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Abstract

This study aimed to develop and validate a technology-oriented curriculum planning model for enhancing students’ agentic engagement
and cognitive-motor flexibility through a philosophical reconsideration of the human—technology boundary. An exploratory sequential
mixed-methods design was implemented through philosophical-conceptual analysis, qualitative model development, and quantitative
validation. In the qualitative phase, 22 experts in curriculum planning, philosophy of education, educational technology, educational
psychology, cognitive science, and motor learning in Tehran were selected through purposive sampling and participated in semi-structured
interviews. The data were analyzed using reflexive thematic analysis, and the initial model was evaluated by 15 experts over two rounds.
In the quantitative phase, 402 upper-secondary students from Tehran public schools were selected through multistage cluster sampling.
Data were collected using a 48-item Technology-Oriented Curriculum Planning Questionnaire, an Agentic Engagement Scale, and a
Cognitive—Motor Flexibility Scale. Exploratory factor analysis, confirmatory factor analysis, reliability and validity assessments, and
structural equation modeling were used to analyze the data. The qualitative analysis identified nine main components, 27 subcomponents,
and 86 conceptual codes. The nine-factor structure explained 67.13% of the total variance, and the structural model demonstrated
satisfactory fit. Technology-oriented curriculum planning had a positive and significant direct effect on agentic engagement (§ = 0.61, p
<0.001) and cognitive—motor flexibility (f = 0.46, p <0.001). Agentic engagement also significantly predicted cognitive—motor flexibility
(B = 0.36, p < 0.001). The indirect effect of technology-oriented curriculum planning on cognitive—motor flexibility through agentic
engagement was significant ( = 0.22, p <0.001). Overall, the model explained 58% of the variance in cognitive—motor flexibility. The
developed model indicates that human-centered, ethical, interactive, and embodied integration of technology into curriculum planning can
enhance cognitive-motor flexibility by strengthening students’ proactive participation in learning. Technology should therefore be
employed as a means of expanding agency, choice, feedback, and adaptation rather than replacing human judgment and responsibility.
Keywords: Technology-oriented curriculum planning, agentic engagement, cognitive—motor flexibility, learner agency, philosophy of
technology, embodied learning
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Extended Abstract

Introduction

The rapid expansion of digital technologies, artificial intelligence, immersive learning environments, mobile
platforms, and blended instructional systems has transformed curriculum planning from a relatively stable
process of selecting objectives, content, teaching methods, and assessment procedures into a complex design
activity concerned with human agency, technological mediation, ethical responsibility, and adaptive learning.
In contemporary educational settings, technology no longer functions merely as an auxiliary instructional tool,
rather, it increasingly shapes how learners perceive information, interact with others, make decisions, regulate
their performance, and participate in the construction of knowledge. Consequently, technology-oriented
curriculum planning must move beyond the digitization of conventional content and address how educational
environments can preserve human judgment, autonomy, embodiment, and responsibility while using
technological affordances to expand learning opportunities (Falloon, 2023; Guan et al., 2023; Trifonova et
al., 2024).

Evidence from technology-enhanced education indicates that the mere availability of devices and applications
does not guarantee meaningful learning. Effective implementation depends on coherent curriculum design,
teacher competence, institutional support, purposeful task construction, and opportunities for active
participation (Falloon, 2023; Ramdass & Mokgohloa, 2023). Blended and immersive learning environments
can improve interaction, engagement, presence, and access to diverse representations, yet their effectiveness
is closely related to the degree to which physical and digital spaces are pedagogically aligned (Chamo et al.,
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2023; Kee et al., 2023). Similarly, participatory pedagogies suggest that learners become more committed to
educational activity when they are given opportunities to contribute ideas, influence instructional processes,
solve problems, and participate in decisions concerning their own learning (Shohel et al., 2024). These
observations highlight the importance of agentic engagement as a central outcome of technology-oriented
curriculum planning.

Agentic engagement refers to learners’ proactive, constructive, and intentional contribution to the flow of
instruction. Students with higher agentic engagement do not merely comply with predetermined tasks; they
express preferences, ask purposeful questions, seek additional resources, recommend alternative procedures,
and attempt to shape the learning environment in ways that better support their needs. Technology may
strengthen this form of engagement by providing adaptive pathways, immediate feedback, multiple modes of
participation, and opportunities for design and content production. Open design pedagogy, for example,
positions learners as co-designers rather than passive users of educational materials, thereby strengthening
ownership, creativity, and shared meaning-making (Brinck et al., 2023). Likewise, the integration of
heutagogy and blended learning has shown that autonomy, reflection, and self-determined learning can be
enhanced when learners are able to influence goals, resources, and learning processes (Chamo et al., 2023).
Nevertheless, technology can both extend and constrain human agency. Generative artificial intelligence and
algorithmic systems can support planning, feedback, and personalized learning, but they may also encourage
cognitive dependence, superficial decision-making, or uncritical acceptance of automated recommendations
(Guan et al., 2023). A humanistic approach to artificial intelligence education therefore requires attention to
transparency, bias, accountability, ethical judgment, and the preservation of learners’ right to question or reject
technological suggestions (Trifonova et al., 2024). This concern becomes particularly important when
reconsidering the philosophical boundary between human beings and technology. Contemporary technologies
mediate perception, memory, communication, movement, and decision-making; thus, curriculum planning
must define not only how technology should be used, but also which forms of judgment and responsibility
must remain under human control.

The present study also emphasized cognitive—motor flexibility as a critical educational outcome. Cognitive
flexibility involves shifting attention, changing strategies, generating alternatives, and adapting to changing
task demands, whereas motor flexibility involves modifying movement patterns, timing, spatial orientation,
and bodily responses. In digital and technology-supported learning, these capacities often operate together.
Interactive simulations, serious games, augmented environments, movement-analysis systems, and wearable
technologies require learners to interpret changing information and adjust both cognitive and physical
responses. Research in digital-intelligent physical education has shown that artificial intelligence, motion
tracking, virtual reality, and real-time feedback can support personalized practice, performance correction, and
adaptive motor learning (Jiang et al., 2025). Hybrid video tactical learning also demonstrates the potential of
integrating visual analysis, decision-making, and physical execution within a coherent instructional framework
(Syaikhu, 2026).

The connection between cognition and movement is also consistent with neuroconstructivist and embodied
perspectives on learning. Radical neuroconstructivism conceptualizes learning as an interaction among neural
processes, bodily experience, environmental conditions, and cultural contexts (Tokuhama-Espinosa & Borja,
2023). Neuroscience-based critiques of traditional design education similarly suggest that overly rigid and
formalized pedagogies may restrict multisensory experience, embodied exploration, and cognitive diversity
(Wei et al., 2025). In music education, auditory processing, memory, bodily coordination, and adaptive
practice are closely interconnected, and artificial intelligence may strengthen these capacities when it provides
individualized but interpretable feedback (He & Chen, 2026; Li & Chang, 2026). Therefore, a technology-
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oriented curriculum should not separate cognition from embodied activity, nor should digital learning be
reduced to prolonged screen-based interaction.

Another important consideration is inclusion. New technologies can provide multimodal content, assistive
tools, adjustable pacing, and alternative means of participation for learners with diverse needs (Karagianni &
Drigas, 2023a, 2023b). Universal Design for Learning also emphasizes multiple means of engagement,
representation, and action, supporting access and flexibility across heterogeneous groups of students (Triana
& Supena, 2023). However, meaningful inclusion requires more than superficial differentiation. Educational
adaptations must produce authentic access, participation, and agency rather than symbolic or minimal changes
that leave the structure of exclusion intact (Khan, 2026). For this reason, technology-oriented curriculum
planning must integrate human-centered goals, inclusive participation, teacher facilitation, ethical safeguards,
and opportunities for cognitive and motor adaptation within a unified model.

Accordingly, this study aimed to develop and validate a technology-oriented curriculum planning model for
enhancing students’ agentic engagement and cognitive—motor flexibility through a philosophical
reconsideration of the boundary between human beings and technology.

Methods and Materials

The study employed an exploratory sequential mixed-methods design consisting of philosophical-conceptual
analysis, qualitative model development, expert validation, and quantitative testing. In the first phase, relevant
theoretical and educational literature was analyzed to identify philosophical, anthropological, epistemological,
ethical, and curriculum-related assumptions concerning the relationship between human beings and
technology. Particular attention was given to human agency, embodied cognition, adaptive learning,
technological mediation, algorithmic responsibility, and the educational implications of digital environments.
In the qualitative phase, 22 experts from universities and research institutions in Tehran participated through
purposive criterion-based sampling. The participants represented curriculum planning, philosophy of
education, educational technology, educational psychology, cognitive science, physical education, and motor
learning. Eligibility criteria included a doctoral degree in a relevant field, at least five years of academic or
professional experience, a record of research in a related area, and willingness to participate. Semi-structured
interviews lasting approximately 45 to 75 minutes were conducted in person or online. Interviews focused on
the philosophical foundations, objectives, content, teaching strategies, teacher and learner roles, learning
environments, assessment procedures, ethical considerations, and expected outcomes of a technology-oriented
curriculum. Data collection continued until theoretical saturation was reached.

Interview data were transcribed verbatim and analyzed through reflexive thematic analysis. Initial codes were
generated inductively and deductively, compared continuously, and organized into subthemes and overarching
themes. Credibility was strengthened through participant review, peer examination, independent coding,
documentation of analytic decisions, and comparison between philosophical analysis and interview findings.
An initial model was then developed and reviewed by 15 experts over two rounds. Components were evaluated
for necessity, relevance, clarity, comprehensiveness, feasibility, and internal consistency.

The quantitative phase involved 420 secondary-school students selected from public schools in Tehran through
multistage cluster sampling. After excluding incomplete and invalid responses, data from 402 students were
analyzed. The final sample included students from Grades 10, 11, and 12. Data were collected using a 48-item
researcher-developed Technology-Oriented Curriculum Planning Questionnaire, an Agentic Engagement
Scale, and a 30-item Cognitive—Motor Flexibility Scale accompanied by a short performance-based task.
Content validity, face validity, internal consistency, composite reliability, convergent validity, and
discriminant validity were assessed. Exploratory factor analysis was conducted on data from 201 participants,
while confirmatory factor analysis was performed on the remaining 201 participants. Structural equation
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modeling was then used to test direct, indirect, and total effects among the study variables. Bootstrap analysis
with 5,000 resamples was used to evaluate mediation effects.

Findings

The qualitative analysis generated 86 conceptual codes, 27 subthemes, and nine major components. These
components were human-centered foundations and goals, flexible and multimodal content, interactive and
problem-based learning, learner digital agency, integration of cognition and movement, the teacher’s
facilitative role, blended learning environments, process-oriented assessment, and ethical and human
considerations in technology use. Expert agreement increased across the two validation rounds, and Kendall’s
coefficient of concordance rose from 0.58 in the first round to 0.74 in the second round, indicating acceptable
consensus.

In the quantitative phase, the mean age of participants was 16.38 years. The sample included 206 female
students and 196 male students. Exploratory factor analysis confirmed the nine-factor structure of the
Technology-Oriented Curriculum Planning Questionnaire. The Kaiser—Meyer—Olkin index was 0.93, and
Bartlett’s test of sphericity was statistically significant. The extracted factors explained 67.13% of the total
variance. Factor loadings ranged from 0.54 to 0.86, and Cronbach’s alpha coefficients for the dimensions
ranged from 0.84 to 0.90. The overall reliability coefficient was 0.96.

Confirmatory factor analysis supported the measurement model. Standardized factor loadings ranged from
0.65 to 0.89. Composite reliability values exceeded 0.90, while average variance extracted values ranged from
0.58 to 0.63, confirming convergent validity. Discriminant validity was also supported. The structural model
demonstrated satisfactory fit, with y?/df = 1.86, CFI = 0.93, TLI = 0.92, IFI = 0.93, RMSEA = 0.046, and
SRMR = 0.045.

Technology-oriented curriculum planning had a positive and statistically significant direct effect on agentic
engagement (f = 0.61, p < 0.001). It also had a significant direct effect on cognitive—motor flexibility (B =
0.46, p < 0.001). Agentic engagement positively predicted cognitive—motor flexibility (f = 0.36, p < 0.001).
The indirect effect of technology-oriented curriculum planning on cognitive—motor flexibility through agentic
engagement was significant (f = 0.22, p < 0.001), with a 95% bootstrap confidence interval excluding zero.
The total effect was 0.68. Technology-oriented curriculum planning explained 37% of the variance in agentic
engagement, while technology-oriented curriculum planning and agentic engagement jointly explained 58%
of the variance in cognitive—motor flexibility.

Discussion and Conclusion

The findings indicate that technology-oriented curriculum planning is a multidimensional construct that cannot
be reduced to device use, digital content delivery, or technical infrastructure. Its effectiveness depends on the
integration of philosophical foundations, human-centered goals, active learner participation, embodied
learning, ethical safeguards, teacher facilitation, and adaptive assessment. The validated model demonstrates
that technology becomes educationally meaningful when it expands learners’ capacity to make choices, shape
instructional processes, interpret feedback, and adapt their cognitive and motor responses.

The strong effect of technology-oriented curriculum planning on agentic engagement suggests that students
are more likely to participate proactively when learning environments provide authentic options, responsive
feedback, multiple forms of participation, and opportunities to influence tasks. This effect is not produced by
technology alone; rather, it results from the way technological affordances are organized within the curriculum.
Environments that merely automate instruction may increase efficiency but do not necessarily strengthen
agency. In contrast, environments that allow learners to question, select, redesign, and create can transform
students from passive recipients into active contributors.

The direct effect on cognitive—-motor flexibility further shows that well-designed digital and blended
environments can support adaptive thinking and bodily responsiveness simultaneously. Technology can
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present changing stimuli, immediate feedback, alternative scenarios, and multimodal challenges that require
students to revise strategies and movements. However, the model also implies that digital education should not
replace physical, social, and embodied experience. Its value lies in enriching and connecting these forms of
learning.

The mediating role of agentic engagement is particularly important. It shows that part of the influence of
technology-oriented curriculum planning on cognitive—motor flexibility occurs because students become more
active in regulating and shaping their learning. Learners who make decisions, seek alternatives, and respond
critically to feedback repeatedly practice the cognitive and behavioral adjustments underlying flexibility. Thus,
agency is not only an educational outcome but also a mechanism through which adaptive capabilities are
developed.

The philosophical reconsideration of the human-technology boundary provides the model with its most
distinctive contribution. The findings support a relational rather than oppositional understanding of human
beings and technology. Technology can extend human capacities, but educational goals, ethical interpretation,
responsibility, and final judgment must remain human-centered. The model therefore rejects both
technological exclusion and technological dominance. It proposes a balanced curriculum in which technology
supports autonomy, inclusion, creativity, movement, and adaptation without displacing human responsibility.
In conclusion, the developed model demonstrated strong qualitative credibility, expert agreement,
psychometric adequacy, and structural fit. It offers an integrated framework for designing technology-oriented
curricula capable of enhancing agentic engagement and cognitive—motor flexibility. The model may assist
curriculum planners, school leaders, and teachers in moving beyond superficial digitalization toward a human-
centered, ethically responsible, participatory, and embodied form of technology-enhanced education.

References

Brinck, J., Leinonen, T., Lipponen, L., & Kallio-Tavin, M. (2023). Open Design Pedagogy: Revealing Openness in
Early Childhood Education With Digital Technology. International Journal of Education Through Art, 19(2), 223-
240. https://doi.org/10.1386/eta_00128_1

Chamo, N., Biberman-Shalev, L., & Broza, O. (2023). ‘Nice to Meet You Again’: When Heutagogy Met Blended
Learning in Teacher Education, Post-Pandemic Era. Education Sciences, 13(6), 536.
https://doi.org/10.3390/educscil3060536

Falloon, G. (2023). Twelve Years of iPads and Apps in Schools: What Conditions Support Effective Practices in K-
6 Classrooms? Frontiers in Education, 8. https://doi.org/10.3389/feduc.2023.1122522

Guan, J., Zhang, J., & Zhang, X. (2023). The Influence of Generative Atrtificial Intelligence on High School Students’
Academic Planning — ChatGPT. Lecture Notes in Education Psychology and Public Media, 24(1), 205-210.
https://doi.org/10.54254/2753-7048/24/20230705

He, L., & Chen, Z. L. (2026). <scp>Al</Scp> -Powered Auditory Training and Its Role in Strengthening Musical
Memory: A Systematic Review in Higher Music Education. European Journal of Education, 61(2).
https://doi.org/10.1111/ejed.70569

Jiang, J., Bai, W., Yin, Z., Liao, Z., & Zhong, X. (2025). Application of Digital-Intelligent Technologies in Physical
Education: A Systematic Review. Frontiers in Public Health, 13. https://doi.org/10.3389/fpubh.2025.1626603

Karagianni, E., & Drigas, A. (2023a). New Technologies for Inclusive Learning for Students With Special
Educational Needs. International Journal of Online and Biomedical Engineering (ljoe), 19(05), 4-21.
https://doi.org/10.3991/ijoe.v19i05.36417

Karagianni, E., & Drigas, A. (2023b). Using New Technologies and Mobiles for Students With Disabilities to Build a
Sustainable Inclusive Learning and Development Ecosystem. International Journal of Interactive Mobile
Technologies (ljim), 17(01), 57-73. https://doi.org/10.3991/ijim.v17i01.36359

Kee, T., Zhang, H., & King, R. B. (2023). An Empirical Study on Immersive Technology in Synchronous Hybrid
Learning in Design Education. International Journal of Technology and Design Education, 34(3), 1243-1273.
https://doi.org/10.1007/s10798-023-09855-5

Khan, R. S. (2026). Beyond the Surface: A Critical Analysis of Superficial Differentiation and the Pursuit of
Purposeful and Meaningful Inclusion in Mainstream Schools. Support for Learning, 41(2).
https://doi.org/10.1111/1467-9604.70056


https://doi.org/10.1386/eta_00128_1
https://doi.org/10.3390/educsci13060536
https://doi.org/10.3389/feduc.2023.1122522
https://doi.org/10.54254/2753-7048/24/20230705
https://doi.org/10.1111/ejed.70569
https://doi.org/10.3389/fpubh.2025.1626603
https://doi.org/10.3991/ijoe.v19i05.36417
https://doi.org/10.3991/ijim.v17i01.36359
https://doi.org/10.1007/s10798-023-09855-5
https://doi.org/10.1111/1467-9604.70056

AL drwgi § Sty (b 3g0T

Li, Q., & Chang, Y. L. (2026). Advancing Early Childhood Music Education: A Three-Decade Review of Cognitive,
Linguistic, And Instructional Developments. European Journal of Education, 61(1).
https://doi.org/10.1111/ejed.70467

Niu, S. J., Malinen, O. P., Rudkonen, I., Melasalmi, A., Siklander, P., Wang, X., Zhang, H., Hurme, T.-R., Moilanen,
J. H., Li, X.,, & Wang, L. (2024). A Comparative Study of Early Childhood Education and Care National
Documents Between China and Finland. Frontiers in Education, 9. https://doi.org/10.3389/feduc.2024.1392920

Patrick, L., & Bakar, K. A. (2024). Integration of Music in Teaching and Learning in Preschool: Teacher Readiness.
International Journal of Academic Research in Progressive Education and Development, 13(4).
https://doi.org/10.6007/ijarped/v13-i4/23641

Ramdass, K., & Mokgohloa, K. (2023). Curriculum Design in Higher Education: A Reflection. European Conference
on E-Learning, 22(1), 252-260. https://doi.org/10.34190/ecel.22.1.1883

Rubaia’an, M. A. B. (2023). Dental Education: A Guide for Novice Tutors. Cureus.
https://doi.org/10.7759/cureus.43227

Shi, R., & Chen, X. (2026). From Training to Transformation: Exploring the Role of Continuous Professional
Development in Early Childhood Teacher Effectiveness. European Journal of Education, 61(1).
https://doi.org/10.1111/ejed.70466

Shohel, M. M. C., Ashrafuzzaman, M., Ahmed, S. B., Tasnim, N., Akter, T., Islam, G. M. R., Siddik, M. A. B., & Mitu,
S. R. (2024). Participatory Pedagogical Approaches in Higher Education: Understanding From the Practices in
Bangladesh, the UK and the USA. https://doi.org/10.5772/intechopen.114070

Syaikhu, A. (2026). Hybrid Video Tactical Learning Model as an Integrative Framework for Physical Education.
https://doi.org/10.21203/rs.3.rs-10272840/v1

Tokuhama-Espinosa, T., & Borja, C. (2023). Radical Neuroconstructivism: A Framework to Combine the How and
What of Teaching and Learning? Frontiers in Education, 8. https://doi.org/10.3389/feduc.2023.1215510

Topolov€an, T. (2023). What Is Wrong With Constructivist Teaching? Elaboration, Recapitulation and Synthesis of
Theoretical and Historical Controversies. Skolski Vjesnik, 72(1), 183-208. https://doi.org/10.38003/sv.72.1.9

Triana, H., & Supena, A. (2023). The Impact of Universal Design for Learning on Student Learning Effectiveness in
Elementary Schools (Process and Outcomes). Prisma Sains Jurnal Pengkajian llmu Dan Pembelajaran
Matematika Dan Ipa lkip Mataram, 11(2), 596. https://doi.org/10.33394/j-ps.v11i2.7895

Trifonova, A., Destéfano, M., & Barajas, M. (2024). Teaching Al to the Next Generation: a Humanistic Approach.
Digital Education Review(45), 115-123. https://doi.org/10.1344/der.2024.45.115-123

Tu, Z., Zhong, L., & Xie, J. (2025). Traditional Chinese Martial Art Wushu to Improve the Mental State and Physical
Fitness of Students: Designing Space for Optimal Practice and Training. Frontiers in psychology, 16.
https://doi.org/10.3389/fpsyg.2025.1581226

Wei, R., You, Y., Liang, Z., & Cho, T. (2025). Analysing the Limitations of Bauhausian Pedagogies in Contemporary
Design Education From a Neuroscience Perspective. International Journal of Art & Design Education, 45(2),
509-522. https://doi.org/10.1111/jade.12616


https://doi.org/10.1111/ejed.70467
https://doi.org/10.3389/feduc.2024.1392920
https://doi.org/10.6007/ijarped/v13-i4/23641
https://doi.org/10.34190/ecel.22.1.1883
https://doi.org/10.7759/cureus.43227
https://doi.org/10.1111/ejed.70466
https://doi.org/10.5772/intechopen.114070
https://doi.org/10.21203/rs.3.rs-10272840/v1
https://doi.org/10.3389/feduc.2023.1215510
https://doi.org/10.38003/sv.72.1.9
https://doi.org/10.33394/j-ps.v11i2.7895
https://doi.org/10.1344/der.2024.45.115-123
https://doi.org/10.3389/fpsyg.2025.1581226
https://doi.org/10.1111/jade.12616

