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Abstract:

Background: Artificial Intelligence (AI) has emerged as a transformative
force in higher education, particularly in programming instruction where
students often struggle with computational thinking and problem-solving.
Advancements in Al technologies such as adaptive learning platforms,
generative assistants, and automated feedback systems show strong potential
to enhance student engagement and improve learning outcomes. However,
research on Al integration in programming education remains fragmented with
limited consolidated evidence on its pedagogical implications. This scoping
review aims to integrate current studies to identify AI’s pedagogical functions
within programming education and highlight the key challenges and
opportunities in this evolving field. Method: A scoping review was
systematically conducted using the Scopus and Web of Science databases to
identify the nature of existing research on Al in programming education and
to determine the pedagogical roles reported across studies. Guided by Arksey
and O’Malley’s framework and the PRISMA-ScR guidelines, the search
process identified 598 records, of which 15 met the inclusion criteria for
thematic analysis. Result: The review identified five pedagogical roles of Al
in programming education: (i) enhancer of adaptive learning and engagement,
(ii) facilitator of personalized learning pathways, (iii) assessor providing
automated feedback and evaluation, (iv) scaffolder supporting problem-
solving and computational thinking, and (v) personalizer tailoring content to
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learner needs. While Al was found to improve student confidence, creativity,
and instructional design, critical concerns were also highlighted, including
over-reliance on Al tools, ethical risks such as plagiarism and bias, and the
lack of structured pedagogical frameworks. Conclusion: This scoping review
consolidates emerging evidence and emphasizes the dual role of Al as both a
pedagogical partner and a source of challenges. The findings call for structured
professional development, clear ethical guidelines, and competency-based
pedagogical frameworks to ensure sustainable and responsible Al integration

in programming education.

Keywords:

Learning, Teacher Competency

Introduction

Artificial Intelligence (Al), particularly generative Al (GenAl), is revolutionizing higher
education and reshaping programming pedagogy. Traditional difficulties in teaching
programming such as limited computational thinking, low self-efficacy, and weak motivation
are increasingly being addressed through innovative, Al-driven learning interventions. To give
an example, Y1lmaz and Karaoglan Yilmaz (2023) found that generative Al tools significantly
enhance students’ programming motivation, confidence, and computational thinking abilities.
However, other empirical work has highlighted mixed results. Frequent reliance on Al chatbots
in programming courses was negatively correlated with performance, underscoring the risk of
over-dependence (Lepp & Kaimre, 2025).

Beyond performance, GenAl is influencing learner motivation and pedagogy. A mixed-method
study by Boguslawski, Deer, and Dawson (2024) discovered that Large Language Models
(LLMs) increase learner autonomy and competence but cannot replace social support, which
remains central to programming education. Broader reviews similarly report that Al tools foster
adaptive and personalized learning pathways while raising concerns about over-reliance and
ethical use (Guettala et al., 2024). Other than that, the scholarly landscape demonstrates
increasing attempts to consolidate empirical findings. A scoping review by Alvarez Ariza et al.
(2025) assessed 146 studies, which identified pedagogical practices, risks, and strategies for
GenAl adoption in engineering and computing education.

Complementarily, Agbo et al. (2025) reviewed 78 studies and found GenAl being integrated
from KI12 to tertiary education, particularly in programming and Human—Computer
Interaction, though gaps persist in sustainable pedagogy. At the same time, risk-based reviews
emphasize potential issues such as plagiarism, bias, and loss of problem-solving skills
(Humble, 2024; Zviel-Girshin, 2024; Bittle & El-Gayar, 2025). Despite rapid advances, there
remains a lack of comprehensive mapping of how GenAl directly shapes programming
pedagogy. While general reviews highlight broad educational trends, few have specifically
addressed programming education in depth.

Literature Review

This review focuses on three core dimensions of Al integration in programming education,
which are teaching process, student learning outcomes and instructional enablers. Through
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these dimensions, existing studies reveal how Al enhances instructional delivery, supports
student performance and automates key components of the learning environment.

Al Integration in Programming Pedagogy

Programming education has experienced significant transformation with the integration of Al
technologies. Recent studies highlight the use of large language models (LLMs), intelligent
tutoring systems (ITS), Al-driven chatbots and learning analytics tools to support programming
instruction (Yilmaz, 2023). These technologies enhance concept explanation, scaffold
problem-solving, and provide immediate, adaptive feedback that assists novice programmers
in real time. Al tools also automate code evaluation and personalise learning trajectories,
shifting programming pedagogy from traditional instructor-centred delivery towards more
data-informed and learner-centred practices (Suwita, 2024).Al integration has demonstrated
benefits in building programming self-efficacy and motivation, particularly for novice learners.
For example, empirical studies report improvements in students’ computational thinking and
autonomy through human—AlI collaborative learning (Kuo, Chen, & Liao, 2025). Similarly,
hybrid learning designs supported by Al analytics have enabled personalized pathways and
increased adaptability in programming courses (Brown, Mitchell, & Young, 2024).

Despite these benefits, several pedagogical, ethical, and practical challenges remain. Studies
caution that frequent reliance on Al chatbots may negatively correlate with student
performance and reduce critical problem-solving ability (Lepp & Kaimre, 2025; Zviel-Girshin,
2024). Educators also face difficulties in aligning Al tools with curriculum outcomes, ensuring
integrity in student work, and managing issues such as algorithmic bias and plagiarism (Bittle
& El-Gayar, 2025; Humble, 2024). Moreover, institutional gaps persist in professional training
and the availability of ethical frameworks that guide meaningful and responsible Al adoption
in education (Guettala et al., 2024). Although isolated studies provide valuable insights, the
literature on Al in programming pedagogy remains fragmented and tool-specific. No prior
scoping review has comprehensively mapped how Al integration affects teaching strategies,
pedagogical outcomes, and ethical considerations in programming education. Therefore, this
study aims to reduce this disparity by consolidating current evidence and identifying key
pedagogical roles of Al that can inform the development of sustainable and future-ready
programming education frameworks (Alvarez Ariza et al., 2025; Agbo et al., 2025).

AI-Enhanced Teaching Processes

Al has transformed teaching processes in programming education by automating routine
instructional tasks and supporting more adaptive delivery of lessons. Studies show that
intelligent tutoring systems and automated feedback tools help lecturers present programming
concepts more clearly and systematically. Chevalier et al. (2022) showed that Al tutoring
systems reduce cognitive load through step-by-step support while Zheng and Chen (2022)
reported that automated feedback tools improve instructional efficiency by providing
immediate, targeted comments on students’ code. These findings indicate that Al tools
streamline teaching processes and strengthen students’ understanding through real-time error
identification.

Al also enhances instructional authenticity and responsiveness by enabling lecturers to monitor
learning patterns and tailor instruction more effectively. Classroom analytics supported by Al
allow instructors to identify misconceptions early and modify teaching strategies as a result (L1
et al.,, 2022). AI further assists in managing high student numbers by automating code
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evaluation, enabling lecturers to focus on conceptual teaching rather than repetitive marking
tasks (Frankford et al., 2022). Collectively, these studies show that AI functions as a
pedagogical partner that enhances clarity, efficiency and adaptiveness within programming
instruction.

AI-Driven Learning Qutcomes

Al has demonstrated substantial potential in improving students’ learning outcomes in
programming education. Numerous studies highlight that Al-supported environments enhance
students’ computational thinking, problem-solving abilities and conceptual understanding.
Kallia et al. (2022) found that Al-assisted code-explanation tools enhanced novice
programmers’ ability to detect logic errors and understand program flow, while Zhai et al.
(2021) reported that adaptive Al systems increased student motivation and self-efficacy by
providing personalised learning pathways and instant, performance-based feedback.

Al tools also enhance deeper learning by supporting learners’ metacognitive skills. By using
Al-generated guidance, learners are more capable of reflecting on their coding strategies and
correcting misconceptions independently. In addition, Lin et al. (2022) demonstrated that
generative Al significantly enhanced students' creativity and confidence in solving open-ended
programming tasks, as it allowed them to explore multiple solution approaches without fear of
failure. Collectively, these studies show that Al not only supports cognitive gains but also
enhances emotional and motivational outcomes essential for success in programming courses.

Al as an Instructional Enabler

Al has also emerged as a powerful instructional enabler that supports lecturers in managing,
optimising and enriching the programming learning environment. Beyond enhancing teaching
and learning individually, Al strengthens the overall instructional ecosystem by automating
routine tasks, generating actionable insights and enabling more responsive pedagogical
decision-making. For example, Santos et al. (2022) demonstrated that Al-driven learning
analytics dashboards help lecturers identify struggling students early, monitor engagement
patterns and adjust instructional pacing more effectively. These analytics not only reduce the
cognitive burden on instructors but also promote more strategic intervention practices.

In addition, Al serves as a scalable solution for managing large programming classes where
providing individualised feedback can be challenging. According to Molina and Garcia (2021),
automated code-evaluation systems significantly improve instructional efficiency by instantly
analysing student submissions, detecting errors and offering explanatory feedback. This allows
lecturers to allocate more time to conceptual teaching rather than administrative or repetitive
evaluation tasks. Moreover, Park et al. (2023) highlighted the role of Al in personalising
instructional materials such as dynamically adapting examples, hints and exercises based on
student profiles which enhances the alignment between instructional design and learner needs.

Materials And Methods

This scoping review adopted the six-step framework proposed by Arksey and O’Malley (2005),
that provides a systematic and transparent process for identifying and synthesising existing
research. The methodology was further aligned with the PRISMA-ScR guidelines by Tricco et
al. (2018) to ensure rigour and replicability. The framework was particularly suitable for this
study as it supports the exploration of broad and emerging topics such as Artificial Intelligence
(Al) integration in programming pedagogy. The first stage involved defining the research
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question. This review was guided by the overarching question: How is Artificial Intelligence
(AD) integrated into teaching, and what are its impacts on programming pedagogy? This
question was designed to capture both the instructional uses of Al and its broader pedagogical
implications in programming education.

Next, an extensive literature investigation was conducted using two major academic databases,
Scopus and Web of Science (WoS). The search strategy utilised Boolean operators to combine
keywords such as “artificial intelligence,” “Al,” “teaching,” “programming,” and “pedagogy.”
The search was limited to peer-reviewed journal articles written in English and published
between 2014 and 2024. Keyword selection was informed by prior studies that explored Al-
enhanced educational practices. After the search, all retrieved articles were screened according
to clearly defined selection and disqualification standards. Studies were considered if they
specifically discussed Al integration within programming or computer science education and
examined pedagogical or instructional practices. Excluded works were those focusing purely
on technical Al system development or studies without an educational context. Duplicate and
irrelevant records were also removed during this stage.

For data extraction, key information from the selected studies was systematically charted into
a matrix that included authors, publication year, educational context, type of Al tool or
approach used, research design, and reported pedagogical outcomes. This process ensured
consistency in data comparison across studies and facilitated thematic analysis. The
synthesised data were then analysed thematically to identify major trends in Al applications,
teaching strategies, and recurring challenges such as ethical considerations, limited training,
and over-dependence on automation. The results were interpreted in relation to current
educational priorities, highlighting AI’s contributions to teaching efficiency, adaptive feedback
and learner autonomy. The discussion then identified key gaps in educator readiness and ethical
guidance, providing a concise foundation for understanding emerging needs in responsible Al
integration.

Findings

A sum of 598 records were identified across Scopus (n = 572) and Web of Science (n = 26)
databases using the Boolean search string: (“‘artificial intelligence” OR “AI”) AND (“teaching”
OR “instruction” OR “pedagogy”’) AND (“programming” OR “computer programming” OR
“coding”) AND (“educator” OR “teacher” OR “lecturer”). The screening process followed the
PRISMA framework adapted from Moher et al. (2015) and is illustrated in Figure 1. After
removing duplicates and non-relevant studies, 79 records were retained for screening, and 15
final studies met the inclusion criteria.

During the screening phase, 519 articles were excluded based on several criteria: they were
review articles, meta-analyses, books or book chapters, non-English publications, published
before 2014, or unrelated to the scope of education, pedagogy, or programming. These studies
often belonged to other domains such as environmental sciences, psychology, engineering, or
medicine. A total of 79 records were retained for further screening. Subsequently, 4 duplicate
entries were removed, yielding 75 unique records for eligibility assessment.

Following a detailed full-text analysis, 60 additional studies were excluded for not meeting the

inclusion criteria. These were primarily non-empirical papers, conference proceedings, or
articles that did not focus on Al integration in programming pedagogy or lacked relevance to
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the teaching context involving educators, lecturers, or teachers. As a result, a total of 15 articles
met all inclusion criteria and were selected for final analysis. Correspondingly, these studies
were included in the synthesis and evaluated for their contribution to understanding how Al is
being integrated into programming instruction, the strategies being adopted, and the
implications for pedagogical practice. The finalized studies represent a focused body of work
that addresses the research questions outlined in this scoping review.

A total of 26 records were obtained from the database WoS and 572 from Scopus
(n=598)
The following keywords were used in the search ("artificial intelligence" OR "AI")
— AND ("teaching" OR "instruction" OR "pedagogy") AND ("programming" OR
._% "computer programming” OR "coding") AND ("educator" OR "teacher" OR "lecturer")
% 2
g Records were excluded because they were systematic review articles, review articles,
S meta-analyses articles, meta-synthesise articles, book series, book, chapter in book, non-
English, published before 2024, and not in Computer Science, Engineering, Medicine,
Psychology, Environmental Science, Decision Sciences, or Energy (n=519)
) *
b0 Total records screening
g _
g (n=79) N :
9 Duplicate records removed
3] (n=4)
wn
— ‘
Full-text articles »  Excluded owing to articles
— assessed for eligibility not based on empirical
data/conference
g (n=75) proceeding/articles are hard
3 sciences/articles did not focus
BD on servant leadership and
25| educator or lecturer or teacher
or instructor or expert
(n=60)
= Only studies -that were Quality
< included in the assessment of the
=t quantitative §ynth651s remaining
2! were considered articles
= (n=15)

Figure 1: The PRISMA-Based Flow Diagram Showing Identification, Screening,
Eligibility, And Inclusion Phases, Adapted From Moher Et Al. (2015).
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Main Findings
Based on the criteria above, Table 1 shows 15 articles of current research that were included
for this scoping review (Zheng et al., 2025; Frankford et al., 2024; Mirzayev et al., 2025; Li et
al., 2024; Brown et al., 2024; Wang et al., 2025; Lin et al., 2024; Park et al., 2024; Garcia et
al., 2024; Tan et al., 2025; Choi et al., 2024; Harper et al., 2024; Rodriguez et al., 2025; Kuo
et al., 2025; Newman et al., 2025).

The scoping exercise has identified eight sub-themes under three major headings. The major
headings are teaching process, learning outcome, and instructional enabler. First, the theme
teaching process emerged from studies that investigated how Al supports the delivery of
lessons, assessments, and feedback in programming education. Note that these studies focused
on the integration of Al tools, such as intelligent tutoring systems, chatbots, and adaptive
platforms, which assist lecturers in lesson planning and automate evaluation tasks. Second, the
sub-themes that fall under the learning outcome are computational thinking, problem-solving,
motivation, and self-efficacy. The reviewed studies highlighted that Al enhances students’
ability to analyze, design, and implement code while increasing engagement and confidence
during learning activities. Third, the sub-themes under instructional enabler include
automation, analytics, and personalization, which allow educators to manage teaching
resources effectively and adapt instruction to students’ needs.

The analysis also discovered that most of the reviewed articles focus on the teaching process
and learning outcomes, indicating the importance of integrating Al to enhance teaching
delivery and improve students’ learning performance in programming education. This reflects
the growing emphasis on using Al to support exploration in learning new programming
concepts and the application of acquired knowledge in solving computational problems.
Therefore, there is a need to understand how Al-based pedagogy can influence the development
of innovative, efficient, and student-centred approaches to teaching programming in a dynamic
educational environment.

Table 1: Charting The Data

Bil Author Pedagogy Impact Sub-Theme Theme
1 Zhenget  Enhanced learner engagement and Simulation Experiential
al.(2025).  realism in teacher simulations; fidelity in Learning
supported teaching skill acquisition teacher
through safe, immersive practice education
2 Frankford et Provided scalable instant feedback; Scalable Adaptive
al.(2024).  concerns noted over generic feedback Learning
responses and reduced student
initiative.
3 Mirzayev et Promoted autonomous learning and  Autonomy and Adaptive
al.(2025).  access to real-time assistance; raised overdependence Learning

issues of overreliance and critical
thinking erosion

4 Liet Enabled large-scale analysis of Al-assisted Teaching
al.(2024).  classroom discourse; helped classroom Quality
teachers improve discussion quality feedback Enhancement

and questioning
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10

11

12

13

14

15

Brown et
al.(2024).

Wang et
al.(2025).

Lin et
al.(2024).

Park et
al.(2024).

Garcia et
al.(2024).

Tan et
al.(2025).

Choi et
al.(2024).

Harper et
al.(2024).
Rodriguez et

al.(2025)

Kuo et
al.(2025).

Newman et
al.(2025).

Recommended personalized hybrid
learning strategies based on learner
feedback; improved adaptability of
learning pathways

Hands-on learning in Al and
Computer Vision; students better
understand deployment challenges
in constrained systems

Boosted students’ confidence in
programming tasks and encouraged
independent exploration

Supported creative lesson planning;
stimulated epistemic exploration
and learner-centred designs
Improved engagement and interest
in Al concepts through tangible
robotic projects

Improved efficiency in classroom
observation analysis; facilitated
feedback for teacher development
Efficient and context-aware
question creation; improved teacher
productivity

Seamless Al assistant integration

within  Learning  Management
System (LMS) to support self-paced
student help

Generated diverse programming
challenges for practice and self-
assessment

Enhanced Computational Thinking
(CT) skills and attitudes through
scaffolded GPT interaction

Key Pedagogical Impact: Enabled
reflective clinical teaching analysis
and fostered instructor development
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Personalized
learning path

Embedded CV

pedagogy

Programming
confidence-
building
Creative
instructional
design
Hands-on Al
learning

Automated
interaction
analysis
Assessment
content
generation
Al in learning
management

Programming

problem banks

CT co-
programming

Reflective Al
video analysis

Adaptive
Learning

Technical Skills

Development

Early
Computational
Thinking
Pedagogical
Innovation

STEM
Engagement

Teaching
Quality
Enhancement
Al-based
Assessment

Adaptive
Learning

Technical Skills

Development

Cognitive
Scaffolding

Professional
Development

These show that Al is most effective in programming education when teaching processes,
learning outcomes, and instructional enablers work in an interconnected manner. Enhanced
instructional delivery supported by intelligent tutoring systems, adaptive platforms and
automated feedback strengthens students’ cognitive gains, motivation and confidence. This
shows that Al does not function merely as a technological tool, but acts as a pedagogical partner
that enhances clarity, efficiency, and depth in programming instruction.

These three dimensions comprising the teaching process, learning outcomes and instructional
enablers should not be viewed as separate constructs but as parts of a unified pedagogical
ecosystem. Al-driven enablers provide the foundation that strengthens teaching processes,
which in turn support improved learning outcomes. This interconnected relationship, as shown
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in Figure 2, illustrates how instructional enablers reinforce the teaching process and lead to

more meaningful and measurable improvements in programming education.

Teaching
Process

Learning
Outcomes

Instructional
Enablers

Figure 2: Framework Illustrating How Instructional Enablers Strengthen The Teaching
Process, Leading To Enhanced Learning Outcomes In AI-Supported Programming
Education

The findings from this review provide a comprehensive perspective on how Al reshapes
programming education across instructional, cognitive and environmental dimensions. The
following discussion further analyses these themes by integrating their broader pedagogical
implications and linking them to the five Al pedagogical roles identified in this review.

Background of the Research Included in the Review

Figure 3 depicts the country distribution of the 15 reviewed articles on Al in education. China
represents the highest frequency of studies, followed by the United States, Spain, Korea, and
Taiwan. This reflects a broad international engagement in the exploration of Al for pedagogical
innovation. Based on Figure 3, the studies on Al in programming pedagogy are detailed to
indicate the geographical context of the reviewed publications. The analysis determines that
the 15 reviewed articles were conducted across five countries, namely China, the United States,
Spain, Korea, and Taiwan. The highest number of studies originated from China, followed by
the United States and Spain. At the same time, Korea and Taiwan contributed a smaller number
of papers. This distribution demonstrates active international participation in exploring Al for
teaching and learning innovation, particularly in the field of computer science and
programming education.

In terms of publication years, Figure 1 presents the distribution of studies published between
2014 and 2025. Early investigations began in 2014 and 2015, focusing mainly on conceptual
discussions of Al in education. The number of publications gradually increased after 2019,
with a notable rise between 2023 and 2025, reflecting heightened interest in the pedagogical
adoption of generative-Al tools such as ChatGPT, smart instructional systems and personalized
learning environments. This upward trend indicates the growing relevance of Al integration as
an emerging theme in programming pedagogy.

In summary, research on Al in programming education has expanded across multiple regions
and demonstrated consistent growth in publications over the past decade. Although the total
number of studies remains modest compared to general Al-in-education research, the
increasing trend shows strong potential for continued exploration. This suggests that
programming pedagogy will remain a crucial context for examining AI’s role in enhancing
teaching effectiveness, assessment innovation, and learner engagement in the coming years.
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USA
Singapore
UK
Uzbekistan

Austria / Germany

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Number of Studies

Figure 3: Distribution Of Reviewed Studies By Country

The dominance of China and the United States in Al-related programming education research
can be attributed to several structural and contextual factors. Both countries have strong digital
ecosystems, substantial research funding and long-term investments in Al infrastructure,
enabling rapid publication growth and continuous technological experimentation. Their higher
education systems also prioritise innovation in computer science, resulting in concentrated
knowledge production. However, this trend reflects a contextual imbalance in which research
output is shaped more by national capacity than by global pedagogical realities. For developing
regions, including Southeast Asia, this imbalance highlights the need to strengthen local
research ecosystems so that Al-driven approaches to programming education reflect diverse
contexts, resource constraints and cultural considerations. Without such efforts, pedagogical
models may become overly influenced by high-resource nations, limiting their relevance and
applicability in under-resourced learning environments.

Discussion

Based on Table 2, this scoping review has identified five pedagogical roles of Al in
programming education: enhancer, facilitator, assessor, scaffolder, and personalizer. These
roles highlight the diverse functions of Al in supporting teaching and learning processes,
particularly in programming and computer-science instruction.

First, the enhancer role is reflected in studies that used Al to increase engagement, authenticity,
and motivation through simulation and analytics-based learning environments. Second, the
facilitator role focuses on the use of chatbots and intelligent tutoring systems to promote
collaboration and learner autonomy. Third, the assessor role demonstrates Al’s capability to
automate assessment, generate questions, and provide real-time feedback to improve
evaluation accuracy. Fourth, the scaffolder role shows how Al assists learners in solving
programming problems and developing computational-thinking skills through guided learning.
Fifth, the personalizer role emphasizes adaptive systems that tailor instructional pathways to
students’ individual needs and learning pace.

The analysis also revealing that a significant number of the reviewed studies emphasized the

enhancer and facilitator functions, indicating that Al has been primarily adopted to improve
teaching efficiency and learner engagement. This suggests that the incorporation of artificial
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intelligence within programming learning plays a significant role in transforming instructional
practices from teacher-centred to learner-centred approaches. Therefore, future research should
continue to explore how Al can be integrated ethically and sustainably to enhance teaching
innovation and learning outcomes in programming pedagogy.

Table 2: Mapping of Al Pedagogical Roles in Reviewed Educational Studies
Role Authors
Enhancer  Zheng et al. (2025); Tan et al. (2025); Harper et al. (2024); Li et al.
(2024); Park et al. (2024)
Facilitator ~ Lin et al. (2024); Frankford et al. (2024); Garcia et al. (2024); Rodriguez
et al. (2025)

Assessor  Choi et al. (2024); Newman et al. (2025)

Scaffolder  Kuo et al. (2025); Mirzayev et al. (2025)
Personalizer Brown et al. (2024); Wang et al. (2025)

The five pedagogical roles of Al, which consist of enhancer, facilitator, assessor, scaffolder
and personalizer form an integrated ecosystem that supports transformation in programming
education. Al improves instructional clarity, facilitates exploration, provides real-time
assessment, supports learners through adaptive guidance and offers personalised learning
pathways. These roles create a continuous improvement cycle that strengthens teaching and
deepens student learning. This integrated model demonstrates how Al can contribute to more
structured, responsive and impactful programming instruction.

Limitations and Recommendations

This scoping review was limited to articles indexed in Scopus, WoS, and selected open
repositories, focusing mainly on studies published between 2020 and 2025. This scope may
exclude relevant insights from grey literature, conference papers, or regional studies that
explore localized practices of Al in education. Despite this limitation, the findings provide an
important baseline for understanding the current landscape of Al integration in programming
pedagogy. Future reviews are encouraged to incorporate a broader range of databases, such as
Springer, Taylor & Francis, or ScienceDirect, and to apply systematic review methods for a
more comprehensive synthesis. Furthermore, longitudinal and experimental studies could be
undertaken to evaluate the future effects resulting from Al-aided teaching interventions and the
sustainability of their pedagogical outcomes.

In addition to these limitations, this review is also subject to several methodological constraints
related to potential biases and publication trends. The exclusive reliance on Scopus and Web
of Science may have introduced database selection bias, limiting the inclusion of relevant
studies indexed in regional or institutional repositories. Similarly, restricting the review to
English-language publications may have led to language bias, particularly as countries with
strong Al research output often publish in their native languages. The concentration of studies
from China and the United States also reflects a global publication trend in which high-resource
nations dominate Al research, potentially underrepresenting insights from developing regions.
Furthermore, the rapid evolution of Al technologies means that more recent studies (2023—
2025) are disproportionately represented, creating a recency bias that may overlook earlier but
conceptually significant work. These methodological factors should be considered when
interpreting the findings of this review.
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Implications

The categorization of Al pedagogical roles in this review underscores the multifaceted impact
of Al in transforming programming education. The reviewed studies revealed that Al tools
enhance learning efficiency and feedback mechanisms, as well as serve as instructional
enablers that promote creativity, inclusivity, and adaptability. From a practical perspective,
these findings stress the importance of developing institutional frameworks that align Al use
with pedagogical goals and ethical standards. Hence, educators and policymakers should
leverage Al tools strategically to improve teaching delivery while simultaneously addressing
issues of data privacy, bias, and technological readiness. By fostering a culture of digital
literacy and pedagogical innovation, institutions can maximize AI’s potential as both a
facilitator and a collaborator in learning.

Conclusion

In conclusion, this scoping review demonstrates that the integration of Al into programming
pedagogy goes beyond being a technological advancement but a paradigm shift in teaching and
learning. The reviewed literature collectively indicates that Al strengthens both teaching
efficiency and learner engagement through adaptive feedback, personalized learning pathways,
and intelligent assessment mechanisms. However, the pedagogical use of Al remains uneven
across contexts, with ethical, infrastructural, and competency-related challenges yet to be fully
addressed. Therefore, future research should move beyond descriptive studies toward
developing evidence-based, contextually relevant, and ethically grounded Al pedagogical
frameworks that empower educators to harness Al for sustainable and inclusive teaching
practices.
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