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Introduction
The educational trajectory for students, especially those 
navigating the inherent complexities of bilingualism, is 
profoundly shaped by a multitude of factors extending 
beyond solely cognitive abilities.1 Within this multifaceted 
landscape, academic engagement and effective social 
interaction emerge as pivotal determinants of holistic 
development and long-term scholastic success.2 Bilingual 
learners, frequently traversing distinct linguistic and 
cultural landscapes, may indeed encounter unique 
challenges that can inadvertently impede their active 
participation in learning activities and their capacity 
to cultivate meaningful connections with peers within 
school environments.3

Academic engagement, precisely defined as a student’s 
active and multifaceted involvement in learning 
activities across behavioral, emotional, and cognitive 

dimensions, is unequivocally linked to improved 
academic performance, notable reductions in dropout 
rates, and an enhancement of intrinsic motivation.4,5 
Simultaneously, within scholastic environments, 
robust social interaction plays an indispensable role in 
cultivating students’ psychological well-being, fostering 
a profound sense of belonging, and facilitating the 
development of crucial interpersonal competencies.6 For 
bilingual students in particular, strong social connections 
can further serve to facilitate language acquisition and 
acculturation processes, thereby effectively mitigating 
feelings of isolation or marginalization.7,8 Consequently, 
the cultivation of both academic engagement and positive 
social interaction is paramount for ensuring equitable 
educational opportunities and actively promoting overall 
student flourishing.

Despite the widely recognized importance of these 
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Abstract
Introduction: Bilingual students frequently encounter unique complexities within educational 
environments, which can pose distinct challenges to their academic engagement and social 
interaction. This study aimed to comparatively evaluate the effectiveness of an Artificial 
Intelligence (AI) Assistant and Acceptance and Commitment Therapy (ACT) in fostering academic 
engagement and enhancing social interaction among seventh-grade Persian-Arabic bilingual 
male students from Ahvaz suburban areas.
Methods: Utilizing a quasi-experimental design featuring a pre-test, post-test, and one-month 
follow-up, alongside a control group, 105 students were recruited via multi-stage cluster sampling. 
Participants were subsequently randomized into three 35-member groups: AI Assistant, ACT, 
and control. Over eight weeks, experimental groups engaged in weekly 90-minute sessions, 
either interacting with the ‘Monica’ AI Assistant or participating in structured ACT therapy. 
Academic engagement and social interaction were assessed using standard questionnaires. 
Data analysis, employing Repeated Measures ANOVA with Bonferroni corrections, revealed 
significant main effects for time and group, as well as significant time-by-group interaction 
effects for both outcomes. 
Results: Both interventions were associated with substantial improvements in academic 
engagement and social interaction compared to the control group immediately post-intervention, 
with these gains largely maintained at the one-month follow-up. The AI Assistant group yielded 
significantly higher scores than the ACT group (P < 0.05), although the quasi-experimental design 
warrants cautious interpretation of the comparative advantage.
Conclusion: These findings highlight the significant potential of technology-supported learning 
and psychological flexibility interventions in cultivating essential non-cognitive skills within 
bilingual student populations and hold promising educational significance for supporting diverse 
learners in resource-limited settings.
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variables, the development and empirical validation of 
effective interventions specifically designed to enhance 
both academic engagement and social interaction, 
particularly within diverse bilingual student populations, 
continue to represent an area requiring substantial further 
investigation. Existing traditional educational approaches 
may not sufficiently or adequately address the nuanced 
and evolving needs of these students across these critical 
domains.9 While a broad array of pedagogical strategies are 
in practice, there is an escalating academic and practical 
interest in novel, technology-driven interventions and 
psychologically informed therapies, which possess the 
capacity to offer highly personalized and robust support. 
This observation distinctly highlights a pervasive gap 
in the current literature concerning the comparative 
effectiveness of such contemporary approaches on these 
specific and vital student outcomes.

Artificial Intelligence (AI) Assistants are rapidly 
emerging as transformative tools within educational 
landscapes, fundamentally reshaping learning experiences 
through their unparalleled capacity for personalization, 
adaptive feedback, and highly interactive content.10 These 
sophisticated platforms are meticulously engineered to 
cater to individual student needs, learning paces, and 
preferences, thereby directly fostering robust academic 
engagement.11 By delivering immediate, targeted, and 
non-judgmental feedback, AI assistants empower learners 
to effectively monitor their progress, comprehend errors, 
and strategically revise their approaches, which, in turn, 
cultivates a profound sense of mastery and significantly 
boosts intrinsic motivation for deeper engagement.12 
Furthermore, the interactive nature of AI-driven platforms, 
frequently incorporating elements of gamification and 
adaptive challenges, can transform conventionally 
mundane tasks into stimulating and highly captivating 
experiences, thus considerably increasing both cognitive 
and behavioral engagement.13 This heightened academic 
confidence, coupled with reduced academic anxiety, can 
subsequently contribute indirectly to enhanced social 
interaction. As students perceive themselves as more 
competent and less academically overwhelmed, they may 
more readily allocate cognitive and emotional resources 
towards participating in social activities, initiating peer 
interactions, and fostering a stronger sense of belonging 
within the school community.

Concurrently, Acceptance and Commitment Therapy 
(ACT), widely recognized as a sophisticated third-wave 
cognitive behavioral therapy, provides a distinct and 
comprehensive framework for fostering psychological 
well-being and promoting adaptive behavioral change 
through the cultivation of psychological flexibility, 
mindfulness, and value-driven action.14,15 Within the 
realm of academic engagement, ACT empowers students 
to acknowledge and experientially accept challenging 
internal experiences—such as boredom, frustration, or 
test anxiety—rather than resorting to suppression or 
avoidance. This process of acceptance effectively liberates 
cognitive resources typically consumed by unproductive 

internal struggle, thereby enabling students to more fully 
immerse themselves in learning tasks and persist robustly 
despite academic difficulties.16 Furthermore, through 
cognitive diffusion techniques, learners acquire the skill to 
detach from unhelpful or self-limiting thoughts (e.g., “I’m 
not smart enough”) that might otherwise impede their 
active participation.17 ACT also directly bolsters academic 
engagement by guiding students to clarify their personal 
academic values (e.g., growth, curiosity) and subsequently 
commit to actions consistently aligned with these values, 
even when confronted with discomfort or distraction.18 
Regarding social interaction, ACT’s core principles 
significantly facilitate approaching social situations with 
increased openness and authenticity. By cultivating 
acceptance of social anxieties and acting in accordance 
with values of connection and belonging, students are 
better able to reduce social avoidance behaviors and 
engage more genuinely with peers, ultimately leading 
to improved social relationships within the school 
environment.19

The novelty of the present study lies in its direct 
comparison of these two distinct contemporary 
approaches—an AI-assisted technological intervention 
versus a psychologically oriented ACT program—
within the understudied context of bilingual students, 
an area with limited prior empirical investigation. Given 
the distinct theoretical underpinnings and practical 
applications associated with both AI Assistant technology 
and ACT, coupled with the pressing need for empirically 
validated and effective interventions tailored for bilingual 
students, the present study was meticulously designed to 
conduct a rigorous comparative evaluation.

It was hypothesized that both the AI Assistant 
and ACT interventions would significantly improve 
academic engagement and social interaction relative 
to the control group, with the AI Assistant potentially 
demonstrating superior outcomes due to its adaptive and 
accessible nature.

Methods
This investigation employed a quasi-experimental 
research design with a non-equivalent control group, 
characterized by pre-test, post-test, and one-month 
follow-up assessments. The defined target population 
for this inquiry encompassed all seventh-grade male 
bilingual (Persian-Arabic) students matriculated in 
suburban schools across Ahvaz, Iran, during the 2023-
2024 academic year. Employing a rigorous multi-
stage cluster sampling methodology, several suburban 
educational institutions were first randomly selected, 
followed by the random selection of specific seventh-
grade classes within these schools. All students in the 
selected classes who met the inclusion criteria (seventh-
grade enrollment, male gender, and self-identification as 
Persian-Arabic bilingual) were invited to participate. No 
students were excluded due to failing inclusion criteria; 
however, a small number declined participation (n = 8), 
and these were replaced through additional random 
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selection from the same clusters to reach the final sample 
of 105 participants. No attrition was observed across the 
pre-test, post-test, or one-month follow-up assessments. 
Following this meticulous selection process, these 105 
participants were then randomly allocated to one of 
three discrete groups: an AI Assistant intervention 
group (n = 35), an ACT intervention group (n = 35), or 
a control group (n = 35). Note that while allocation to 
groups was randomized within clusters, the overall design 
remains quasi-experimental due to the school-based 
cluster sampling and practical constraints in a real-world 
educational setting.

Measures
Academic engagement and social interaction were 
assessed using two standardized instruments, as 
summarized below:

Academic Engagement Scale (AES): 17 items; 7-point 
Likert scale (1 = completely disagree to 7 = completely 
agree); four dimensions (behavioral, cognitive, emotional, 
and agency); higher scores indicate greater academic 
engagement. The AES has demonstrated strong internal 
consistency in prior research (Cronbach’s α = 0.84–
0.90).20,21 In the current sample, Cronbach’s alpha was 
0.87 at pre-test, 0.89 at post-test, and 0.88 at follow-up.

Social Skills Rating System – Secondary Students 
Form (SSRS-SS): 39 items; 3-point Likert scale (0 = never, 
1 = sometimes, 2 = often); four domains (self-control, 
cooperation, empathy, and assertion); total scores range 
from 0 to 78, with higher scores reflecting better social 
interaction skills.22 The Persian adaptation of the SSRS-
SS has shown acceptable reliability and validity.23 In the 
current sample, Cronbach’s alpha was 0.82 at pre-test, 
0.84 at post-test, and 0.83 at follow-up.

Interventions
The interventional phase of the study extended over an 
eight-week period, during which both experimental 
groups engaged in weekly 90-minute sessions. The 
control group, in contrast, continued to receive standard 
conventional education without any additional structured 
intervention related to academic engagement or social 
interaction.

The Artificial Intelligence (AI) Assistant Intervention: 
The AI Assistant group interacted with ‘Monica,’ a 
custom-developed AI platform. Students accessed the 
system via a secure web-based portal on school tablets or 
computers during scheduled sessions and could also use it 
asynchronously for additional practice. The AI delivered 
personalized learning modules, adaptive quizzes, real-
time feedback on academic tasks, progress tracking, and 
gamified activities tailored to each student’s performance 
level. Usage was monitored through platform analytics 
to ensure consistent engagement (minimum 90 minutes 
per week). The primary goal was to enhance academic 
engagement directly and support social interaction 
indirectly through increased confidence.

The Acceptance and Commitment Therapy (ACT): 

The ACT intervention consisted of eight weekly 
90-minute group sessions facilitated by a certified 
clinical psychologist. Sessions followed a structured 
manual adapted from established ACT protocols for 
adolescents,14,17 covering core processes including 
cognitive diffusion, experiential acceptance, mindfulness, 
values clarification, and committed action, with 
specific exercises targeting academic and social 
contexts. Intervention fidelity was assessed through 
session checklists completed by the facilitator and 
audio recordings of 25% of sessions reviewed by an 
independent supervisor. Facilitator checklists indicated 
that 97% of protocol items were completed across all 
sessions. Independent supervisor ratings of the reviewed 
recordings yielded a mean adherence score of 95% (range 
91–100%), confirming that the ACT intervention was 
delivered as intended.

The Control Group: Participants continued their regular 
school curriculum without supplementary intervention.

Procedures
Following ethical approval and informed consent from 
school authorities and parents, all assessments were 
administered under standardized conditions (group 
format in classrooms, identical instructions, and 
supervised by trained research assistants) at pre-test, post-
test (immediately after the intervention), and one-month 
follow-up. The same team of trained research assistants 
collected data at all time points to maintain consistency. 
To minimize contamination between groups, sessions 
were scheduled at different times, participants were 
instructed not to discuss intervention content with peers 
from other groups, and AI access was password-restricted 
to assigned students only.

Data Analysis
All data were analyzed using SPSS Version 26. Descriptive 
statistics (means, SDs) were computed, followed by 
repeated measures ANOVA to assess intervention 
effectiveness and group differences across the three time 
points. Before analysis, assumptions were thoroughly 
checked: data were approximately normally distributed 
(assessed via Shapiro-Wilk tests), Mauchly’s test for 
sphericity revealed violations for both outcomes (thus 
Greenhouse-Geisser corrections were applied), and 
Levene’s test confirmed homogeneity of variance 
(P > 0.05). Significant effects were further examined via 
Bonferroni post-hoc tests, with statistical significance set 
at P < 0.05. Partial eta squared (ηp²) was reported as the 
effect size measure.

Results
The participant cohort’s demographic profile revealed an 
average age of 12.8 years (SD = 0.65). Parental educational 
attainment exhibited notable diversity, with a substantial 
percentage having attained high school diplomas (65%), 
while a considerable portion held bachelor’s degrees 
(25%) and postgraduate qualifications (10%).
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Descriptive statistics for academic engagement and 
social interaction across the three groups (AI Assistant, 
ACT, and Control) at pre-test, post-test, and one-month 
follow-up are presented in Table 1. A preliminary 
examination of the mean scores indicated higher scores in 
both outcomes for the intervention groups from pre-test 
to post-test, with these scores largely sustained at follow-
up. The control group showed only minimal changes.

Prior to conducting the main inferential analyses, the 
critical assumptions for the repeated measures ANOVA 
were meticulously evaluated. Mauchly’s test for sphericity 
revealed a violation of this assumption for both academic 
engagement (χ2 = 7.89, P = 0.021) and social interaction 
(χ2 = 8.15, P = 0.017). Consequently, Greenhouse-Geisser 
corrections were systematically applied to all within-
subjects effects, as appropriate. Furthermore, Levene’s 
test for equality of error variances was not statistically 
significant (P > 0.05), confirming that the assumption of 
homogeneity of variance was met for all variables at each 
measurement point.

The repeated measures ANOVA, summarized in 
Table 2, revealed statistically significant main effects for 
both time and group across both academic engagement 
and social interaction variables. Specifically, for academic 
engagement, significant main effects were observed 
for time (F = 75.21, P < 0.001) and group (F = 48.95, 
P < 0.001). More critically, a significant time × group 
interaction effect was also identified (F = 32.78, P < 0.001), 
indicating that the changes in academic engagement 
over time differed significantly among the three groups. 
Similarly, for social interaction, significant main effects 
were evident for time (F = 68.30, P < 0.001) and group 
(F = 45.10, P < 0.001). Crucially, a significant time × group 
interaction effect was likewise observed (F = 28.90, 
P < 0.001), demonstrating that the trajectory of social 
interaction scores varied significantly across the groups 
throughout the measurement period.

Bonferroni-corrected post-hoc analyses, as presented 
in Table 3, thoroughly elucidated the specific between-
group differences for both academic engagement and 
social interaction. For academic engagement, at both 
the post-test and one-month follow-up assessments, the 
AI Assistant group consistently showed significantly 
higher scores compared to the control group (Post-test: 
Mean difference = 15.81, P < 0.001; Follow-up: Mean 
difference = 15.37, P < 0.001). Similarly, the ACT group 

also exhibited significantly higher academic engagement 
scores than the control group at both time points (Post-
test: Mean difference = 11.52, P < 0.001; Follow-up: 
Mean difference = 11.03, P < 0.001). Furthermore, the AI 
Assistant group yielded significantly higher academic 
engagement scores than the ACT group at both post-test 
(Mean difference = 4.35, P = 0.003) and follow-up (Mean 
difference = 4.30, P = 0.004).

Regarding social interaction, a parallel pattern 
emerged. Both the AI Assistant group (Post-test: 
Mean difference = 13.21, P < 0.001; Follow-up: Mean 
difference = 12.74, P < 0.001) and the ACT group (Post-
test: Mean difference = 10.70, P < 0.001; Follow-up: Mean 
difference = 10.32, P < 0.001) showed significantly higher 
scores than the control group at both measurement 
points. Additionally, the AI Assistant group consistently 
demonstrated significantly higher social interaction 
scores compared to the ACT group at both post-test 
(Mean difference = 2.53, P = 0.018) and follow-up (Mean 
difference = 2.45, P = 0.021). 

Scores in the intervention groups remained substantially 
higher than those in the control group at the one-month 
follow-up. For academic engagement, both the AI Assistant 
and ACT groups retained nearly all post-test gains, with 
mean scores remaining substantially higher than the 
control group. Similarly, social interaction scores in the 
intervention groups showed only minimal decline from 
post-test to follow-up, remaining significantly elevated 
compared to baseline and the control condition. These 
patterns are consistent with the durability of the observed 
score differences associated with both interventions.

Discussion
The current study aimed to evaluate the comparative 
efficacy of an AI assistant and ACT in enhancing 
academic engagement and social interaction among 
Persian-Arabic seventh-grade bilingual male students. 
The findings demonstrated that both the AI Assistant 
and ACT interventions were associated with significantly 
higher scores over the conventional education provided 
to the control group, with these score differences largely 
maintained at the one-month follow-up. The AI Assistant 
group showed modestly higher scores than the ACT 
group across both outcomes.

The higher academic engagement scores observed in the 
AI Assistant group align with prior literature on artificial 

Table 1. Descriptive Statistics for academic engagement and social interaction scores across groups and time points (Means ± Standard Deviations)

Variable Group Pre-test Mean ± SD Post-test Mean ± SD Follow-up Mean ± SD

Academic engagement

AI Assistant 68.54 ± 5.23 85.32 ± 6.15 85.82 ± 6.34

ACT 69.26 ± 5.54 81.05 ± 5.52 80.54 ± 6.05

Control 68.93 ± 5.04 69.54 ± 5.14 69.03 ± 5.21

Social interaction

AI Assistant 42.15 ± 4.82 55.76 ± 5.33 55.08 ± 5.58

ACT 41.80 ± 4.53 53.24 ± 5.07 52.82 ± 5.24

Control 42.06 ± 4.71 42.56 ± 4.65 42.36 ± 4.82

Note. Academic Engagement was measured with the AES (higher scores = greater engagement). Social Interaction was measured with the SSRS-SS (higher 
scores = better social skills). SD = Standard Deviation.
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intelligence in education.24,25. Data from this study showed 
that students in the AI group achieved higher post-test 
and follow-up scores compared to both control and ACT 
groups. This advantage may be attributable to the AI’s 
personalized learning pathways, immediate feedback, 
and adaptive content,13 although the quasi-experimental 
design means that unmeasured confounding factors 
cannot be entirely ruled out. Regarding social interaction, 
the data indicated indirect benefits, possibly through 
increased academic confidence and reduced stress, 
though this interpretation remains hypothetical and 
requires further process-oriented investigation.

Similarly, the significantly higher scores in the ACT 
group are consistent with the theoretical principles of 
ACT.14,17 The results directly showed increased academic 
engagement and social interaction scores, which can be 
plausibly explained by enhanced psychological flexibility, 
acceptance of discomfort, and value-driven action 
fostered through the program. These patterns are in line 
with previous intervention studies that reported positive 
effects of ACT on student engagement and social skills in 
adolescent populations.16,26

The modest advantage of the AI Assistant over ACT, 
while statistically significant, should be interpreted 
cautiously given the quasi-experimental nature of the 
design and the possibility of unmeasured confounders. 
This difference may stem from the continuous accessibility 
and real-time responsiveness of the AI platform, yet 
alternative explanations such as novelty effects or 

differential engagement levels cannot be excluded.25

These findings contribute to the growing body of 
evidence supporting both technology-enhanced and 
psychologically informed interventions for bilingual 
students. However, the results are specific to this 
sample of seventh-grade Persian-Arabic bilingual male 
students in suburban Ahvaz and may not generalize to 
female students, other age groups, or different cultural 
and linguistic contexts. Future theoretical frameworks 
could usefully explore integrative models that combine 
the strengths of adaptive AI tools with ACT-based 
psychological training.

The present study has several limitations that should 
be considered when interpreting the results. The 
quasi-experimental design, while practical in a school 
setting, limits definitive causal inferences and precludes 
strong claims of intervention effects. Additionally, 
because participants were drawn from the same 
school environment, the possibility of intervention 
contamination between groups cannot be ruled out. 
The sample was geographically and demographically 
restricted to Persian-Arabic seventh-grade bilingual 
male students from suburban Ahvaz, which substantially 
constrains the generalizability of the findings. The one-
month follow-up period is relatively short, and the 
reliance on self-report measures may introduce response 
bias. Blinding was not feasible in this study, which may 
have influenced participant responses. Furthermore, the 
precise mechanisms underlying the associations observed 
with the AI Assistant remain somewhat unclear and 
would benefit from process evaluation and mediation 
analyses in future research.

Conclusion
This study provides evidence that both the AI Assistant 
intervention and Acceptance and Commitment Therapy 
were associated with meaningful and sustained higher 
scores in academic engagement and social interaction 
among seventh-grade Persian-Arabic bilingual male 
students compared to standard schooling. While the AI 

Table 2. Results of repeated measures ANOVA for academic engagement and 
social interaction

Variable Source F P ηp2

Academic 
engagement

Group 48.95 0.001 0.49

Time 75.21 0.001 0.42

Group × Time 32.78 0.001 0.39

Social 
interaction

Group 45.10 0.001 0.47

Time 68.30 0.001 0.40

Group × Time 28.90 0.001 0.36

Table 3. Bonferroni-corrected between-group pairwise comparisons for academic engagement and social interaction

Variable Phases Comparison Mean Difference SE P 95% Confidence Interval

Academic 
engagement

Post-test

AI Assistant vs. Control 15.81 1.80 0.001 [12.21, 19.45]

ACT vs. Control 11.52 1.80 0.001 [7.91, 15.16]

AI Assistant vs. ACT 4.35 1.69 0.003 [1.14, 7.52]

Follow-up

AI Assistant vs. Control 15.37 1.93 0.001 [11.50, 19.17]

ACT vs. Control 11.03 1.94 0.001 [7.22, 14.83]

AI Assistant vs. ACT 4.30 1.74 0.004 [0.90, 7.73]

Social 
interaction

Post-test

AI Assistant vs. Control 13.21 1.02 0.001 [11.24, 15.27]

ACT vs. Control 10.70 1.02 0.001 [8.72, 12.74]

AI Assistant vs. ACT 2.53 0.95 0.018 [0.96, 4.14]

Follow-up

AI Assistant vs. Control 12.74 1.10 0.001 [10.53, 14.94]

ACT vs. Control 10.32 1.10 0.001 [8.16, 12.50]

AI Assistant vs. ACT 2.45 0.98 0.021 [0.63, 4.25]

Note. SE: Standard Error
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Assistant group demonstrated modestly higher scores 
in this sample, these findings should be interpreted 
cautiously given the study design and specific participant 
characteristics. Both approaches show promise as 
potentially useful tools for supporting non-cognitive skill 
development in bilingual student populations. Future 
research employing more robust designs is warranted to 
confirm and extend these preliminary findings.
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