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Abstract

This study aimed to evaluate an augmented reality-based curriculum and examine its combined effects on motor coordination, academic
self-concept, cyber ethics development, and the reduction of risky online behaviors among lower-secondary school students in Tehran.
This applied study employed a quasi-experimental pretest—posttest design with a control group. The statistical population consisted of
lower-secondary school students in Tehran during the 2026-2027 academic year. A total of 60 students were selected and randomly
assigned to an experimental group and a control group, with 30 participants in each group. The experimental group received an AR-based
curriculum over eight weeks in 16 sessions of 45 minutes each, while the control group continued conventional school instruction. The
research instruments included the Korperkoordinationstest fir Kinder (KTK), the Academic Self-Concept Scale, a Cyber Ethics
Questionnaire, and a Risky Online Behaviors Questionnaire. Data were analyzed using multivariate analysis of covariance and subsequent
univariate ANCOVAs in SPSS version 27. MANCOVA results indicated a significant overall effect of the AR-based curriculum on the
combined dependent variables (Wilks’ Lambda=0.219, F(4,50)=44.58, p<0.001, partial n>=0.781). Univariate analyses showed significant
effects on motor coordination (F=68.94, p<0.001, partial 1>=0.565), academic self-concept (F=51.27, p<0.001, partial 1*=0.492), cyber
ethics (F=59.73, p<0.001, partial n?=0.530), and risky online behaviors (F=55.46, p<0.001, partial n>=0.511). The AR-based curriculum
significantly improved motor coordination, strengthened academic self-concept, enhanced cyber ethics, and reduced risky online
behaviors. These findings indicate that augmented reality can function as a multidimensional and interactive educational platform for
simultaneously promoting physical, academic, and digital citizenship competencies in school curricula.

Keywords: Augmented Reality, Curriculum, Motor Coordination, Academic Self-Concept, Cyber Ethics, Risky Online Behaviors
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EXTENDED SUMMARY

Introduction
The rapid expansion of digital technologies has transformed the conceptual and practical foundations of curriculum design,

moving educational systems beyond conventional teacher-centered instruction toward interactive, immersive, experiential, and
technology-mediated learning environments. Among emerging educational technologies, augmented reality (AR) has attracted
particular attention because it enables digital information, three-dimensional objects, visual cues, animations, and interactive
clements to be superimposed onto the physical environment while preserving learners’ engagement with real-world
surroundings. In contrast to fully virtual environments, AR allows learners to simultaneously interact with physical and digital
stimuli, thereby creating opportunities for integrating cognitive, motor, perceptual, social, and behavioral learning processes.
Recent developments in digitally assisted learning, smart education, extended reality, and educational metaverse environments
have emphasized that emerging technologies can become meaningful components of curriculum only when they are
systematically aligned with learning objectives, instructional activities, feedback mechanisms, and measurable educational
outcomes (Chamola et al., 2025; Ernst et al., 2026; Supriya et al., 2024). Accordingly, AR should not be viewed
merely as an attractive technological supplement but as a potentially multidimensional curriculum environment capable of
supporting several domains of student development.

One particularly important feature of AR-based learning is its capacity to integrate physical movement with perceptual and
cognitive activity. Learners may be required to locate virtual objects, follow visual pathways, respond to spatial cues, manipulate
digital information, coordinate eye—hand movements, and physically reposition themselves while completing instructional tasks.
Research on technological innovation in sports education has demonstrated that digital technologies can enhance interactive
learning, immediate feedback, movement-related engagement, and opportunities for skill practice (Putra et al., 2024).
Similarly, curriculum-based school interventions focused on practical and movement-related skills have indicated that
systematically designed instructional experiences can improve behavioral and performance outcomes among school-aged
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students (Witte et al., 2026). Mixed and extended reality technologies also create distinctive opportunities for spatial
interaction and embodied learning by integrating virtual stimuli with physical surroundings (Li et al., 2022; Ziker et al.,
2021). These characteristics suggest that an AR-based curriculum may contribute not only to academic learning but also to the
development of motor coordination.

AR may also influence students’ academic self-concept by creating repeated experiences of active participation, successful task
completion, individualized feedback, and visible progress. Contemporary curriculum reform increasingly emphasizes learner
engagement, experiential learning, and the development of competencies rather than passive transmission of information
(Recker et al., 2025; Xu, 2026). Research on the adoption of virtual and augmented reality in education has similarly
indicated that immersive technologies can positively shape learners’ experiences and perceptions of instructional engagement
(Afrashtehfar et al., 2021). Moreover, technologically enriched learning environments can promote interaction, learner
presence, and active participation when their instructional design is consistent with students’ needs and expected competencies
(Bashirynejad et al., 2025; Sacco-Bene et al., 2022). Thus, when students encounter achievable challenges, receive
immediate feedback, and experience progressive mastery within AR activities, their perceptions of academic competence may
also improve.

At the same time, the increasing involvement of adolescents in digital environments has made cyber ethics, digital citizenship,
and online safety essential educational priorities. Students routinely interact through social networks, communication platforms,
games, content-sharing environments, and other digital applications, exposing them to issues related to privacy, intellectual
property, cyberbullying, misinformation, online communication, personal data protection, and risky interactions. Research has
emphasized that digital citizenship should encompass not only technical knowledge but also ethical responsibility and appropriate
conduct in cyberspace (Isdendi et al., 2023). Students’ knowledge, beliefs, and digital citizenship skills have also been
associated with their ability to prevent cybercrime and avoid potentially harmful digital practices (Althibyani & Al-Zahrani,
2023). The inclusion of digital citizenship components in school curricula may vary according to age, grade level, and subject
arca, highlighting the importance of developmentally appropriate curriculum design (Almethen & Al-Omair, 2024).
Furthermore, K—12 cybersecurity education has increasingly been recognized as necessary for preparing young people to identify
digital threats and engage in safer online behaviors (Ibrahim et al., 2024). Media literacy and critical thinking also contribute
to online safety and more responsible engagement with digital content (Liu et al., 2023).

The use of immersive and extended reality may be particularly suitable for cyber ethics education because it allows abstract
ethical principles to be transformed into simulated decision-making situations. Students can encounter scenarios involving
privacy breaches, unsafe links, communication with strangers, intellectual property, inappropriate content, and responsible
online interaction, allowing them to practice judgment rather than merely memorize rules. Extended reality has been proposed
as a potentially valuable context for citizenship education (Stegeman, 2021), while structured online ethics curricula have
demonstrated the feasibility of teaching complex ethical reasoning through digital environments (Modlin et al., 2022). At
the same time, ethical considerations must be incorporated into the design of virtual and augmented reality experiences
themselves, particularly regarding safety, privacy, and student well-being (Steele et al., 2020). Digital literacy and well-
being are also closely interconnected, suggesting that students require competencies that allow them to participate in digital
environments without exposing themselves to unnecessary harm (Arkan & Bal, 2025).

Despite these developments, many evaluations of educational technology remain focused on a single learning outcome. Such an
approach may underestimate the multidimensional nature of AR-based curricula, particularly when instructional content
intentionally combines physical movement, academic engagement, digital citizenship, and online safety. Therefore, a broader
evaluation framework is needed to determine whether AR can simultaneously influence physical, academic, ethical, and
behavioral dimensions of student development. The present study aimed to evaluate an augmented reality-based curriculum and
investigate its combined effects on motor coordination, academic self-concept, cyber ethics development, and the reduction of
risky online behaviors among lower-secondary school students in Tehran.

Methods and Materials

This applied study employed a quasi-experimental pretest—posttest design with an experimental group and a control group. The
statistical population consisted of lower-secondary school students in Tehran during the 2026—2027 academic year. One
educational district was randomly selected, followed by the selection of two schools with the technological infrastructure
required for AR-based instruction. Following eligibility screening, 60 students participated and were randomly assigned to an
experimental group and a control group, with 30 students in each group. Eligibility criteria included enrollment in lower-
secondary education, sufficient physical health to participate in movement activities, absence of reported neurological or motor
disorders that could substantially affect motor coordination, basic familiarity with digital devices, routine access to a smartphone
or tablet, parental informed consent, and student willingness to participate.
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The experimental group received an AR-based curriculum for eight weeks, consisting of two 45-minute sessions per week and
16 sessions in total, whereas the control group continued with the conventional school curriculum. The intervention integrated
cognitive tasks, physical movement, and interactive digital citizenship scenarios. Motor activities involved visual tracking, eye—
hand coordination, movement in response to AR cues, spatial orientation, and performance of sequential motor tasks. Academic
activities incorporated interactive assignments and immediate feedback designed to support competence and successful task
completion. Cyber ethics and online safety components presented simulated scenarios related to privacy, information security,
intellectual property, respectful communication, inappropriate online content, digital responsibility, and risky decision-making.
Motor coordination was assessed using the Kérperkoordinationstest fiir Kinder, academic self-concept was measured using the
Academic Self-Concept Scale, and cyber ethics and risky online behavior were assessed using corresponding student
questionnaires. Intervention fidelity was also monitored throughout implementation. Data were analyzed in IBM SPSS Statistics
version 27. Descriptive statistics were calculated first. The assumptions of normality, homogeneity of variance, equality of
covariance matrices, and homogeneity of regression slopes were examined. Multivariate analysis of covariance was then
conducted using posttest scores as dependent variables, group membership as the independent variable, and corresponding
pretest scores as covariates. Following a significant multivariate effect, separate univariate ANCOVAs were performed.
Statistical significance was set at 0.05, and partial eta squared was reported as the effect-size index.

Findings

The final analysis included all 60 students, with 30 participants in each group. The overall mean age was 13.67 years with a
standard deviation of 0.82. The experimental and control groups were comparable at baseline in terms of age, gender
distribution, grade level, daily internet use, and pretest scores.

Descriptive results demonstrated favorable changes in all four outcomes in the experimental group. Mean motor coordination
increased from 88.47 at pretest to 105.63 at posttest in the experimental group, whereas the control group showed only a small
increase from 87.93 to 89.10. Academic self-concept increased from 58.37 to 69.93 in the experimental group compared with
a change from 58.80 to 59.63 in the control group. Cyber ethics increased from 72.40 to 86.57 in the experimental group,
while the control group changed from 71.83 to 73.07. Risky online behavior decreased from 48.73 to 36.27 in the experimental
group, whereas the control group showed a smaller reduction from 49.17 to 47.90.

The statistical assumptions required for multivariate analysis were satisfied. Shapiro—Wilk tests were nonsignificant for all
variables in both groups. Levene’s tests were also nonsignificant for motor coordination, academic self-concept, cyber ethics,
and risky online behavior, indicating homogeneity of error variances. Box’s M was 14.83 with a significance level of 0.214,
confirming the equality of covariance matrices.

MANCOVA indicated a statistically significant overall effect of the AR-based curriculum on the combined dependent variables.
Wilks” Lambda was 0.219, F(4, 50) = 44.58, p < 0.001, with a partial eta squared of 0.781. Thus, approximately 78.1% of the
adjusted multivariate variance was associated with group membership.

Univariate analyses showed significant group effects for every dependent variable. Motor coordination produced F = 68.94, p
< 0.001, partial N2 = 0.565. Academic self-concept produced F = 51.27, p < 0.001, partial 12 = 0.492. Cyber ethics produced
F =59.73, p <0.001, partial 2 = 0.530. Risky online behavior produced F = 55.46, p < 0.001, partial 12 = 0.511. Adjusted
posttest means further demonstrated higher motor coordination, academic self-concept, and cyber ethics in the experimental
group and lower risky online behavior compared with the control group.

Discussion and Conclusion

The findings demonstrate that the AR-based curriculum produced a substantial multidimensional effect on students’ physical,
academic, ethical, and behavioral outcomes. The strongest effect was observed for motor coordination, suggesting that AR
activities involving spatial orientation, visual cues, movement sequences, and repeated motor responses successfully integrated
embodied activity into the curriculum. Rather than separating movement from academic learning, the intervention required
students to coordinate physical responses with visual and cognitive information, which may have strengthened perceptual-motor
integration.

The improvement in academic self-concept suggests that AR-based learning may also influence how students perceive their own
academic competence. Interactive tasks, immediate feedback, successful completion of progressively structured activities, and
active engagement may have increased students’ sense of mastery. Because self-concept develops partly through repeated
interpretations of success and competence, a learning environment that makes progress visible may positively shape students’
beliefs about their academic abilities.

The substantial increase in cyber ethics indicates that ethical learning benefited from the use of interactive scenarios. Ethical
principles such as privacy, responsible communication, intellectual property, and information security are often taught
abstractly. In the present curriculum, these concepts were transformed into situations requiring students to make decisions and
consider potential consequences. This experiential format may have facilitated the transition from declarative knowledge about
appropriate online behavior to more applied ethical judgment.
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The reduction in risky online behaviors was likewise an important finding. The intervention exposed students to situations
resembling common digital risks and required them to evaluate safer and less safe alternatives. Consequently, students may have
developed greater awareness of risk, stronger digital judgment, and more cautious decision-making patterns. The simultancous
increase in cyber ethics and reduction in risky online behavior further suggests that ethical competence and behavioral safety may
reinforce one another.

Overall, the findings support the value of evaluating AR-based curricula through multidimensional outcome frameworks rather
than restricting assessment to academic achievement alone. A carefully structured AR curriculum can potentially integrate
physical activity, academic engagement, ethical development, and online safety within a unified learning experience. The large
multivariate effect observed in this study indicates that the intervention was associated with meaningful changes across all four
domains after bascline differences were controlled. It can therefore be concluded that augmented reality, when incorporated
into a systematically designed curriculum rather than used merely as an instructional novelty, can serve as an effective educational
environment for promoting motor coordination, strengthening academic self-concept, developing cyber ethics, and reducing
risky online behaviors among lower-secondary school students.
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