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aimed to compare the effectiveness of artificial intelligence (Al) assistant and acceptance and
commitment therapy (ACT) in enhancing academic self-efficacy and self-regulation among
bilingual students.

Methods: Conducted in 2023-2024, this experimental study employed a pre-test-post-test and
one-month follow-up design with a control group. A total of 105 Persian-Arabic seventh-grade
bilingual male students from Ahvaz City, Iran, were multi-stage cluster sampled and randomized
into two 35-member experimental groups (Al assistant, ACT) and one control group. Over 8
weeks, experimental groups received either “Monica” Al or structured ACT sessions, while
controls received conventional education. Academic self-efficacy and self-regulation data were
collected. Repeated measures analysis of variance with Bonferroni corrections analyzed inter-
group differences.

Results: The study’s findings unequivocally demonstrated that both the Al assistant and ACT
interventions significantly improved students’ academic self-efficacy and self-regulation when
compared to the control group (P<0.001). Furthermore, the Al assistant exhibited a notably
more pronounced positive impact on both measured variables than ACT, which itself proved
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Highlights

o Al assistant and ACT significantly improve academic self-efficacy in bilingual students.

e Both interventions enhance self-regulation, with Al showing greater impact than ACT.

® The Al assistant outperforms ACT and control in boosting academic skills in bilingual students.

o Effects of Al and ACT interventions sustain at one-month follow-up assessment.

Plain Language Summary

This study explores how an artificial intelligence (Al) assistant called “Monica” and acceptance and commitment
therapy (ACT) can help bilingual seventh-grade boys in Ahvaz City, Iran, and improve their confidence and ability to
manage their schoolwork. Over 8 weeks, 105 students were divided into three groups: one group used the Al assistant,
another group received ACT sessions, and the control group followed regular classes. Both the Al and ACT groups
demonstrated significant improvements in self-efficacy (belief in their academic abilities) and self-regulation (learning
management) compared to the control group. The Al assistant was more effective than ACT, with both outperforming
traditional teaching. These improvements lasted at least one month after the study. The findings suggest that Al tools
and ACT can support bilingual students in overcoming academic challenges, with Al offering a particularly effective

and scalable solution.

Introduction

ilingual students constitute a significant
and expanding demographic within
global educational systems. However,
they frequently navigate a unique land-
scape of academic challenges that can
profoundly influence their learning trajectories (Gao &
Yang, 2023). Beyond the inherent complexities of mas-
tering multiple languages, these students often contend
with issues such as increased cognitive load, cultural
identity conflicts, and disparities in pedagogical expec-
tations across linguistic contexts (Ulum, 2024). These
multifaceted challenges can manifest as difficulties in
academic comprehension, effective communication, and
the crucial development of adaptive learning strategies.
As a result, bilingual learners may experience elevated
academic stress and lessened self-perceptions of their ca-
pabilities; they struggle in independently managing their
learning processes (Moradpour & Bavi, 2025). More-
over, students in suburban areas, such as those in Ahvaz
City, Iran may face additional barriers due to limited ac-
cess to educational resources, potentially exacerbating
challenges in developing academic self-efficacy and
self-regulation, which are critical for academic success.
Addressing these distinct vulnerabilities is imperative to
ensure their successful integration and optimal academic
progression within diverse educational environments.

Academic self-efficacy, a pivotal construct within Ban-
dura’s (1996) social cognitive theory, denotes an individ-
ual’s conviction in their capability to execute academic
tasks successfully. This belief extends beyond mere skill
possession to encompass confidence in one’s capacity to
deploy those skills to attain specific learning outcomes
effectively (Cabras et al., 2024). Elevated academic self-
efficacy promotes enhanced persistence amidst academ-
ic challenges, boosts motivation to engage with difficult
content, and facilitates more profound cognitive process-
ing (Bagheri Sheykhangafshe et al., 2024). Students pos-
sessing robust self-efficacy are prone to establish more
ambitious academic objectives, rebound swiftly from
adversities, and judiciously apply efficacious learning
strategies, all of which serve as crucial indicators of
academic success and holistic well-being (Nielsen et al.,
2018).

Complementary to academic self-efficacy, academic
self-regulation refers to students’ proactive efforts to
manage their thoughts, behaviors, and emotions effec-
tively in pursuit of academic goals. This multifaceted
process encompasses various dimensions, including
cognitive strategies (e.g. elaboration, organization of
information), metacognitive strategies (e.g. planning,
monitoring one’s understanding, evaluating learning
outcomes), motivational beliefs (e.g. perceiving task
value, maintaining positive outcome expectations), and
behavioral management (e.g. efficient time allocation,
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seeking appropriate help) (Nooripour et al., 2022). High-
ly self-regulated learners demonstrate proficiency in es-
tablishing attainable objectives, flexibly adjusting their
learning approaches, and sustaining perseverance even
when encountering challenges (Jafari et al., 2024). This
inherent capacity for self-directed learning is increas-
ingly acknowledged as foundational for successfully
navigating complex academic demands and cultivating
lifelong learning habits, thereby positioning it as a piv-
otal focus for contemporary educational interventions
(Morosanova et al., 2022).

The swift evolution of artificial intelligence (AI) has
notably expanded the landscape of educational support,
offering the promise of highly personalized and adaptive
learning experiences (Adewale et al., 2024; Dehghani et
al., 2025). Al assistants proficiently leverage sophisticat-
ed algorithms to deliver immediate feedback, precisely
tailor content to individual learning paces, and provide
intelligent tutoring capable of adapting to a student’s
unique strengths and weaknesses (Looi & Jia, 2025). In
this study, the “Monica” Al platform was selected for its
evidence-based design, incorporating validated adaptive
learning algorithms and immediate feedback mecha-
nisms, which have been shown to enhance engagement
and academic outcomes in diverse student populations,
including those navigating linguistic challenges (Rahi-
man & Kodikal, 2024). Moreover, these platforms can
analyze extensive datasets to discern intricate learning
patterns, forecast areas of potential difficulty, and recom-
mend highly customized resources, thereby optimizing
the overall learning trajectory (Bali et al., 2024). Beyond
mere content dissemination, Al tools possess the capac-
ity to significantly augment student engagement through
interactive exercises and gamified learning, cultivating a
dynamic and nurturing educational environment that ad-
dresses individual needs with greater efficacy than con-
ventional methodologies (Rahiman & Kodikal, 2024).

Parallel to technological advancements, acceptance
and commitment therapy (ACT), a third-wave cogni-
tive behavioral therapy, emphasizes enhancing psycho-
logical flexibility via core processes such as acceptance,
mindfulness, cognitive defusion, self-as-context, values
clarification, and committed action (Akbari et al., 2022).
Within academic settings, ACT aims to empower stu-
dents to respond more effectively to internal experiences
(e.g. anxiety, self-doubt) that might impede learning,
rather than attempting to eradicate them (Katajavuori
et al.,, 2023; Ebrahimi et al., 2024). By encouraging
students to embrace challenging thoughts and feelings,
align their behaviors with their fundamental values (e.g.
striving for knowledge, personal growth), and engage

in purposeful actions, ACT can cultivate heightened
resilience, sustained persistence, and sharpened focus
(Knight & Samuel, 2022). Specifically, studies like
Katajavuori et al. (2023) have demonstrated ACT’s ef-
ficacy in promoting university students’ well-being and
academic engagement by fostering psychological flex-
ibility, which is particularly relevant for bilingual stu-
dents facing unique stressors. This therapeutic approach
provides students with a robust framework for skillfully
navigating academic pressures and steadfastly pursuing
meaningful educational goals despite their unique inter-
nal struggles (Zarei et al., 2024).

Despite the widely acknowledged importance of aca-
demic self-efficacy and self-regulation for all students,
there remains a notable paucity of research on effective
strategies specifically tailored for bilingual learners, a
group confronting distinct challenges. The rationale for
this study stems from the need to address the unique
academic and psychological challenges faced by bilin-
gual students, particularly in developing academic self-
efficacy and self-regulation, which are critical for their
academic success. Both Al-assisted interventions, such
as the “Monica” platform, and ACT-based interventions
target these constructs. Still, through distinct mecha-
nisms, Al provides real-time, adaptive academic support
to enhance skill mastery and confidence, while ACT
fosters psychological flexibility to manage emotional
and cognitive barriers to learning. Comparing these ap-
proaches is essential to determine which intervention—
or combination thereof—best supports bilingual students
in overcoming their specific challenges, such as linguis-
tic complexity and cultural adaptation, thereby filling a
critical gap in the literature (Katajavuori et al., 2023; Ra-
himan & Kodikal, 2024). While both Al-powered educa-
tional tools and ACT have shown considerable promise
in enhancing various psychological and academic out-
comes across general populations, their comparative ef-
ficacy within a bilingual context, particularly regarding
these pivotal academic skills, is not yet well-established.
This study addresses this gap by directly comparing the
“Monica” Al-assisted intervention with an ACT-based
intervention, as both approaches target adaptive learning
behaviors and psychological resilience, which are cru-
cial for bilingual students navigating linguistic and cul-
tural complexities. Consequently, a discernible research
gap exists concerning which intervention modality of-
fers superior benefits or how these approaches might
synergistically address the unique requirements of this
student demographic.
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Additionally, the role of attention, as a component of
engagement, was considered in the design of both inter-
ventions, with Al providing interactive feedback to sus-
tain focus and ACT emphasizing mindfulness to enhance
students’ attentional control and motivation. Therefore,
this study meticulously aimed to directly compare the
effectiveness of an Al-assisted intervention and an ACT-
based intervention in enhancing academic self-efficacy
and self-regulation among Persian-Arabic seventh-grade
bilingual male students. Through this investigation, the
research sought to provide robust empirical evidence to
guide the development of more effective and precisely
targeted educational interventions for linguistically di-
verse learners.

Materials and Methods

This study adopted an experimental research design,
featuring pre-test, post-test, and a one-month follow-up
assessment, in conjunction with a non-equivalent con-
trol group. The investigation took place during the aca-
demic year 2023-2024. The target population consisted
of Persian-Arabic seventh-grade bilingual male students
enrolled in public schools across Ahvaz suburban areas,
Iran. The selection of suburban schools was intentional,
as these areas often have limited access to advanced edu-
cational resources, which may contribute to lower aca-
demic self-efficacy and self-regulation among students,
thus highlighting the need for targeted interventions to
support this population’s academic development. Em-
ploying a multi-stage cluster sampling method, 105
eligible students were systematically selected and sub-
sequently randomized into three distinct groups: two ex-
perimental groups (Al-assisted intervention, ACT-based
intervention) and one control group, each comprising 35
participants. Eligibility for participation was contingent
upon: enrollment as a seventh-grade male student, self-
identification as Persian-Arabic bilingual, submission
of informed parental consent and student assent, and no
history of formal psychological intervention for academ-
ic self-efficacy or self-regulation difficulties. Converse-
ly, students diagnosed with severe learning disabilities
or psychiatric disorders, or those missing more than two
intervention sessions, were excluded from the study.

Following ethical approval and requisite permissions
from the Ahvaz Education and selected schools, study
objectives were delineated to administrators and teachers.
Comprehensive information sheets were then provided to
prospective participants and their parents, meticulously
securing informed parental consent and student assent

from all 105 eligible students. All participants completed
the initial pre-test battery on academic self-efficacy and
self-regulation. After the pre-test, participants were ran-
domly allocated to three groups: Two experimental (Al-
assisted intervention, ACT-based intervention) and one
control. The Al-assisted intervention was designed by a
team of educational psychologists and computer scientists
at Islamic Azad University, Ahvaz Branch, in collabora-
tion with the developers of the “Monica” Al platform to
ensure alignment with the academic needs of bilingual
students. The experimental groups commenced an 8-week
intervention: The Al group engaged with the “Monica”
Al platform (45-60 min, 3x/wk), which delivered tailored
academic content in mathematics and Persian-Arabic lan-
guage arts, including interactive lessons, adaptive quizzes,
and personalized feedback based on real-time performance
analytics to enhance engagement and address individual
learning gaps; the ACT group participated in 8 weekly
90-minute sessions facilitated by a trained clinical psy-
chologist (summarized in Tables 1 and 2). The ACT-based
intervention was developed by clinical psychologists spe-
cializing in educational applications of ACT, ensuring fi-
delity to its core principles while tailoring content to the
cultural and linguistic context of Persian-Arabic bilingual
students. The control group received the standard curricu-
lum—immediately post-intervention, all completed post-
tests, followed by a one-month follow-up to assess sus-
tained effects. The “Monica” Al platform’s effectiveness
stems from its ability to adapt content delivery to students’
cognitive and emotional needs through machine learning
algorithms. These algorithms analyze performance data to
provide scaffolded support and motivational prompts, ad-
dressing human aspects such as motivation and self-doubt.
However, it lacks the empathetic depth of human interac-
tion provided by ACT (Looi & Jia, 2025).

The general academic self-efficacy scale (GASE)

The GASE (Nielsen et al., 2018) is a concise 5-item
instrument designed to assess students’ overall perceived
confidence in their academic capabilities. Responses are
typically rated on a 5-point Likert scale, with higher
scores reflecting greater academic self-efficacy. Despite
its brevity, this scale has demonstrated good psychomet-
ric properties in various educational contexts. Prior re-
search on similar brief self-efficacy scales has reported
acceptable to strong internal consistency, with Cronbach
o generally above 0.70 (Farnia et al., 2020). For the pres-
ent study, the Cronbach o coefficient for the GASE was
found to be 0.89, indicating strong reliability within this
sample.
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Table 1. Al assistant intervention program (Monica - ChatGPT, 2025)

Session Content

Onboarding & foundational skills: Introduction to the platform, personalized learning path setup, review of core
seventh-grade mathematics (e.g. arithmetic, basic algebra) and Persian-Arabic language arts (e.g. reading compre-
hension, vocabulary), adaptive quizzes with immediate feedback, aiming for familiarity with Al and baseline skill
reinforcement.

Weeks 1 & 2

Self-efficacy building & goal setting: Al-driven motivational prompts, adaptive challenges based on demonstrated
mastery, support for setting small, achievable goals, progress visualization tools, and positive reinforcement (e.g.
virtual badges) to increase confidence and initial goal attainment.

Weeks 3 & 4

Strategic learning & self-monitoring: Al-suggested learning strategies (e.g. active recall, spaced repetition), automat-
ed performance tracking, error analysis prompts, and self-reflection questions to enhance strategy use and aware-
ness of the learning process.

Weeks 5 & 6

Problem-solving & persistence: Engagement with complex adaptive problems, provision of scaffolded support,

Weeks 7 & 8 “stuck-point” analysis with hints, encouragement for persistence, and simulated test environments to improve prob-

lem-solving skills and resilience.

The ASRS, developed by Bouffard et al. (1995), was
employed to measure academic self-regulation in this
study. This 14-item instrument utilizes a 5-point Likert
scale, with response options ranging from 1 (“does not
match me at all”) to 5 (“matches me completely”). The
ASRS is structured around three distinct subscales: cog-
nition, metacognition, and motivation. Total scores on
the scale can range from 14 to 70, with higher scores
reflecting a greater degree of academic self-regulation.
Regarding its psychometric properties, Sajjad Bakhtiary
et al. (2021) previously reported a Cronbach a coeffi-

consistency reliability was similarly assessed, yielding a
Cronbach a coefficient of 0.87, which further affirms its
strong reliability within this sample.

Data analysis

Using SPSS software, version 28.0, statistical analy-
ses employed repeated measures analysis of variance
(ANOVA) to assess intervention effectiveness on aca-
demic self-efficacy and self-regulation across time
points (pre-test, post-test, follow-up). Also, assumptions
were examined. Significant effects were explored via
Bonferroni post-hoc tests for pairwise comparisons.

cient of 0.90 for the ASRS, indicating good internal
consistency reliability. In the present study, the internal

Table 2. ACT intervention program

Session Content

Introduction to ACT & psychological flexibility: Overview of the ACT model, utilizing the “tug-of-war with monster”
metaphor, and engaging in a brief mindfulness exercise to foster an understanding of psychological flexibility and
initial acceptance of discomfort.

Session 1

Cognitive defusion: Thoughts as just thoughts: Exploration of the “passengers on the bus” metaphor and practice of
defusion technigues (e.g. “I'm having the thought that...”) aimed at challenging negative self-talk and reducing the
unhelpful impact of thoughts on behavior.

Session 2

Acceptance, making room for difficult feelings: Guided “mindful breathing” exercises, cultivating a willingness to
experience discomfort, and understanding creative hopelessness to increase acceptance of anxiety or fear and
reduce experiential avoidance.

Session 3

Self-as-context, the observing self: Introduction of the “sky and clouds” metaphor to differentiate between tran-
sient thoughts/feelings and the stable “self” that observes them, leading to a more stable sense of self and detach-
ment from internal struggles.

Session 4

Values clarification, what matters most: Activities focused on identifying core academic and personal values, includ-
ing the “graveyard exercise,” to help students use their values as a compass, leading to a clearer sense of purpose
and intrinsic motivation for learning.

Sessions 5 & 6

Committed action, acting on values: Goal setting aligned with clarified values, engaging in behavioral experiments,
addressing barriers, and developing relapse prevention plans, along with fostering a “self-as-doer” mindset to
promote values-driven behavior, enhanced self-regulation, and persistence.

Sessions 7 & 8
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Results

A total of 105 seventh-grade male students Mean+SD
12.8+0.65 years of age formed a demographically ho-
mogeneous sample. To confirm baseline equivalence,
one-way ANOVA was conducted on pre-test scores
for academic self-efficacy and self-regulation across
the three groups (Al-assisted intervention, ACT-based
intervention, control). For academic self-efficacy, no
significant differences were found between groups
(F=0.14, P=0.873), with Mean+SD of 17.5+2.5 for Al,
17+£2.4 for ACT, and 17.3£2.5 for control. Similarly,
for academic self-regulation, no significant differenc-
es were observed (F=0.09, P=0.910), with means of
45.2+7.1 for Al, 44.9+7.7 for ACT, and 45.5+7 for con-
trol. These results confirm that the groups were compa-
rable at baseline, supporting the validity of subsequent
intervention comparisons. Table 3 presents descriptive
statistics for academic self-efficacy and self-regulation
across groups (Al-assisted intervention, ACT-based in-
tervention, control) at pre-test, post-test, and 1-month

follow-up. Consistent with randomization, pre-test
means were comparable. Post-intervention, experimen-
tal groups showed significant increases in scores, large-
ly sustained at follow-up, contrasting with the control
group’s lack of substantial change.

Before repeated measures ANOVA, assumptions were
rigorously examined. Normality of academic self-effi-
cacy and self-regulation data (all time points/groups)
was assessed via the Kolmogorov-Smirnov tests and
skewness/kurtosis values (£2). These confirmed data
approximated a normal distribution, satisfying this cru-
cial statistical assumption. Repeated measures ANO-
VA was conducted to assess the effects of intervention
group and time on academic self-efficacy and self-reg-
ulation. Mauchly’s test indicated sphericity was met for
academic self-efficacy (P>0.05) but violated for self-
regulation (P<0.05), for which Greenhouse-Geisser
corrections were applied. As detailed in Table 4, signif-
icant main effects were found for group (academic self-
efficacy: F=12.56, P<0.0001; academic self-regulation:

Table 3. Descriptive statistics for academic self-efficacy and self-regulation across groups

MeantSD
Variables Group
Pre-test Post-test Follow-up
Al assistant 17.54£2.5 21.5+2 21+2.1
Academic self-efficacy ACT 17+2.4 20+2.2 19.5+2.3
Control 17.3+2.5 17.2+2.4 17+2.5
Al assistant 45.2+7.1 58.51+6.8 57.9+7
Academic self-regulation ACT 44.9+7.5 5317.2 52.1+7.4
Control 45.5+7 45+7.1 44.8+7.2
Abbreviations: Al: Artificial intelligence; ACT: Acceptance and commitment therapy.
Table 4. Results of repeated measures ANOVA for academic self-efficacy and academic self-regulation
Variables Group F P r|2p
Group 14.56 0.001 0.23
Academic self-efficacy Time 2491 0.001 0.33
Group x Time 12.33 0.001 0.19
Group 18.21 0.001 0.26
Academic self-regulation Time 30.78 0.001 0.37
Group x Time 14.09 0.001 0.23
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Table 5. Bonferroni post hoc comparisons for between-group differences at post-test

Variables Comparison Mean Difference SE P
Al vs ACT 1.53 0.5 0.011
Academic self-efficacy Al vs control 431 0.52 0.001
ACT vs control 2.82 0.55 0.001
Al vs ACT 5.5 1.67 0.014
Academic self-regulation Al vs control 13.52 1.67 0.001
ACT vs control 8 1.69 0.001

Abbreviations: Al: Artificial intelligence; ACT: Acceptance and commitment therapy.

F=18.21, P<0.001) and time (academic self-efficacy:
F=28.91, P<0.001; academic self-regulation: F=35.78,
P<0.001). Crucially, a statistically significant group x
time interaction emerged for both academic self-effi-
cacy (F=10.33, P<0.001) and academic self-regulation
(F=14.89, P<0.001), indicating differential changes in
these variables across groups over time, necessitating
further post-hoc investigation.

Table 5, detailing Bonferroni post-hoc comparisons at
post-test, revealed significant between-group differenc-
es in academic self-efficacy and self-regulation among
students. For self-efficacy, the Al assistant group sig-
nificantly surpassed both ACT (mean difference=1.53,
P<0.011) and control (mean difference=4.31, P<0.001)
groups, with ACT also outperforming control (mean
difference=2.82, P<0.001). In self-regulation, the Al
Assistant showed a significant improvement over ACT
(mean difference=5.50, P<0.014) and control (mean
difference=13.52, P<0.001), while ACT surpassed con-
trol (mean difference=8.00, P<0.001). These results in-
dicate both interventions were superior to control, with
the Al Assistant showing stronger immediate effects
than ACT alone.

Discussion

The present study investigated the comparative ef-
fectiveness of an Al-assisted intervention and an ACT-
based intervention in enhancing academic self-efficacy
and self-regulation among seventh-grade bilingual male
students. Findings unequivocally demonstrated that both
interventions significantly enhanced these competencies
from pre-test to post-test, with substantial gains largely
sustained at a 1-month follow-up—a trajectory distinct-
ly absent in the control group. Notably, the Al-assisted
intervention consistently yielded superior outcomes
compared to the ACT-based intervention, and both in-

terventions significantly surpassed the conventional
schooling received by the control group. The efficacy of
the Al-assisted intervention, utilizing the “Monica” plat-
form, is grounded in its sophisticated machine learning
algorithms that deliver highly personalized and adaptive
learning experiences tailored to individual student needs
(Rahiman & Kodikal, 2024). Specifically, the platform
employs real-time performance analytics to provide im-
mediate feedback, adaptive quizzes, and motivational
prompts, which are designed to enhance academic self-
efficacy by reinforcing mastery experiences and foster-
ing a sense of accomplishment (Bandura et al., 1996).
For self-regulation, the Al’s features, such as progress
visualization tools and error analysis prompts, support
metacognitive strategies like self-monitoring and goal-
setting, enabling students to adjust their learning ap-
proaches strategically (Tanveer et al., 2024). However,
while the AI excels in providing structured, data-driven
support, its capacity to address the nuanced emotional
and psychological dimensions of human learners, such
as empathy or deep emotional understanding, is inher-
ently limited compared to human-led interventions like
ACT. This limitation may explain why, despite its supe-
rior outcomes, the Al intervention may not fully capture
the emotional complexities of bilingual students navigat-
ing linguistic and cultural challenges (Looi & Jia, 2025).
These mechanisms likely facilitated sustained engage-
ment and skill development beyond what typical tradi-
tional classroom settings can offer.

Concurrently, the significant improvements in aca-
demic self-efficacy and self-regulation observed within
the ACT-based intervention group are highly consistent
with the established application of third-wave behav-
ioral therapies in educational contexts (Katajavuori et
al., 2023; Knight & Samuel, 2022; Zarei et al., 2024).
ACT’s core processes, encompassing psychological
flexibility, mindfulness, and value-driven action, equip
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students with potent internal tools to effectively navigate
the inherent challenges of academic life. By fostering
the acceptance of difficult internal experiences—such
as self-doubt or anxiety—rather than promoting struggle
or avoidance, ACT can notably attenuate their disrup-
tive impact on cognitive functioning and performance,
thereby indirectly bolstering self-efficacy. Furthermore,
teaching cognitive defusion from unhelpful thoughts and
encouraging committed action aligned with personal
academic values directly cultivates a more adaptive and
resilient approach to self-regulated learning (Knight &
Samuel, 2022). For instance, Knight and Samuel (2022)
found that ACT interventions in secondary schools im-
proved students’ academic engagement and well-being
by fostering psychological flexibility, a finding mirrored
in our study’s outcomes for bilingual students. Similarly,
Katajavuori et al. (2023) demonstrated that ACT-based
interventions enhanced university students’ self-regula-
tion and academic motivation, supporting the applicabil-
ity of ACT in addressing academic challenges in diverse
educational settings. The structured yet experiential
nature of the ACT-based intervention likely provided a
supportive environment for students to internalize and
practice these novel psychological skills, contributing
substantially to their improved academic outcomes.

The finding that the Al-assisted intervention yielded
stronger outcomes than the ACT-based intervention,
with both proving superior to the control condition, of-
fers compelling insights for educational practice. The
Al-assisted intervention’s direct, highly interactive, and
immediately responsive design likely provided more
explicit and consistent opportunities for the acquisition
and reinforcement of specific academic skills (Acosta-
Enriquez et al., 2025). In contrast, the ACT-based inter-
vention empowers students with broader psychological
capacities to manage their learning process. Meanwhile,
the AI’s real-time, data-driven approach directly targets
skill development and confidence-building in academic
tasks, which may be particularly effective for bilingual
students requiring structured support to navigate lin-
guistic complexities. This finding suggests a valuable
distinction: Al may offer a more direct pathway for
immediate behavioral and belief shifts, whereas ACT
cultivates a more foundational psychological resilience
crucial for sustained well-being. Collectively, these find-
ings underscore the critical need for targeted, evidence-
based interventions to foster academic self-efficacy and
self-regulation, especially for populations like bilingual
students who may navigate additional linguistic and cul-
tural complexities in their educational journey.

These results significantly advance theoretical under-
standings of self-regulated learning, underscoring that
both external, adaptive instructional support and internal
psychological flexibility are crucial for comprehensive
student development. Consequently, future theoretical
models ought to explicitly consider the dynamic inter-
play between these two distinct pathways. Despite these
contributions, the present study is subject to several lim-
itations. The relatively short 1-month follow-up, while
indicative, restricts definitive conclusions regarding the
long-term sustainability of the observed effects. Further-
more, the sample’s specificity, comprising exclusively
seventh-grade bilingual male students from a particular
region, inherently limits the generalizability of these
findings to other age groups, genders, or diverse linguis-
tic and cultural contexts. Reliance on self-report mea-
sures, though a common practice, may also introduce in-
herent response biases. Therefore, future research should
endeavor to explore long-term effects through extended
follow-up periods. Investigating the nuanced mecha-
nisms of change via qualitative methods, such as inter-
views or focus groups, could provide deeper insights
into students’ subjective experiences. Expanding studies
to explore how Al interventions can be enhanced to bet-
ter address the emotional and psychological nuances of
human learners, possibly by integrating elements of psy-
chological interventions like ACT, represents a promis-
ing direction for advancing research in this critical area.

Conclusion

This study conclusively demonstrates the efficacy of
both Al assistant intervention and ACT in significantly
enhancing academic self-efficacy and self-regulation
among seventh-grade bilingual male students. While
both interventional approaches yielded sustained posi-
tive improvements compared to conventional schooling,
the Al assistant consistently proved to be the more ef-
fective intervention. These findings collectively under-
score the critical importance of targeted, evidence-based
educational supports. The findings suggest that technol-
ogy-enhanced adaptive learning, alongside training in
psychological flexibility, offers promising avenues for
fostering essential academic competencies, particularly
within populations like bilingual students, thereby con-
tributing valuable insights to both current educational
practice and future intervention design.
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