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Artificial Intelligence (Al), particularly generative Al, is increasingly transforming built
environment education. In design studio contexts, Design-Based Learning (DBL)
emphasizes iterative design, reflective practice, creativity, and learner autonomy.
However, existing research on Al integration in built environment education remains
fragmented and lacks strong theoretical grounding, particularly regarding student
motivation and engagement. This study addresses this gap by examining Al integration
in DBL through the lens of Self-Determination Theory (SDT). A Systematic Literature
Review (SLR) guided by the PRISMA 2020 framework was conducted using peer-
reviewed studies from major academic databases. Relevant articles focusing on Al,
DBL, and built environment education were selected using predefined inclusion and
exclusion criteria and analyzed thematically. The review found that Al is widely used to
support rapid prototyping, design visualization, iterative feedback, and creative
exploration within DBL environments. Findings suggest that Al has the potential to
enhance learner autonomy, competence, and engagement through personalized and
flexible learning experiences. However, most existing studies remain descriptive and
technology-focused, with limited theoretical discussion connecting Al use to
psychological and motivational constructs. The study concludes that although Al offers
significant potential to enhance design-based learning, its pedagogical integration
remains under-theorized. By applying SDT as a conceptual framework, this review
provides guidance for future research and supports educators in developing more
pedagogically grounded and ethically informed Al integration strategies.

1. Introduction

1.1 The Artificial Intelligence in Education

The rapid evolution of Al in education extends beyond technological integration, fundamentally
reshaping pedagogical approaches and requiring a re-evaluation of existing educational paradigms,
particularly within design-based learning environments [1]. In higher education, Al-driven tools such
as chatbots and adaptive learning systems enhance student engagement and support more
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personalized learning experiences, necessitating context-sensitive frameworks for effective
implementation [1].

This shift reflects a transition toward a human-Al symbiosis, where Al assumes co-agency roles in
instructional design by dynamically adapting, delivering, and assessing content while collaborating
with educators in shaping learning experiences [1,2]. Unlike earlier “learning from” models, where
technology functioned primarily as a content delivery mechanism, contemporary approaches
emphasize “learning with” Al as a co-creator in knowledge construction [3].

Al’'s perceived autonomy and usability play a crucial role in fostering self-directed learning
motivation. Its ability to support autonomy, ease of use, and perceived usefulness contributes to
enhanced self-efficacy and learning engagement, particularly within design-based contexts [4].
Empirical evidence further suggests that Al-supported instruction can improve learning outcomes
compared to traditional approaches [5]. However, the effectiveness of Al depends on specific tools

such as intelligent tutoring systems and predictive analytics are integrated into pedagogical
practices [1].

From a psychological perspective, Al integration must be examined through frameworks such as
Self-Determination Theory (SDT), which emphasizes the satisfaction of autonomy, competence, and
relatedness as key drivers of intrinsic motivation [6.7]. Al-enabled personalized feedback and
adaptive learning environments have the potential to address these needs, but their effectiveness is
highly dependent on pedagogical alignment and contextual implementation. Additionally,
standardized Al applications may fail to accommodate diverse learner needs, particularly in culturally
varied contexts where flexibility and meaningful feedback are essential [4].

At a broader level, the expansion of Al in education introduces both opportunities and risks. While
Al enables unprecedented personalization and cognitive support [8], it also raises concerns about
“learnification,” where education is reduced to a purely technical process, neglecting its ethical,
social, and human dimensions [9]. Therefore, a critical and systematic synthesis of existing research
is necessary to understand the complex interplay between Al, pedagogy, and learner motivation, and
to establish a robust theoretical foundation for its effective integration [4].

1.2 Design-Based Learning in the Digital Age

Design-Based Learning (DBL) has emerged as a key pedagogical approach for developing 21st-
century skills within Al-enhanced educational environments. It is characterized by iterative processes
including problem definition, information gathering, prototyping, and evaluation [10]. These
processes require students to engage in design thinking, incorporating creativity, empathy, and
critical reflection [11].

Within Science, Technology, Engineering, and Mathematics (STEM) and design disciplines, DBL
plays a significant role in fostering computational thinking and technical literacy [10]. The integration
of Al into DBL environments further enhances these processes by supporting ideation, prototyping,
and reflection. Generative Al tools, such as large language models and image generators, help bridge
technical skill gaps, enabling students to focus on higher-level conceptual development [12].

Empirical studies indicate that Al-supported DBL improves creative self-efficacy and reflective
thinking compared to traditional approaches [11]. By accelerating prototyping and offering diverse
perspectives, Al acts as a catalyst for innovation. However, concerns remain regarding over-reliance
on Al, which may reduce cognitive effort and hinder the development of foundational creative skills
[13].
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Therefore, effective integration requires a balanced approach in which Al augments, rather than
replaces, human cognition. Maintaining learner agency within iterative design processes is essential
to preserving the core principles of DBL [13].

1.3 Theoretical Framework: Self-Determination Theory

To understand the psychological mechanisms underlying Al-driven learning, this study adopts
Self-Determination Theory (SDT), developed by Ryan and Deci, as its theoretical foundation [14]. SDT
posits that autonomous motivation is driven by the satisfaction of three fundamental psychological
needs: autonomy, competence, and relatedness.

Autonomy refers to the ability of learners to take control of their own learning processes. In Al-
driven environments, autonomy is supported through personalized learning pathways, flexible
pacing, and opportunities for learner-driven exploration [8,15,16]. This allows students to engage
more meaningfully with content based on their individual preferences and learning styles.

Competence involves the ability to effectively master challenges and develop skills. Al
technologies enhance competence by providing adaptive feedback, scaffolding learning tasks, and
offering metacognitive support aligned with learners’ developmental levels [9,15,16]. These features
enable learners to build confidence as they progressively achieve learning goals.

Relatedness refers to the sense of connection and belonging with others. Although Al-mediated
interaction may not fully replicate human relationships, it can simulate social engagement through
interactive systems and responsive feedback. Such perceived interaction can still contribute
positively to learner motivation, even if the depth of human connection remains limited [15-17].

Figure 1 illustrates the three core components of Self-Determination Theory: autonomy,
competence, and relatedness, and their roles in supporting intrinsic motivation within learning
environments.

Self -determination Theory
Motivation — Three Basic Psychological Needs

Autonomy Competence Relatedness

To be autonomous — Ongoing interaction Feeling connected to
sense of freewill, with one’s others, caring for and
individuals experience environment. To seek being cared for, having
their behaviours as an challenges, maintain & sense of belonging
expression of self enhance skills

Fig. 1. Self-Determination Theory

1.4 Literature Review: Al, Motivation, and Engagement

A growing body of research highlights the potential of artificial intelligence (Al) to enhance
motivation and engagement in Design-Based Learning (DBL) environments by supporting the three
psychological needs identified in Self-Determination Theory (SDT), namely autonomy, competence,
and relatedness [4,14,15]. Al-enabled features such as personalization, adaptive feedback, and
flexible learning pathways contribute to increased learner agency and self-regulation [1,18].
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However, these benefits are accompanied by notable challenges. Overreliance on generative Al
may reduce cognitive effort, promote superficial learning, and weaken problem-solving abilities
[13,19]. Poorly integrated Al tools risk displacing critical reflection and diminishing learner agency.

The effectiveness of Al is therefore highly dependent on pedagogical design. Evidence indicates
that its impact on engagement is moderated by instructional quality, learner autonomy, and the level
of pedagogical mediation [18,20]. When embedded within structured approaches such as project-
based learning and flipped classrooms, Al can significantly enhance engagement, metacognitive
development, and reflective practice [18,19].

In DBL contexts, Al has been shown to improve creative self-efficacy, reflective thinking, and
design performance, particularly among lower-performing learners [11,12,21]. Additionally, Al can
reduce learning anxiety, support collaboration, and facilitate self-directed exploration [14,22].

Table 1 summarises the key findings from the literature, synthesising the roles of Al in influencing
motivation and engagement within DBL environments through the lens of Self-Determination
Theory. The table highlights both the positive contributions of Al such as enhancing autonomy and
competence, and the potential risks associated with overreliance, which may undermine intrinsic
motivation. It also demonstrates that the impact of Al is not uniform but is moderated by pedagogical
design and implementation strategies.

Table 1
Synthesis of Al, motivation, and engagement in DBL
Author(s) Context / Al Key Contribution Impact on Motivation SDT Dimension
Application
Zhai & Nezakatgoo Alin learning Al supports Enhances motivation Autonomy,
(2025); Alqurni environments personalized learning  through psychological Competence,
(2026); IJLLTS (2024) and autonomy needs satisfaction Relatedness
Long et al. (2026); Li ~ Adaptive systems, Enables self- Improves engagement Autonomy,
et al. (2026) Al-supported regulated learning and learner agency Competence
learning and flexible
pathways
Tsakalerou et al. Generative Al Overreliance reduces  Undermines intrinsic Autonomy,
(2026); Song et al. overuse cognitive effort motivation and deep Competence
(2026) learning
Fu et al. (2026); Xia Meta-analysis of Effect depends on Mixed impact on All (moderated)
et al. (2025); Longet  GenAl pedagogy and engagement
al. (2026) learner agency

Despite these advancements, the literature remains largely descriptive and lacks strong
theoretical grounding, particularly regarding long-term motivational processes [3,23]. This review
addresses this limitation by synthesizing existing studies through an SDT lens to better understand
how Al supports sustained, meaningful engagement.

1.5 Problem Statement and Research Gap

Although Al-enhanced Design-Based Learning (DBL) demonstrates strong potential to support
motivation through psychological need satisfaction, several critical gaps remain. Much of the existing
research is atheoretical, with a predominant focus on short-term learning outcomes rather than
sustained motivational development [3,23]. This limits the ability to explain how Al contributes to
deeper, long-term engagement.

Empirical evidence within DBL contexts is also limited, particularly in understanding how Al
influences autonomy, competence, and creative self-efficacy across iterative design processes
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[12,18,21]. While Al has been shown to improve performance and support self-regulated learning,
its impact on intrinsic motivation and sustained engagement remains insufficiently explored [4,22].

Additionally, the effectiveness of Al is inconsistent, as outcomes are highly dependent on
pedagogical design and levels of learner agency [20]. Issues such as overreliance on Al, reduced
creativity, and superficial learning further highlight the need for more structured and theory-
informed integration strategies [13,19].

Theoretical constructs such as heutagogy and Al-supported metacognitive scaffolding show
strong conceptual promise but lack robust quantitative validation [3,19]. Consequently, there is a
need for a comprehensive, theory-driven framework that explains how Al can effectively support
motivation, creativity, and deep learning in DBL environments.

Table 2 summarises the key research gaps identified in the literature, highlighting limitations in
theory integration, empirical scope, and the lack of long-term and structured investigation into Al-
driven motivation within DBL contexts. The table consolidates these gaps to justify the need for a
more robust, SDT-informed framework.

Table 2

Identified research gaps
Area Current State Gap ldentified
Theory use  Mostly atheoretical Lack of SDT integration
Al impact Short-term outcomes  No long-term motivation study
DBL context Limited Underexplored
Heutagogy  Conceptual Lack of quantitative validation
Motivation  Mixed findings No clear framework

This review addresses these gaps by synthesizing literature at the intersection of Al, DBL, and SDT,
proposing a framework that aligns Al integration with psychological need satisfaction. It emphasizes
the role of Al as a cognitive partner that enhances, rather than replaces, human learning processes,
supporting deeper, self-determined learning and intellectual development.

1.6 Purpose of the Systematic Literature Review

This systematic literature review aims to synthesize and evaluate research on Al integration in
Design-Based Learning through the lens of Self-Determination Theory. It examines how Al supports
autonomy, competence, and relatedness, and how these factors influence student motivation and
engagement [22]. The review also identifies effective Al tools and pedagogical strategies, while
highlighting areas requiring further empirical investigation. Additionally, it explores the pedagogical,
functional, and organizational roles of Al in DBL to inform the development of structured frameworks
for effective implementation [5].

1.7 Research Questions

i.  How is Artificial Intelligence (Al) currently integrated into the iterative stages of Design-
Based Learning (DBL)?
ii. To what extent does Al-enhanced DBL support the satisfaction of learners’ psychological
needs, namely autonomy, competence, and relatedness?
iii.  What challenges and ethical considerations are associated with the motivational impact
of Al integration in design education?
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2. Methodology

This study adopts a systematic literature review (SLR) to synthesize empirical evidence on the
integration of Artificial Intelligence (Al) in Design-Based Learning (DBL), guided by Self-Determination
Theory (SDT). The approach addresses the largely atheoretical nature of existing research and the
limited examination of motivational mechanisms in Al-enhanced learning environments [3,12].

To ensure rigor, transparency, and replicability, the review follows the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines, which provide a structured
process for identifying, screening, and synthesizing relevant studies. This approach minimizes
selection bias and aligns with established practices in Al in education research [14,20]. The review
process includes systematic database searching, application of inclusion and exclusion criteria, and
thematic synthesis based on SDT constructs; autonomy, competence, and relatedness which is to
examine the psychological impacts of Al in DBL contexts [11,15].

2.1 Research Design

This study employs a systematic literature review to consolidate knowledge at the intersection of
Al, DBL, and SDT. The PRISMA framework ensures a transparent and structured selection process,
enabling unbiased identification and reporting of relevant empirical studies.The review began with a
comprehensive search, followed by a multi-stage screening process. This design supports the analysis
of both cognitive and motivational dimensions of Al-supported learning in higher education while
also identifying emerging trends and gaps in human-Al interaction [1,24]. From an initial pool of 254
records, 69 articles were retained after screening for relevance. Following eligibility assessment, 16
studies met all inclusion criteria and were included in the final synthesis [25].

2.2 Search Strategy and Information Sources

A systematic search was conducted across Scopus and Web of Science to ensure comprehensive
coverage of educational, psychological, and technological domains [3,26]. The search was limited to
peer-reviewed journal articles published between 2019 and 2025 to capture recent developments in
Al integration.

Keywords related to artificial intelligence (Al), Design-Based Learning (DBL), Self-Determination
Theory (SDT), and motivation were combined using Boolean operators to refine the results. Searches
were performed across titles, abstracts, and keywords to maximize the retrieval of relevant studies
[1,26]. The initial search yielded 254 records, which were subsequently screened to identify studies
specifically addressing the intersection of Al, DBL, and SDT, ensuring both breadth and relevance [23].

Table 3 summarizes the search strategy and information sources used in this study, including the
selected databases, timeframe, keywords, and search techniques applied to ensure a systematic and
replicable literature review process. The table provides a structured overview of how relevant studies
were identified and filtered.

Table 3
Search strategy and information sources
Component Description
Databases Scopus, Web of Science
Timeframe 2019-2025
Keywords “Artificial Intelligence”, “Generative Al”, “Design-Based Learning”, “Self-Determination Theory”,

“Motivation”
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Search Technique  Boolean operators (AND, OR, NOT), truncation, wildcard
Search Fields Title, Abstract, Keywords

The initial search yielded 254 records. Subsequent screening refined the dataset to studies
specifically addressing the intersection of Al, DBL, and SDT, ensuring both breadth and relevance [23].

2.3 Inclusion and Exclusion Criteria

Explicit inclusion and exclusion criteria were applied to ensure the quality, relevance, and
methodological rigor of the selected studies. The studies included were limited to peer-reviewed
journal articles that examined Al integration within Design-Based Learning (DBL) contexts and
demonstrated alignment with Self-Determination Theory (SDT), using empirical research designs.
Studies were excluded if they lacked a clear pedagogical focus or did not explicitly address Al, DBL,
or SDT. In addition, non-peer-reviewed publications such as editorials, book chapters, and
dissertations were excluded to maintain academic rigor [3]. Non-English publications and grey
literature were also omitted to ensure consistency in analysis and interpretation. The study selection
process followed a systematic approach based on the PRISMA framework. Figure 2 illustrates the
PRISMA 2020 flow diagram, detailing the stages of identification, screening, eligibility, and inclusion.
Atotal of 254 records were initially identified, of which 185 were excluded during the screening stage.
69 full-text articles were assessed for eligibility, resulting in 16 studies being included in the final
review.

Identification

Records identified through database searching (n = 254)

l

Screening

Records after duplicates removed (n = 254)

'

‘ Records screened (title/abstract) H Records excluded (n = 185)

(n =254)

Eligibility

Full-text articles assessed for eligibility (n = 69)

|

‘ Full-text articles excluded (n = 53) ’

|

Studies included in final review (n = 16)

Fig. 2. PRISMA 202 flow diagram illustrating the study selection process

These criteria ensured that the final dataset comprised studies directly examining the relationship
between Al applications and learner motivation in design-oriented educational. Table 4 summarizes
the inclusion and exclusion criteria applied in this study. These criteria ensured that only relevant,
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high-quality empirical studies focusing on Al applications in DBL and their relationship with learner
motivation were retained for analysis.

Table 4
Inclusion and exclusion criteria
Criteria Inclusion Exclusion
Publication Type Peer-reviewed journal articles Editorials, book chapters, dissertations
Language English Non-English
Focus Al in DBL + SDT Not related to Al, DBL, or SDT
Study Type Empirical (quantitative, qualitative, mixed) Conceptual or non-empirical
Scope Pedagogical focus No clear educational context

2.4 Data Extraction and Quality Assessment

A structured data extraction process was conducted to capture key information from each study,
including educational context, Al tools used, and reported motivational outcomes [11]. The
extraction was guided by SDT constructs, focusing on how Al-supported interventions influence
autonomy, competence, and relatedness. Quality assessment was performed to evaluate
methodological rigor and theoretical alignment [11]. This ensured that only studies providing credible
and relevant insights were included in the synthesis.

The combined use of systematic data extraction and quality assessment enabled the
identification of patterns, inconsistencies, and research gaps. This approach provides a robust
foundation for analyzing the role of Al in shaping motivation and engagement, while supporting the
development of a theoretically grounded framework for future research.

3. Results
3.1 Al Integration in the Iterative Stages of DBL

The synthesis indicates that Artificial Intelligence (Al) is embedded across all stages of the Design-
Based Learning (DBL) cycle; ideation, prototyping, and evaluation which reshaping traditional
learning into a collaborative human-Al process.

During the ideation phase, generative Al tools support brainstorming and concept development,
helping learners overcome creative barriers such as “blank page” syndrome [11,12]. This is
particularly beneficial for novice learners, as Al enhances divergent thinking and reduces initial
cognitive load [27]. In the prototyping stage, Al-driven visualization tools (e.g., Midjourney) enable
rapid representation of design concepts, accelerating iteration and improving creative self-efficacy
[11]. These tools allow students to explore multiple alternatives efficiently, strengthening confidence
in design exploration.

In the prototyping stage, Al-driven visualization tools (e.g., Midjourney) enable rapid
representation of design concepts, accelerating iteration and improving creative self-efficacy [11]
These tools allow students to explore multiple alternatives efficiently, strengthening confidence in
design exploration.

During the evaluation phase, adaptive Al systems provide real-time, data-driven feedback that
supports iterative refinement and reflective learning [8]. This continuous feedback loop enhances
design optimization and performance improvement.

Overall, Al shifts DBL from an individual “learning by doing” model to a collaborative “learning by
co-doing” paradigm, where Al acts as a co-present agent in ideation, critique, and iteration [25].
However, a critical limitation remains: the ideation-execution gap. While Al effectively supports
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conceptual development, it is less capable of facilitating the technical and embodied aspects of
design execution [27]. This highlights the need for hybrid pedagogical approaches that combine Al-
supported ideation with hands-on learning.

Table 5 summarises the integration of Al across the key stages of the DBL cycle, highlighting
corresponding learning impacts and their alignment with Self-Determination Theory (SDT)
dimensions. The table demonstrates that Al not only supports different phases of the design process
but also contributes to autonomy, competence, and relatedness in distinct ways, reinforcing its role
as both a cognitive and collaborative agent. These findings directly address RQ1 by illustrating how
Al is systematically embedded across the DBL cycle.

Table 5

Al integration across DBL stages and its impact
DBL Stage Al Application Learning Impact SDT Dimension
Ideation Generative Al (text/image tools) Enhances creativity, reduces cognitive Autonomy

barriers
Prototyping Visualization tools (e.g., Improves exploration and creative Competence
Midjourney) confidence

Evaluation Adaptive feedback systems Supports iteration and reflective learning ~ Competence
Across stages Al as co-agent Enables collaborative cognition Relatedness
DBL Stage Al Application Learning Impact SDT Dimension

Overall, Al shifts DBL from an individual “learning by doing” model to a collaborative “learning by
co-doing” paradigm, where Al acts as a co-present agent in ideation, critique, and iteration [25].
However, a critical limitation remains: the ideation-execution gap. While Al effectively supports
conceptual development, itis less capable in facilitating the technical and embodied aspects of design
execution [27]. This highlights the need for hybrid pedagogical approaches combining Al-supported
ideation with hands-on learning. These findings directly address RQ1l by demonstrating that Al is
systematically embedded across all stages of the DBL cycle, functioning as both a cognitive and
collaborative agent.

3.2 Impact on Basic Psychological Needs
3.2.1 Autonomy

Al enhances autonomy by enabling personalized learning pathways and flexible pacing, allowing
learners to control their learning processes [8,15]. It also supports divergent thinking by offering
multiple solution pathways, empowering learners to make independent design decisions. Adaptive
scaffolding further strengthens self-directed learning by adjusting support based on learner progress.
However, autonomy is conditional on Al literacy. Without critical evaluation skills, learners risk
becoming passive consumers of Al outputs. Excessive reliance may reduce independent problem-
solving and weaken true autonomy [28].

3.2.2 Competence
Al strongly supports competence through adaptive feedback, scaffolding, and personalized
learning experiences [9,29]. By aligning task difficulty with learner ability, Al maintains an optimal

challenge level, reinforcing perceived mastery and intrinsic motivation [23]. Al-driven analytics
further enhance competence by identifying learning gaps and enabling targeted interventions [1]. In
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DBL contexts, Al also supports collective competence, facilitating shared problem-solving and
collaborative learning [22].

3.2.3 Relatedness

The role of Al in relatedness is more nuanced. While direct human-Al relationships remain
emergent, Al supports relatedness by facilitating collaboration and socially shared learning [17]. Al-
mediated interaction enables co-creation, shared regulation, and group engagement, extending
relatedness beyond human interaction to human-Al-human collaboration. However, overreliance on
Al particularly in early creative stages, may weaken the development of iterative learning skills and
long-term creativity [13]. A balance between Al support and human interaction is therefore essential.
Overall, the findings indicate that Al most strongly supports competence and autonomy, while its
contribution to relatedness remains emerging and context dependent.

3.3 Challenges and Ethical Considerations

Despite its benefits, Al integration presents several critical challenges. The identified challenges
can be broadly categorized into cognitive, ethical, and pedagogical risks. Key issues include:

i.  Atheoretical research foundations, limiting understanding of motivational mechanisms
[3].
ii.  Algorithmic bias, potentially reinforcing educational inequities [30].
iii.  Cognitive offloading, reducing deep learning and critical thinking [28]
iv.  Academic integrity concerns, especially with generative Al
v. Overreliance on Al may undermine autonomy and self-efficacy by reducing active
cognitive engagement [4].

Ethical concerns also extend to:

i.  Data privacy and surveillance
ii.  Lack of transparency in Al systems
iii.  Risk of surface-level learning
These findings highlight the need for structured, ethically grounded Al integration, supported by
governance frameworks that ensure fairness, inclusivity, and meaningful learning outcomes [22],
[31].

3.4 Emerging Trends and Future Trajectories

Emerging trends indicate a shift toward “Aidemics”, characterized by a symbiotic relationship
between human and Al in education [9]. A key development is the Human-Centered Al Pedagogical
Engagement framework, which emphasizes ethical Al integration and preservation of human agency
[9]. This aligns with SDT by prioritizing autonomy, usability, and meaningful engagement [4]. At the
same time, agentic Al and adaptive systems are gaining prominence for enabling personalized and
engaging learning experiences [1]. To mitigate risks of superficial learning, heutagogical approaches
are increasingly advocated. These approaches promote self-determined learning and metacognitive
regulation, ensuring deeper engagement aligned with SDT [19]. Future research priorities:
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i.  Longitudinal studies on motivation and creativity
ii.  Empirical validation of Al-supported heutagogy
iii.  Ethical frameworks addressing bias, privacy, and dependency

4. Conclusions

This systematic review demonstrates that Al is deeply embedded across all stages of Design-
Based Learning, transforming it into a collaborative human-Al process. Al enhances ideation,
accelerates prototyping, and strengthens evaluation through adaptive feedback, contributing to
improved motivation and creative self-efficacy. From a Self-Determination Theory perspective, Al:

i.  Supports autonomy through personalized and flexible learning
ii.  Enhances competence via adaptive scaffolding and feedback
iii.  Facilitates relatedness through collaborative and socially shared learning

However, these benefits are moderated by critical challenges, including cognitive offloading,
algorithmic bias, ethical concerns, and the atheoretical nature of existing research. The findings
emphasize that Al should function as a cognitive partner rather than a replacement for human
learning. Without careful pedagogical design, there is a risk of superficial engagement and diminished
learner agency. Future research must prioritize longitudinal, theory-driven, and ethically grounded
approaches to ensure that Al-enhanced DBL supports deep learning, sustained motivation, and
meaningful educational transformation.

Acknowledgement
This research was not funded by any grant.

References

[1] Long, Dong Yu, Shuai Wang, Sabariah Md Rashid, and Xiao Tao Lu. "Artificial intelligence in higher education: a
systematic review of its impact on student engagement and the mediating role of teaching methods." In Frontiers
in Education, vol. 10, p. 1648661. Frontiers, 2026. https://doi.org/10.3389/feduc.2025.1648661.

[2]  Yurdunkulu, Adem, Mehmet Akin Bulut, and Ahmet Gogen. "From academics to Aidemics: Unpacking the human—
Al symbiosis in higher education." Acta Psychologica 261 (2025): 105796.
https://doi.org/10.1016/j.actpsy.2025.105796.

[3] Chichekian, Tanya, and Bérenger Benteux. "The potential of learning with (and not from) artificial intelligence in
education." Frontiers in Artificial Intelligence 5 (2022): 903051. https://doi.org/10.3389/frai.2022.903051.

[4]  Alqurni, Jehad. "Exploring the role of agentic Al in fostering self-efficacy, autonomy support, and self-learning
motivation in higher education." Frontiers in Artificial Intelligence 9 (2026):
1738774 .https://doi.org/10.3389/frai.2026.1738774.

[5] Mosha, Neema Florence Vincent, Josiline Chigwada, Gaelle Fitong Ketchiwou, and Patrick Ngulube. "A Systematic
Review of Artificial Intelligence in Higher Education Institutions (HEIs): Functionalities, Challenges, and Best
Practices." Education Sciences 16, no. 2 (2026): 185. https://doi.org/10.3390/educsci16020185.

[6] Kocakoyun Aydogan, Senay. "Artificial Intelligence (Al) Literacy Education for University Students: Interactive
Teaching Activities." In International Conference on Information and Communication Technology for Intelligent
Systems, pp. 407-422. Singapore: Springer Nature Singapore, 2025. https://doi.org/10.1007/978-981-96-9048-
0 36.

[71  Akhter, Shamim, and Musart Shaheen. "Al adoption and student success among EFL learners: examining the effects
of peer support and motivation on well-being." Frontiers in Psychology 17 (2026): 1739395.
https://doi.org/10.3389/fpsyg.2026.1739395.

158


https://doi.org/10.3389/feduc.2025.1648661
https://doi.org/10.1016/j.actpsy.2025.105796
https://doi.org/10.3389/frai.2022.903051
https://doi.org/10.3389/frai.2026.1738774
https://doi.org/10.3390/educsci16020185
https://doi.org/10.1007/978-981-96-9048-0_36
https://doi.org/10.1007/978-981-96-9048-0_36
https://doi.org/10.3389/fpsyg.2026.1739395

Journal of Advanced Research in Computing and Applications
Volume 43, Issue 1 (2026) 148-160

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

Hariyanto, Francisca Xaveria Diah Kristianingsih, and Rizqona Maharani. "Artificial intelligence in adaptive
education: a systematic review of techniques for personalized learning." Discover Education 4, no. 1 (2025): 458.
https://doi.org/10.1007/s44217-025-00908-6.

Yuliya, Stavissky. "The Human-Centered Al Pedagogical Engagement (HCAI-PE) Framework: A Foundational
Paradigm Shift in Al Pedagogy." SCIREA Journal of Education10, no. 6 (2025): 344-365.
https://doi.org/10.54647/education880639.

Asunda, Paul, Miad Faezipour, Joshua Tolemy, and Milo Timothy Do Engel. "Embracing Computational Thinking as
an Impetus for Artificial Intelligence in Integrated STEM Disciplines through Engineering and Technology
Education." Journal of Technology Education 34, no. 2 (2023): 43-63. https://doi.org/10.21061/jte.v34i2.a.3.
Saritepeci, Mustafa, and Hatice Yildiz Durak. "Effectiveness of artificial intelligence integration in design-based
learning on design thinking mindset, creative and reflective thinking skills: An experimental study." Education and
Information Technologies 29, no. 18 (2024): 25175-252009. https://doi.org/10.1007/s10639-024-12829-2.

Lively, Jason, and James Hutson. "The role of student motivation in integrating Al into web design education: A
longitudinal study." In Forum for Education Studies. 2024. https://doi.org/10.59400/fes.v2i2.1242.

Tsakalerou, Mariza, Saltanat Akhmadi, Aruzhan Balgynbayeva, and Yerdaulet Kumisbek. "Al-assisted design
synthesis and human creativity in engineering education." Frontiers in Artificial Intelligence 9 (2026): 1714523.
https://doi.org/10.3389/frai.2026.1714523.

Javaid, Zartashia Kynat, Muhammad Ramzan, and Sayyam ljaz. "A systematic review on cognitive and motivational
impact on English language learning through artificial intelligence." International Journal of Literature, Linguistics
and Translation Studies 4, no. 1 (2024): 44-71. https://doi.org/10.37605/ijllts.v4i1.4.

Zhai, Yue, and Behzad Nezakatgoo. "Evaluating Al-Powered Applications for Enhancing Undergraduate Students’
Metacognitive Strategies, Self-Determined Motivation, and Social Learning in English Language
Education." Scientific Reports 15, no. 1 (2025): 35199. https://doi.org/10.1038/s41598-025-19118-z.

Willis, Vince. "The role of artificial intelligence (Al) in personalizing online learning." Journal of Online and Distance
Learning 3, no. 1 (2024): 1-13. https://doi.org/10.47941/jodl.1689.

Dung, Nguyen Thi My, Pham Nguyen Viet Hieu, Nguyen Trang Linh, Nguyen Thi Ngoc Han, and Hoang Trong. "The
impact of students’ using generative Al for learning on self-learning motivation: A study based on self-
determination theory." In The 2nd International Conference: Resiliency by Technology and Design (RTD 2024), pp.
362-382. Atlantis Press, 2024. https://doi.org/10.2991/978-94-6463-583-6 19.

Li, Wei, Ya Xu, Le Yao, and Yantong Liu. "Exploring the influence of Al self-study rooms on K—12 learners’ motivation,
self-regulation,  enjoyment, and  engagement." Frontiers in  Psychology 17  (2026):  1768389.
https://doi.org/10.3389/fpsyg.2026.1768389.

Song, Ruiwen, Amelia Alias, and Khairul Azhar Bin Jamaludin. "Heutagogy and generative Al: an empirical
investigation of self-determined learning on deep learning outcomes." In Frontiers in Education, vol. 11, p. 1760298.
Frontiers Media SA, 2026.https://doi.org/10.3389/feduc.2026.1760298.

Qi, X. I. A,, L. I. Weijia, Y. A. N. G. Yiming, and W. E. N. G. Xiaojing. "A Systematic Review and Meta-Analysis of the
Effectiveness of Generative Artificial Intelligence (GenAl) on Students' Motivation and Engagement." Computers
and Education: Artificial Intelligence (2025): 100455. https://doi.org/10.1016/j.caeai.2025.100455.

Wang, Jiawei, Jingru Zhang, and Yuan Kang. "Evaluating the Effects of Personalised Learning on Al-Assisted Design
Performance, Creative Self-Efficacy, and Engagement of High-and Low-Performing College Design
Students." Journal of Computer Assisted Learning 42, no. 2 (2026): e70221. https://doi.org/10.1002/jcal.70221.
Kaya, Deniz, and Hatice Yildiz Durak. "A socially shared regulation of learning and self-determination theory-based
classification of generative artificial intelligence-mediated mathematical modeling activities: the case of ChatGPT:
D. Kaya, HY Durak." European Journal of Psychology of Education4l, no. 1 (2026):
35.https://doi.org/10.1007/s10212-026-01085-2.

Peng, Xiaoyu, Kangrui Sun, Xin Shan, and Junhan Zhang. "Empowerment or dependency? A systematic review of
the impacts of intelligent assessment and generative Al on learners’ self-beliefs and cognitive agency in music
education." Frontiers in Psychology 17 (2026): 1776445. https://doi.org/10.3389/fpsyg.2026.1776445.

Dong, Li. "Enhancing deep learning in Al-enhanced education: a dual mediation model of cognitive load and learning
motivation through interaction quality." Frontiers in Psychology 17 (2026): 1768822.
https://doi.org/10.3389/fpsyg.2026.1768822.

Iranmanesh, Aminreza. "Reflection in co-action: Al joins the crit." International Journal of Technology and Design
Education (2026): 1-14.. https://doi.org/10.1007/s10798-026-10079-6.

Sanz-Tejeda, Aranzazu, Juana Celia Dominguez-Oller, Josep Maria Baldaqui-Escandell, Raquel Gémez-Diaz, and
Araceli Garcia-Rodriguez. "The impact of generative Al on academic reading and writing: a synthesis of recent
evidence (2023-2025)." In Frontiers in Education, vol. 10, p. 1711718. Frontiers Media SA,
2025.https://doi.org/10.3389/feduc.2025.1711718.

159


https://doi.org/10.1007/s44217-025-00908-6
https://doi.org/10.54647/education880639
https://doi.org/10.21061/jte.v34i2.a.3
https://doi.org/10.1007/s10639-024-12829-2
https://doi.org/10.59400/fes.v2i2.1242
https://doi.org/10.3389/frai.2026.1714523
https://doi.org/10.37605/ijllts.v4i1.4
https://doi.org/10.1038/s41598-025-19118-z
https://doi.org/10.47941/jodl.1689
https://doi.org/10.2991/978-94-6463-583-6_19
https://doi.org/10.3389/fpsyg.2026.1768389.
https://doi.org/10.3389/feduc.2026.1760298.
https://doi.org/10.1016/j.caeai.2025.100455
https://doi.org/10.1002/jcal.70221
https://doi.org/10.1007/s10212-026-01085-2
https://doi.org/10.3389/fpsyg.2026.1776445
https://doi.org/10.3389/fpsyg.2026.1768822
https://doi.org/10.1007/s10798-026-10079-6
https://doi.org/10.3389/feduc.2025.1711718

Journal of Advanced Research in Computing and Applications
Volume 43, Issue 1 (2026) 148-160

(27]

(28]

[29]

(30]

(31]

Fang, Zhishu. "Integrating generative Al in higher art education: A systematic review of tools, pedagogies, and
practices." SN Computer Science 7, no. 2 (2026): 215. https://doi.org/10.1007/s42979-026-04788-x.

Liu, Dandan, Guangrui Fan, and Lihu Pan. "Tool, tutor, or crutch?: A grounded theory of cognitive scaffolding and
offloading in Al-assisted programming education." International Journal of STEM Education 13, no. 1 (2026): 10.
https://doi.org/10.1186/s40594-025-00592-w.

Li, Jiajing, Jianhua Zhang, Ching Sing Chai, Vivian WY Lee, Xuesong Zhai, Xingwei Wang, and Ronnel B. King.
"Analyzing the network structure of students’ motivation to learn Al: a self-determination theory perspective." npj
Science of Learning 10, no. 1 (2025): 48. https://doi.org/10.1038/s41539-025-00339-w.

Xia, Qi, Thomas KF Chiu, Min Lee, Ismaila Temitayo Sanusi, Yun Dai, and Ching Sing Chai. "A self-determination
theory (SDT) design approach for inclusive and diverse artificial intelligence (Al) education." Computers &
education 189 (2022): 104582. https://doi.org/10.1016/j.compedu.2022.104582.

Hassan, Abubakar. "Leveraging artificial intelligence (Al) to enhance student engagement and academic
performance in higher  education." Education  and  Information Technologies (2026): 1-27.
https://doi.org/10.1007/s10639-026-13946-w.

160


https://doi.org/10.1007/s42979-026-04788-x
https://doi.org/10.1186/s40594-025-00592-w
https://doi.org/10.1038/s41539-025-00339-w
https://doi.org/10.1016/j.compedu.2022.104582
https://doi.org/10.1007/s10639-026-13946-w

