive experiences can expand teachers’
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thinking and actions, encouraging creativity and
more engagement. On the other hand, early
negative experiences such as unstable systems
or top-down mandates can lower engagement
and reduce feelings of competence, especially
for older teachers. The Uses and Gratifications
Theory and the Technology Acceptance Model
add that age can shape how teachers see the
usefulness and ease of digital tools. These
perceptions, in turn, affect how self-efficacy
leads to engagement and teaching enjoyment.

In Iranian EFL contexts, where teaching is
deeply relational and professional authority is
tied to experience, ICT self- efficacy does not
automatically yield teaching enjoyment; rather,
its emotional payoff depends on whether ICT
engagement aligns with teachers' autonomy,
[54].
Phenomenological evidence also shows that

competence, and pedagogical values
teacher enjoyment connects with perceptions
of control and efficacy in instructional roles
[52]. When
personal and

engagement satisfies these

contextual needs, teachers
experience more positive emotions, but when it
conflicts with established pedagogical identities
or relational values, enjoyment may diminish or
even turn into frustration. Empirical evidence
from Iranian EFL research supports mediated
paths wherein engagement explains part of the
link between competence-related constructs
and work motivations or affect [55]. These
patterns support a moderated mediation
framework in which ICT engagement mediates
the self- efficacy—enjoyment relationship and
age (or experience level) moderates both the
strength of engagement and its emotional
outcome, helping explain why digitalization
energizes some teachers while challenging
others (e.g., age/experience differences in
technology perception reported in teacher ICT
attitude studies; see Clipa et al. [56]). The

present study proposes the following questions.

- Does ICT engagement mediate the
relationship between ICT self-efficacy and
teaching enjoyment?

- Does age moderate the relationship
between ICT self-efficacy and ICT engagement?

- Does age moderate the indirect
relationship between ICT self-efficacy and
teaching enjoyment through ICT engagement?

Method

Participants

The study focused on Iranian high school EFL
teachers. Because there is no complete national
registry of teachers and the population is
geographically dispersed, participants were
recruited through a mix of purposive and
snowball sampling. Initial invitations were
shared on popular social media platforms such
as Telegram, WhatsApp, and Eitaa. Each
recipient was encouraged to share the survey
link with colleagues, facilitating a chain-referral
recruitment process that has been shown to be
effective for accessing dispersed professional
communities [57].

A total of 194 teachers took part in the study.
While non-probability sampling limits the
generalizability of the findings, it remains a
practical and accepted strategy in educational
research when random sampling is unfeasible
[58]. Screening analyses confirmed that the
data were appropriate for parametric
procedures: distributions showed acceptable
skewness and kurtosis, linearity was evident in
scatterplots, and variance
(VIFs) were below 5 [59]. Sample size guidelines
for mediation and SEM analyses generally
suggest a minimum of 200-250 participants
[60]; accordingly, the present sample size can
be considered adequate for examining the
proposed associations and indirect pathways.
Nevertheless, the use of digital platforms for
recruitment may have favored teachers with

inflation factors
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higher levels of technological competence,
which could be reflected in relatively high levels
of ICT engagement and teaching enjoyment in
the sample.

Instruments
Data were collected using three questionnaires,
namely, Foreign Language Teaching Enjoyment
(FLTE), ICT Engagement, and ICT Self-Efficacy.

Teachers' language teaching enjoyment was
guantified using the 10-item FLTE scale adapted
from Dewaele and Li [55]. This instrument is
grounded in positive psychology principles [61].
It assesses enjoyment across three dimensions,
namely personal (Items 1, 4, 7, 10), student-
centered (Iltems 2, 5, 8), and collegial enjoyment
(Items 3, 6, 9). Responses were rated on a 5-
point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree). Reliability for
the Persian adaptation was satisfactory (a =
.88), consistent with prior reports (a = .85-.89;
[55,62]).

The 21-item
measured teachers' attitudes, motivations, and

ICT Engagement Scale [1]

behavioral patterns regarding technology use.
The scale includes four subscales, namely
interest in ICT (ltems 1-6), perceived
competence (Items 7-11), autonomy in ICT use
(Items 12-17), and ICT as a social topic (Items
18-21). Participants indicated how frequently
they engaged with each activity on a 5-point
scale (1 = never, 5 = every day). Reliability of this
guestionnaire in the present sample was strong
(a0 =.91) and comparable to values reported in
previous studies (o = .76—.89; [1,63,64]).
Teachers' efficacy in using ICT was assessed
with an 18-item scale developed by Compeau
and Higgins [15], which evaluates self-efficacy
across four domains, namely basic ICT
operations and troubleshooting (ltems 1-5),
instructional use (ltems 6-9), support for
student-centered learning (ltems 10-14), and
professional communication (ltems 15-18).

Items were rated on a 5-point Likert scale (1 =
strongly disagree to 5 = strongly agree).
Reliability in this sample was excellent (o =.95),
consistent with prior research [65-66].

Age was operationalized as a categorical
variable measured
Following in educational
technology and organizational psychology
research, age was modeled as a moderator
through interaction terms with ICT engagement
and ICT self-efficacy to test developmental and
cohort-based differences in  teaching
enjoyment [67,68,69]. To examine the
robustness of findings, supplementary analyses
recoded age into two categories (20—40, > 41
years), consistent with prior work on
generational differences in technology use in
educational contexts [70].

in self-reported years.
recommendations

Procedure

All instruments were translated into Persian
using a multi-step translation procedure. Two
bilingual EFL instructors
produced which were
subsequently synthesized by a third instructor.
A panel of three experts evaluated the
translations for semantic, conceptual, and
cultural fidelity. After finalizing the items, they
were combined into a single Google Form. All

independently

initial translations,

items were obligatory to prevent missing
responses [71].

The questionnaires were distributed via
Telegram, WhatsApp, and Eitaa. Participation
was voluntary, and respondents were free to
withdraw at any stage. At the beginning,
participants reviewed an information sheet
outlining the study's objectives, confidentiality
and data protection procedures. Responses
were automatically saved in a Google Drive
folder, then exported to Excel for analysis.
Ethical approval for the study was obtained
from the author's institutional Research Ethics
Committee (Ref: SRTTU-REC-2024-087).
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Structural equation modeling (SEM) was
employed to assess the validity of the
measurements. Mediation analyses were used
to test the indirect association between ICT self-
efficacy and teaching enjoyment through ICT
engagement, with bootstrapped confidence
intervals used to estimate the indirect effect.
Moderation analyses examined whether age
was associated with variation in the modeled
pathways and moderated mediation analyses
assessed whether the indirect association
ICT self-efficacy and teaching
enjoyment via ICT engagement differed across
age groups. This method enabled the
simultaneous examination of direct, indirect
and conditional relationships
variables, offering a rigorous evaluation of the
study's conceptual framework [69].

between

among the

Design

This paper adopted a quantitative, cross-
sectional correlational design to examine the
ICT ICT
engagement, and teaching enjoyment among

relationships among self-efficacy,
Iranian EFL teachers, with age tested as a
moderating variable. Data were collected
through three self-administered

questionnaires.

online

Results and Findings

A total of 194 Iranian high school EFL teachers
completed three questionnaires: an 18-item ICT

10-item
Language

self-efficacy scale, a instrument

assessing Foreign Teaching
Enjoyment, and a 21-item ICT engagement
assessment. Data were analyzed using PROCESS
4 through descriptive statistics and mediation
and moderation modeling.

The descriptive information for all measured
constructs is displayed separately for younger
teachers (20—-40 years) and older teachers (> 41
years) in Table 1. Among younger teachers (n =
130), the mean teaching enjoyment score was
44.19 (SD = 6.33), the mean ICT engagement
score was 85.98 (SD = 10.19), and the mean ICT
12.92).

these

self-efficacy score was 75.79 (SD =

Skewness and kurtosis values for
variables ranged from -1.35 to 1.12. These
values suggest acceptable departures from
normality for parametric analyses. For older
teachers (n = 64), the mean enjoyment score
44.06 (SD = 4.96), ICT

engagement score was 75.3 (SD = 15.46), and

was the mean

the mean ICT self-efficacy score was 67.41 (SD =
18.63).

Table 1: Descriptive Statistics

Variable Age Group n Min Max Mean SD Skewness Kurtosis
Enjoyment 20-40 130 28 50 4419 6.33 -09- -0.42
ICT engagement 2040 130 59 105 85.68 10.19 -0.47 -0.23

ICT efficacy 20-40 130 33 90 75.79 12.92 -1.35 1.12
Enjoyment 41+ 64 36 50 4406 496 -0.23 -1.38

ICT engagement 41+ 64 48 103 75.30 15.46 -0.05 -0.91

ICT efficacy 41+ 64 25 90 67.41 18.63 -0.91 0.10
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Skewness and kurtosis values were within
conventional bounds (—1.38 to 0.10), indicating
reasonably symmetric distributions. Younger
teachers reported higher ICT engagement and
lower self-efficacy than older teachers, whereas
enjoyment scores were similar across age
groups.

The measurement model was evaluated
before examining the associations among
constructs. As shown in Table 2, the three
instruments exhibited satisfactory reliability
and an acceptable factorial structure. Teaching
Enjoyment demonstrated a high level of
internal consistency (CR = 0.9)) and satisfactory
shared variance among its indicators (AVE =
0.51). Comparable patterns were observed for
ICT Self-Efficacy, which yielded a composite
reliability of 0.97 and an AVE of 0.66. ICT
Engagement also showed strong convergent
validity (AVE = 0.86), accompanied by an
exceptionally high composite reliability
coefficient (CR = 0.99). In general, reliability
estimates for all constructs were above the
threshold of 0.70. ICT engagement correlated
moderately with Teaching Enjoyment (r = .31)
and ICT Self-Efficacy (r = .67). These indices
render the measurement model appropriate.
Construct distinctiveness was examined using
the Fornell-Larcker criterion. In each case, the
square root of the AVE was larger than the
corresponding correlations with other latent
variables, all of which were below 0.72. These
results indicate that the constructs were not
unduly overlapping.

Notwithstanding these acceptable
measurement properties, the composite
reliability estimate for |ICT engagement

warrants careful consideration. Although high

reliability coefficients are typically viewed as
advantageous, values that approach unity may
signal item overlap or an excessively restrictive
representation of the construct. As noted by
Hair et al. [72], composite reliability values
exceeding .95 should be interpreted with
caution, as they can indicate semantic
redundancy rather than superior measurement
accuracy. Accordingly, future research may
benefit from further scale refinement, including
the removal of overlapping items to achieve
greater parsimony.

Age was coded as 1 = younger teachers and
2 = older teachers. In this coding scheme, the
reported coefficient for Age reflects the
difference in the outcome between older and
younger teachers: positive values indicate
higher scores for older teachers and negative
values indicate lower scores. Interactions
involving age indicate whether the association
between a predictor (e.g., ICT engagement or
ICT self-efficacy) and the outcome differs across
the two age groups. Moderated regression
analyses were then run to examine whether the
associations among ICT self-efficacy, ICT
engagement, and teaching enjoyment varied

across age groups.

The first
enjoyment as the outcome (Table 3). The model
was statistically significant, F (4, 189) = 14.09, p
< .001 and explained approximately 19% of the
enjoyment (R? = .19). ICT
engagement was positively associated with
enjoyment (b = 0.07, SE = 0.03, p <.00), as was
ICT self-efficacy, although the latter association
was smaller (b = 0.46, SE = 0.10, p < .00). Age
was not associated with enjoyment (b = 1.27,
SE =0.88, p <.15).

model examined teaching

variance in
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Table 2: Measurement Model Validity Statistics (N = 194)
Construct CR AVE VAVE Correlations
Teaching Enjoyment 0.91 0.51 0.716 r = .31 (efficacy), .32 (engagement)
ICT Self-Efficacy 0.97 0.66 0.716 r =.31 (enjoyment), .67 (engagement)
ICT Engagement 0.99 0.86 0.774 r =.32 (enjoyment), .67 (efficacy)
Table 3: Moderated Regression Analysis Predicting Teaching Enjoyment
Predictor b SE t P 95% ClI
ICT Self-Efficacy 0.07 003 2.16 .032 [0.01, 0.14]
ICT Engagement 0.46 010 4.68 0.000 [0.26,0.65]
AGE 1.27 088 1.44 0.15 [-0.47, 3.01]
ICT Engagement x AGE -0.23 0.06 -4.07 0.000 [-0.34,-0.12]

Model summary. R = .43, R* = .19, F (4, 189) = 14.09, p < .001.

Conditional associations of ICT engagement

AGE b SE t
Younger teachers 0.23 0.05
Older teachers 0.00 0.04

4.54
0.06

p 95% Cl
0.000  [0.13,0.33]
.95 [-0.08, 0.09]

Note. AGE is a dichotomous age grouping variable coded as 1 = younger teachers and 2 = older teachers. Coefficients represent unstandardized

associations. Confidence intervals are based on 95% limits.

The interaction between ICT engagement and
age was statistically significant (b = -0.23, SE =
0.06, p < .00). It amounts to saying that the
association between ICT engagement and
teaching enjoyment was moderated by age.
Conditional association analyses indicated a
positive association for younger teachers
(b=0.23, SE=0.05, p <.001), but not significant
for older teachers (b =- 0.00, SE = 0.04, p = .95).
suggest that higher ICT
engagement tends to co-occur with greater

These findings

teaching enjoyment primarily among younger
teachers (Table 3).

The
engagement as the outcome (Table 4). The

second model examined ICT
model was statistically significant, F (3, 190) =
56.46, p < .001, explaining approximately 50%
of the variance (R? = .50). ICT self-efficacy was
positively associated with ICT engagement (b =
0.38, SE = 0.14, p < .001). This indicates that
higher perceived ICT capability tended to co-

occur with higher engagement. Age group was

negatively associated with ICT engagement,
with older teachers reporting lower levels of
engagement (b =-5.91,SE=1.67, p<.001). The
interaction between ICT self-efficacy and age
group was not statistically significant (b = 0.09,
SE = 0.09, p = .328). This suggests that the
between and

association self-efficacy

engagement was not moderated by age groups.

To examine whether ICT engagement
mediated the relationship between ICT self-
efficacy and teaching enjoyment and whether
this indirect pathway differed by age group, a
moderated mediation analysis was conducted
(Table 5). Results indicated a significant direct
association between ICT self-efficacy and
teaching enjoyment (b = 0.07, SE = 0.03, p =
.032). This shows that teachers reporting
greater confidence in their ICT capabilities also
tended to report higher levels of teaching
enjoyment irrespective of their actual ICT

engagement.
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Table 4: Moderated Regression Analysis Predicting ICT Engagement

Predictor b SE t P 95% ClI
ICT Self-Efficacy 0.38 0.14 2.77 <.006 [0.11, 0.65]
AGE -5.91 1.67 -3.54 <.001 [-9.02, -2.62]
ICT Self-Efficacy x AGE 0.09 0.09 0.98 .328 [-0.09, 0.28]

Model summary. R =.70, R* = .50, F (3, 190) = 56.46, p < .001.

Note. AGE is a dichotomous age-group variable coded as 1 = younger teachers and 2 = older teachers. Coefficients are unstandardized and represent

associations. Cl = confidence interval.

ICT self-efficacy was also positively associated
with ICT engagement, while age group was
negatively associated with engagement. The
interaction between self-efficacy and age group
in predicting engagement was not significant,
indicating that age did not moderate the self-
efficacy—engagement association.

Despite this, the
association between

conditional indirect
ICT self-efficacy and
teaching enjoyment via ICT engagement
differed by age group. Among younger
teachers, ICT

associated

self-efficacy was
with
engagement (indirect effect = 0.11, BootSE =
0.02, 95% ClI [0.08, 0.14]). In contrast, the
indirect association among older teachers was

positively

enjoyment through

small and not statistically significant (indirect
association =0.00, BootSE =0.01, 95% CI [-0.02,
0.03]). The index of moderated mediation was
statistically significant (index = -0.11, BootSE =
0.02, 95% CI [-0.14, -0.07]), indicating that the
strength of the indirect association varied
systematically across age groups (Table 5).
These findings suggest that ICT engagement
functions as a meaningful correlate linking ICT
self-efficacy to teaching enjoyment primarily
teachers. However, this
is absent among older

among younger
indirect pathway

teachers.

Discussion

The present study considered associations
among ICT self-efficacy, ICT engagement, and
teaching enjoyment in Iranian high school EFL
teachers, with age as a moderating factor. The
findings are interpreted in relation to teachers'
behaviors and

engagement career-stage

differences.

Consistent with prior research [14,15,2], ICT
self-efficacy was positively associated with
teaching enjoyment, suggesting that the
teachers' perceived digital competence tends to
co-occur with more favorable affective
experiences in professional contexts. From the
perspective of Self-Determination Theory,
having confidence in one's digital skills may
fulfillment of the

psychological need for competence, which is

support the basic

typically associated with intrinsic motivation
[18].
Teachers who perceive themselves as capable

and positive emotional experiences
of using digital tools may therefore report
greater autonomy and creative involvement in
instructional tasks, alongside higher levels of
teaching enjoyment.
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Table 5: Direct and Conditional Indirect Associations Between ICT Self-Efficacy and Teaching Enjoyment

Direct Association

Path b SE t

p 95% CI

ICT Self-Efficacy - Enjoyment 0.07 0.03 2.16
Conditional Indirect Associations via ICT Engagement

032 [0.01,0.14]

Age Group Indirect Effect BootSE  95% Boot Cl
Younger teachers 0.11 0.03 [0.06, 0.16]

Older teachers  0.00 0.02 [-0.05, 0.05]
Moderated Mediation

Index BootSE 95% Boot Cl

Index of moderated mediation (AGE) -0.11

[-0.17, -0.04]

Note. AGE is a dichotomous age-group variable coded as 1 = younger teachers and 2 = older teachers. Indirect effects are estimated using bootstrap
confidence intervals (95%). Coefficients represent unstandardized associations and should not be interpreted causally.

Nevertheless, the association between ICT self-
efficacy and teaching enjoyment was relatively
modest when compared with the association
involving ICT engagement, indicating that
perceived competence alone may be
insufficient to account for \variation in
emotional experiences. This pattern resonates
with Flow Theory [26] and Broaden-and-Build
Theory [29], both of which emphasize the role
of sustained engagement, skill-challenge
alignment, and positive affective cycles rather
than competence perceptions in isolation. In
this sense, teaching enjoyment appears to be
more closely linked to teachers' ongoing
meaningful engagement with digital tools than
to confidence alone.

The findings suggest that ICT engagement
functions as a relevant mediating variable in the
ICT self-efficacy and
teaching enjoyment, with this indirect pattern

varying by age. Among younger teachers (20-40

association between

years), ICT self-efficacy was positively
associated with ICT engagement, and
engagement, in turn, showed a positive

association with teaching enjoyment. This
configuration is broadly consistent with
propositions from Self-Determination Theory,
which links perceived competence with
autonomous, intrinsically oriented activity, and
Flow Theory, which emphasizes the experiential
value of perceived alignment between skills and

task demands [25,18]. From a Broaden-and-
Build perspective, positive affect accompanying
engagement may be associated with broader
cognitive and behavioral repertoires that co-
occur with sustained involvement in ICT-related
[29]. Taken
theoretical lenses help contextualize why ICT
tends to

practices together, these

engagement show a stronger
association with enjoyment among younger

teachers.

By contrast, among older teachers (> 41
years), the indirect association between ICT
self-efficacy and teaching enjoyment via ICT
engagement was negligible. This pattern is
consistent with previous research indicating
that
technology in more selective or instrumental

later-career teachers often relate to
ways, associated with career-stage priorities
and well-established pedagogical identities
[35,40].

moderate to high levels of ICT self-efficacy,

Even when older teachers report

engagement levels may vary due to perceived
misalignment between digital practices and
instructional values, institutional constraints, or
earlier experiences with technology [34,45].
Such contextual and experiential factors may
help explain why ICT use carries less emotional
salience for some later-career teachers, which
is consistent with the observed absence of a
significant indirect association in this age group.
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Overall, this underscores the
relevance of age as a moderator variable in
technology-related processes.

Although ICT self-efficacy mirrors teachers'

pattern

affective

confidence in their digital capabilities, its
association with teaching enjoyment appears to
be associated with engagement behaviors that
are themselves shaped by

expectations, professional

career-stage
identity, and
contextual affordances.

From the Uses and Gratifications
perspective, younger teachers may be more
inclined to engage with ICT in ways that
correspond with preferences for novelty, social
interaction, and professional development,
while older teachers may orient toward
technology in more instrumental or stability-
focused ways [7,8]. Explanations grounded in
the Technology Acceptance Model, which
emphasize perceived usefulness and ease of
use, also help contextualize these differences
[10,11], though
emphasis on

dimensions.

such models place less

motivational and affective

Despite lower ICT engagement among older

teachers, overall enjoyment levels were
comparable across age groups, suggesting that
teaching enjoyment may be sustained through
alternative sources such as pedagogical
mastery and relational competence [42,52].
Taken together, these findings highlight that ICT
engagement represents one of several
pathways associated with positive affective
experiences in teaching and that technology-
related engagement is neither a necessary nor
a uniformly salient correlate of teaching

enjoyment across age groups.

The results are consistent with an integrative

framework in which psychological needs,

engagement experiences, and contextual
affordances jointly shape teachers' emotional

responses to ICT.

Conclusions

The present study explored associations among
ICT self-efficacy, ICT engagement, and teaching
enjoyment among lIranian high school EFL
teachers, with age examined as a moderating
variable. The findings show that ICT self-efficacy
is positively associated with both ICT
engagement and teaching enjoyment;
however, the strength and configuration of
these associations vary across age groups. For
younger teachers, ICT engagement displayed a
stronger association with teaching enjoyment,
and the indirect association between self-
efficacy and enjoyment via engagement was
evident only within this group. Among older
teachers, ICT engagement was weakly
associated with enjoyment, and the indirect
pattern was negligible. Together, these results
suggest that the emotional correlates of ICT use
are not uniform and appear to be linked not
only to perceived competence but also to how
digital practices align with teachers'
pedagogical routines,
orientations, and available emotional
resources. The highlight  the
career-stage

motivational

findings
importance of considering
differences when examining the affective
dimensions of ICT use.

In practical terms, the findings point to
several considerations for policy and teacher
development. Professional learning initiatives
may benefit from greater sensitivity to career
stage: younger teachers tend to report higher
engagement with ICT, whereas older teachers
may prefer more structured and pedagogically
aligned forms of digital integration. Beyond the
development of technical skills, professional
support may place greater emphasis on
meaningful engagement, autonomy-supportive
practices, and opportunities for intrinsically
rewarding use of technology. Ensuring
equitable access to digital resources and



111

Tech. of Edu. J. 20(1): 97-114, Winter 2026

allowing flexibility in how ICT is adopted may
help address age-related differences in
engagement and emotional experience.

Future studies might build on this work by using
longitudinal or mixed-method designs to
explore how ICT self-efficacy, engagement and
teaching enjoyment evolve together. Further
attention to institutional culture, resource
conditions and professional identity may also
clarify the contextual factors in teachers'
affective experiences with technology. Focusing
on these dimensions could help provide a more
nuanced insight into the ways ICT relates to
both teaching practices and enjoyment in EFL
contexts.
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Are self-directed learners the authors of their learning? The role of Al in
transforming students’ cognitive agency

A. Ramezani

Department of Educational Administration, Farhangian University, Tehran, Iran

ABSTRACT

The rapid advancement of Al (Al) in higher education,
Received: 24 July 2025 particularly through adaptive learning systems, intelligent tutoring agents, and generative Al
Reviewed: 12 September 2025 tools, has catalyzed a paradigm shift in traditional teaching and learning models. Also, the
Revised: 08 October 2025 increased use of Al in higher education in many different fields offers a more personalized,
Accepted: 19 December 2025 responsive, and effective learning experience. Yet, as Al systems increasingly determine how

students interact with and process knowledge, and create knowledge outputs, it is important
to answer both basic questions about learner agency in relation to the very paradigm of the

KEYWORDS: autonomous learner that underpins theories of adult and higher education. This article
Al considers whether Al-enhanced learning environments support or deter learners’ sense of
Students cognitive authorship.

Self-Directed Learning m This study used a qualitative method that is a mixture of conceptual and empirical
Colaizzi’s Method inquiry to show pressing issues related to educational theory and emerging technologies: in
Cognitive Agency the age of Al, are self-directed learners still authors of their learning? The philosophical

method examines issues about the ontological and epistemic grounds of cognitive agency in
an Al-mediated context using semi-structured interviews with 23 students in different fields

* Corresponding author at Tehran universities. It includes the question of the lived experience of university students
& a.ramezani@cfu.ac.ir who are engaging with Al to be educated. To increase methodological precision Colaizzi‘s
@ (+98912) 5411015 seven step was used; this was chosen because of its specificity and effective depth for

interpretation, as well as its fit with a focus on phenomenology in its aim to examine how
'agency’, 'authorship’, and 'self-direction’ of students are lived in an algorithmic context that
is mediating cognitive agency. This method includes seven steps: 1) Reading and re-reading
all the transcribed interviews to make sense of them, 2) Extracting significant statements.
These are phrases or sentences that directly pertain to the investigated phenomenon, 3)
Giving meaning to the statements: During the process pertinent quotes are categorized the
themes are generated based on multiple statements that convey similar meaning, 4)
Repeating step 1-3 for each interview, then the researcher can begin to create theme based
on the formulated meaning, 5) Gathering an exhaustive description of everything generated
in step 1-4, 6) Summarizing the exhaustive description so that there is an identification of the
fundamental structure of the phenomenon and 7) Ensuring the credibility of the data through
member checking.

Results indicated that using Al in different fields has both negative and positive

effects on learning and cognitive agency of students. Central outcomes on the positive side
include cognitive scaffolding, increased access to complex knowledge, the ability of Al as a
cognitive extension, co-authorship with Al through critical engagement, increasing critical
thinking, and improving self-learning through simulation and interactive environments. On
the other hand, it has some challenges such as: Ambiguous intellectual authorship, Erosion
of epistemic self-Trust, lllusion of mastery, Passive deference to algorithmic authority, and
ethical dissonance and academic guilt.
Based on these findings and different aspects of Al in student cognitive agency,
the paper proposes a framework for self-directed learning in the age of Al in which authorship
is not isolated, as the learner is still the one who makes learning; however, this issue needs
basic changes in pedagogical, curricular, and philosophical perspectives.
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Introduction

Artificial intelligence (Al) is considered one of
the most influential technologies of the 21st
century [1]. The integration of Al into
educational systems is reshaping traditional
teaching methods by providing tools that
enable learners to effectively engage with
complex problems [2]. The development of
technologies and the increase in virtual learning
opportunities have led to a change in people’s
understanding of the ways of learning [3]. In the
traditional perspective, ‘teacher’ was seen as
the only source of knowledge, but today,
sources of information have become very
diverse. Therefore, as information has become
easier to access, the nature of learning has also
changed. In the past, it was essential to
memorize information, but now, it has become
fundamental to gain skills related to where
information can be accessed and how to learn it
[4]. Specifically, people are expected to acquire
the skills of subjects.
Individuals who do not have the ability to learn

learning to learn
and who cannot organize their own learning
processes fall behind in many areas in the
globalizing world where technology s
increasingly improving [5]. In this part, the
concept of self-directed learning emerged.

The concept of the self-directed learner has
been central to adult and higher education
theory for many years. A fundamental aspect of
this orientation of self-directed learning is
cognitive agency, related to the learner's ability
to be the agent of their own understanding,
think independently, and articulate their claims
to knowledge with epistemic integrity. Built on
humanist and constructivist traditions, this

model holds that adult learners are self-
regulated individuals who plan their learning
goals, find resources, and assess their progress
[6]. Self-directed learners make plans by
determining their learning goals. They organize
how to access learning resources. They are also
open to learning, curiosity, autonomy, and
taking the initiative to learn in a self-controlled
manner [7]. However, this humanist ideal is
coming under challenge from the rapid
introduction of Al into the university learning
space. From various generative chatbots that
draft essays and solve equations, to adaptive
platforms that curate personalized learning
pathways, Al systems have gone from being
peripheral tools to becoming active agents in
the cognitive processes of students. This
represents a significant change, and alongside
these developments comes an important
guestion. In an era where algorithms are co-
constructing knowledge, is the self-directed

learner still the author of their learning?

Although issues regarding academic integrity
and plagiarism [8] in academic discussions of
technology are ongoing,
ontological and epistemological issues have
been sidelined. In fact, not only is Al changing
how students might learn, but also changing
who is learning and what it means to know. As
Williamson and Eynon investigated, Al-
facilitated educational infrastructures are
performing a 'silent reconfiguration of the
learner-subject', whereby agency is being
redistributed across human-technological
assemblages in ways that are largely opaque
even to learners and educators [9]. This
exploration addresses these gaps through a
philosophical-qualitative inquiry of the lived

educational
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experiences of university students as they learn
using Al, including an emphasis on the
transformation of agency and
epistemic authorship.

While the utilization of generative Al is
widespread in higher education, 78% of
university students say they 'often' utilize
generative Al in their studies [10]. There is little
existing literature, philosophy, and empirically
informed literature that addresses their
implications for learner autonomy. Existing
research literature often resides at one of two
poles: techno-optimism, which claims that Al
represents a potential force for
democratization [11], or the grim story of
'outsourcing of thought' [12]. Neither achieves
the nuance and irony of learners' engagement
with Al in everyday learning.

More critically, studies rarely engage with
the phenomenology of agency, that is, how
students feel, perceive, and make sense of their
own role as knowers when Al is involved.

cognitive

Without this experiential grounding, theoretical
debates
abstract and disconnected from the realities of
the contemporary classroom. It is impossible to
design ethical Al pedagogies if there was
misunderstand learners' experience of agency
in Al-rich environments [9].

about autonomy risk becoming

This research aims to take a step toward
answering the following question: 'In what
ways do university students experience agency
in cognition while learning with Al, and
therefore, to what extent do they view
themselves as authors of their understanding?’
In an attempt to privilege student voices (as
previously noted), this work shifts focus from
traditional  figurative  frameworks that
categorize Al only as either an empowering or
threatening presence and instead starts to
unpack the nuanced, even contradictory ways
agency is negotiated in practice. This study is
based on an interdisciplinary conceptual

framework that draws upon three related areas
of scholarship: (1) self-determination learning
philosophy (2) posthuman and socio-material
theories on distributed cognition, and (3)
critical approaches to Al in education

First, the study investigates the humanist
self-directed learning  (SDL) framework
elaborated by Knowles [13] and Candy [14],
which celebrates the learner's autonomy,
inherent desire to learn, and epistemic
obligation to take responsibility as a learner.
But rather than situating SDL as a static or
normative ideal, we explore SDL's assumptions
about the affordances and constraints of Al
[12]. It contends that the historically situated
and particular construct of an autonomous,
rational learner as the central construct of
humanist pedagogy becomes an increasing
source of dissonance in algorithmically
mediated societies.

Next, it takes posthuman and sociomaterial
positions that present a challenge to the
concept of a bounded, self-sufficient learner.
Accordingly, later in this part, the study draws
on Hayles's [15] notion of
assemblages and Fenwick's [16] conception of
sociomaterial entanglements in learning, to
reframe cognition as always already distributed
across networks of human and non-human

cognitive

actors. In this sense, Al systems are not
regarded simply as external tools, but are
entangled actants that create knowledge in the
network of learning [9]. This ontological shift
brings the focus of analysis from a narrative of
loss of 'agency' to one that more quickly
considers how 'agency' is redistributed and
reconfigured in human-Al relationships.

The article also draws upon critical Al studies

in education that center on the ways
algorithmic systems infuse and reproduce
relations of power, epistemic bias, and

assumptions about normative ways of knowing
and learning. For example, Polat et al. caution
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that many Al platforms act as "black-box
epistemic authorities" in that they conceal the
logics of their decision-making and the sources
of their content in a way that constrains
students' abilities to critique what they are
engaging with [17]. Similarly, Holmes et al. point
out that Al-based tutoring systems tend to
privilege measurable performance rather than
an understanding of conceptual relationships,
and our study takes up this tension that is
through the phenomenological
concept of "illusion of mastery" when students
confuse their outputs scaffolded by the
algorithmic process as understanding [18].
Collectively, these theoretical perspectives
provide a robust and multi-layered scaffold for
analyzing Al not simply as a neutral pedagogical

enacted

tool, but as a socio-technical mediator that
actively shapes subjectivity, knowledge
production, and the very conditions of agency
within  contemporary higher education.
Building upon these, this study aims to explore
the evolving nature of learner agency in the
As Al
systems increasingly participate in processes of

context of Al-mediated education.

knowledge construction, the boundaries
between human cognition and machine
assistance  become  blurred, prompting

guestions about autonomy, authorship, and
responsibility in learning. Therefore, this
research seeks to understand how university
students experience and negotiate their
cognitive agency and authorship  of
understanding while learning with Al systems
within contemporary higher-education

environments.

Review of the Related Literature

Al has become a cornerstone of modern
education, offering students unprecedented
opportunities to enhance critical thinking and
self-learning. The integration of Al into
educational systems is reshaping traditional

teaching methods by providing tools that
enable learners to effectively engage with
complex problems. The capacity to simulate
various scenarios, provide accurate analysis,
and deliver personalized feedback makes it an
invaluable asset in nurturing cognitive skills
such as critical thinking and self-directed
learning.

At this time, because of the widespread use
of Al across the world, there are studies about
different aspects of Al in higher education.
Integrating Al in higher education is also the
most noticeable in the previous studies.
Namdarian et al. indicated that there is a
positive relationship between using Al and
improving the outcomes of students, and Al use
can lead to personalized learning, improved
educational processes, and enhanced access to
education for all students [19]. Khabarehin's
study showed that Al serves as a transformative
force in the field of education, playing a central
improving the quality and
personalization of the learning process [20].

role in

Williamson and Eynon examined how Al-
facilitated educational tools are performing a
“silent reconfiguration of the learner-subject,"
whereby agency is being redistributed across
human-technological gathering [9]. Rezaei et al.
indicated Al
transforming education [23]. Moreover, Al can
speed up the process of learning by providing
personalized feedback and allowing learners to

as an important factor for

use their critical thinking when faced with
incorrect information. In another study, Hwang
et al. showed that creating comprehensive Al
literacy programs is essential to ensure that
learners and educators can navigate the Al
landscape effectively [24].

Although the use of Al is widespread in
higher education, based on research, 78% of
university students say they ‘'often' utilize
generative Al in their studies [10]. Furthermore,
providing personalized educational content
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based on learners' preferences using the profile
expansion technique significantly reduces the
cognitive load during learning [23], and using Al
in education facilitates the process of learning
[24]. It is indicated that Al learning services can
provide personalized learning based on
students’ level [25]. Other studies, like Wang et
al., emphasized the competence of using Al
[26], while Sadeghi and Naser approved the
effectiveness of Al in the 21 centuries [1].
Ramazani and Talebi indicated that technology
has an important role to play in regulating
society's lifestyle [27]. These studies admitted
the urgent need for the use of Al and that using
Al can positively increase and improve the
quality of students’ learning. However, most of
these studies have only shown the positive
effects or the learning outcomes after using Al
without considering  whether, in this
widespread use of Al, students are the authors
of their learning or whether the machine gives
them some clues and then gives them
authorship. Because of this important need and
guestion, the current study aims to examine the
challenges and opportunities Al can provide for
students' cognitive agency in the process of
learning.

Moreover, research in the field of Al in
education indicates that Al tools play an active
role in shaping learning processes. These
developments challenge the traditional view of
learner agency, which emphasized individual
autonomy [27]. On the other hand, the concept
of Self-Directed Learning (SDL), emphasizing
learner autonomy and self-regulation, faces
new challenges with the integration of Al into
educational settings. While Al offers the
potential for personalized learning and helpful
guidance, this might come at the cost of
reduced independent cognitive effort and an
abdication of authorship to the Al. Studies
examining the impact of emerging technologies
on cognitive and social skills highlight the

importance of balancing technology utilization
with the preservation of learner agency [20].
This situation demands a re-evaluation of our
understanding of the self-directed learner in
light of novel Al interactions.

Much existing research focuses on the
practical benefits of Al in education, such as

improved performance and content
personalization [28-29]. However, there
remains a significant research gap in

comprehensively examining students’ cognitive
agency and their role as authors of learning
within these novel environments. Fewer studies
delve deeply into the process of agency
allocation and distribution between students
and Al, rarely addressing how students
maintain their sense of authorship and exercise
cognitive agency when presented with Al
suggestions, and whether this ultimately
enhances or diminishes self-directed learning.

Method

Participants

The participants of this study were 23
undergraduate and graduate students. A
purposive sampling strategy was employed to
recruit 23 undergraduate and graduate
fields,
including humanities, empirical sciences, and

students from diverse academic

social sciences, across various research-
intensive universities in Tehran. The primary
selection participants’
demonstrable, engagement with
generative Al tools (such as ChatGPT, Gemini,
Microsoft Copilot) or adaptive learning
environments (like Khanmigo, Gradescope) for
academic purposes within the preceding six
months. The snowball method was utilized to
identify and recruit additional participants who
met these criteria, ensuring a sample that could
comprehensively address the core themes of

the study. Data saturation was achieved by the

criterion was
ongoing
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conclusion of interviews with the 23 selected
participants. This point was determined when
subsequent yielded no new
significant themes or novel insights related to
the students’ experiences with Al in their
academic work. The iterative process of data
collection and preliminary analysis allowed the
researchers to identify the emergence of
recurring patterns and concepts, indicating that
the sample size was sufficient to capture the
breadth of experiences relevant to the research
questions.

interviews

Table 1: Descriptive data of participants

Code Gender Age
SP1 Male 22
SP2 Female 24
SP3 Female 31
SP4 Male 27
SP5 Female 24
SP6 Female 28
SP7 Male 20
SP8 Male 24
SP9 Female 25
SP10 Male 30
SP11 Female 27
SP12 Female 29
SP13 Female 22
SP14 Male 23
SP15 Female 21
SP16 Male 29
SP17 Male 22
SP18 Female 25
SP19 Male 24
SP20 Female 27
SP21 Female 29
SP22 Male 32
SP23 Female 20
Instruments

The research study employed a qualitative
approach; therefore, the instrument for
gathering the required data was
structured questions.

semi-

Design

This study adopts a philosophical-qualitative
approach, integrating interpretive
phenomenology with both conceptual and
empirical inquiry. This hybrid methodology is
essential for addressing the pressing issues at
the intersection of educational theory and
emerging technologies, specifically the
guestion: In the age of Al, is the self-directed
learner an author of their learning? The
conceptual and philosophical inquiry
component delves into the theoretical
underpinnings of key concepts such as cognitive
agency, authorship, and self-direction. It seeks
to establish a framework for understanding
these constructs in the context of Al-mediated
learning. Simultaneously, the empirical inquiry,
conducted through in-depth interviews with
university students, grounds these
philosophical explorations in lived experience.
By examining how students actually engage
with Al tools for academic purposes, this
component provides rich, contextual data on
how they perceive and enact their agency and
authorship.

Combining these approaches allows us to
bridge the gap between abstract educational
ideals and the practical realities shaped by Al.
The philosophical lens offers critical depth for
analyzing the implications of technology on
learning, while empirical data provides the
necessary validation and nuanced
understanding of student experiences. This
integrated approach is crucial for a
comprehensive understanding of the complex
dynamics at play, and for generating relevant
insights into the evolving role of the learner in
an Al-infused educational landscape. The
philosophical inquiry examines issues about the
ontological and epistemic grounds of cognitive
agency in an Al-mediated context. This inquiry
situates the question in the lived experience of
university students who are engaging with Al to
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be educated. To enhance methodological
specificity and precision, as well as fidelity to
the subjective experience of the participant, the
phenomenological approach of [30] is used.
Colaizzi's seven-step process for measuring
human experience was chosen because of its
specificity and  effective  depth  for
interpretation, as well as its fit with a focus on
phenomenology in its aim to examine how
'agency', 'authorship', and 'self-direction' of
students are lived in an increasingly algorithmic
context that is mediating cognitive agency.

Procedure

Participants provided informed consent, and
institutional review board approval was
obtained. Interviews were approximately 45-60
minutes in length, audio-recorded, and
transcribed word-for-word. The interview guide
was designed to elicit rich descriptions of
participants’ experiences with Al and to invite
consideration of moments when students felt
either empowered, dependent, confused, or
thinking
ownership. Prompts requested stories from the
students to reflect on questions such as: when
you are using Al to help write or work through a
problem, do you feel you are still the author of
your own work? Or briefly describe a time that

clarified their about intellectual

you noticed Al help prompt your thinking - what
was that like?

Data analysis

Analysis followed Colaizzi's seven-step process
[30]. First, each transcript was read multiple
times to achieve a sense of holistic familiarity
with the participant's story. Second, all of the
stated important statements relating to the
phenomenon, namely those that expressed
feelings, judgments, or experiences relating to
agency, feelings of control, or authorship in Al-
mediated learning, were extracted. Third, these
statements were then interpreted to create

their underlying psychological and experiential
meanings (e.g., “I just accepted what it gave
me” was interpreted as a surrender of epistemic
vigilance). Fourth, through iterative comparison
and repeating steps 1-3 over again, the
meanings that were formulated were then
clustered into emergent thematic categories
that generated themes such as Delegated
Intellectual Labor, Ambivalent Trust in
Algorithmic Guidance, and The Erosion of
Epistemic Responsibility. Fifth, compiling an
exhaustive description of everything generated
in steps 1- 4 is done in this step. A rich
descriptive narrative was detailed that captured
all of the themes and added descriptive depth
to the total experience for learning with Al.
Sixth, from this rich narrative description, the
fundamental structure of the essential,
invariant essence of the phenomenon was
distilled; namely, that Al will make cognitive
agency different not by obfuscating it, but by
redistributing cognitive agency through a
human-technology assemblage where the
learners' role as the epistemic author is
conditional, negotiable, and often cloaked.
Finally, to enhance credibility, preliminary
findings were shared with a subset of
participants in member-checking sessions,
allowing them to confirm or refine the
researchers’ interpretations. Figure 1 shows
these steps.

To ensure the trustworthiness of this study,
procedures were implemented throughout the
research process. Continuous reflexivity was
practiced by the researcher to critically examine
personal biases, assumptions, and potential
influences on data collection and analysis. This
involved maintaining a research journal to
document reflections on the research process,
including the evolving understanding of the
participants’ experiences and the researcher’s
role in shaping the inquiry. These reflections
were used to ensure that interpretations
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remained grounded in the data and were not
unduly influenced by preconceptions. Also, a
comprehensive audit trail was meticulously
maintained to document all stages of the
research. This included: (1) verbatim transcripts
of all interviews; (2) a complete log of the
coding process, including the development of
codebooks, initial codes, and the refinement of
themes; (3) memos documenting analytical
decisions and the rationale behind thematic
groupings; and (4) field notes capturing
contextual details during data collection.

The phenomenological analysis proceeded in
theoretical dialogue throughout the study. It
led to a better understanding of how to connect
the identified themes through the philosophical
lens. For instance, fragmented authorship was
understood through the lens of narrative
identity, that is, the idea that the self is a result
of the stories we tell about our actions. When,
for instance, the Al aided in drafting these
stories, the learner’s identity was not coherent.
In the same way, students’ representations of
'Al as an invisible tutor' that minimally aids their

learning were filtered through Foucault’s
(_\

understanding of autonomy as self-discipline, in
which people are made to want to govern
themselves. By empirical
phenomenology with critical philosophy, it
aspires to remain grounded in lived experience
while also contributing toward contemporary
theoretical dialogue on autonomy and post-
human forms of self-directed learning.

To ensure qualitative trustworthiness,
several techniques were employed. Prolonged
data analysis and triangulation with the
reflective field notes, as well as participant
checking, increased study  credibility.
Transferability was supported by the thick
description of the participant sample and
institutional context. Confirmability was aided
by researcher reflexivity, particularly through
maintaining a bracketing journal (Husserl’s
epoché) to identify and set aside
preconceptions about Al in education. In this
way, they seek not only to describe how
students experience Al in learning but also to
identify what this means for the idea of the self-

interweaving

directed learner.

1. Read and re-read all the transcribed interviews in order to make sense of the}

2. Extract significant statements. These are phrases or sentences that directly
pertain to the investigated phenomenon.

similar meaning.

3. The process of giving meaning to the statements. During the process pertinent quotes
are categorized the themes are generated based on multiple statements that convey

NN

4. Repeating step 1-3 for each interview, then the researcher can begin to create
Theme based on the formulated meaning.

\

5. Compile an exhaustive description of everything generated in step 1-4

N

6. Summarize the exhaustive description so that there is an identification of the
fundamental structure of the phenomenon.

7. Credibility of the data is ensured through member checking.

NN

Fig. 1: Colaizzi’s seven-step process [30]
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Results and Findings

The data analysis using Colaizzi’'s methodology
[30] resulted in the lived experiences of the
participants being organized into nine themes.

Notably, the themes formed two broad
categories of experiential aspects: (1)
challenges to cognitive agency and (2)

opportunities for cognitive agency. Tables 2 and
3 present themes, experiential meanings, and
some representative open codes.

Table 2: Challenges and problems that threaten cognitive agency with Al

Main theme Experiential meaning Open Codes Indicators
Learners experience a
Ambiguous fractured sense of ownership |can’tsay this was my idea-it feels like ’'m  SP1, SPS,
InteII(gectuaI over their ideas, as Al blurs the wearing someone else’s thoughts. Whose SP12,
Authorshi boundary between self- voice is this in my essay? - | edited it, but  SP18, SP9,
P generated and algorithmically the thinking wasn’t mine. SP7, SP23
suggested thought.
Students increasingly doubt | don’t trust my answers unless Al
hei .\ liabili fi hem. - | )
Erosion of Epistemic their own cognitive reliability con |rm§ t em seconfi guess $P3, SP9,
and defer to Al as an external everything | think now. - My brain feels
Self-Trust . . . . . . SP2, SP19
authority, weakening their lazy without it.- If the Al disagrees, |
internal epistemic compass. assume it’s right.
Al- ted tput t -
cof\i:iir: ¢ (k))l:ltpu Zucr:?ﬁsiaal | got an A, but I'd fail if tested today. - It
Illusion of Mastery g P . looks like | know it, but | don’t. - The Al SP1, SP10,
sense of competence, masking . .
. learned it, not me. - | can reproduce it, but SP14
a lack of deep understanding or L
. . not explain it.
internalization.
Cognitive fatigue or time If it sounds smart, | assume it’s right. - |
pressure leads to uncritical don’t have the energy to fact-check a
Passive Deference acceptar?ce of .AI 'content, m’achine. - ijst copy-paste and hope. - SP1, SP10,
. suspending reflective judgment It’s fluent, so it must be true.-l feel that
and Over-reliance on e . . . Spl1se,
Algorithmic Authorit and verification. without Al, | cannot solve any issues.- | P12 SPa
g y Students use Al in many and all  think that if | know a thing, | should check !
conditions, feeling that without it with Al; without Al, | cannot do my
Al they cannot solve anything homework and projects.
Despite institutional ambiguity, It feels like I'm stealing my own education.
Ethical Dissonance stude.nt's feel moral discomfort, - | know it’s allowed, but it doesn t.feel $P2, SP11,
and Academic Guilt perceiving Al use as a betrayal honest. - Am | still a real student if Al SP6. SP4
of the ideal of self-earned thinks? - I'm cheating myself, not the !
knowledge. professor.
When | use Al for many hours, it is just me
Reduction in communication and Al, not other people. | do not interact
Reducing human with other people in the real or ask questions of other people because  SP19, SP7,
interaction world, ignoring human | ask and interact with Al for hours. SP12, SP21
interaction | think that we do not need other people's

ideas when Al is with us.
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Challenges to Cognitive Agency
Ambiguous Intellectual Authorship

A sense of intellectual identity was often
broken, as students often reported a sense of
total confusion about the source of their ideas
when utilizing Al. This vagueness was not so
much concerning plagiarism but had to do with
the loss of narrative sense in their learning
used ChatGPT to write my
colonialism essay", as SP7 said: "I rephrased all

process. "I

the sentences, yet the argument structure
simply seemed borrowed. | would have liked to
tell my professor that it was not me when he
complimented the original insight. My real
voice, | now do not know what." Such an
experience indicates a phenomenological crisis:
the self is no longer perceived as the exclusive
source of thinking, but as a part of an unequal
dialogue with an unseen algorithmic other. This
perspective is also admitted by SP1 and SP9,
SP8, SP12, SP18, and SP23.

Erosion of Epistemic Self-Trust

There was a silent but widespread loss of
confidence in one's own mental judgment that
developed in the fields. Even students who had
good academic performance said they were
ceding the truth to Al as an adjudicator of truth,
which weakened the internal epistemic cue of
truth. A Master's student, SP2, responded: "Last
week, | worked out a problem in genetics by
myself and correctly provided a solution, but |
have checked it using an Al solver. And when the
Al answered otherwise, | panicked. | relied on
the machine, rather than my own judgment,
though | had studied that subject for weeks".
This change represents a restructuring of
epistemic power, from the individual to the
apparatus in which algorithmic proficiency is
confused with truth. Also, SP19, SP3, and SP9
emphasized this fact.

lllusion of Mastery

Numerous respondents created quality
academic work with the help of Al and did not
have a profound grasp of it, which created a gap
between performance and competence. SP3
breathed this contradiction: "I wrote a perfect
solution with the assistance of Al, and | got full
marks. However, during the exam, when they
varied one of the parameters, | got paralyzed. |
understood that | had not been taught the logic;
I had been taught to activate the Al in the right
way. The knowledge was not a real grade; the
grade was real”. This theme emphasizes the
possibility of Al replicating the learning
experience without encouraging the cognitive
change, which is internal and characteristic of
true mastery. SP10 also said: "I had such an
experience, and it led to a lower grade on the
final exam; because of this, he said that we must
know the logic and the knowledge itself, and
then we can use Al correctly”. Moreover, SP14
and SP1 admitted these responses.

Passive Deference and Over-reliance on
Algorithmic Authority

Students tend to interrupt critical thinking and
accept Al outputs without doubt under
conditions of cognitive overload or fatigue. SP9
confessed: "During finals, | was so tired that |
was no longer questioning what the Al said. In
case it referred to one of the studies published
in 2023 or contained academic terminology, |
simply believed that it was credible. | lacked the
mental capacity to check, and frankly, | was no
longer interested”. This is an attitude of
passivity that is indicative of a normalization of
epistemic outsourcing in which efficiency
replaces intellectual vigilance.

Many respondents said that they are
dependent on Al in different situations, from
quite tiny issues to important things in their
lives or projects. SP10 said: "I need Al for all my
projects and lessons; | think that without it |
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cannot handle my projects, especially my
homework that professors give us". Also, SP1
indicated a project in paper and said that "all of
these things were written by Al, and then |
checked it and learned that | cannot give up
using it at this time of technology in the world".
Moreover, SP12, SP16, and SP4 admitted this
dependency.

Ethical Dissonance and Academic Guilt

Regardless of institutional acceptance, a lot of
students felt morally uneasy due to a perceived
transgression of the spirit of self-acquired
knowledge. The inner conflict described by SP4,

who is an MA student, was as follows: "I know
my department has been accepting Al in
brainstorming, but as I use it, | always feel like |
am depriving myself of the challenge that
makes learning interesting. It is not about rules,
but it is about integrity. Do | remain a thinker
when | outsource my thinking?" This is not a
feeling of guilt caused by fear of punishment,
but rather a break in the moral connection of
the learner with the knowledge. SP2 said:
"Sometimes | feel guilty when using Al, and it
causes different academic problems and issues
for me". Also, SP11 and SP6 emphasized this

fact, and they agree with these issues.

Table 3: Opportunities of Al for cognitive agency

Main theme Experiential meaning Open Codes Indicator
Al ides timel tional
andpirr10t\(/e|II:cstuallmsiy s:(::lllj(iinna It holds my hand when I’'m overwhelmed.
Cognitive . PP . & ChatGPT gives me breathing room. - It  SP7, SP22,
. periods of overload, reducing , .
scaffolding . . helps me start when I'm stuck. - Without SP5
anxiety and enabling task . . ”
o it, I'd just shut down.
initiation.
Al d ti | i b . .
err_mcra |ze.s ?af”'”g Yot explains things my professor assumed |
translating,  simplifying, or . .
.. knew. - As a non-native speaker, it helps
contextualizing advanced . . SP5, SP9,
Enhanced access . . me sound academic. - | finally understand
material, especially for non- . . SP23
. . quantum basics thanks to Al. - It fills the
native speakers or those with holes in mv prior education
gaps in foundational knowledge. yp ’
Some students experience Al as
a seamless, integrated
Critical Co- extension of their own It's part of how | think now. - My ideas
authorship with Al cognition, enhancing fluency, flow faster with it. - It’s like a prosthetic
as a Cognitive creativity, and problem-solving for my brain. - | don’t feel disabled; | feel
Extension speed. augmented. SP10, SP3,
Reflective learners actively |treat Al like a debate partner. - | always SP6, SP4
interrogate, challenge, and ask: ‘Why is this true?
refine Al outputs, transforming | challenge its answers to stay in charge. -
passive consumption into a luseitto test mythinking, notreplaceit.”
dialogic, agentic learning
practice.
Usi feedback for diff t . - . .
. Sing ee' ackfor ditteren | use Al to improve my ability to think, like
issues quickly engages the .
. - - S . . when | ask questions over and overtoget  SP6, SP11,
Enhancing critical  ability of thinking with providing . .
L . the reasons- | use it and ask it many and  SP2, SP18,
thinking different feedback, . . . .
e . . many questions to identify the voices SP8
distinguishing different voices of . .
that it uses and why it uses.
feedbacks
I . . . . | use Al for learning because it helps me
Facilitating learning A learning environment with Al . . . .
. . . . with different interactions, and | can ask SP10,
with simulation and facilitates the way of learning, . . .
. . . . many questions for learning just one SP12, SP3,
interactive preparing for different . . . . .
issue- simulation is important, | think, SP8

environments communication

because | think that | am there in real.
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Reducing Human Interaction

Using Al in different issues and subjects also
changes the ways of human interactions; many
respondents highlighted this issue by saying the
rate of using ai and reducing communication
with others. SP19 said: "l use Al for all questions
that | have, all things that | need, even for my
emotional matters; it is not important for me to
say my private feelings to others". SP7 also said
that "using Al leads me to have no more
interaction with others, even with my parents
and siblings at home". Furthermore, SP12 and
SP 21 confirm this limited interaction with
others.

Opportunities for Cognitive Agency

Cognitive Scaffolding

According to the test, Al was heavily perceived
as a supportive cognitive partner that soothes
the feeling of overwhelm and allows one to
start work at a time of high stress. This relief
was mentioned by SP7, a third-year social
science student: "When | do my homework, |
find myself overwhelmed with information. The
moment | request Al to encapsulate a 40-page
guideline into bullet points, it feels as though
somebody has given me a life raft. It does not
substitute for my learning; it merely does not
allow me to sink so | can actually get down to
the material”. In this regard, Al does not
substitute agency, but is a scaffold that
temporarily performs the role of restoring the
ability of the learner to act. This was admitted
by SP5 and SP22 as well.

Enhanced Access

In the case of students with language barriers or
knowledge gaps, Al was a democratizing power
that opened up new content that was not
available before. SP5, a doctoral student, said:
"“In giving a lecture at university, | enter lecture
notes into the Al and have it provided me with
simpler explanations of concepts or analogies.

Quantum entanglement suddenly seems to be
logical. In its absence, | would be lost and too
shy to ask". The theme highlights how Al could
foster epistemic inclusion within various
academic settings. Also, SP9 AND SP23 were
concerned about this issue.

Critical Co-authorship with Al as a Cognitive
Extension

Other students did not view Al as an external
device but saw it as a natural continuation of
their personal thinking, as a way of improving
their and problem-solving skills.
Reflecting on SP10, a senior student in social

fluency

science, said: "It feels like | have a second brain
that does not get tired whenever using Copilot.
It proposes solutions to my problems when | am
debugging that | have not thought of, but it is
up to me whether to take them. It is not
detached from me; it is a part of my workflow,
just like a calculator or a notebook. | am not
inferior to be human; | am more competent”.
This view fits in with the extended mind
theories in which technology is constitutive of
thinking.

A subgroup of reflective learners proactively
turned Al engagement into a dialogic form and
retained agency by critical questioning. This
position was characterized by SP3, a BA student
who said: "I do not always take Al at its face
value when it comes to analysis. In questions or
scenarios, | request that you present a case on
both sides, and then | dismantle its argument.
At one time, it was probably wrong, but that
comes in handy! It makes me defend my
position more strictly. That way, it is not my
assistant: it is my sparring partner”. This is a
posthuman kind of self-direction: agency is not
natural but is reasserted in a conscious
negotiation with non-human others. It was also
admitted by SP4 and SP6.
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Enhancing Critical Thinking

Using Al can challenge the ability of students’
way of thinking through different feedback that
they produce. SP6 said: "I use Al because | think
it empowered my capability of thinking with
different norms and feedback that was given to
me". Also, SP3 said: "I like Al for the reason of
different and varied feedback that helps me to
think more". This issue was approved by SP11,
SP2, SP17, and SP8.

Facilitating Learning with Simulation and
Interactive Environments

Leveraging Al simulation in the way of learning,
and also the interaction in this way, can be one
of the most important opportunities of Al. SP10
said: "The environment- no, let me say the real
environment of learning that Al gives us is so
helpful for learning". Also, SP12 supported this
by saying that: "I used Al because of its
interesting algorithms of interaction in a real-

like learning environment". Moreover, SP3 and
SP8 admitted this practical aspect of using Al.

Discussion

The results of this paper demonstrate a
dramatic restructuring of cognitive agency in Al-
mediated higher education, rather than just an
erosion. Although the humanist vision of the
self-directed learner, based on the notions of
autonomy and epistemic  responsibility
introduced by Knowles [13] and Candy [14],
assumes a limited, sovereign subject who is the
author of his or her own knowledge, the lived
experiences of participants indicate a more
distributed, negotiated, and usually disputed
agency. This change is in line with what
Williamson and Eynon refer to as the
datafication of learning, in which algorithmic
systems no longer support cognition but
instead distinctly define epistemic pathways,
often unintentionally [9].

Role of Al on student’s

Cognitive Agency
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Fig. 2: Challenges and benefits of Al in students’ cognitive agency
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The argument of uncertain intellectual
authorship and the weakening of epistemic self-
confidence can be highly relatable to the recent
discourse on the epistemic authority of Al
According to Polat et al., generative Al is an
epistemic agent that acts as a black box, i.e., it
hides its origins and logic, pushing the learner
out of the critical assessment of knowledge
claims [17]. This is not only a technical
displacement, but an existential one: when they
consult Al instead of personally acquired
knowledge, the students are performing what
Biesta describes as a crisis of subjectification, a
loss of becoming a subject capable of defending
his or her own judgments [12].

However, it would be a simplistic approach
to think of Al only as a threat to agency. Our
results on Al as a cognitive extension and
negotiated co-authorship resemble posthuman
and sociometrical views that refute the myth of
the autonomous learner. Basing our arguments
on the publication on
assemblages [15], we observe that cognition

recent cognitive
has never been localized to any particular tool
or environment, and Al is no exception, but a
magnification of that state of affairs. Agency
can also be enhanced and not substituted when
actively incorporate Al
cognitive ecology, as the reflection that "I am

learners in their
not less human, | am more capable”, by SP1
implies.

The duality of Al as prosthesis and parasite
reflects the ambivalence [31] is recognized in
educational Al, as it can make more things
available to everyone (as in our motif of greater
access to complicated knowledge) and at the
same time increase epistemic dependency. The
most important distinction our information
points to is that of critical Al literacy. Individuals
who negotiated co-authorship (e.g., PS9, the
law student who presented Al as a sparring
partner) are instances of what Williamson and

Eynon describe as an approach to

instrumentalism reflexively- in other words,
employing Al strategically and retaining
epistemic dominance [9].

Importantly, this state of ethical dissonance
and academic guilt experienced by many
students is a harbinger of the fact that the issue
is not Al, but rather the absence of pedagogical
systems to maneuver around its use. According
to Rapanta et al., universities have been keen to
integrate Al without considering assessment or
designing learning. These tensions are left to be
resolved by our participants individually, and
these systemic failures are usually absorbed
into individualized moral inadequacies [32].
This stresses the invitation by Williamson and
Eynon to education that creates the capacity to
be in the world in @ manner that is not entirely
prescribed by that which is given; it has a
capacity which must be consciously trained in
Al-saturated settings [9].

Lastly, the illusion of mastery and passive
deference themes display the underlying
pedagogical crisis of the confusion of
performance with learning. With the growing
trend of outcome-based education, Al can use
this loophole to maximize results instead of
knowledge. According to a warning that Holmes
et al. give, Al tutors can teach students how to
achieve in school, but not how to think (SP11)
[18]. Our evidence supports this danger--but
also its remedy: scaffolding struggle (not
removing it) through the use of Al, as SP5
explained, may rehabilitate the learner's ability
of the learner in genuine engagement.

To move beyond a descriptive account of Al
integration, this study proposes a formal
framework of 'Critical Co-authorship." This
framework conceptualizes agency not as a
static attribute of the individual, but as a
dynamic, negotiated process
distributed cognitive assemblage. Critical Co-
authorship is defined by three essential
dimensions: First, Epistemic Oversight, which

within a
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requires the learner to maintain 'epistemic
dominance' by treating the Al not as an oracle,
but as a fallible interlocutor. This involves the
reflexive interrogation of the Al’s 'black-box'
logic to prevent the passivity of deference.
Second, Dialectical Engagement, wherein the
learner employs Al as a 'sparring partner' to
stimulate higher-order thinking. Rather than
using Al to bypass cognitive effort, the learner
utilizes it to facilitate what the findings term
'scaffolding struggle' using the tool to introduce
complex perspectives or structural frameworks
that the learner must then critically wrestle
with to achieve genuine understanding. Third,
Architectural Authorship, which shifts the
definition of authorship from the mechanical
production of text to the strategic design of
inquiry. In this mode, the learner remains the
primary agent by directing the cognitive
ecology, ensuring that the Al serves as a
prosthetic extension of their intellect rather
than a parasitic substitute for it.

The study’s contribution lies in its movement
beyond the binary discourse of Al as either an
existential threat or a mere cognitive tool. By
reframing the impact of Al as a 'dramatic
restructuring of cognitive agency' rather than a
simple erosion, this research demonstrates that
the current academic crisis is not a direct result
of Al integration, but of a systemic pedagogical
failure to address the ‘prosthetic/parasitic’
duality of these tools. Most importantly, it
posits a normative shift: instead of aiming for a
return to traditional, autonomous humanism,
the study identifies 'scaffolding struggle' as the
essential pedagogical intervention necessary to
cultivate critical agency in Al-saturated
environments.

Conclusions

In conclusion, the emergence of Al necessitates
a redefinition of the self-directed learner. The

traditional model of the isolated, autonomous
subject is increasingly untenable in an era of co-
produced cognition. This paper has advocated
for a posthuman framework where agency is
understood as a reflective negotiation between
human intent and algorithmic suggestion. By
fostering  ‘critical co-authorship,’ higher
education can prepare students to treat Al as a
collaborator in thought while upholding
rigorous  standards of  accountability.
Implementing this requires a fundamental
restructuring of pedagogy, curriculum, and
philosophical inquiry. This paper argues that the
traditional paradigm of the self-directed learner
is not becoming obsolete, but requires a
fundamental ontological redefinition. The
Cartesian ideal of the autonomous, self-
contained knower is increasingly incompatible
with a contemporary epistemic landscape
where cognition is co-produced within human-
machine assemblages. Instead, it proposes a
posthuman framework of self-directed
learning, wherein agency is understood not as a
possessional attribute of the individual, but as a
continuous,
human intentionality and algorithmic agency.
Within  this framework, authorship s
reimagined as a participatory and morally alert
process. It is no longer an isolated act of

reflective negotiation between

production, but a conversational engagement
that demands a new form of competence:
critical co-authorship. This competence entails
the ability to wutilize Al as a cognitive
collaborator maintaining

accountability for the epistemic
produced. Despite its significant findings, the
study has some limitations, like the utilizing

while rigorous

claims

gualitative approach and the issue of
generalizability of the  findings. To
operationalize the framework, the paper

proposes a tripartite shift in higher education:
- Pedagogical Shift: Moving from outcome-
based assessments toward process-oriented
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designs, such as reflective portfolios and
documented Al-interaction logs, to capture the
"scaffolding struggle."

- Curricular Shift: Integrating disciplinary-
specific Al literacy that emphasizes the
interrogation of algorithmic logic, bias, and the
limits of machine reasoning.

- Philosophical Shift: Transitioning from a
humanist binary of autonomy vs. dependence
toward an assemblage-based understanding of
agency, recognizing the distributed nature of
modern intellect.

Ultimately, as Al becomes ubiquitous in
academic settings, the central challenge for
higher education is not the regulation of tool
use, but the cultivation of a way of thinking that
is enhanced by, rather than substituted by,
algorithmic mediation. The goal is to equip
learners not merely to achieve academic
performance, but to maintain the capacity for
thought
increasingly automated epistemic ecology. In

critical, independent within an
the future, researchers can use quantitative or
mixed methods to conduct this research in

extended society and test the generalizability.
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ABSTRACT

'Career and Technology' Textbooks have the vital role in
Received: 26 June 2025 education in equipping students with technical skills, creativity, and digital literacy. The
Reviewed: 14 August 2025 review of international studies highlights the rapid pace of technological change driven
Revised: 12 October 2025 by digital transformation and new technologies like Al, VR/AR, 3D printing, and loT. The
Accepted: 06 December 2025 paper argues that these trends challenge traditional teaching methods and create

unprecedented opportunities for personalized and interactive learning. This study, using
futures studies methods with a foresight approach—which constitutes a systematic,

KEYWORDS: anticipatory, and analytical process for anticipating future changes and threats—
Educational Opportunity identifies key technological trends and emerging educational opportunities in the 'Career
Futures Studies and Technology' course. It aims to align the content of this course with future educational
Work and Technology needs and skill requirements.

Technological Trends M The research employed a mixed-methods (quantitative-qualitative)
Lower Secondary School exploratory approach. The process was executed in three distinct stages: Step 1:

Identifying Technological Trends: A systematic review of academic literature and
educational reports was conducted to identify 11 key technological trends with the

* Corresponding author potential to influence 'Career and Technology' education. Step 2: Prioritizing Trends: A
=) Mustafa.Keshavarzturk@cfu.ac.ir questionnaire was developed to rank the identified trends based on their potential to
@ (+9821) 88477432 create opportunities in the next 5-7 years. The survey was sent to 60 experts, with 48

valid responses collected. The data were analyzed using SPSS26 and the Friedman test to
rank the trends. Step 3: Identifying and Classifying Opportunities: Semi-structured
interviews were conducted with 24 experts (university professors and teachers) to
understand the benefits and impacts of the prioritized trends. The interview transcripts
were analyzed using qualitative content analysis with ATLAS.ti software.

The Friedman test results (Chi-Square = 392.912, df=10, p<0.000) showed
significant differences in the experts' rankings. The top three trends, based on their
potential to create future opportunities, were: Artificial Intelligence (Al) (Average Rank:
9.84), Online Learning (Average Rank: 9.64), and Internet of Things (loT) (Average Rank:
9.40). The qualitative analysis process generated 362 initial codes, which were then
synthesized into 44 main themes representing the key opportunities. Key future-oriented
opportunities identified include enhancing cognitive activity, blending hard and soft skills,
and creating smart workshops, as well as personalizing learning, intelligent assessment,
and safe, low-cost simulation. Additionally, updating the role of teachers, designing
engaging technology-based content, automating processes, digital collaboration, real-
world projects, virtual visits, and Al-assisted entrepreneurship education are highlighted,
aligning the 'Career and Technology' course with future needs. Finally, the analysis
categorizes the impact of the prioritized technological trends across the four essential
domains of teaching and learning: Content Design and Production, Presentation and
Teaching, Performance Assessment, and Learning Environment Management
The research affirms that technology is a key driver for transforming the
"Career and Technology" course. The coming years should focus on personalized and
deep learning (driven by Al) and facilitating safe, practical learning (driven by VR/AR and
loT). These opportunities are crucial for developing the hard and soft skills students need
for the future project-based economy. Such comprehensive integration is essential for
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teaching these courses, equipping students with skills in adaptability, teamwork, and
problem-solving, while simultaneously nurturing their ability in creative inquiry, data-
driven decision-making, and effective collaboration within smart, technology-enriched
environments. These are, in fact, the very competencies that fully align with the future-
oriented opportunities identified by experts.
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Introduction

Effective  education is considered the
foundation for economic, social, and cultural
development in any society, and its primary
mission is to cultivate a generation equipped
with the necessary skills for the future [1]. In
this context, the Career and Technology courses
in the first grade of secondary school play a
central role in developing students' practical
competencies, technical skills, design thinking,
and technological literacy, serving as a bridge
between theoretical knowledge and practical
application in daily life and future work
environments. This course covers processes
such as familiarity with tools and materials, the
and production process, project
and product evaluation. The

design
management,
in this course are
in higher
educational stages but also for employability in
the future job market, which
influenced by technology [2].

The teaching-learning processes in this
course, according to the evaluation standards
of The  Association for  Educational
Communications and Technology (AECT), as
cited by Barto and Conklin [3], can be separated
and analyzed into four main areas that
technology can revolutionize: 1) Content Design
and Production: Includes the creation of digital
resources, simulations, and multimedia tools;

competencies acquired

essential not only for success

is heavily

2) Presentation and Instruction: Includes the
use of active, interactive, and personalized
methods (such as flipped learning); 3)
Performance Assessment: Includes measuring
practical competencies instead of theoretical
knowledge and providing precise feedback; and
4) Learning Environment Management:
Includes the organization of resources,
scheduling, and the safe management of
workshops and projects. Since the 2000s, with
the acceleration of the digital transformation
phenomenon and the emergence of new
technologies such as Artificial Intelligence (Al),
Virtual and Augmented Reality (VR and AR), 3D
printing, and the Internet of Things (loT), all
aspects of life, including educational systems,
have undergone fundamental changes [4].
These technological trends have challenged
traditional teaching methods and provided
unique opportunities for personalizing learning,
simulating complex environments, and making
content interactive [5].

The Career and Technology course, due to its
practical and technical nature, is particularly
affected by these transformations.
technological tools have the potential to
convert traditional workshop environments
interactive laboratories,

New

into virtual and
allowing for the practice of complex or
dangerous skills without physical limitations or
high costs. These developments not only
necessitate a review of the content and
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educational tools for this course but also
directly lead to the emergence of innovative
opportunities in the design of teaching aids,
specialized practical assessment platforms, and
the production of intelligent content. These
educational-technological opportunities
represent a combination of innovation in
content, teaching methods, and the utilization
of advanced technologies that can lead to
increased effectiveness and attractiveness of
the Career and Technology course, and
ultimately, enhance students' skills to face the
challenges of the Fourth Industrial Age.

Futures studies allows organizations,
including educational institutions, to focus on
desirable futures, not just those that are more
probable. Desirable futures relate to what we,
individually or collectively, want to happen in
the future. Foresight helps educational leaders
move from a passive, reactive mode (merely
observing trends) to an active, transformative
mode (shaping technologies and educational
programs). Its vital role is to anticipate future
threats and opportunities that affect complex
systems in the long term [6]. Foresight goes
beyond speculation; it is defined as a
systematic, future-oriented, analytical, and
interactive process. This systematic nature
makes it a credible tool for "the systematic
examination of future developments" [7].

Given the necessity of adapting educational
accelerating pace of
technological change, the main goal of this
research is to use a foresight approach and its
tools to identify, and prioritize
emerging educational opportunities in the
Career and Technology courses of the first stage
of secondary school, which will be shaped by
future technological trends. This research seeks
to answer these key questions:

- What are the technological trends with the
greatest impact on Career and Technology
education in the future?

content to the

analyze,

- What educational and content opportunities
will be formed for this course based on these
trends?

This research can help educational
technology specialists, textbook authors, and
educational policymakers to design the path for
transforming the content of Career and
Technology courses with deeper insight,
ensuring students are prepared for future job

and skill requirements.

Review of the Related Literature

A significant portion of recent domestic
literature focuses on the potential of
technologies to enhance learning in higher
education. The article by Hosseini Moghaddam
[8] emphasizes the impact of global trends on
higher education and the derived priorities for
foresight in Iran. Using foresight methods, it
identifies and analyzes four key areas—social
accountability, national reputation and
influence, transformation in education, and
participatory foresight
priorities for higher education in Iran. In the

article by Olyaee et al. [9], a comprehensive

governance—as

review of the applications, opportunities, and
challenges of Artificial Intelligence (Al) in
universities is conducted, using a literature
review approach and the experiences of
pioneering global universities. The study shows
that Al is gradually penetrating the educational,
research, and administrative domains, playing
an enabling role in the core processes of the

university. Based on the evaluations, the

research provides specific policy
recommendations for the effective and
sustainable utilization of Al in Iranian

universities, emphasizing the enhancement of
digital literacy, infrastructure development, and
data

the formulation of governance

frameworks.
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The research by Fazeli et al. [10], using a
foresight approach, analyzes the probable
scenarios of emerging trends in the teaching
and learning of Ma'arif (Islamic
Studies/Humanities) courses in universities.
This aims to identify and improve teaching
methods and learning models in this vital area
in the face of rapid technological developments.
The results of this study indicated that over the
next ten years, learning trends will move

toward creating dynamic learning
environments, personalizing learning with
adaptive technologies, increasing learner

ownership, and reducing the formality of the
learning environment, which necessitates
comprehensive planning. Salimi et al. [11], in a
systematic study using a qualitative approach
and content analysis method, examined the
effects of new technologies on future
trends. The findings
categorized into two main themes: Positive
Impact of Technology on Education, which

educational were

included 40 sub-themes such as increased

efficiency, reduced costs, and improved
teaching
Technology and Education, which included 34
sub-themes such as incompatibility of
standards, new infrastructure,

management of complexity, and

processes; and Challenges of

need for
cultural
impacts. Ultimately, this study concludes that
attention and planning for a systemic change in
the future educational system are essential,
considering reciprocal interaction and smart
learning.

The review of credible foreign articles clearly
emphasizes novel technologies in education.
Dorota et al. [12] presented a systematic review
on AR, emphasizing that AR has become a
credible and growing educational technology,
particularly after the COVID-19 pandemic, due
to increased interaction and better learning
outcomes. Despite challenges such as cost and
the need for technical skills, this research

examined the current trends, benefits, and
concerns related to the integration of AR in
various educational fields such as life sciences,
engineering, and health, and stressed the
necessity of utilizing the superior features of
this technology for positive educational
outcomes. Chen et al. [13] conducted research
with the aim of analyzing and mapping the
evolution of topics and hidden trends in the
field of educational technologies over four
decades. They analyzed all articles published in
the prestigious journal Computers & Education
between 1976 and 2018. To achieve this goal,
the Structural Topic Modeling (STM) method
was applied to 3,963 articles to identify and
compare research focal points, annual trends,
connections between topics, and the main
concerns of the countries/regions active in this
field. The article by Burbules et al. [14]
emphasizes that education is the main key to
sustainable development and the improvement
of human quality of life worldwide. It examines
how education is being transformed in the
information age by novel digital technologies.
The current research summarizes five main
trends of change in education (including goals,
ecology, teaching-learning processes, and
educational governance) in light of new
technologies and warns that these reforms will
only succeed with awareness of the potential
risks
traditional approaches.

The use of futures studies concepts to map
the future of education, especially the concept
of future educational trends, has received
considerable attention in recent years. The
article by Dube and Wen [15] aimed to map out
the changing trends of educational
technologies in schools by analyzing and
evaluating the predictions of the Horizon
reports from 2011 to 2021 and examining their
accuracy using bibliometric analysis. The
research results indicated that mobile

of technology and by abandoning
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technologies and data analytics
consistently highlighted throughout this period,
and the technology industry and market, rather
than pedagogical or theoretical approaches,
have been the main drivers of these
technological trends in schools.

The Joint Research Centre of the European
Commission, citing Tuomi et al. [16], prepared a
report with the aim of identifying emerging
trends (especially Al in education), predicting
risks, and extracting potential opportunities.
This is to help policymakers develop
educational systems that are effective, human-
centered, and compatible with new
technologies. The report posits that the
European Union is striving to adapt its
educational system to this changing
information environment with the goal of

were

achieving the "Digital Decade" and the dual
digital and green transition by 2030. In this
research, digital technologies (such as Big Data,
Blockchain, Al, and new generations of virtual
high-potential
technologies that are creating a new social-

worlds) are introduced as

technical revolution with high speed and
transformative power.

The main objective of Mosad's [17] research
was to review the recent literature in the field
of educational technology to compile its latest
trends in 2018. This research was conducted
using a descriptive method, and its results
presented 30 new trends in technology and
education for that year. The ultimate goal of
this compilation was to Egyptian
students, researchers, and academic staff
specializing in educational technology, as the
transformations in educational technology are

assist

constantly revolutionizing teaching methods
and creating new learning
According to a study by Thompson et al. [18],
the most important trends identified in 2021
included remote learning or work, the widening
digital divide, and mental health issues (social);

experiences.

blended
(technological); and reduced higher education

the adoption of learning
budgets and uncertainty in economic models

(economic). The authors emphasize that
despite institutional slowness in universities to
respond to these trends and delays in research
sharing (especially after COVID-19), new trends
in technology, methodology, and educational
practices continue to emerge. This article
addresses the importance of trends in
educational technology in higher education,
noting that trends (which are both measurable
and emerging) influence decisions regarding
curriculum

budgeting, infrastructure, and

design.

The article by Akhmadov et al. [19] examines
the use of innovative technologies in the
educational process, including VR simulations
and Al algorithms. The main objective is to
explore the capacity of these technologies to
transform education globally and increase
accessibility for students of all ages and
backgrounds. Furthermore, this article reviews
current trends and the future outlook for
technology education and offers practical
recommendations for teachers on the best way
to utilize these tools in classrooms. Wang et al.
[20] conducted a study using the Delphi method
to identify research trends and priorities in the
field of educational technology from the
perspective of scientific journal editors. After
conducting three rounds of surveys with 25
editors, the final results indicated five main
themes for trends and priorities: focus on
computer-related aspects, teaching and
learning, online and digital education, social
aspects, and research and theory. The goal of
this study was to provide valuable insights for
better understanding the field and to help
relevant

researchers publish high-quality,

articles.
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Methods

Participants
The participant selection for this mixed-
methods study was conducted in two distinct
phases using non-probability purposeful
sampling to ensure the inclusion of information-
rich cases. For the quantitative phase, a sample
of 60 experts was selected based on strict
criterion sampling, requiring candidates to hold
advanced academic degrees in educational or
educational technology fields and possess a
minimum of one year of relevant professional
experience. This selection aimed to gather a
qualified consensus for trend prioritization. The
demographic characteristics of the research
experts are summarized in Table 1.
Subsequently, the qualitative phase involved
24  specialized experts chosen through
purposeful sampling for in-depth, semi-
structured interviews. This smaller, focused
sample was instrumental in achieving data
saturation and obtaining rich, nuanced insights
necessary to explore the underlying effects and
the identified
opportunities the
curriculum. Table 2 presents the demographic

ultimately categorize

technological within
characteristics of the research experts in the
gualitative phase.

Table 2: Demographic characteristics of experts
(Interviews)

Characteristic group Number Frequency (%)
Age
25-35 years 15 62
35-45 years 7 30
Above 45 years 2 8
Education
Bachelor's degree 5 21
Master's degree 12 50
PhD degree 7 29

Experience in the university/education sector

1-3 years 7 29
4-7 years 14 58
More than 7 years 3 13
Instruments

Quantitative Instrument: Questionnaire
The core data collection tool for the study's
guantitative phase (Prioritizing Trends) was a
dedicated
meticulously
foundational
crucial for moving beyond trend identification
toward strategic prioritization. Its design and
content development originated from the key
trends (e.g., Al, VR,
established  through
comprehensive literature review in Step 1.

measurement
developed
research. This

questionnaire
the
instrument was

based on

and
the

technological
Gamification)

Table 1: Demographic characteristics of research experts (Questionnaire)

Characteristic Group N:;Z?::f (:::::r:!t:;i)
25 - 35 years old 21 44
Age 36 - 45 years old 18 37
Above 45 years old 9 19
Bachelor's Degree 23 48
Education Master's Degree 10 21
Ph.D Degree 15 31
1-3years 12 25
Experience in education 4 -7 years 28 58
More than 7 years 8 17
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The questionnaire was structured not merely to
list these trends, but to explicitly assess their
potential role in creating tangible educational
and learning opportunities within the specific
of the Career and Technology
curriculum over a defined 5-to-7-year foresight

context

horizon.

To ensure the instrument's scientific rigor
and relevance, its content validity was
systematically established through a formal
process of expert judgment. A preliminary draft
of the complete  with
instructions and scaling mechanisms, was sent

questionnaire,

to 6 university professors’ email addresses with
expertise in educational technology and
curriculum development. These academics
were tasked with reviewing the tool based on
three critical criteria: Relevance (the extent to
which items measured the intended construct),
Clarity (the unambiguous wording of items and
instructions), Completeness (the
comprehensive coverage of all identified
Following their detailed feedback,

and

trends).
which often involved suggested rephrasing or
restructuring, the questionnaire underwent
rigorous revision and refinement. This iterative

process ensured that the final version, used for
data collection from the 60 experts, possessed
high content fidelity and academic consensus.
As shown in Table 3, the overall mean score
of the experts' evaluations was 4.26 out of 5,
and the face and content validity coefficient
was calculated as 0.85. These results indicate
that the measurement tool possesses adequate
acceptable validity. the
designed questionnaire was deemed valid in

and Therefore,

terms of linguistic style, alignment with
theoretical literature, consistency with research
objectives, and coverage of research
dimensions. Following the implementation of
minor suggested revisions, the instrument is
ready for use in the main phase of the study. To
assess the reliability of the measurement
instrument, Cronbach’s Alpha coefficient was
employed. The results from the pilot test of the
guestionnaire on a small sample indicated a
Cronbach’s Alpha coefficient of 0.81 for all
This the

threshold (typically 0.70), signifying a high

items. value exceeds standard
degree of internal consistency among the

guestionnaire’s items.

Table 3: Face and content validity assessment of the pilot questionnaire (Six experts)

m m m m m m

X X X x X XX

-] -] -] S ° -]

Evaluation indices g g g % g g

= N w H (] (<))
Linguistic alignment with Persian writing conventions 4 5 5 4 5 4
Alignment of questions with existing literature indices 4 3 5 5 5 4
Consistency of items with research dimensions 4 5 4 4 5 4
Reliability of questions in addressing research objectives 5 3 4 3 5 4
Necessity of adding or deleting items 3 5 4 5 3 4
Mean score of each expert 4 4.4 4.4 4.2 4.6 4
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Qualitative Instrument: Semi-structured
Interview

The primary instrument for the qualitative
phase

opportunities) was a semi-structured interview

(Identifying and categorizing
protocol. This protocol was indispensable for
eliciting deep, contextualized expert insights
that quantitative data could not provide. The
interview questions were designed strategically
to specifically follow up on the results of the
guantitative phase; they focused on gaining a
broader and deeper understanding of the
benefits, effects, and practical applicability of
the prioritized technological trends (as
determined in the previous step). The structure
of the protocol was intentionally semi-
structured to maintain focus on the research
objectives—ensuring consistent coverage of
core themes across all 24 interviews—while
also allowing for sufficient flexibility to pursue
emergent ideas and capture the specialized,
unique perspectives of the experts. Before
implementation, the entire interview protocaol,
including the sequencing and wording of the
core questions, was reviewed by subject matter
experts. This review process confirmed the
protocol's appropriateness,
comprehensiveness, and alignment with the
study's goal of identifying and categorizing the
innovative potentials, thereby ensuring that the
extracted data would be rich and directly
relevant for the subsequent thematic analysis.

Design

The present study employed a sequential
exploratory mixed-methods design, utilizing a
combination of quantitative and qualitative
approaches to identify and prioritize future

educational-technological opportunities in the
Career and Technology curriculum. Foresight
methodologies are considered a vital tool for
discovering creative potentials in the teaching
of Career and Technology curriculum topics.
The importance of this approach is amplified,
especially when facing the increasing and
variable advancements in the field of
technology [21]. This design was chosen as it
allows for an initial broad exploration of the
field (qualitative/literature review), followed by
systematic prioritization (quantitative), and a
final, deeper qualitative exploration of the
process followed a
sequential flow of phases, as illustrated in
Figure 1.

results. The overall

Procedure
The methodology was executed in a clear
sequential manner:

Step 1: Identifying Technology Trends
(Exploratory phase). This step
systematic review of articles searched for

involved a

future technological trends in the educational
field, resulting in the identification and analysis
of 43 relevant sources. A precise review and
monitoring of these sources were conducted to
extract 11 emerging trends highly relevant to
education and learning.

Step 2: Prioritizing Trends (Quantitative
phase). Utilizing the 11 identified trends, an
expert-specific questionnaire was designed.
The process involved assessing the validity and
reliability of the instrument (as previously
detailed, involving six university professors for
content validity). The instrument was then used
to collect the opinions of specialists and experts
for the final prioritization of the trends (n = 48
valid responses).
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Systematic review articles search on future technological trends in
the educational field (identifying 43 relevant sources).

=

N

Precise review and monitoring of articles to identify and extract
11 emerging trends in the field of education and learning.

o |

Designing an expert-specific questionnaire focusing on the

N

identified educational trends and assessing the validity and

reliability of the instrument.

‘_I
Collecting the opinions of specialists and experts regarding trends N
in the education sector and the final prioritization of the trends
through a questionnaire.
p— |

Execution of the qualitative phase through interviews to identify
educational opportunities resulting from future trends impacting
"Career and Technology" textbooks over the next 5 to 7 years.

Fig. 1: Research flowchart and sequential design steps for educational-technological opportunity
identification

Step 3: Identifying and Categorizing
Opportunities (Qualitative follow-up). The final
step involved the execution of the qualitative
phase through semi-structured interviews with
24 experienced experts. This phase focused on
identifying detailed educational opportunities
resulting from the future trends prioritized in
Step 2, specifically those impacting Career and
Technology textbooks over the next 5 to 7
years.

Data Analysis

The analysis was conducted in two distinct
stages, corresponding to the quantitative and
gualitative phases of the design. In quantitative
data analysis (Step 2), data gathered from the
48 valid questionnaires were analyzed using
SPSS version 26. Given the objective of
comparing the ranking or consensus among
different categories of technological trends, the
non-parametric Friedman test was employed.
The primary goal of this analysis was to
calculate and compare the average rankings of
the 11 emerging trends to systematically

determine which held the highest potential for
creating innovative educational opportunities
in the lIranian context. In qualitative data
analysis (Step 3), the data extracted from the 24
semi-structured expert interviews were
analyzed using thematic analysis. This rigorous
procedure began with an initial process of text
coding, during which 362 initial concepts were
systematically extracted from the interview
transcripts. Through subsequent aggregation,
refinement, and synthesis, these concepts were
into 44 thematic

categories (core subjects). These 44 themes

ultimately consolidated
represent the most critical potentials for
curricular improvement, teaching aids, and
novel teaching methods within the subject of
Career and Technology.

Results and Findings

This section presents the results obtained from
executing the two main stages of the
methodology (identifying and prioritizing



143

Tech. of Edu. J. 20(1): 133-156, Winter 2026

trends, and identifying opportunities through
interviews).
Identification and Prioritization of
Technological Trends

The present study employed a rigorous
Systematic Review (SR) methodology to
comprehensively analyze the existing academic
literature concerning  “Technology” and
“Education”. This method, chosen to ensure a
transparent and bias-free synthesis of findings,
began with the precise formulation of the
research question: "What are the effective
technologies in education?" A subsequent
search strategy was executed across the Google
Scholar database, utilizing the key combination:
(Technology) AND (education) AND (systematic
review) in both English and Persian. The search
scope was strictly limited by inclusion criteria,
focusing only on full-text, peer-reviewed
journal articles published between 2015 and
2025, while excluding items such as technical
reports and industrial studies.

Following the initial search, the two-stage
screening process—involving the removal of
duplicates and an assessment of titles and
abstracts by researchers—resulted in the
selection of 79 articles. A final, meticulous
assessment of the full texts led to a core sample
of 33 articles deemed compatible with the
study's objectives. Data extraction from these
final articles included details on publication
year, research approach, and key findings. The
synthesized data were then subjected to
Inductive Content Analysis, where initial codes
were generated and grouped into
categories. This rigorous process ultimately
yielded 11 technological trends (see Table 4)
that were identified as having the potential to
influence teaching-learning processes,
especially in practical subjects like Career and
Technology.

sub-

Table 4: Technological trends impacting the future of
the education sector

Row Technological trend in Sources
education
1Al [22]; [23]; [24]; [25];
[26]; [27]
2 loT [28]; [29]; [30]; [31]

[32]; [33]; [34]
[12]; [35]; [36]; [37];

3 3D printing

4  ARandVR

[38]

39]; [40] ; [41];
5  Blockchain technology {42},[ 1; [41];

Online learning [43]; [44]; [45]
[46]; [47]; [48]; [49]
[50]; [51]; [52] ; [46]

[53]; [54]; [55], [56]

Gamification

Wearable technology

© 00 N O

Cloud-based learning

Social networks and
10 ) . [57]; [58]; [59]
collaborative learning

[60]; [61]; [62];

11  Metaverse in education
[63]; [64]; [65]

Table 5 reflects the prioritization carried out

regarding the likely and high-potential
technological developments. Based on these
findings, experts predict that over the next 5 to
7 vyears, technologies focusing on Al, Online
Learning, and the loT will be the main trends
shaping innovative opportunities in the
education of Career and Technology courses

(see Table 6).

Table 5: Implementation of the Friedman Test for
ranking educational technological trends

Chi-Square Degrees of  Significance
Test

value freedom level
Friedman

392.912 10 0.000
Test

Table 6 presents the ranked importance of the
11 identified technological trends based on the
experts' opinions, as determined by the
Friedman test.
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Table 6: Output and analysis results of the Friedman Test

Technology trend Mean rank Mean Standard deviation Priority
Al 9.84 4.87 0.334 1
Online learning 9.64 4.77 0.592 2
loT 9.40 4.69 0.803 3
AR and VR 6.96 3.83 0.694 4
Gamification 6.90 3.72 0.706 5
Social networks and collaborative learning  6.68 3.81 0.606 6
Metaverse in education 4.73 2.93 0.665 7
Wearable Technology 4.72 2.95 0.459 8
3D printing 2.79 2.04 0.459 9
Blockchain technology 2.74 2.01 0.617 10
Cloud-based learning 1.61 1.25 0.729 11
In this research, with a focus on education, Al Discussion

and Machine Learning technology were
identified as the most important trend for
creating educational-technological
opportunities, which indicates the significance
of personalized learning and adaptive
assessment in the future of Career and
Technology education.

Identification of Educational Opportunities
(Interview Analysis)
To identify the
opportunities arising from the prioritized
trends, 24 semi-structured interviews were
conducted with experts (including faculty
members and high school teachers). By
executing the coding steps, 362 initial codes
were extracted from the 24 expert interviews
during the open coding phase. These interviews
were conducted semi-structurally. The coding
process was performed with the help of
ATLAS.ti software. Based on this, the
information was initially grouped, and the ideas
derived from the open coding were organized
into 44 categories or groups. Subsequently, the
phrases extracted during the open coding were
merged based on content alignment (or
similarity).

educational-technological

The findings of this study, underpinned by the
Friedman test (Chi-Square = 392.912, df=10,
p<0.000), indicate statistically
differences in how experts perceive the
potential of various technological trends to
shape future opportunities in teaching “career
and technology” at the lower secondary school
level in Iran. This strong statistical significance
underscores a

significant

consensus among experts
regarding the differential impact of these
emerging technologies on the educational
landscape.

Of particular note, Al, online learning, and
the loT emerged as the leading trends,
garnering the highest average ranks from the
experts. The paramount importance assigned to
Al (Average Rank: 9.84) suggests a widespread
recognition of its transformative capabilities
within education. This aligns with a substantial
body of literature [22-27] in our review, which
consistently highlights Al's potential to
personalize learning experiences, automate
administrative tasks, and provide intelligent
tutoring systems. For the context of Iranian
lower secondary education, this implies a
critical need to integrate Al concepts and tools
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into the curriculum and teacher training,
preparing students for an Al-driven future

workforce and equipping educators with Al-
enhanced pedagogical strategies.

Table 7: Opportunities for teaching-learning processes extracted from interview analysis

Opportunity
(Theme)

Opportunity code
Gamification
VR/AR
loT
Online
learning

Al

Opportunity related to the teaching of Career and
Technology textbooks

Activating " " "

401 . -
cognitive activity

Blending hard and

402 soft skills

Creating smart

403 workshops

Reduced cost,
204 automated % % %
solutions, and

increased return
Designing

engaging

405 educational " . % "
content aligned
with current

technologies

Preparedness for
dynamic economy:
Rapid
synchronization
with labor market
demand

406

Ownership over
challenges: from
surface learning to
deep mastery of
technical skills

* * * *

407

Change in the
competencies of
managers and
teachers

408

409 Passive vs. active % "
use

Al-powered tools force students to ask better and
more precise questions, which accelerates the process
of acquiring knowledge and activating cognitive
abilities in solving complex technical problems.

Designing small entrepreneurship projects based on
loT to strengthen digital literacy skills, computational
thinking, and technological entrepreneurship.

Equipping workshops with shared 3D printers or
simulation games. Access to online resources and
simulators, and networking schools.

The cost of automated solutions decreases compared
to in-person instruction, while their return increases
due to accumulated learning.

Innovation in educational content: The teacher, freed
from repetitive instruction, finds more time to design
new, engaging projects relevant to labor market needs.
They can design projects centered on Al, loT, and
robotics that align with student interests.

Every project in the Career and Technology course
simulates a job mission. This course teaches students
how to manage and execute a defined project from
start (design) to finish (implementation and product
delivery). The Career and Technology course
transforms from a traditional unit into a skill
accelerator that can rapidly incorporate new skill
modules based on current market demands (such as
basics of Al, 10T, or simple cybersecurity) into its
curriculum.

Instead of following instructions, the student seeks to
discover solutions and overcome technical challenges
independently. This increases the sense of ownership
over learning and deeply internalizes problem-solving
skills.

Future managers and teachers must acquire the
competence to utilize technology; otherwise, they will
quickly be recognized as a barrier to the learning
process.

Schools should focus on the active, thoughtful, and
critical use of technologies, not passive consumption.
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Opportunity code

Opportunity
(Theme)

Gamification

VR/AR

loT

Online

learning

Al

Opportunity related to the teaching of Career and
Technology textbooks

410

411

412

413

414

415

416

417

418

Transition to
design thinking

Assessment of
process with
digital portfolio

Simulation before
construction

Activating
textbook images

Smart design and
construction tools

Continuous
optimization of
technical content

Reducing tool

barriers: using
applications as
smart tools

The teacher's

central role shifts
from information
conveyor to guide

Identifying difficult
moments in the
learning process

Instead of relying solely on linear instructions, the
course content should focus on the iterative problem-
solving cycle. Students use online tools to first define
the real problem, then proceed to ideation, rapid
prototyping, and testing. This approach makes
"Innovation and Technology" modules the core of the
course.

Instead of relying solely on the final product, online
platforms should be used to create a digital portfolio.
This portfolio allows for the documentation of work
steps, photos, programming code, and peer or self-
assessment throughout the process (e.g., documenting
the project in electronics and construction modules).

Used for the virtual design and testing of electronic or
mechanical projects. This drastically reduces workshop
hazards, material costs, and trial-and-error time before
moving to the physical construction phase.

The student points their phone at a 2D diagram of an
electric circuit, and the 3D model of that circuit, with
moving currents or detachable components, appears
on the screen.

Students can use generative Al tools to assist with
initial product design, simulate trial-and-error, and
automatically troubleshoot circuits or code.

Curriculum design based on failure and success
patterns: Providing precise data to the teacher for
improving project designs in future years; for example,
if 90% of students fail at a specific project stage,
machine learning analysis indicates that part of the
content needs to change.

Use of mobile applications as alternative or auxiliary
tools; for instance, using Augmented Reality measuring
tools for quick dimensioning, or specialized calculators
and unit converters (like converting electrical units).

With the automation of repetitive tasks by Al and
technology, the teacher's central role will shift from an
information conveyor to a guide, coach, learning
experience designer, and student progress analyst.
Instead of focusing on repetitive, step-by-step
instruction (now handled by Al and instructional
videos), the teacher can dedicate their time to one-on-
one coaching. They can provide specialized guidance to
each student based on their specific project and help
them solve technical and creative challenges.

Identify difficult moments in the learning process for
timely human intervention.
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£ Opportunity S < 5 £ £ = Opportunity related to the teaching of Career and
g (Theme) "E € = § § Technology textbooks
g 8
Automatic remote
419 supervision for « « Provide automatic remote supervision for test
test administration.
Administration
Al-based Instead of comparing students to a fixed standard, Al
420 assessments for " asses.ses how much eéch stL{dent has progr?s§gd
fairer evaluation relative to their starting point (based on initial
assessment data).
Technologies help adjust content based on student
performance, which aids in developing problem-
solving and critical thinking. Adjusting the pace,
a1 personalized £ x « content, and difficulty level of technical lessons (like
learning teaching design software or coding modules) based on
the student's individual needs and preferences. Career
and Technology projects can be personalized based on
each student's skill level, interest, and learning speed.
Provides practical solutions for improving learning
through e-learning platforms, chatbots, and
Facilitating answer automated assessment and control systems. If a
422 seeking for * Ok * *  student encounters a problem while working with a
learners tool (e.g., how to calibrate a sensor), they can receive
step-by-step guidance from Al without interrupting the
teacher's focus.
;’-(\er;:::]yi:; Zzts:dent .AI. reports to the teacher which students (b.ased on
performance initial assessment performance:) are rr'lost likely t.o
423 assessment based « « mal'<e. errors or need practical a55|stance.' 1"h|s
on practical optimized focus allows the teacher to spend their time
behavior data in on students who genumgly need one-on-one help,
the workshop rather than general supervision.
424 2;:22332::; " £ x « Automation of a.dministrative tasks, which can reduce
tasks the workload of instructors.
Providing Al-based platforms can offer questions that match the
475 automatic " " « individual's level of understanding and provide
feedback automatic feedback, which allows students to learn at
their own pace.
. . Building simple models of sensors, small home
426 Rea'l-llfe practical * * X *  automation systems, or smart irrigation systems, or
projects simple environmental sensors using educational kits.
Use of sensors and For data collection in the physical classroom
427 internet- * * environment (e.g.,, how students interact with
connected devices educational tools).
Training Using smart plugs or energy consumption sensors to
sustainability measure and reduce resource consumption in the
428 engineers: * *  workshop. This teaches students skills in sustainability

Optimization of
energy and

management and optimization of manufacturing
processes.
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3 c
] .0 o0
> . = -4 [ . .
£ Opportunity S < 5 £ Z = Opportunity related to the teaching of Career and
g (Theme) "E € = § § Technology textbooks
s 2
g &
material
consumption
Targeted teacher
intervention: Analyzing student data to predict which individual is
429 focusing on at-risk * *  currently most likely to fail the project or use a tool
students before unsafely.
errors occur
Facilitating group Collaborative platforms such as wikis, discussion
discussions, forums, and social media facilitate project-based
430 communication, * *  learning and group discussions, allowing students to
and collaboration learn from each other and improve their
skills communication and collaboration skills.
Students can prototype and test their design ideas
431 Rapid prototyping  * *oox * *  quickly and at low cost, which directly contributes to
strengthening the innovation and technology modules.
Learner-generated Students can easily share their project documentation
educational (such as short instructional videos, construction stage
432 content: sharing * images, or design files) on these networks. This turns
construction rich content produced by the students themselves into
experiences an educational resource for future years.
Smart assistants can provide precise technical
433 Smart assistants " " « Buidance and help students with troubleshooting while
coding for robotics projects or working with specialized
software.
Using Al tools for market analysis and identifying
434 Entrepreneurship " " « consumer needs, and assisting students with naming,
education with Al brand design, and marketing final products for Career
and Technology projects.
Developing digital . L
collaboration Group projects, whose management and coordination
435 skills: proiect * " are done through online collaboration tools, directly
manz; pen':ent ina strengthen teamwork, conflict management, and
socialgcontext effective communication skills in a technical context.
Safe and low-cost . .
worksho AR and VR enable the simulation of dangerous
436 simulatiopn' £ % « Workshop environments (like working with cutting
beyond ph'ysical tools or electricity) without risk to life or waste of raw
Lo materials.
limitations
Teaching the stages of assembling and troubleshooting
Visual euidance complex devices with Al-powered instructions
durin & displayed on the real object. Using VR glasses or tablets
const?uction' to overlay 3D instructions onto the actual workbench.
437 accelerating. « « Forexample, when assembling an electronic circuit, VR

assembly and
practical
troubleshooting

shows the student exactly where each component is
placed and which wire connects to which point. The
student can view the different internal layers of a
device and interactively diagnose and replace faulty
parts without opening the actual device.
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g (Theme) "E € = §¢ Technology textbooks
s 2
g S
The possibility of accessing industrial and work
Virtual visits to environments that are physically or financially
438 factories and * ok * inaccessible through virtual tours, which deepens the
occupations student's understanding of careers and technological
applications.
The theoretical parts of the course, such as design
fundamentals, familiarity with tools, and production
Online and remote stages, can be delivered to students through online
learnine of learning. This allows in-person class time to be entirely
439 theorefical arts * dedicated to practical and workshop tasks. The teacher
of the CareSr and can prepare short instructional videos of project stages
Technology course (e.g., how to work with software or the steps to build a
&Y simple robot). These videos serve as self-study
content, allowing students to progress at their own
pace and review content as needed.
The widespread development and adoption of blended
learning models that combine in-person classes with
flexible, self-paced online components to increase
accessibility and flexibility in the time and location of
440 Online and " * « learning. Tools (like video conferencing or online
blended education whiteboards) enable teachers and students to
collaborate remotely while maintaining
communication through visual cues (like body
language). These tools facilitate the definition of group
projects.
For group projects, students can use online tools like
441 Remote « Google Docs for planning, designing, and project
collaboration management. This can be done before the in-person
work begins in the workshop.
Verification of Connecting with future careers by converting
student classroom achievements into real-world credentials in
442 credentials and * the job market. Providing an official and valid
electronic document for every skill acquired, which the student
certificates can use as an attestable achievement on their resume.
Converting project stages into gamified missions.
Increasing Instead of 'cutting the piece,' the student receives a
motivation and 'Precision cut badge.' A quick quiz or game assesses
443 practical " " knowledge of basic tools (saw, drill, design software)
perseverance: skill or core concepts (safety, basic electricity).
training in game (Competition or game for initial assessment) VR
format technologies enhance student motivation and
understanding by providing engaging simulations.
Creating project teams that must share their
knowledge and solve each other's problems to receive
higher scores. Converting complex project stages (like
444 Gamified missions  * precise cuts or electronic circuit wiring) into 'levels' or

'‘gamified missions.' This makes the course engaging
and encourages students to perform their work with
higher accuracy and speed to earn more points.
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Similarly, online learning (Average Rank: 9.64)
was ranked exceptionally high. The COVID-19
pandemic accelerated the adoption and
acceptance of online learning globally, and our
expert panel’s ranking reflects its perceived
sustained [45-50]. This trend
presents significant opportunities for expanding
access to quality career and technology
education, particularly in geographically
dispersed areas of Iran. It necessitates the
development of digital learning
platforms, engaging online content, and
effective methods for facilitating online
collaboration and assessment in technology-
focused subjects.

The Internet of Things (Average Rank: 9.40),
securing the third position, signifies a growing
awareness of its potential to create practical,

importance

robust

hands-on learning experiences. As noted in the
literature [51-55], loT enables the development
of smart environments and connected devices,
offering unique avenues for teaching principles
of hardware, software, networking, and data
analysis tangibly. For Iranian schools, leveraging
loT could involve creating 'smart classrooms' or
incorporating into technology
curricula, thereby fostering crucial skills in
system design, data interpretation, and
problem-solving.

These top-ranked trends — Al,
learning, and loT — collectively point towards a

loT projects

online

future where technology education is more
personalized, accessible, and experiential. The
strong expert consensus provides a clear
directive for curriculum developers and
policymakers in Iran to prioritize these areas
when planning the evolution of Career and
Technology textbooks and teaching
methodologies.

The thematic analysis of the interviews (see
Table 6) presents a comprehensive mapping of
opportunities for enhancing teaching-learning
processes within Career and Technology

education, as extracted from the qualitative
interview analysis. The table categorizes these
opportunities by theme (Opportunity Code) and
cross-references them with key technological
drivers, including Gamification, VR/AR, IoT,
online learning, and Al. This multidimensional
view illustrates how specific technological
integrations can transform traditional textbook
instruction into dynamic, skill-oriented learning
Finally, the analysis below is
presented based on how technologies impact
each of the four

experiences.

main teaching-learning
processes, with a focus on the Career and
Technology course. The impact of these trends,
broken down by the four key areas of teaching-
learning processes, is as follows:

Content Design and Production

Virtual and Augmented Reality and online
simulations are highly crucial in this area. These
technologies create opportunities such as
Simulation Before Construction (Opportunities
412 and 431) and the production of self-study
content.  Generative Al, by creating
opportunities for smart design and construction
tools (Opportunity 414), helps students with
rapid prototyping and troubleshooting of initial
designs, and shifts the teacher's central role to
that of an innovative content designer

(Opportunities 417 and 432).

Presentation and Instruction

Artificial Intelligence and Machine Learning
(Priority Trend 1) bring about a fundamental
transformation in this area. Opportunities such
as facilitating individual learning and design
thinking (Opportunity 410), activating cognitive
activity, and personalized learning
(Opportunities 421 and 401) directly stem from
Al's capabilities. The teacher evolves from an
information conveyor to a technical consultant
and guide for student-centered projects
(Opportunity 417), which is made possible by
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the automation of repetitive processes by
technology. The use of gamification and VR/AR
for safe workshop simulation (Opportunity 436)
and increasing motivation (Opportunity 437)
makes learning more engaging and practical.

Performance Assessment

Big data and Al set the stage for fairer
assessment (based on progress) (Opportunity
420) and process assessment with a digital
portfolio (Opportunity 411). The use of the loT
and sensors creates an opportunity for data-
driven performance evaluation and assessing
students' practical behavior in the workshop
(Opportunity 423). Furthermore, automated
feedback and the continuous optimization of
technical content based on student
performance data (Opportunities 415 and 425)
become possible.

Learning Environment Management

Online learning technology provides the main
infrastructure for online and blended education
(Opportunity 440) and remote collaboration
(Opportunity 441), giving the Career and
Technology flexibility
(Opportunity 406) to synchronize with labor
market demand. The use of loT creates an

course content

opportunity for creating smart workshops and
training sustainability engineers (by optimizing
energy consumption
Opportunity 428). Additionally, Al can assist
with targeted teacher intervention for students
at risk before errors occur by providing data
analysis (Opportunity 429).

in the workshop -

Conclusions

In this era of profound technological
transformation, including smart and networked
technologies, the nature of education, training,
and the development of individual capabilities

have fundamentally changed. The current suite

of technologies has created a massive shift in
learning and instruction. The classic education
system is becoming obsolete, and opportunities
for accelerated, easier, and cheaper learning
are emerging. Second-generation Al
technologies have the potential to enable
personalized, individual learning activities and
support. A main issue, however, is that teachers
are not integrating new technologies into the
classroom as expected, with many merely using
them as digital substitutes for old tools. The aim
of this research was to identify innovative
opportunities in the Career and Technology
course in Iran's first stage of secondary school,
based on technological trends, and to provide a
desired future vision for educational
policymakers, educational entrepreneurs, and
Career and Technology teachers in the country.

The findings of this research indicate that the
five main technologies that will have the
greatest shaping
opportunities in Career and Technology
education over the next 5 to 7 years are: Al and
Machine Learning, online and blended learning,
loT, VR/AR, and gamification. Al ranked first by
experts; Al will have the greatest impact on the

impact in innovative

Instruction and
With capabilities
such as personalized learning, empowering the
teacher for targeted coaching, and analyzing
student learning data for timely intervention,
this technology sets the stage for educational
opportunities. Online and blended learning
provide a flexible and scalable infrastructure for
Learning Environment Management.
Opportunities like blended
instruction, remote collaboration, and process
assessment with a digital portfolio are directly
dependent on the capabilities of this
technology. Virtual and Augmented Reality
ranked in the middle; these technologies create
fundamental opportunities in the areas of
Content Design and Production and

areas of Presentation and
Performance Assessment.

online and
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Presentation and Instruction. This includes safe
and low-cost workshop simulation, visual
guidance during construction (with VR/AR), and
virtual visits to factories to increase student
motivation and understanding.
Things, by enabling the collection and analysis
of loT sensor data in the workshop, creates
opportunities in the Performance Assessment
and Learning Environment Management
sections. This technology can help educational
institutions continuously optimize technical
content and make data-driven decisions with a
more precise view. Gamification, converting
complex project stages into computerized game
missions, makes the course engaging and
encourages students to perform their work with
higher accuracy and speed to earn more points.

The findings of this research indicate that the
integration of technology into teaching
approaches and the learning process for Career
and Technology topics plays a central role in the
transformation of these textbooks. Accordingly,

Internet of

business owners and educational experts can
leverage these opportunities for innovation and
enhancement of educational outcomes. These
opportunities can have a favorable impact on
students' ability to enter the project-based
economy and develop hard and soft skills.

This study showed that in the coming years,
the focus should be on personalized and deep
learning (driven by Al) and facilitating safe and
practical learning (driven by VR/AR and loT).
This focus should be at the core of the attention
of educational policymakers, Career and
Technology  teachers, and
entrepreneurs. By focusing on technological
trends and how they influence the creation of
innovation opportunities across diverse areas
of Career and Technology education, this
research succeeded in mapping a new and
comprehensive vision. These results have the
capacity to serve as a guiding document for
investors, and

educational

entrepreneurs, curriculum

designers in the educational sector. Utilizing
these identified opportunities, creative
individuals can proceed to establish new
companies or expand existing
development of  Al-based  assessment
platforms: to create tools for fairer assessment
(based on individual progress) and provide
automatic feedback in technical projects;
design of VR simulation modules: to build safe
and low-cost workshop simulators for
practicing complex or dangerous technical
skills; and development of digital collaboration
tools: to create online platforms for fostering
digital collaboration skills and managing group
projects in the Career and Technology course.
The opportunities identified through
interview analysis for optimizing teaching-
learning processes.
technological tools (gamification, VR/AR, loT,
online learning, and Al) align with specific
educational themes to enhance the delivery
and impact

services:

It details how various

of Career and Technology
textbooks. This paper argues for utilizing mobile
applications as auxiliary tools, such as AR-based
measurement tools for rapid dimensioning or
specialized digital unit converters for electrical
engineering modules. Also, as Al automates
repetitive instruction, the teacher’s role shifts
from a lecturer to a coach, mentor, and learning
experience designer. This transition allows
educators to focus on personalized, one-on-one
coaching and creative problem-
solving guidance. If machine learning analysis
identifies a high error rate (e.g., 90%) at a
specific project stage, it signals a necessary
curriculum adjustment. So, future Career and
Technology authors could move beyond fixed
standards toward Al-based assessments that
progress
student's unique baseline/starting point by
leveraging technology to adjust the pace,
complexity, and content of technical modules
(e.g., coding or design software) based on

technical

measure individual relative to a
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individual student performance, interests, and
learning speeds. They could also use chatbots
and e-learning platforms to provide immediate,
step-by-step technical guidance (e.g., sensor
calibration) without disrupting the teacher's
instructional flow. They can also use Al to
analyze practical workshop behavior and
predict which students require intensive
assistance, thereby optimizing the teacher's
time and focus, and analyze real-time student
data to predict which individuals are at highest
risk of error, enabling proactive rather than
reactive intervention.

The main limitation of this study was the
difficulty in accessing experienced experts in
education and technology. This challenge led
the researchers to use a semi-structured
interview method. To enhance the validity of
the results, future researchers are advised to
utilize alternative methodologies such as expert
focus groups or scenario analysis with expert
participation to discover and validate further
opportunities. Conducting statistical research
to measure the validity of the identified
with a number of

opportunities larger

educational specialists.
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ABSTRACT

Mathematical modelling has increasingly become a central
Received: 16 August 2025 component of mathematics education, as it helps students connect abstract mathematical
Reviewed: 25 September 2025 concepts to real-world situations. Despite its importance, many elementary pre-service
Revised: 28 October 2025 teachers (PSTs) face challenges when attempting to design or solve modelling problems,
Accepted: 19 December 2025 partly due to their limited exposure to such tasks during their teacher education programs.

With the rapid development of Al (Al), new opportunities have emerged to compare human
problem-solving approaches with machine-generated solutions. The purpose of this study is

KEYWORDS: to examine how elementary PSTs and an Al system perform on mathematical modelling tasks.
Mathematical Modelling Specifically, the study seeks to understand the strengths and weaknesses of PSTs” modelling
Al (Al) competencies, while also exploring the potential contributions of Al as a supportive tool in
ChatGPT mathematics education. The objective is not only to evaluate performance but also to address
PSTs the broader significance of integrating Al into teacher education, highlighting both

opportunities and risks.
A convenience sample of 50 PSTs participated in the study. Participants were asked

* Corresponding author to complete a researcher-developed test that included mathematical modelling tasks
%mghorbani@sru.ac.ir designed to evaluate different aspects of modelling competence. The face and content
@ (+98912) 4074398 validity of the instrument were reviewed and confirmed by two experts in mathematics

education, ensuring the appropriateness and relevance of the items. Data were collected in
written form and analyzed using both quantitative and qualitative approaches. The PSTs’
responses were examined based on the competency framework, which provides structured
criteria for assessing modelling skills such as understanding the problem, using mathematics,
interpreting results, and validating solutions. Al-generated responses were also collected for
the same tasks, and these were compared with the human responses in terms of strategy,
accuracy, creativity, and solution quality. The study followed a qualitative design with
deductive (directed) content analysis, which allowed the researchers to systematically code
and interpret the data while drawing comparisons across human and Al performance.

The findings revealed several important patterns. Many PSTs demonstrated
weaknesses in mathematical modelling, particularly in the stages of validation and
interpretation. Their answers were often incomplete or lacked sufficient reasoning. However,
the participants performed relatively better in the criterion of 'use of mathematics', indicating
that they could carry out mathematical procedures but struggled to connect them
meaningfully to real-world contexts. No statistically significant differences were found
between participants based on gender or academic background, suggesting that the
difficulties with modelling are widespread among elementary PSTs regardless of their
demographic characteristics. In contrast, the Al system produced solutions that were
generally more coherent and well-structured, particularly in terms of validation and creativity.
The Al was able to provide step-by-step explanations and generate multiple approaches to
solving the same problem, which could serve as a model for PSTs. Nevertheless, the Al
responses were not flawless, and in some cases, over-simplifications or assumptions were
made without sufficient justification.

The study concludes that while PSTs have some foundational skills in
mathematical modelling, their overall competencies are insufficient for solving complex
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modelling tasks independently. This finding points to a need for teacher education programs
to place greater emphasis on developing modelling skills through practice, reflection, and
guided instruction. At the same time, the study highlights the potential of Al as a valuable
educational resource. Al can accelerate the learning process by providing worked examples,
alternative solutions, and creative perspectives on modelling tasks. However, the findings also
caution against over-reliance on Al. If PSTs depend too heavily on Al-generated solutions
without critical evaluation, their own problem-solving and reasoning abilities may be
undermined. Therefore, Al should be integrated into teacher education thoughtfully, with
clear guidelines for its use as a supportive rather than substitutive tool. By balancing human
learning with technological support, teacher educators can better prepare future teachers to
engage their students in meaningful mathematical modelling activities.
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Introduction

Teaching and learning mathematical modeling
are a key area in mathematics education,
enhancing students’ understanding, critical
thinking, problem-solving skills, and
adaptability to [1-6].
Developing these skills early supports both

real-world contexts
academic success and future professional
competencies. modelling is
challenging to teach and learn, but teachers
with appropriate training and support can
successfully design and implement modelling
[7-9]. Modelling enhances
understanding, retention, and positive
attitudes toward mathematics [10], highlighting
the need to assess PSTs’ modelling
competencies.

The 21st-century educational landscape has
been transformed by technology, especially
artificial intelligence (Al) [11]. Future math

Mathematical

activities

education will likely feature blended learning

environments, enhanced computational
thinking, data literacy, problem-solving, critical
thinking, and interdisciplinary connections [12].
Considering the importance of mathematical
modelling in the education of elementary
education pre-service teachers (PSTs), as well as
the advancements in technology and the need
to pay attention to Al as a field that impacts
education, particularly in  mathematics
education, this study focuses on the learning
process and modelling competency of
PSTs in
mathematical modelling tasks, rather than on

the instruction or

elementary education solving
teaching methods of
modelling. Accordingly, the study aims first to
assess the modelling

education

competency of
PSTs in
mathematical modelling tasks; then to examine
the responses of ChatGPT to mathematical

elementary solving

modelling questions; and finally, to compare
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the performance of PSTs with that of Al,
ChatGPT. Therefore, the research questions are
stated as follows:

- How do elementary education PSTs
perform in each of the seven criteria for
mathematical modelling competencies?

- How does the performance of elementary
education PSTs compare to that of ChatGPT in
responding to different types of modelling
problems?

- Is there a difference in the modelling
competencies of elementary education PSTs
based on gender and educational background?

Review of the Related Literature

Mathematical Modeling
Blum and Borromeo Ferri conceptualize
mathematical modelling as a process of
transition between the real world and the world
of mathematics [3]. According to Blum and Leil3,
the seven-step process of mathematical
modelling can be depicted using a modelling
cycle [13], as shown in Figure 1.

The  modelling cycle begins  with
understanding the situation and constructing a

situational model [13-15]. The problem is then

3

real model & )
problem mathematical
O model & problem

simplified and structured to form a real model,
identifying key variables and relationships [14-
15]. This real model is converted into a
mathematical model for calculations and
analysis, producing mathematical results that
require interpretation in context. Validation
follows, ensuring logical
accuracy, often involving comparison of models
and critical reflection [13][15]. Finally, the
communicated for external

evaluation and discussion, completing the ideal

consistency and

solution is

modelling cycle, though iterative movement
between stages is often necessary [16-17].

Al
Advancements in
communication technologies

information and
have led to
scientific transformations, such that in recent
years, Al technology has been present in almost
all scientific fields. According to Wang and Sun,
Al is a new field in technology designed for
researching and developing theories, methods,
application systems to
enhance, and advance human
intelligence [18]. initiatives and
projects have been in various
countries to introduce Al and machine learning
into the education system [19].

technologies, and
simulate,
Recently,
launched

1 Understanding

2 Simplifying/
Structuring

3 Mathematising

4 Working
mathematically

4 5 Interpreting
6 Validating

7 Exposing
[] mathematical

real L] results
results \_/

2
1
real situation /-—'—'\Z/\\; situation
& problem '\..7.-/ model
6\
5

rest of the
world

mathematics

Fig. 1: Diagram of the mathematical modelling cycle proposed by [13]
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One of the innovations with the potential to
bring about profound changes in the education
system is ChatGPT [20], which is an advanced
language-processing Al developed by OpenAl
[12]. ChatGPT is available in versions GPT-3,
GPT-3.5, and GPT-4. Mathematics is continually
employed to design innovative Al algorithms
that enhance both power and efficiency.
Additionally, it can aid in identifying and
understanding the limitations of Al [21]. Al-
based chatbots, like ChatGPT, can solve basic
mathematical and logical problems, but they
may not provide reliable results for more
complex issues [22].

Al and Mathematics Education

Al, capable of independent thinking and
creativity, enhances learning efficiency and
reduces study time [18], [23]. Generative Al
models like ChatGPT have transformed
education, changing how students approach
mathematical problem-solving [24]. Generative
Al, as a pioneering technology, has challenged
traditional teaching and learning methods, and
the performance of Al-based chatbots like
Google Bard (now Gemini), ChatGPT, and Bing
Copilot (now Copilot) in solving mathematical
problems, especially in educational settings, has
[25].
systems have demonstrated their ability to

attracted significant attention These
solve basic and moderately complex math
problems.
provide the best or most efficient solution.
Teachers must ensure that students benefit
technology without
becoming overly reliant on it for solving
complex problems [26]. It is anticipated that Al
will bring significant transformations to
mathematics education. Therefore, teachers
and instructors must stay informed about the
latest advancements and adapt to them, while
remaining committed to delivering high-quality
education [12].

However, they may not always

from this valuable

Chatbots are increasingly recognized as
effective learning tools in education. They
provide quick, clear, and personalized support,
helping students understand concepts, solve
problems step-by-step, improve math skills,
[27].
Chatbots can enhance math education, enable

and explore unique solutions [22]
learning at an individual pace, and make
mathematics more accessible, while students
take a more active role in learning. However,
their use should complement, not replace,
traditional learning [21].

Parra et al. showed that Al can help students
explore geometry concepts under teacher
supervision [25], though chatbots may struggle
with real-world tasks and over-reliance may
reduce human interaction [26]. Lee and Yeo
developed an Al chatbot acting as a virtual
student to support PSTs’ questioning and
teaching practice [28].

Spreitzer et al. found that different ChatGPT
versions possess basic problem-solving skills,
but effectiveness declines with task complexity
[26]. Yang et al. reported stronger modelling
competencies among German PSTs compared
to China and Hong Kong [29]. Nguyen and Tran
observed improvements in modelling skills
among Vietnamese PSTs [30]. Geiger et al.
proposed a framework to enhance teachers’
modelling competencies holistically [17].

Dasari et al. showed that students relying
solely on Al performed worse than those taught
by teachers or by ChatGPT,
emphasizing both Al’s potential and teachers’
essential role [31]. Gerber et al. highlighted the
importance of integrating technology training

assisted

into teacher education [32]. Guerrero—Ortiz
demonstrated that technological environments
support PSTs in designing modelling tasks,
understanding problems,
performing complex calculations, and applying

real-world

mathematical concepts [33].
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Research on elementary mathematical
modelling, particularly teacher support and Al-
[9][19].

Therefore, more research must be conducted in

related skills, remains limited
the area of teaching mathematical modelling at
the elementary level. According to Wei et al.,
teaching mathematics at the elementary level is
closely related to authentic real-world issues
[34], which is one of the key characteristics of
mathematical modelling activities.

Given the background of the present study,
the key to this lies in the hands of teachers. To
the

mathematical

enhance teaching and learning of

modelling for elementary
students, it is essential to develop teachers in
this area. Therefore, the focus of this research
is on examining the modelling competencies of
pre-service elementary teachers. Additionally,
in the field of Al

the authors to

the need for research
prompted
responses of pre-service elementary teachers

compare the

with those of advanced Al technology.

Methods

Participants

A random sample of 50 pre-service elementary
teachers, from the cohorts of 2021 to 2023, was
selected to answer the research questions
(Table 1). Of these PSTs, 22 were female, and 28
were male. The sample consisted of 15 students
from the 2021 cohort, 20 from the 2022 cohort,
and 15 from the 2023 cohort of the university.

Instruments

To ensure usability, the mathematical modeling
questions were
education experts and pilot-tested with a small
group of pre-service teachers. Necessary
adjustments were made to enhance clarity,
reliability, and validity, ensuring the results
accurately reflect PSTs’ competencies in
mathematical modeling. The pilot test showed
acceptable reliability (Cronbach's alpha = 0.8).
Three researcher-developed problems, aligned
with the mathematical modelling competency
criteria, were provided to PSTs. The problems
allowed multiple solution strategies. The
participants had 24 hours to complete the
assignments.

reviewed by elementary

Procedure

The responses of PSTs to the questionnaire
items were scored based on the mathematical
modelling competency framework by Greefrath
and Maald [15]. Subsequently, the questions
were answered by ChatGPT Al, and its
responses were compared with those of the
PSTs. After various descriptions were made, the
significance of gender
background of the pre-service elementary
teachers was examined, and questions one to
three completely. The
significance of the differences was analyzed

and educational

were answered
using SPSS software. Before conducting the
main test, a pilot test consisting of six
mathematical modelling problems (including
three levels of modelling assignments) was

administered.

Table 1: Number of Participants

Year of Entry Girls Percentage of Girls Boys Percentage of Boys Total
Entry 2021 8 53% 7 47% 15
Entry 2022 6 30% 14 70% 20
Entry 2023 8 53% 7 47% 15

Total 22 44% 28 56% 50




163

Tech. of Edu. J. 20(1): 157-178, Winter 2026

Table 2 shows the discrimination and difficulty
indices of the pilot test questions. According to
Table 2, questions 1, 3, and 5 were considered
for the main test with minor modifications.
Table 3 shows the discrimination and difficulty
indices of the pilot test questions. These indices
were calculated based on the percentage of
correct responses from different groups of
participants, the top and bottom 25% of
respondents, commonly used in item analysis.
According to Table 1, questions 1, 3, and 5 were
selected for the main test with minor
modifications.

Table 2: Discrimination and Difficulty Index

Question Discrimination Difficulty
Index Index
1 0.733 08
2 0.5 03
3 0.6 0.4
4 0.16 0.29
5 0.61 012
6 0.28 011
Design
This study employed a mixed-methods

approach (a combination of quantitative and
qualitative methods) of the sequential
explanatory type. In this way, the main focus of
the work is on qualitative results, and the use of
results aims to
qualitative data [35].
qualitative  design based on
(directed) content analysis. Qualitative content
analysis is "An approach to documents that
emphasizes the role of the investigator in the
construction of the meaning of and in texts"
[36]. "DQA is an attempt to encourage
researchers to test, refine, reformulate, refute,
and replace theoretical models qualitatively"
[37]. In deductive qualitative content analysis,
the analysis and interpretation of data are
based on categories and themes that the

guantitative shape the
This study used a

deductive

researcher has defined prior to data collection.
In other words, the data analysis is guided by
existing theoretical frameworks [38].

To evaluate the modelling competencies of
pre-service teachers in this study, an analytical
framework was employed that includes specific
criteria for assessing performance in solving
modelling tasks. In this regard, the criteria
proposed by Greefrath and MaaR for evaluating
modelling competencies were selected as the
basis for the analysis [15]. Table 3 shows the
criteria for evaluating modelling competencies
presented by Greefrath and Maal [15].

Greefrath and MaaR employed the
modelling competency framework in their
research [15]. As shown in Table 3, the criteria
for evaluating modelling competencies used in
their study include understanding, gathering
information, mathematization, use of
mathematics, interpretation, validation, and
discussion of results.

Kang and Noh classified modelling problems
into three levels based on ambiguity and
information completeness [39]:

o Level 1 is clearly defined with minimal
ambiguity,

o Level 2 contains some ambiguity and
incomplete information, and

o Level 3 is open-ended with incomplete or
excessive information, requiring students to
analyze, strategize, and implement solutions.

The researcher-developed questionnaire
was designed according to these three levels
and aligned with the mathematical modelling
competency criteria [39], as detailed in Table 4.

Based on the mathematical modelling
framework [15] (understanding the problem,
gathering information, mathematization, using
mathematics, interpretation, validation, and
discussion of results), the responses were
scored. The scoring followed the classification
by Spreitzer et al. [26] as shown in Table 5.
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Table 3: Criteria for Evaluating Modelling Competencies [15]

Competence Description Competence

PSTs construct a mental model of
Understanding a specific situation and Understanding
understand the question.

Separating important information
from unimportant information in
a real situation.

Gathering Information, Analyzing
Resources (Transforming)

Gathering Information, Analyzing
Resources (Transforming)

Translating real situations into
Mathematization appropriate mathematical models Mathematization
(sentence, equation, shape, etc.).

Working with the mathematical

Use of Mathematics
model.

Use of Mathematics

Relating the results of the model
Interpretation to the real situation and achieving Interpretation
real outcomes.

Checking the appropriateness of
real results and comparing and
evaluating  different  models
concerning a real situation.

Validation Validation

Linking the model's responses to
the real situation and answering
the question.

Discussion of (Potentially)
Contradictory Results

Discussion of (Potentially)
Contradictory Results

Table 4: Test Questions

Row Test Questions

1 A school with 282 students has decided to plant the maximum number of orange and lemon saplings on
agricultural land with the following pattern, with the help of the students (the planting pattern for the
saplings is illustrated below from left to right. The first figure of the pattern begins with four orange saplings
and 12 lemon saplings surrounding them, and this continues in subsequent figures. The horizontal distance
between the saplings is 6 meters, and the vertical distance between two saplings is 5 meters. Lemon saplings
are placed all around the field, while orange saplings are positioned in the center of the field. It is known
that the circumference of the agricultural land is 264 meters.

a) How many orange and lemon saplings should the school prepare for planting in this agricultural land?
b) How many students will you divide into groups for planting each sapling?
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2 The school is looking to purchase gifts for outstanding students. There are two options to choose from at
the store: each pair of ping pong paddles costs 100,000 z, and a chess set costs 150,000 z. For every 5 pairs
of ping pong paddles purchased, you get one pair free, and if you buy 2 chess sets, you get one chess set
free. If the school needs a certain number of gifts, which option is better [40]?

3 Recently, charitable organizations have started campaigns to collect bottle caps. You might wonder why
bottle caps. One reason is their small size, as they can be easily gathered without requiring a lot of space.
These caps are made of high-quality materials, and after recycling, they are used in various industries to
produce office and even commercial supplies. On the other hand, the body of the bottles is made of
"polyethylene terephthalate" (265 degrees Celsius) [41], and the labels around them are mostly made of
"PVC." However, the bottle caps are made of a different material, "PE polyethylene" (with a melting point
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Row Test Questions

of 143.3 degrees Celsius) [42]. Each of the materials mentioned has a different melting point, and since it is
not possible to predict two melting points in a recycling machine, putting them together can cause issues.
Both plastic caps and plastic bottles are recyclable, but due to their different melting points, they cannot be
recycled together. Considering the costs and time involved, in some cases, the relevant centers may decide
against recycling the caps, and both the caps and labels end up being discarded. These factors make bottle
caps unique materials that are unwanted by both the public and recyclers, while also being distinct and
special materials from which good raw materials can be derived. Collecting these caps helps protect the
environment, encourages citizen responsibility, and aids those in need. Many elderly individuals and
patients require wheelchairs but cannot afford them. The charitable efforts that use the proceeds from
bottle cap sales to purchase wheelchairs for such individuals significantly improve their lives. Engaging in
charitable work and spreading this practice can enhance individuals' sense of responsibility.

How many days should pass for your university to be able to procure a high-quality wheelchair for a

nursing home?

Table 5: Scoring Method for PSTs' and ChatGPT's Responses

Score 0 1 2 3
L A A I
Description Not Attempted ttgmpted but t.tempted but Comp (.et.ed and
incorrect incomplete sufficient

Based on the selected scoring method, the
maximum score for the questionnaire is 84
points.

Results and Findings

Responses of the PSTs

Table 6 shows the minimum and maximum
scores obtained by the PSTs, along with the
standard deviation and mean. The overall mean
score is 26.16, with a standard deviation of
21.53.

In Table 7, the average total scores of PSTs
were compared across the two variables of

gender and academic background. It was
observed that the average total score of male
PSTs (27.35) was higher than that of female
PSTs (24.63). The average scores of PSTs
admitted in 2021 (30.46) were higher than
those admitted in 2022.

Additionally, Figure 2 displays the scores of
the PSTs. The highest score achieved was 68,
obtained by three PSTs. Five

received a score of one, which is the lowest

individuals

score. None of the PSTs received a score of zero.
Fourteen individuals scored above half of the
maximum score (i.e., a score of 42), while 36
individuals scored below half of the maximum
score.

Table 6: Statistical Information of PST Teachers' Scores

Number Minimum Score

Maximum Score

Mean Standard Deviation

50 1 63

26.16 21.53

Table 7: The Mean and Standard Deviation of PSTs' Scores Across Different Variables

Gender Educational Background
Girl Boy 2021 2022 2023
Mean Scores 24.63 27.35 30.46 27.1 21.78
Standard Deviation 23.08 19.72 21.47 22.64 17.85
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Fig. 2: Status of PSTs ' Scores in the Exam

The percentage of responses from PSTs to each
of the exam questions is shown in Table 8. In
this analysis, since a score of zero does not
reflect the ability to evaluate the thinking of the
PSTs, the scores of 1, 2, and 3 were examined
for each question.

Table 8 shows that PSTs performed best in
the 'use of mathematics' criterion for question
2 (score 1, 48%), indicating basic procedural
engagement, but overall, participation in
'validation' was extremely low (0% for
qguestions 1b, 2, and question 3), revealing a
major gap in evaluating results.

In question 1a, most PSTs scored well in
'understanding the problem', ‘'gathering
information’, and 'mathematization' (score 3,
~42%), relevant
guantities, though few articulated assumptions
or reflected on alternatives. Interpretation and
discussion were minimal (score 1, 2%), showing
limited connection between mathematical
work and real-world meaning.

Question 1b mirrored this pattern, with good
scores in problem understanding (36%) but no
engagement in validation. Question 2 showed
frequent procedural use of mathematics (score
1, 48%), with some algorithmic reasoning but
limited contextual consideration. Question 3
exhibited generally low participation, with
partial engagement in criteria such as gathering
information, mathematization, use of
mathematics, and interpretation (score 2, 10%),

identifying context and

and many responses lacked coherent modeling
strategies or depth.

Overall, students demonstrated stronger
performance in early modeling phases like
problem understanding and mathematization,
but consistently struggled with validation and
interpretation. This pattern suggests a
fragmented understanding of the modeling
cycle, where modeling is seen more as a
problem-solving routine than as an iterative
reasoning process.

A sample of PSTs” written responses is shown
in Table 9, illustrating common reasoning
patterns and recurring difficulties in
transitioning from mathematical formulation to
meaningful interpretation.

A review of the average scores in each
criterion of modeling competency, along with
the qualitative analysis of PSTs” responses
(Table 9), reveals that student teachers
demonstrated relatively better performance in
the 'use of mathematics' criterion, while their
weakest area was clearly 'validation'. This
finding is consistent with what emerged in
Table 8, where performance across criteria
appeared interrelated. In many cases, PSTs who
struggled to understand the problem also faced
difficulties in subsequent phases such as
information gathering, mathematization, and
interpretation. This pattern suggests that
modeling competencies are not isolated skills
but function as a connected cognitive process.
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Table 8: Percentage of PSTs' Responses to the Mathematical Modelling Competency Criteria
Mathematical Modelling Competency Criteria
Understanding Ir:;fztr'r::ari'c?fn Mather::atizatio MatL:wSeerr?:tics Interpretation Validation Discussion
1 2 3 1 2 3 1 2 3 1 2 31 2 3 1 2 3 1 2 3
la 6 14 42 6 14 42 4 14 42 12 14 36 2 6 32 20 16 20 2 6 32
b 24 2 36 10 22 30 24 8 24 24 12 20 24 18 20 O 32 20 20 18 20
2 16 22 6 32 22 6 40 14 6 48 20 6 4 24 6 0 20 6 26 20 6
3 0 8 8 0 10 6 0 10 &6 0 10 6 6 100 6 0 2 6 4 6 6

Table 9: A Sample of PSTs’ Responses to the Questionnaire Questions

The criteria for mathematical modelling
competency.

Understanding the problem: The PST
drew a model of how to plant trees
according to the situation of the
problem, and therefore understood the
question well.

Gathering information: The student's
response indicates a lack of complete
understanding in  searching for
information and the ambiguous
assumptions of the problem.

Mathematization: The student-teacher
did not appropriately transform the
simplified real-world situation, along
with the information and assumptions of
the problem, into correct mathematical
expressions to form a mathematical
model. Since the number of gifts
required for the students was not
specified in the question, the student
should have considered different
scenarios for the number of gifts but
only examined one scenario.

Use of mathematics: The student
presented an incomplete solution,
which ultimately did not lead to a
conclusion with proper reasoning.
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"We have about 1,900 students, and including the
administrative staff, we are around 2,000 people in total. We
are provided with drinks along with lunch twice a week, so
approximately 4,000 bottle caps are collected".

"The ping-pong racket is more cost-effective because the
price of each one is less than 100 z, whereas the price of each
chess set is 100 z.

Chess:1+2=3

Ping-pong racket: 1 + 5= 6"

"The majority of bottle usage at the university is for malt
drinks and yogurt drinks served with lunch, which happens
twice a week. There are approximately 1,500 students, and
around 3,000 bottle caps are collected weekly. Additionally,
around 1,000 mineral water bottle caps can be collected
occasionally. In total, 4,000 bottle caps are gathered, and it
seems that within one month, a wheelchair could be
purchased.
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Interpretation: The student correctly
solved the problem mathematically and
then provided an appropriate
interpretation of the mathematical
results to relate them to real-world
outcomes.

Ping-pong is cheaper.

Let’s assume we need 10 gifts.

For ping-pong: 10 =4 we buy + 1 free + 5 we buy.

For chess: 10 = 1 we buy + 2 we buy + 1 we take + 2 we buy +
1 we take + 2 we buy.

Without using discounts, we spend 900 z on ping-pong. For

chess, we have:
1,050 = 1,500 x 7.

In the validation phase, a student 2 1b
grouped participants but did not check

the results for real-world consistency,

specify group sizes, or assess the

number of groups. Proper validation

requires carefully reviewing the problem

and ensuring the feasibility of the

solution.

Discussion of results: The student 3 2
related the obtained results to the real-
world situation, thus answering the
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5 pairs of ping-pong = 1 pair free
2 chess sets = 1 free
If we need a total of 50 gifts:

guestion.

Pairs of ping-pong free Chess sets | free
5 1 2 1
50 10 50 25

For 7.5 million z, we get 3.7 million gifts (better).

For 5 million z spent, we get 1 million gifts.

For example, effective validation of a
mathematical model depends on one’s ability
to interpret results meaningfully within the
context. Many PSTs failed to critically evaluate
the plausibility of their solutions or consider
whether their model realistically represented
the original situation. Instead, they often
accepted the numerical output as final, without
checking it against real-world expectations or
proposing alternative explanations.

This lack of reflective thinking indicates a
procedural view of modeling, where reaching
an answer is prioritized over reasoning about
the model's validity or broader implications.
The responses suggest that PSTs may perceive
modeling as a linear process — once the math
is done, the task is complete — rather than as a
cyclical inquiry where interpretation and
validation guide refinements to the model.

Moreover, the absence of alternative responses

or justifications in many answers points to
limited metacognitive engagement. Students
their assumptions or

different
approaches could vyield more
insightful results. This cognitive gap leads not
only to less sophisticated models but also to

rarely questioned

evaluated  whether modeling

realistic or

answers that may be mathematically correct
yet practically unfeasible. The findings
underscore the need for more explicit emphasis
on interpretation and validation in preservice
teacher training, as these components are
developing modeling
competencies that extend beyond symbolic

essential for

manipulation.

In Tables 10 and 11, the significance of the
total score differences among PSTs has been
examined. Since the calculated P-value is
greater than 0.05, the observed differences in
gender and academic background of the PSTs in
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responding to the questionnaire questions are
not significant.

Table 10: The significance of the
gender variable in the total score

Variable Mann-Whitney U  P-Value
Total o der 293.500 0.776
score
Table 11: The significance of the academic
background variable in the total score
Variable Kruskal-Wallis H P-Value
Total Academic 1.760 0.415
score  background

ChatGPT's responses to the exam questions
To obtain more suitable responses from
ChatGPT using the mathematical modelling
cycle and emphasizing the criteria for
mathematical modelling competency, this
research utilized neutral prompts based on the
study by Spreitzer et al. [26], such as 'verify your
calculations', 'provide validation for the task’, or
are there alternative solutions?' to minimize the
impact of external factors. At this stage, the
guestionnaire questions were presented to
ChatGPT based on the prompts provided by
Spreitzer et al. [26]. Table 12 shows the scores
achieved by ChatGPT in
questionnaire questions.
As observed, ChatGPT achieved a total score
of 54 in response to the mathematical
modelling questions. Table 12 shows that
ChatGPT performed poorly in responding to
Question 1(a), misunderstanding the question
(score of 1), which resulted in an inability to
identify the correct pattern for planting
saplings. This error also affected the
subsequent criteria (all criteria in Question 1(a),
except for the interpretation criterion, scored
1). ChatGPT's mistake in determining the
appropriate pattern and number of saplings in

response to the

part (a) impacted the mathematical modelling
competency criteria in Question 1(b) as well,
leading to incorrect responses. Thus, while the
understanding of the problem, information
gathering, mathematical formulation, and
interpretation were appropriately conducted,
they were based on an incorrect assumption,
resulting in a score of 2. The criteria for the use
of mathematics (incorrect mathematical
solution), validation (inadequate validation),
and discussion (providing an incorrect answer)
received a score of 1. In Question 2, there was
only one mistake: failing to consider all
scenarios for the number of gifts needed for the
school, as ChatGPT only examined one scenario.
However, it correctly executed this scenario and
achieved a score of 2 across all mathematical
modelling criteria.
answering question 3. It also scored 3 in all the
competency criteria for modelling. The
responses of GPT to the mathematical
modelling questions in Table 13, along with the
analysis of the answers, are provided.

GPT was successful in

Analysis of GPT’s responses across the three
modeling problems reveals both potential and
modeling competency,
particularly when compared to PSTs. One of the
most prominent weaknesses in  GPT’s
performance was observed in Problem 1, which
required pattern. GPT
struggled to accurately process and interpret
the shape-based data and misidentified the
fourth pattern. This suggests a limitation in
visual-spatial reasoning, a key component in
pattern  recognition.  Furthermore, GPT
incorrectly calculated the number of trees and
proposed grouping students into units of 4 or 5,
overlooking the requirement that 282 students
be organized into groups of 2 and 3 — a sign of
insufficient  contextual reasoning  and
interpretation of constraints embedded in the
problem.

limitations in its

identifying a visual
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Table 12: Scores achieved by ChatGPT in each criterion of mathematical modelling competency
Mathematical Modelling Competency Criteria

Understandi Gathering Mathematizati Use of . Interpretatio Validatio Discussio
. Mathemati
ng Information on cs n n n
1la 1 1 1 1 2 1 1
1b 2 2 2 1 2 1 1
2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3

Table 13: Responses of ChatGPT to the mathematical modelling exam questions.

Al Response Mathematical Modelling Competency Framework
for GPT Responses
1 @  Let's analyze the image provided and determine the number of orange and lemon seedlings, as well Understanding: GPT failed to fuIIy understand the
7 now e divide the students inte aroups first problem, recognizing the general placement
Part a: Number of Orange and Lemon Seedlings Of saplings bUt mISJudglng their number and
From the image. it seems the arrangement of the seedlings forms a specific pattern where the lemon ignoring key patterns, reflecting an incomplete
grasp of the task.

seedlings are placed around the perimeter and the orange seedlings are in the middle.
Counting Seedlings
1. Counting Lemon Seedlings:

Information Gathering: GPT poorly executed the

« Lemon seedlings are around the edge. To count these, we need to identify the outermost

layer of the grid. information-gathering step, failing to identify the
2. Counting Orange Seedlings: correct pattern, misusing data, and ignoring the
+ Orange seediings are in the inner part of the field, arranged in  cross pattern. distances between saplings.

Image Analysis
By sxamining the image, we can count the number of seediings manually Mathematical Formulation: As a result of the

« Each side of the cross pattern of orange seediings appears to be composed of 7 seediings. previous steps and inconsistent assumptions, the
* There are 4 sections of the cross, plus the central block: mathematical model was not well formed, and the
Lets count the arange seedlings first quantities and dimensions were not used correctly.

e Each arm of the cross has 7 seedlings.

+ Thereared arms sod 7 = 28 seedlings Use of Mathematics: GPT produced inaccurate

" fedtional, fhere 2 cenyral ok win 1 seeding. mathematical results due to incorrect data use and

misunderstanding the problem, leading to errors in
calculating saplings and student groupings.

- Total number of orange seedlings: 28 + 1 = 29.

Now, counting the lemon seedlings around the perimeter:

+ Each side of the square around the cross has & seedlings on each side of the cross, making it 9

on each straight side. Interpretation: Overall, GPT demonstrates good
Total number of lemon seediings: performance in interpretation and explanations,
« 4 corners, each counted twice (once for each adjoining side): 4 X 8 — 32. effectively relating mathematical results to real-
e Subtract the 4 corners counted twice: 32 — 4 — 28. World ConteXtS
Part b: Dividing Students into Groups
Given: Validation: In this problem, validation was not
+ Total number of students: 252. performed well, and alternative solutions were not
« Total number of seedlings (orange + lemon): 20 + 32 — 61. prov|ded
To plant each sapling. students are divided into groups:
* Each group should handle one seediing. Discussion: Given the incorrect results obtained

+ Number of students per seedling: 22 = 4.62.

from the use of assumptions and inconsistent
solutions, the final answer is also incorrect.

This means each group should consist of approximately 4 or 5 students, rounded for practical
purposes.
Summary
+ a) Number of Seedlings:
« Lemon seedlings: 32.
« Orange seedlings: 29.

« b) Groups of Students:

« Each group should ideally consist of 4 or 5 students, considering practical organization.

I there are alternative solutions or different patterns in the image that suggest a different number of
seedlings. the above method provides a validated calculation based on the given distances and
arrangement.

DG P
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2 s

Let's work through this problem step-by-step, verifying the calculations and comparing the two
options to determine which is the better deal based on the given promotions.
Step 1: Clarify the Promotions and Prices
* Ping pong paddles:
* Each pair costs 100,000 z.
« Forevery 5 pairs of paddles, you get 1 pair free.
* Chess sets:
* Each set costs 150,000 z.

« For every 2 chess sets, you get 1 chess set free.

Step 2: Determine Effective Cost for Each Option

Option 1: Ping Pong Paddles

For every 5 pairs of paddles purchased, the school gets 1 free pair. This means that for every 6 pairs

received, the school only pays for 5 pairs.
1. Cost of 6 pairs of paddles:

Cost of 6 pairs = 5 x 100,000 z = 500, 000 =

* So, the effective cost per pair of ping pong paddles (with the discount) is:

Effective cost per pair =

m ~83,333.33 2

Option 2: Chess Sets

For every 2 chess sets purchased, the school gets 1 free chess set. This means for every 3 chess sets

received, the school only pays for 2 sets.

1. Cost of 3 chess sets:
Cost of 3 chess sets = 2 x 150,000z = 300,000 z

* So, the effective cost per chess set (with the discount) is:

300, 000 z
3

Effective cost per chess set = = 100,000 =z

Step 3: Comparison of Effective Costs
» The effective cost per pair of ping pong paddles is 83,333.33 z.

» The effective cost per chess set is 100,000 z.

Conclusion for Best Option:
= Based on the effective cost, ping pong paddles offer a cheaper per-unit price (83,333.33 z)
compared to chess sets (100,000 z).

» Therefore, ping pong paddles would be the better option if the school wants to maximize the

number of gifts for a given budget.

Validation and Alternative Considerations:
» |f the school is concerned with variety or student preference, chess sets might still be a
worthwhile option, even though they are slightly more expensive per unit
= Budget Constraints: If the scheol has a fixed budget, the analysis would hold, as the effective
cost favors ping pong paddles unless the school has a particular reason to prefer chess sets

(e.g.. if fewer, higher-value gifts are desirable).

Thus, the ping pong paddles option provides more gifts for the same amount of money due to the

more favorable promotion.

PO O PO

Understanding: GPT understood the problem and its
assumptions well but overlooked the unspecified number
of students for gift preparation.

Information Gathering: GPT correctly used the relevant
information except for the unspecified number of gifts
needed for the students.

Mathematical Formulation: GPT failed to complete the
mathematical model because it overlooked the number
of students, though considering different scenarios could
have led to a correct model.

Use of Mathematics: The solutions used are correct.
However, not considering all possible scenarios for the
number of students led to incomplete results.

Interpretation: The presentation of incomplete results
led to an inadequate interpretation. However, within the
scope of the obtained mathematical result, a suitable
interpretation was provided.

Validation: GPT showed creativity and suggested
alternative solutions in the validation section but did not
consider all scenarios, making its validation incomplete.

Discussion: Given the solutions and validation of the
responses, GPT could have corrected its answer and paid
more attention to various scenarios regarding the
number of students.
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@  To determine how many days it would take for your university to procure a high-quality wheelchair
for a nursing home through a bottle cap collection campaign, we can break down the process and
perform some calculations. Here's how it might work:

1. Understanding the Collection Process
Assumptions:
* Weight of a single bottle cap: Approximately 2.5 grams.
« Recycling value of polyethylene (PE): Typically between $0.50 and $1.00 per kilogram.
« Cost of a high-quality wheelchair: Typically ranges from $500 to $1,500, depending on quality
and features.
2. Calculating Funds from Bottle Caps

Let's assume your university aims to collect a significant number of bottle caps in a certain

timeframe. For this example, we will consider a collection of 1 million bottle caps.
Weight Calculation:
+ Total weight of caps:
1,000,000 caps x 2.5g = 2,500,000 g = 2,500 kg
Revenue Calculation:

« If we assume a mid-range price of $0.75 per kilogram for recycling:

2,500kg % 0.75USD = 1,875 USD
3. Cost of the Wheelchair

Assuming the cost of a high-quality wheelchair is around $1,200.

4. Timeframe for Collection
To estimate how long it would take to collect 1 million bottle caps, we need to consider:
« Participation Rate: How many students are involved in the collection effort.

+ Collection Rate: How many caps can be realistically collected per student per day.

Example Estimation:

« Let's assume 100 students participate and each collects 50 caps per day.

Total caps collected per day:

100 students x 50 caps/student = 5,000 caps/day

To collect 1 million caps:

1,000, 000 caps

———————— — 200days
5,000 caps/day

5. Validation of Task

If your university can maintain this collection rate, it would take approximately 200 days to collect
enough caps to fund one wheelchair at $1,200, assuming a stable participation rate and commitment
from students.

6. Alternative Solutions

Here are some alternative methods to potentially expedite the process or raise funds more
efficiently:
« Direct Monetary Donations: Encouraging students and faculty to donate directly could lead to
faster funding for the wheelchair. For example, if 120 people donate $10 each, you would reach

$1,200 quickly.

.

Collecting Larger Quantities of Plastics: Expanding the campaign to include entire bottles (not

just caps) can yield more revenue, as the plastic in bottles can have a higher recycling value.

Sponsorships or Grants: Seeking sponsorship from local businesses or applying for grants can

provide immediate funding without relying solely on bottle cap collection.

Awareness Campaigns: Running awareness campaigns to motivate more students to participate
or organize events that facilitate the collection can increase the number of caps collected per

day.

Conclusion

To procure a high-quality wheelchair for a nursing home, it could take approximately 200 days if
your university collects 1 million bottle caps at the specified rate. However, alternative methods like
direct donations or expanding the recycling effort could significantly reduce the time needed to

achieve this goal.

IO PO

Understanding: In the first stage, GPT
demonstrated its understanding by summarizing
the information needed to solve the problem.
Therefore, it has a suitable grasp of this issue.

Information Gathering: When writing the steps of
the work, the assumptions that would be used were
stated, such as the price of the wheelchair or the
number of collected doors, etc.

Mathematical Formulation:
collected information was
categorized correctly.

In this stage, the
organized and

Use of Mathematics: Appropriate mathematical
solutions were applied to the data.

Interpretation: Suitable interpretations were made
for each stage of the mathematical results, and the
results were related to the real world.

Validation: The price of the wheelchair and daily
bottle use should be examined, showing GPT can
guide humans in evaluating responses against
reality.

Discussion: By expressing suitable statements, the
result obtained in the previous section was
effectively related to the real world, providing an
appropriate answer to the question.

Although GPT did correctly interpret the intent
that each group should plant one sapling, it
failed to fully integrate this understanding into
a consistent model. It also neglected spatial
relationships in the diagram (such as distances
between lemon and orange saplings), which

further weakened its information-gathering
stage. The failure to account for relevant spatial
and quantitative
inadequate mathematical model and ultimately
to incorrect solutions. Despite these flaws, GPT
rated its own solution as valid, reflecting a lack

information led to an
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it did not
light of

of metacognitive oversight —
question or revise its output in
inconsistencies.

In Problem 2, GPT’s performance improved.
While it ignored the open-ended nature of the
student population and considered only a single
scenario, its use of mathematics and
interpretation within that scenario was
appropriate. Interestingly, GPT showed signs of
creative reasoning in the validation phase —
including comparing gift options, referencing
economic considerations, and suggesting a bulk
purchase strategy. This indicates GPT’s
potential to introduce alternative perspectives,
although it still lacked full awareness of the
problem's openness and did not explore
multiple interpretations explicitly
prompted.

Problem 3 demonstrated GPT's best
performance. It correctly identified key
variables such as the price of the wheelchair,
the number of students, and the number of
bottles used. GPT’s discussion highlighted
practical
reasoning. However, it still exhibited a tendency
to rely on straightforward data extraction and
lacked deeper questioning or back-checking of
assumptions — essential components of robust
modeling.

unless

considerations and  economic

Across the three tasks, GPT’s strengths were
most apparent in structured quantitative
reasoning and creative validation, while its
weaknesses lay in visual interpretation, flexible
problem framing, and self-correction. GPT did
not demonstrate the ability to identify and
revise errors unless guided explicitly — a
limitation for its role as an autonomous
modeling agent.

When comparing GPT’s responses (Table 13)
with those of the PSTs (Table 8), key differences
emerge. In Question 1a, PSTs outperformed
GPT in problem comprehension, information
gathering, and mathematization. Their written

responses showed a better grasp of visual data
and a more grounded sense of realism.
However, in Question 1b, GPT surpassed PSTs in
mathematical formulation and interpretation,
suggesting stronger algorithmic reasoning. The
two groups performed similarly in validation,
though GPT’s validation was more imaginative
while PSTs were more grounded in real-world

feasibility.
In Question 2, PSTs and GPT showed
comparable performance in problem

validation. GPT
information use and

understanding and
outperformed in
mathematical modeling, possibly due to its
ability to generate well-structured solutions,
but PSTs demonstrated more critical reflection
on data limitations. In Question 3, since most
PSTs scored zero, GPT clearly performed better
overall.

Broadly speaking, PSTs demonstrated
stronger performance in using mathematics but
consistently underperformed in validation —
confirming the findings from earlier sections.
GPT, by contrast,

structure or

showed limitations in

recognizing patterns within
problems and lacked the capacity to correct its
own flawed solutions. However, its creativity in
the validation stage and structured reasoning
suggest that GPT can serve as a helpful guide in
modeling education.

It is important to emphasize, however, that
GPT’s responses should not be used in isolation.
While GPT can offer diverse perspectives and
facilitate initial reasoning, it cannot yet simulate
the full spectrum of human metacognition,
flexibility, or contextual judgment. Therefore,
GPT is best employed as a pedagogical tool to
support PSTs, not as a replacement for critical
human evaluation or collaborative reasoning.
Over-reliance on its outputs could mislead
incomplete or

students into accepting

inappropriate models without proper scrutiny.
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Discussion

The study found that PSTs performed best in
the 'use of mathematics' criterion but weakest
in 'validation', indicating struggles with
applying, evaluating, and validating results.
These weaknesses may stem from limited prior
knowledge and insufficient support [43]. PSTs’
competencies are interdependent, suggesting
that comprehensive training across all
modelling skills is essential to improve their
overall performance.

This study highlights Al tools like ChatGPT as
practical supports in teacher education.
ChatGPT can guide PSTs through mathematical
modelling  stages, provide step-by-step
explanations, alternative approaches, timely
feedback, and simulate real-world scenarios,
especially supporting areas like validation,
while fostering critical thinking and greater
cognitive skills. Durandt et al. found that
students receiving mathematical modelling
instruction showed the greatest growth in
competency [44]. Similarly, this study indicates
that elementary PSTs have the potential to
solve modelling problems and use the
modelling cycle, but a lack of formal courses
and resources led to incomplete answers,
highlighting their weaknesses. No significant
differences were observed based on gender or
academic background.

Comparison of PSTs’ responses with
ChatGPT showed that the Al provided step-by-
step answers with good explanations but
struggled in Problem 1 (pattern recognition)
and Question 2 (considering all scenarios),
while performing well in Question 3. This
highlights the interdependence of modelling
competency criteria, where weaknesses in one
area affect others. Although ChatGPT offered
useful ideas for validation [15], it did not revise
its responses accordingly. Al shows limitations
in holistic understanding of geometry, as seen

in its errors with the first problem [21][25][45].
Consistent with Spreitzer et al. [26], GPT
performs poorly on low- to medium-complexity
modelling tasks. ChatGPT offered alternative
solutions not seen in PSTs" responses,
suggesting its role as a supportive tool,
especially for validation. Al should complement,
not replace, teachers, enhancing student
engagement, learning efficiency, and critical
thinking while maintaining the essential
benefits of in-person classroom interaction [46-
47].

Therefore, integrating Al tools like ChatGPT
into teacher education curricula can provide
practical and meaningful support in modelling
education. For example, such tools can be used
in workshops or courses to simulate modelling
tasks, provide instant feedback, and encourage
reflective discussions. This practical integration
not only leverages Al's strengths but also

maintains the essential role of human
educators in guiding and contextualizing
learning.

Al serves as an effective educational tool for
teaching topics like mathematical modelling.
According to Yang et al.,, Al education can
enhance creative thinking and problem-solving
skills in In the current study,
considering the creativity demonstrated by
ChatGPT in solving mathematical modelling
problems—especially in the validation phase—
it can be argued that ChatGPT can be utilized as
a complementary educational tool in teaching
modelling  [29].  Similarly,
Spreitzer et al. identified two key outcomes for
ChatGPT: assisting with simple modelling
problem-solving and serving as a
supplementary educational resource [26].

It can be argued that pre-service teachers
can utilize ChatGPT as a supportive tool for
solving modelling problems, particularly in
enhancing and improving their modelling
competencies. Furthermore, according to

learners.

mathematical
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Spreitzer et al.,, excessive reliance on
technology, especially Al, may lead to a
decrease in human interaction during the
learning process [26]. Therefore, it is essential
to pay special attention to the guiding role of
the teacher and the cognitive abilities of
students, while also reviewing the validity of Al-

generated solutions.

Conclusions

The findings of this study reveal that while
elementary pre-service teachers (PSTs) possess
some basic competencies in mathematical
modelling, they face significant challenges in
areas such as validation, interpretation, and the
connection of mathematical
processes to These
suggest that current teacher

meaningful
real-world contexts.
weaknesses
education programs may not provide sufficient
opportunities for PSTs to engage with modelling
tasks in a structured and reflective manner. At
the same time, the analysis of Al responses
like ChatGPT can offer

structured solutions, creative perspectives, and

shows that tools

validation strategies, though they also suffer
from limitations such as oversimplifications and
gaps in holistic understanding. Together, these
findings emphasize the need for a balanced
approach in teacher education—one that
develops human competencies while making
strategic use of Al to scaffold learning.

In light of these insights, the integration of
the mathematical modelling cycle into teacher
training programs is strongly recommended,
using both innovative instructional methods
and Al as a supportive tool. Teacher educators
should design tasks that require PSTs to reflect,
validate, and critique both their own solutions
and Al-generated ones, thereby fostering
deeper reasoning and critical thinking. The
findings also suggest that Al tools like ChatGPT

can serve as effective supportive resources by

providing step-by-step guidance, creative
problem-solving strategies, and
feedback. Educators can incorporate these

tools into workshops or courses to simulate

immediate

real-world modelling scenarios, encourage
reflective discussions, and enhance student
engagement. careful pedagogical

guidance is necessary to prevent over-reliance

However,

on Al and ensure that human reasoning and

creativity remain central in the learning

process.

One limitation of the present study is the
relatively small sample size, which may limit the
generalizability of the findings. The study was
conducted with the participation of [number]
pre-service teachers, which was sufficient for
gualitative analysis; however, the results should
be generalized to other groups with caution.
There are several suggestions for further
research: use of larger, more diverse samples of
pre-service teachers to improve generalizability
and study demographic effects on modelling
longitudinal research to

skills; conducting

assess long-term impacts of Al-assisted
instruction on problem-solving, reasoning, and
teaching; exploring different educational and
cultural contexts (e.g., middle/high schools,
various curricula) to test broader applicability;
and running comparative studies on different Al
supports (chatbots, VR, videos) to identify the

most effective approaches.
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CECCICIERENT O S The rapid advancement of digital technologies and the

expansion of online learning in the wake of the COVID-19 pandemic have profoundly
highlighted the critical role of parents in supporting their children's education within digital
environments. Previous studies consistently show that active parental involvement
contributes significantly to improvements in students' academic performance, motivation,
and digital literacy. Two key factors identified as influential in this parental engagement are
the quality of school-parent communication and parents' self-efficacy in the digital domain.
Effective school communication acts as a vital bridge between home and school, helping to
mitigate the barriers posed by the digital divide. Concurrently, parental self-efficacy—the
belief in one's ability to effectively support a child's online learning—empowers parents,
fostering the motivation for constructive supervision and the modeling of positive digital
behaviors. Despite this background, research has focused little on an integrated examination
of these factors and the mediating role of parental engagement in shaping students' positive
digital agency—defined as responsible, ethical, and creative behaviors in virtual spaces. The
current study aims to address this gap by testing a conceptual structural model that explores
the relationships between school-parent communication, parental self-efficacy, parental
digital engagement, and students' positive digital agency. A central objective is to specifically
investigate the mediating role of parental digital engagement in transmitting the effects of
the two antecedent factors (school communication and self-efficacy) onto the development
of positive digital agency. The findings of this research aim to provide empirical evidence to
inform educational policy and empower families in the digital age.

This study employed a descriptive-correlational design with a quantitative
approach, utilizing covariance-based structural equation modeling (SEM). The target
population consisted of parents of elementary school students in Qazvin, Iran, during the
2025-2026 academic year, all of whom had at least one year of experience with their child's
digital learning. A multi-stage cluster sampling method was used. After removing incomplete
or unsuitable responses, the final sample size comprised 362 participants. Data were collected
using four standardized Persian questionnaires: The Parental Self-Efficacy Scale, the School-
Parent Communication Scale, the Parental Digital Engagement Scale, and the Students'
Positive Digital Agency Scale. Data analysis involved checking preliminary assumptions (e.g.,
normality), conducting confirmatory factor analysis (CFA) to validate the measurement
model, and testing the structural model. The significance of direct and indirect (mediating)
effects was assessed using the bootstrap method with 5000 resamples.

The conceptual model demonstrated an acceptable fit with the data (CFl = 0.96,
RMSEA = 0.07). All direct paths were statistically significant: school-parent communication to
parental digital engagement (B = 0.60), parental self-efficacy to parental digital engagement
(B =0.26), and parental digital engagement to students' positive digital agency (B = 0.53). The
analysis of indirect effects confirmed the mediating role of parental digital engagement,
indicating it functions as a full mediatorin the relationship between the two predictor
variables (school communication and parental self-efficacy) and the outcome variable
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(students' positive digital agency). Overall, the model explained 65% of the variance in
parental digital engagement and 28% of the variance in students' positive digital agency.
The results underscore the necessity of harmonizing environmental factors
(effective school communication) and individual factors (parental self-efficacy) through
practical parental digital engagement to foster students' positive digital agency. To cultivate
students as responsible and creative digital citizens, schools must strengthen two-way
communication channels and actively empower parents. Practical applications of these
findings include the design of targeted parent training workshops focused on digital skills and
supportive strategies, as well as the integration of digital citizenship education into the core
school curriculum. This study's limitations include its specific geographical focus (Qazvin) and
reliance on self-reported data. For future research, it is recommended to investigate the role
of potential moderating variables, such as socioeconomic status, and to test practical
intervention programs on a larger scale to further validate and generalize the proposed
model.
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Introduction

Rapid advancements in technology have
positioned digital technologies as increasingly
central to transformations in education. The
prioritization of integrating digital technologies
into teaching and
become a key strategy
international educational
COVID-19 pandemic and

responses in education during this period have

learning processes has
in national and
policies [1]. The
the emergency

highlighted its implications for educational
processes, while post-COVID policies [2] signal
the emergence of a new paradigm that has even
engaged parents in online learning [3].

The rise of e-learning as an alternative to
traditional education—which has dominated
for several generated
considerable E-learning
constitutes a form of distance education that

decades—has
excitement  [4].

employs digital infrastructures and resources to

deliver educational content to learners. This
mode of education, also referred to as
'electronic learning,' 'distance learning,' or
'virtual learning,' enables learners to acquire
information at their own preferred pace,
according to Lown and colleagues [5]. In
response to the rapid pace of technological
innovation and the evolving educational
environment, a comprehensive examination of
e-learning methods, their effectiveness, and the
factors influencing their successful

implementation is essential [4][6].

Various factors contribute to the success of
this learning mode, among which parental
involvement plays a prominent role [3][7][8].
When parents actively participate in their
children’s activities, students perceive them as
supportive figures, which can be expected to
correlate with improved academic achievement
and performance [9]. To assist children at
parents provide guidance,

home, must
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instruction, understanding, collaboration, and
supervision. At the same time, they need to
monitor and control the activities and
information children receive through digital
media, offering appropriate explanations.
Effective parental modeling is required to
leverage technology for knowledge
construction and to support children’s learning
[10]. Parental involvement shapes students’
attitudes and behaviors in response to digital
learning and is crucial because it influences
communication patterns and interactions. In
this digital model, parental involvement exerts
a strongimpact on children’s development. One
notable negative consequence for students
who use technology without parental
supervision is moral degradation, as the use of
information technology is often not balanced
with high ethical values from the real world
[11]. Children are particularly vulnerable to the
long-term effects of exposure to inappropriate
content. Parents therefore have a responsibility
to guide and accompany them in managing the
negative impacts of technology use.

Another key factor in this domain is school—
home communication. Effective
communication between teachers and parents
is vital for enhancing children’s learning both at
school and at home. However, implementing
communication  faces

such numerous

challenges. Teacher—parent communication
depends on coordinated and collaborative
efforts from all key stakeholders (teachers,
parents, students, and school administration) in
the child’s learning process. It is therefore
recommended that each group actively
contributes to improving and expanding these
communications [12]. Effective interaction
between home and school can lay the
foundation for improving educational quality
and students’ academic progress. Such
interaction also helps reduce educational and

upbringing inconsistencies, thereby better

achieving the objectives of the education
system [13]. Recent studies indicate that while
digital tools and remote education have created
new opportunities for school-family
communication, they have also introduced new
barriers. For instance, parents with limited
digital skills or a lack of access to technology
often find it difficult to engage in their children’s
education [14]. Moreover, many schools lack
structured programs or policies to support
diverse forms of parental involvement,
particularly in multicultural or multilingual
communities [15].
Furthermore,
bidirectional relationship between parental
self-efficacy and positive parenting [16-17].
Parental self-efficacy can be defined as parents’
belief in their capacity to support their child’s
development, learning, and attainment of
desirable educational [18]. This
concept reflects the degree of confidence
parents have in their ability to perform
effectively in the teaching—learning process and

research demonstrates a

outcomes

can be a critical factor influencing the quality
and nature of their participation in students’
educational activities [19]. With the expansion
of digital education, parents play a significant
role in supporting their children’s learning.
Studies have shown that parents who believe in
their abilities within online environments can
perform more effectively by reducing the stress
associated with technology use [20-21]. Thus,
parental self-efficacy not only enhances the
quality of their support but can also positively
influence students’ engagement and success.
Several international studies have indicated
that the use of digital technologies results in
only modest improvements in academic
performance [22-24]. In contrast, other studies
[3][7][8] suggest that when parents are aware
of digital learning environments and perceive
themselves as efficacious [16-17],
academic

improvements in students’
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performance are more likely. The present study
aims to examine the role of efficacious parental

involvement in students’ learning through
active engagement in digital learning
environments, aligned with the school’s
academic objectives.

Review of the Related Literature
Parental Involvement in Digital Learning

Environments

The transformations induced by the COVID-19
pandemic and the widespread adoption of
educational technologies have significantly
amplified the role of parents in their children's
digital  learning. = Research  consistently
demonstrates that active parental involvement
in online education contributes to enhanced
student academic performance, as well as
improved motivation and self-efficacy.

For instance, one study [25] found that
parental involvement in online education at the
primary school level is shaped by parents'
competencies, emotional support, and
educational infrastructure, ultimately leading
to improved student learning outcomes.
Another [26] examined the

relationships among digital literacy, parental

investigation

mediation, and online education risks, with
student self-control serving as a mediating
factor. The
negative associations between digital literacy

findings revealed significant
and parental mediation on the one hand, and

online risks on the other. The mediating role of

self-control in the relationships between
parental mediation/digital literacy and
educational risks was confirmed. Other

researchers have emphasized that parents,
through modeling responsible online behavior
and engaging in discussions with their children,
play a crucial role in fostering digital literacy and
cyber responsibility [27].

At the international level, evidence indicates
that parents served as facilitators of digital
learning before, during, and after the COVID-19
pandemic, with their role evolving from
assisting with homework to managing digital
learning environments [28]. In another study,
parental involvement in online English language
learning was shown to increase students'
intrinsic and extrinsic motivation, thereby
promoting greater academic engagement [29].
Additional
importance of school-parent communication in
digital learning contexts. A qualitative study
conducted in Iran demonstrated that effective
parental interaction with schools during virtual
education supports children's emotional well-
being and educational care [30]. In a similar

studies have underscored the

vein, scholars have stressed the need to
redefine parental roles in digital learning to
strengthen students' moral development and
resilience [31]. As explained, the literature
suggests that parental involvement in digital
learning not only contributes to improved
academic performance among students but is
also positively associated with enhanced digital
literacy, academic motivation, and the quality

of school-family communication.

School Communication and Students' Positive
Digital Agency

In the current digital era, schools play a role far
beyond the mere transmission of knowledge,
evolving into central hubs for shaping students'
behaviors and agency in virtual spaces. Positive
digital agency refers to a set of responsible,
ethical, and behaviors and
attitudes that exhibit in their
interactions with digital technologies and online

constructive
students

environments. This concept encompasses
components such as sharing beneficial content,
engaging in respectful interactions,

constructive criticism, participating in online

communities for positive purposes, and
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adhering to cybersecurity practices and privacy
norms [32]. The development of this form of
agency is strongly influenced by the quality and
nature of school communication. Here, school
communication encompasses all formal and
informal interactions, channels, and strategies
that occur between the school (including
administration, teachers, and staff) and
students, as well as among students themselves
within the educational context [33].

Recent
communication serves as a key factor in
fostering positive digital agency. This influence
operates through two primary pathways: first,
through explicit and structured education, and
second, through the creation of a supportive
communicative culture and environment. In the
explicit education pathway, schools develop
and implement programs on digital literacy and
digital citizenship education, teaching students
not only to be passive consumers but also
active, effective creators and agents in digital
spaces. The content of these programs extends

research indicates that school

beyond basic technical skills to emphasize
critical thinking, online ethics, awareness of the
social impacts of online activities, and positive
communication skills [34]. For example, findings

from one study revealed that students
participating in integrated curricula focused on
responsible digital agency demonstrated

greater involvement in online campaigns with
social objectives (such as environmental
protection or peer support) and higher
proficiency in detecting misinformation
compared to a control group [35]. The quality of
teacher—student relationships
delivering these educational efforts. Teachers
who foster open, dialogue-oriented

environments and position themselves as

is critical in

supportive  guides (rather than mere
transmitters of absolute knowledge) are more
successful in  modeling positive digital

behaviors.

184
The  profound impact of  school
communication, however, arises indirectly

through the establishment of school culture. In
schools where communication is grounded in
mutual respect, trust, transparency, and
collective participation, a safe and inspiring
foundation is created for practicing and
internalizing positive behaviors.
Communication theories in educational settings
support the notion that when students
experience a belonging and
responsibility toward their school community,
they extend this sense to the broader digital
realm [36]. In other words, students who learn
in school to express opinions respectfully, listen

sense of

to diverse viewpoints, and collaborate on group
projects are more likely to replicate these
behavioral patterns on social media platforms
and other online environments.

The role of digital communication channels
within the school (such as learning
management systems, school-specific social
networks, and online forums) is also significant
in this process. These channels provide a semi-
protected, guided space where students can
experiment with their initial digital agency
experiences. A study in smart schools in Punjab,
Pakistan, revealed that in institutions utilizing
internal platforms for group discussions on
projects,
students not only acquired stronger technical

social issues and collaborative
skills but also exhibited more responsible
attitudes toward information sharing and peer
support in online spaces. These platforms,
under indirect teacher supervision, enable
practice, feedback, and behavioral refinement.
In contrast, schools characterized by one-way,
directive, or overly controlling
communication—or those failing to leverage
digital tools for meaningful interaction—miss
opportunities to cultivate positive agency [37].
In such environments, students may perceive
the digital space as disconnected from school
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values or resort to minimal or risk-prone
behaviors. Therefore, school communication
acts as a driving force and model in shaping
students' positive digital agency. This is
achieved through a combination of direct digital
citizenship education and, more importantly,
the creation of a participatory and respectful
communicative culture within the school.
Investing in the enhancement of intra-school
interactions and the purposeful use of digital
tools to facilitate these interactions not only
enriches the educational environment but also
prepares the next generation for active, ethical,
and constructive participation in the complex
digital society.

Parental Self-Efficacy and Students' Positive
Digital Agency

Parental involvement in the teaching—learning
process enhances students' motivation, leading
to greater engagement and academic
participation. As a result, students exhibit more
active presence in class, greater interest in
completing

assignments, heightened

responsibility toward and more
positive responses to teachers and peers.
Ultimately, these factors contribute to
increased satisfaction and improved academic

performance [38]. In today's complex digital

learning,

environment, parental self-efficacy—defined as
parents' belief in their ability to effectively
guide their children's learning and online
experiences—has emerged as a strong
predictor of students' positive digital agency.
Parents with higher feelings of competence and
control in the digital realm experience less
anxiety and are more likely to actively
participate in their child's educational activities
while creating a richer digital home
[36]. This supportive
environment, in turn, substantially increases
the likelihood of responsible and constructive
online behaviors among students.

environment

This influence operates through several
mechanisms. First, parents with high self-
efficacy are more inclined and able to establish
clear structures and rules for technology use.
These rules are not merely restrictive; they are
often accompanied by constructive dialogue,
explanations of rationales, and instruction in
self-regulation skills. This interactive approach
helps students develop a deeper understanding
of the 'why' behind appropriate digital
behaviors and internalize them. Second, such
parents serve as effective role models. When
children observe their parents using technology
for learning, meaningful communication, or
problem-solving (rather  than passive
entertainment), they are likely to adopt similar
positive attitudes [32]. Third,
parents shift from mere supervision and control
to acting as digital guides or coaches. They
identify learning opportunities, collaborate on
digital projects, and build their child's resilience
online (such as
misinformation or cyber conflicts).

efficacious

in facing challenges

Despite the importance of this role, many
parents face challenges in achieving adequate
self-efficacy due to generational digital divides,
limited specialized knowledge, or feelings of
helplessness in the face of rapidly evolving
technologies [18]. This underscores the critical
role of schools and educational institutions.
Schools can systematically empower parents
through targeted intervention programs. The
most effective programs go beyond basic
technical training to focus on enhancing
parents' parenting, communication, and critical
media literacy skills [39]. Practical, evidence-
based strategies include interactive workshops,
parent support networks, and accessible
resources delivered through
communication channels (e.g., messaging apps
or school portals). The outcome of such
collaborative investment between home and
school is the cultivation of a generation of

diverse
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students who are not passive consumers but  effectively in  monitoring, guiding, and
informed, creative, and responsible agents in transferring  educational responsibilities,
the digital era. ultimately leading to greater student

Parental involvement in digital learning
environments, particularly following the COVID-
19 pandemic, plays a pivotal role in improving
students' academic performance, motivation,
and digital literacy. Domestic studies emphasize
that factors such as parental competence,
emotional support, digital literacy, and
mediation reduce online education risks and
facilitate learning. Internationally, research
highlights the shift in parental roles toward
facilitating digital
academic

learning and enhancing
through  active
participation. This involvement is positively
associated not only with effective school-home
communication but also with the promotion of
digital ethics and student resilience. School
communication, as a key environmental factor,
supports academic progress by fostering
belonging, motivation, and timely feedback.
Studies stress the quality of teacher—parent
interactions and the purposeful use of digital
tools to support
Furthermore, parental self-efficacy—as belief in

engagement

home-based learning.
one's capacity to support children's learning—is
linked to positive parenting and better
academic outcomes. Research indicates that
parents with high self-efficacy perform more

School Communication

satisfaction and positive agency. Collectively,
these factors exert synergistic effects on
success in digital environments. Figure 1
illustrates the expected relationships in this
study as a conceptual model.

Method

The present study employed a descriptive-
correlational design with a quantitative
approach. The primary objective was to test a
conceptual model and examine the structural
relationships, based on the
framework, among school—parent
communication in digital learning
environments, parental self-efficacy, parental
involvement in digital learning, and students'
positive digital agency. To test this theoretical
model, covariance-based structural equation

theoretical

modeling (CB-SEM) was utilized. This approach
is considered a standard and valid method in
behavioral and educational research due to its
ability to simultaneously test the measurement
and structural models, provide overall model fit
indices, and accommodate theoretical model
testing.

\A Parental Digital Participation

/

Students Digital Positive
Engagement

Parental Self-Efficacy

Fig. 1: Research model
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Participants

The statistical population consisted of parents
of primary school students in Qazvin city during
the 2025-2026 academic year (1404-1405 in
the Persian calendar), whose children had at
least one year of experience with digital
learning (fully online or blended). Multi-stage
cluster sampling was employed: first, 10 public
and private schools were randomly selected;
subsequently, eligible classes within each
school were identified, and parents of the
students were invited to participate. Sample
size was determined based on the requirements
of covariance-based structural equation
modeling, the complexity of the conceptual
model, and the need to achieve adequate
statistical
sample size of over 200 participants was
estimated. To enhance parameter estimation
precision, a total of 385 questionnaires were
collected. After excluding incomplete responses
and multivariate  outliers, 362  valid
guestionnaires (response 94%) were
analysis. Demographic
characteristics of the sample indicated that 68%
of respondents were mothers. The mean age of
parents was 42.3 years (SD = 5.7), and the
distribution of parental educational levels was
relatively balanced.

power. Accordingly, a minimum

rate:
retained for final

Instruments

Data were collected using four standardized
guestionnaires. All instruments were translated
into Persian, localized, and their validity and
reliability were examined in the present
sample.

Parental Self-Efficacy: The Parental Self-
Efficacy Scale developed by Eslam Panah
Amleshi and colleagues [40] was used. This
scale comprises 41 items across 8 subscales:
emotion-affect (5 items), play-enjoyment (5
items), empathy-understanding (5 items),
inhibitory control (6 items), discipline-

boundaries (5 items), pressure (5 items), self-
acceptance (5 items), and learning-knowledge
(5 items). Items are rated on a 5-point Likert
scale (1 = never to 5 = always). The Cronbach's
alpha for the total scale was 0.94. Given the
structural equation modeling approach,
construct reliability and validity were assessed
in the measurement model through composite
reliability, average variance extracted (AVE),
and factor loadings.

School-Parent (School
Bonding): To measure this construct, the
Parental Involvement and Engagement
Questionnaire by Fan and Williams [41] was
employed. This instrument includes 42 items
across 8 subscales: parental enthusiasm (6
items, a = 0.82), parental participation in
extracurricular activities (5 items, o = 0.74),

Communication

parental recommendations (6 items, a = 0.85),
parent—school communication related to
student school issues (6 items, o = 0.83), school
contact with parents (5 items, a = 0.79),
parental attendance at school gatherings (5
items, a = 0.82), family regulations (5 items, a =
0.81), and socioeconomic base (4 items, a =
0.81). Responses are recorded on a 5-point
Likert scale. (Note: The reported Cronbach's
alpha values are for the subscales; overall
internal consistency reliability was assessed
accordingly.)

Parental Involvement in Digital Learning
Environments: This construct was measured
using the 19-item instrument developed by
Amelia and colleagues [42]. The questionnaire
consists of four subscales: use of technology for
educational games (4 items), use of technology
for studying (3 items), fostering children's
critical thinking skills based on images and
words (6 items), and describing websites
accessible to children (6 items). The tool
possesses content, construct, and empirical
validity, with responses recorded on a 5-point
Likert scale [42].
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Students' Positive Digital Agency: To assess
this construct, the scale developed by Yasa and
Rahaya [43] was utilized. The instrument uses a
5-point Likert scale and comprises 10 items
across three subscales: digital literacy and
cognitive-learning competence (5 items), social
and ethical digital agency (3 items), and creative
digital agency (2 items). Parental agreement is
evaluated based on their observations of their
child's behaviors and skills in using digital tools
and engaging in virtual spaces. The internal
consistency in the original study was reported
as 0.89.

Data Analysis

Data analysis was conducted at both descriptive
and inferential statistical levels using
covariance-based structural equation
modeling. In the first phase, data were screened
for completeness, multivariate outliers
(identified via Mahalanobis distance), and
statistical assumptions. Multivariate outliers
were removed where appropriate. Normality of
variable distributions was evaluated through
skewness and kurtosis indices and multivariate
tests. Given the adequate sample size, analyses
were considered robust to minor deviations
from normality. Next, the measurement model
was tested via confirmatory factor analysis
(CFA) to evaluate construct validity and
reliability. Standardized factor loadings,
composite reliability (CR), and average variance
(AVE) computed.
loadings above 0.50, CR values greater than
0.70, and AVE values exceeding 0.50 were
regarded as evidence of internal reliability and
convergent validity.

extracted were Factor

Discriminant validity was confirmed by
comparing the square root of AVE for each
construct with inter-construct correlations.
Following confirmation of the measurement
model, the structural model was estimated to
test the hypothesized relationships among

constructs. Standardized path coefficients,
standard errors, and statistical significance of
paths were examined. Path significance was
assessed using Z-statistics at the 0.05 level.
Additionally, the explanatory power of the
model was evaluated by reporting coefficients
of determination (R?) for endogenous
constructs.

Results and Findings

Table 1 presents the descriptive statistics,
internal reliability, and convergent validity
indices for the constructs. This table includes
means (M), (SD),
Cronbach's alpha (a), composite reliability (CR),
average variance extracted (AVE), and factor
loadings for each construct and its indicators.
The measurement model demonstrated
satisfactory validity and reliability. Internal
consistency reliability for all constructs was
excellent, with Cronbach's alpha coefficients
exceeding 0.89 across the board. To evaluate
convergent validity, three key indices were
examined. First, all standardized factor loadings

standard deviations

were statistically significant (p < 0.01) and
generally above 0.50, indicating that each
indicator adequately contributed to defining its
respective  construct. Second, composite
reliability (CR) values for all constructs ranged
from 0.77 to 0.93, surpassing the
recommended threshold of 0.70 and reflecting
consistency among the
indicators of each construct. Third, average
variance extracted (AVE) values exceeded 0.50
for three constructs (positive digital agency,
parental self-efficacy, and parental
involvement), while the AVE for parental
involvement in digital learning was close to 0.50
(0.47). This suggests that, for most constructs,
the shared variance among indicators was
greater than the variance due to measurement
error, thereby establishing convergent validity.

excellent internal
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Table 1: Descriptive Statistics, Reliability, and Convergent Validity of the Constructs

Construct/Indicator Mean SD SDA a CR AVE
Parental Self-Efficacy 0.94 0.93 0.58
Empathy-Understanding 21.81 2.81 0.81 - - -
Discipline- Setting Boundaries 21.06 3.05 0.81 - - -
Learning-Knowledge 21.20 2.67 0.79 - - -
Emotion Regulation 22.44 3.85 0.76 - - -
Play-Enjoyment 22,58 2.64 0.68 - - -
Self-Acceptance 25.01 3.01 0.66 - - -
Emotion-Affection 20.75 3.08 0.44 - - -
Pressure 24.35 3.71 0.38 - - -
School Communication 0.91 0.92 0.56
Family Rules 20.93 3.06 0.69

Parent-School Communication 25.74 3.78 0.66

Parental Advice 26.67 2.95 0.66

School Meetings 18.54 4.12 0.60

Extracurricular Activities 19.98 3.33 0.59

School Contact 18.62 4.03 0.50

Parental Aspiration 26.16 3.49 0.53

Socioeconomic Status 14.81 3.53 0.44

Digital Participation 0.90 0.78 0.47
Educational Play 15.48 3.06 0.71

Studying 11.60 2.19 0.53

Critical Thinking 10.02 2.17 0.34

Website Description 14.42 4.33 0.26

Positive Engagement 0.89 0.77 0.53
Learning Literacy 11.68 2.45 0.70

Creative Engagement 16.71 7.10 0.31

Social-Ethical 7.34 1.96 0.43

Although the AVE for parental involvement in
digital
conventional

learning falls slightly below the
0.50 threshold, it
acceptable given the high composite reliability
(0.78) and the overall strength of the other
indices, consistent with guidelines that allow
flexibility when CR is adequate and AVE is near

remains

the cutoff. Table 2 presents the inter-construct
correlations (values above the main diagonal)
and the square root of the AVE for each
construct (bolded values on the main diagonal)
to assess discriminant validity.

Discriminant validity (distinctiveness of the
constructs from one another) was assessed
using the Fornell-Larcker criterion. This
criterion compares the correlations between
each pair of constructs with the square root of
the average variance extracted (VAVE; bolded

values on the diagonal) for the same construct.
Discriminant validity is established if the VAVE
for a construct exceeds its correlation with
every other construct in the model. As shown,
this condition holds for all construct pairs. For
example, the VAVE for parental self-efficacy
(0.76) is greater than its correlation with
positive digital agency (0.35) and with other
constructs. This indicates that each construct
captures a unique portion of variance in the
model and does not substantially overlap with
others. Furthermore, the correlation matrix
provides the necessary prerequisites for testing
the structural model. Table 3 reports the
standardized path coefficients, standard errors,
t-statistics, significance levels, and explained
variance.
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Table 2: Correlation Matrix and Extracted Average Variance

Construct

(1)

(2) (3) (4)

(1) Parental Self-Efficacy
(2) School Communication
(3) Parental Digital Participation

(4) Student Positive Engagement

0.76
0.65
0.67
0.35

0.75
0.78 0.69
0.41 0.53 0.73

Table 3: Results of Structural Model Analysis (Direct and Indirect Path Coefficients)

Direct Paths B SD t p Result
School Communication = Parental - n 505 506 <0001 Supported
Digital Engagement
Parental Self-Efficacy > Parental - ,c (08 339 <0001 Supported
Digital Engagement
Parental Digital Engagement -

. . . <0.

Student Positive Digital Activism 0.53 0.08 6.02 0.001 " Supported
Indirect Effects
School Communication = Parental Supported
Digital Engagement - Student 0.32 0.06 4.89 <0.001
Positive Digital Activism
Parental Self-Efficacy > Parental
Digital Engagement - Student 0.14 0.05 3.03 <0.001 Supported
Positive Digital Activism
RZ
Parental Digital Engagement 0.65
Student Positive Digital Activism 0.28

The structural model was evaluated using
bootstrapping with 5000 resamples and 95%
confidence intervals. All direct paths were
statistically significant (|t| > 2.58, p < 0.01).
School—parent communication emerged as the
strongest predictor of parental involvement in
digital learning (B = 0.60), followed by parental
self-efficacy (B = 0.26). Parental involvement in
digital learning, in turn, was a significant and
strong predictor of students' positive digital
agency (B =0.53).

To test indirect effects, the bootstrapping
method was employed. Since the 95%
confidence intervals for both indirect effects did
zero—school—parent
communication via parental involvement in
digital learning [0.20, 0.45]; parental self-

not include

efficacy via parental involvement in digital
learning [0.05, 0.24]—these mediated effects

were statistically significant at the 95%
confidence level. These findings support
complete mediation (full mediation) by

parental involvement in digital learning, as the
direct effects of school-parent communication
and parental self-efficacy on students' positive
digital agency became non-significant in the
presence of the mediator.

The model explained 65% of the variance in
parental involvement in digital learning and
28% of the variance in students' positive digital
agency, indicating good
explanatory power overall. Table 4 presents the
absolute, incremental, and parsimony fit indices
for the overall evaluation of the model.

moderate to
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Table 4: Goodness-of-Fit Indices for the Measurement and Structural Models

Fit Category Index Acronym Model Value Desired Value Judgment
Absolute Fit Indices X 990.83 (df=226) - -
x3/df 4.38 <5.0 Acceptable
RMSEA 0.07 <0.08 Acceptable
SRMR 0.05 <0.08 Acceptable
GFI 0.98 >0.90 Acceptable
CFI 0.96 >0.90 Acceptable
Incremental Fit Indices NFI 0.94 >0.90 Acceptable
TLI (NNFI) 0.72 >0.90 Acceptable
Parsimonious Fit Indices PNFI 0.92 >0.50 Acceptable
PGFI 0.91 >0.50 Acceptable

Overall evaluation of the model using a range of
fit indices indicates that the model exhibits
relative or acceptable fit with the data.
Absolute fit indices show: the x?/df ratio of 4.38,
which falls within the acceptable range
(typically < 5.0, though preferably < 3.0-4.0 in
many guidelines). The RMSEA value of 0.07,
while higher than the excellent threshold
(£ 0.05-0.06), remains within the commonly
accepted (0.05-0.10), suggesting a
reasonable approximation error. The SRMR of
0.07 is at the border of acceptability (< 0.08). On
the positive side, the GFI value of 0.98 exceeds
the desirable threshold (> 0.90-0.95).
Incremental fit indices all surpassed the
standard threshold of 0.90, indicating ideal
incremental fit relative to the baseline (null)

range

model. Parsimony-adjusted indices (PNFI
0.92, PGFI = 0.91) demonstrate that the model,
despite a moderate number of parameters,
accounts for a substantial portion of fit without
excessive complexity.

This  pattern—strong parsimony and
incremental indices alongside somewhat
elevated x?/df and RMSEA—is frequently
observed in complex models with relatively
limited sample or applied
educational/behavioral research. It may reflect
minor unmodeled cross-loadings, correlated

sizes in

measurement errors, or the sensitivity of x2-
based statistics (including RMSEA) to sample
size and model degrees of freedom, rather than
severe misspecification. In covariance-based
SEM,
combination of indices (e.g., Hu & Bentler, 1999
guidelines: CFI/TLI 2 0.95 combined with SRMR
< 0.09 or RMSEA < 0.06 with SRMR < 0.09) over
any single index. Here, the overall profile

researchers commonly prioritize a

supports proceeding with interpretation of the
structural parameters, while acknowledging
that minor local misspecifications (e.g., omitted
error covariances) could contribute to the
elevated x2/df.

Discussion

Consistent with the paradigmatic shifts in the
post-COVID era [2] and the prioritization of
educational policies on technology integration
[1], this study tested a causal model to examine
the predictive roles of school—parent
communication and parental self-efficacy on
students' positive digital agency, mediated by
parental involvement in digital learning. The
empirical findings from structural equation
modeling provided strong support for the

conceptual model. The results not only
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demonstrated acceptable model fit but also
confirmed all direct and indirect paths at high
levels of statistical significance.

A central finding of this study is the strong
positive effect of school-parent communication
on parental involvement in digital learning,
which is theoretically and empirically well-
grounded. This result directly aligns with
Bronfenbrenner's ecological systems theory
[44], which posits that individual development
(here, student agency) occurs within a nested
system of interconnected environments,
beginning with microsystems (family and
school) and extending to meso-, exo-, and
macrosystems. The quality of linkages between
microsystems—termed the mesosystem by
Bronfenbrenner—is optimal
development. The present findings indicate
that a robust mesosystem, characterized by
effective, multi-channel, and purposeful
school-parent communication [12], directly
enhances parental engagement within the
home microsystem in digital contexts. This is
with

research

critical for

consistent recent domestic and

international emphasizing that

effective home—school interactions reduce

educational inconsistencies and elevate
instructional quality. In digital settings, such
interactions require redefining communication
channels and content [13]. Other scholars have
highlighted the need to redefine parental and
school roles in the digital age to foster students'
ethics and resilience [31]. Our results suggest
that schools leveraging digital tools not merely
for one-way information dissemination but for
bidirectional dialogue, consultation, and
genuine parental involvement in learning
processes [15] are successful in
transforming parents into active facilitators of
digital learning. Conversely, barriers such as
parents' limited digital skills can be substantially
mitigated through supportive, education-

oriented school communication [14]. Thus, this

more

finding underscores both the importance of
communication quality and positions the school
as the primary catalyst and facilitator of family
involvement in the digital domain.

The positive and significant influence of
parental self-efficacy on digital involvement
provides compelling evidence for the
application of Bandura's social cognitive theory
to digital parenting. According to this theory,
self-efficacy refers to individuals' beliefs in their
capacity to organize and execute courses of
action required to manage prospective
situations. Parents with high digital self-efficacy
believe they can navigate challenges in digital
learning environments, benefit their children,
and influence learning outcomes [18]. This
belief enhances their motivation and
persistence in activities such as assisting with
online assignments, managing screen time, or
discussing web content with their child [20].
This aligns with studies demonstrating
bidirectional relationships between parental
self-efficacy and positive parenting [16-17],
particularly those showing that self-efficacy
reduces
empowers parents in supportive roles [19].
Notably, the path coefficient for self-efficacy
was lower than that for school communication,
potentially indicating that,

technology-related anxiety and

in the cultural
context of this study, exogenous environmental
factors (school role) exert a stronger influence
on motivating parental digital involvement than
endogenous individual factors (self-efficacy
beliefs). This interpretation warrants further
exploration in cross-cultural comparative
studies. Nonetheless, it does not diminish the
importance of self-efficacy but highlights the
need for psychological empowerment of
parents alongside environmental facilitation
through communication.

The strongest outcome-level finding was the
profound positive effect of parental digital

involvement on students' positive digital
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agency, forming the core of the conceptual
model and affirming the study's central
premise: engaged and informed parents
cultivate responsible, creative, and ethical
digital citizens among their children. This
relationship can be interpreted through
multiple theoretical lenses. From Bandura's
social learning theory perspective, parents
serve as primary behavioral models. When
parents actively and critically engage with
digital content, participate in creative digital
projects, or discuss online ethics, they directly
model positive agency [42]. From Self-
Determination Theory, high-quality parental
involvement can satisfy students' basic
psychological needs for competence,
autonomy, and relatedness in digital
environments. Parental support fosters feelings
of competence in technology use, autonomy
within clear boundaries, and positive emotional
bonds through shared digital activities—
thereby enhancing intrinsic motivation for
positive, self-regulated behaviors. From activity

theory (rooted in Vygotsky's framework),

learning occurs within meaningful social
activities. Parental involvement transforms
students' digital learning from solitary
individual activity into collaborative social

practice. Parents act as 'more knowledgeable
others', providing scaffolding to guide the child
from current to potential developmental levels.
This finding directly supports prior research
emphasizing appropriate parental modeling for
constructive technology use [7-9], the role of
dialogue and modeling in developing digital
literacy and cyber responsibility [27], and the
link between parental involvement and
increased academic engagement (a component
of positive agency) [29]. Our results add
comprehensiveness by demonstrating that
parental extends  beyond
academic performance improvements [9] to
influence students' digital literacy, ethics, and

involvement

creativity—the very dimensions underpinning
positive digital agency [32].

A key contribution of this study is the
identification of complete mediation by
parental digital involvement. This implies that
the effects of school-parent communication
and parental self-efficacy on students' positive
digital agency are fully transmitted through
increased parental participation, with no
significant direct paths remaining. This finding
holds theoretical importance in two respects:

(a) Clarification of mechanisms: It elucidates
how distal factors operate to produce
outcomes, rejecting a "black box" approach.
Schools foster opportunities through improved
communication; self-efficacy provides the
motivation and confidence to seize them, but it
is parents' observable behavioral involvement
that directly permeates the child's learning
environment and shapes agency. This
underscores the complexity and sequential
nature of influence processes in educational
ecosystems.

(b) Validation of an integrated model: The
results strongly endorse a unified model in
which parental involvement serves as the
essential connective link between
external/environmental factors (school) and
internal/individual factors (parental beliefs) on
the one hand, and student outcomes on the
other. This integrated approach offers clear
advantages over single-factor models focused
solely on school or parental elements. It aligns
with dynamic systems perspectives, wherein
changes in one subsystem (e.g., enhanced
school communication) transfer to another
(student agency) only when the intermediary
subsystem (parental involvement) functions
effectively.

Employing rigorous
methodology (covariance-based
equation modeling), this study successfully
tested and validated an integrated causal model

quantitative
structural
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explaining how school-level (communication)
and parent-level (self-efficacy) factors, through
a key behavioral mechanism at the family level
(digital
student outcomes in the digital era (positive

involvement), influence advanced
agency). The findings clearly demonstrate that
cultivating students who are active, creative,
and ethical digital citizens—rather than passive
consumers—requires coordinated
strengthening of the school-parent—student
triad: schools invite and empower parents
through effective supportive channels; parents,
believing in their capabilities, become models
and guides through active engagement; and
students, in this enriched context, internalize
positive digital agency as part of their identity.
This study also emphasizes the need to move
beyond single-factor or mechanistic views of
complex educational phenomena. Success in
digital learning environments emerges from
dynamic, nonlinear interactions among
multilevel factors. Accordingly, any educational
intervention or policy must adopt this systemic,

ecological perspective.

Conclusions

In summary, this study successfully tested and
validated an integrated causal model
demonstrating that school—parent
communication and parental self-efficacy
positively influence students' positive digital
agency, but only through the full mediation of
parental involvement in digital learning. The
findings confirm that cultivating active,
creative, and ethical digital citizens requires

coordinated action across the school—parent—

student  triad: schools must initiate
bidirectional,  supportive = communication;
parents, empowered by their self-efficacy

beliefs, must translate that into behavioral
engagement; and students, in turn, internalize

positive digital agency as
developmental identity.

Several limitations should be acknowledged.
First, design precludes
causal inferences despite the theoretical causal
ordering. Second, data were collected via self-
report measures, which may be subject to social
desirability and common method bias. Third,
the sample was drawn from a specific cultural
and educational context, which may limit the
generalizability of the findings to other regions
or school systems. Fourth, the study focused on
parental involvement as the sole mediator;
other potential mediators (e.g., student-
teacher interaction, peer influence) were not
examined.

Future studies should employ longitudinal or
experimental designs to establish temporal
precedence and causal relationships. Cross-
cultural comparative research is particularly
needed to examine whether the relative
of school
self-efficacy vary across different

Additionally,
methods (e.g.,
interviews with parents and students) could
enrich understanding of the processes
underlying parental digital involvement.
Exploring moderators such as parental digital

part of their

the cross-sectional

weights communication versus
parental
educational systems.

incorporating  qualitative

literacy, child's age, or socioeconomic status
would also extend the current model.
Practically, the findings offer clear guidelines
for educational policy and practice. Schools
should digital
platforms that enable
dialogue, not just information broadcasting,
and provide training for teachers on how to

invest in communication

genuine two-way

engage parents constructively in digital
learning. Parental empowerment programs
should include both skill-building (digital

literacy) and psychological components (self-
efficacy enhancement) to reduce technology-

related anxiety and increase  active
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participation. Policymakers are advised to
adopt an ecological, systemic perspective when
designing interventions, recognizing that
student outcomes in the digital era emerge
from dynamic interactions among family,
school, and individual factors—not from
isolated efforts. This study provides empirical
support for moving beyond single-factor
approaches toward integrated, multi-level
strategies for fostering positive digital
citizenship among youth.
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