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Introduction

Higher-level programming education is central to modern higher education since programming
is no longer solely a technical skill in computer science, but a generalizable problem-solving
approach applicable in STEM and STEAM fields (Malmi et al., 2025; Pan and Harun, 2025;
Vinueza-Morales, Rodas-Silva, and Vidal-Silva, 2025). Programming has become an important
graduate skill in universities, extending beyond traditionally technical majors, as it has been
found to teach algorithmic thinking, abstraction, logical reasoning, creativity, and the capability
to automate solutions to complex problems (Vinueza-Morales, Rodas-Silva, and Vidal-Silva,
2025). The process of learning to program in higher education is thus much more than just
memorizing syntax; it entails students to analyze, break down problems, model data and
processes, and refine solutions through the process of design-oriented thinking (Romero et al.,
2017; Rovshenov and Sarsar, 2023; Vinueza-Morales, Rodas-Silva, and Vidal-Silva, 2025) .

The study of computational thinking supports this perspective by making programming one of
the primary pathways through which students can be taught to become effective problem
solvers in an increasingly digitalized workplace (Agbo et al., 2019; Rovshenov and Sarsar,
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2023; Tikva and Tambouris, 2021). Meanwhile, the body of research on programming
education has expanded significantly, both in terms of publication activity over the last few
years and in terms of the number of studies, which is indicative of the global nature of the
subject and its central role in computing education research (Malmi et al., 2025; Rolland
Sobral, 2021; Rovshenov and Sarsar, 2023; Vinueza-Morales, Rodas-Silva, and Vidal-Silva,
2025). However, this growth has also shown that programming education is a developing
discipline that still requires more synthesis, more frameworks, and more equitable application
in institutional and national settings (Moosaei and Molinero, 2025; Vinueza-Morales, Rodas-
Silva, and Vidal-Silva, 2025). Since digital technologies are transforming higher education,
programming education should also keep up with the evolving industry needs, new tools, and
diverse student needs to ensure that its educational value in the long term can be maintained
(Vinueza-Morales, Rodas-Silva, and Vidal-Silva, 2025).

Although important, programming education in higher education is generally considered to be
difficult both to students and teachers, particularly in introductory courses where failure and
dropout rates are high (Medeiros et al., 2019; Moosaei and Molinero, 2025; Pan and Harun,
2025; Rolland Sobral, 2021; Rovshenov and Sarsar, 2023). Problem solving, mathematical
preparedness, motivation, syntax, and abstract reasoning to convert ideas into executable
programs are the challenges that students may face (Medeiros et al., 2019; Pan and Harun,
2025; Rovshenov and Sarsar, 2023). These cognitive requirements are further complicated by
the lack of equal exposure to programming in the past, variations in the level of soft and hard
skills among students, and psychological obstacles such as anxiety and fear, which may
decrease engagement, performance, and persistence (Moosaei and Molinero, 2025; Pan and
Harun, 2025) Teaching issues are also critical since instructors have to work with large and
heterogeneous groups of students, and they often lack adaptive enough approaches,
individualized support systems, or a thorough pedagogical model that would be applicable in
the context of programming courses (Medeiros et al., 2019; Moosaei and Molinero, 2025; Xia,
2017) . Reviews and bibliometric studies have provided evidence that traditional teacher-
centered methods are frequently ineffective, and student-centered, collaborative, and practice-
oriented methods are more likely to facilitate programming learning (Moosaei and Molinero,
2025; Rolland Sobral, 2021; Vinueza-Morales, Rodas-Silva, and Vidal-Silva, 2025). The
collaboration, contextualization of knowledge, anxiety reduction, and enhancement of higher-
order thinking have been improved through approaches like project-based learning, pair
programming, flipped classes, team-based learning, creative programming, and course design
based on computational thinking (Agbo et al., 2019; Pan and Harun, 2025; Romero et al., 2017;
Vinueza-Morales, Rodas-Silva, Vidal-Silva, et al., 2025).

This landscape is further complicated by new technological conditions: web-based and
personalized environments have opened up possibilities of flexibility, access to resources, and
distance learning, but also raise quality-management issues and require a careful integration of
pedagogy (Xia, 2017). Infrastructure constraints still define the possible in resource-
constrained contexts, and mobile compilers and online console tools are of interest as practical
aids to programming education (Eteng et al., 2022). The latest development is the use of Al
tools, including ChatGPT and code generators, as both valuable aids and a significant
pedagogical threat: they can give hints, suggest code, and provide feedback quickly, yet they
also lead to the development of dependency and the loss of independent conceptual knowledge
when used without critical thinking (Becker et al., 2022; Da Silva et al., 2024). Therefore, the
main challenge of higher institutions is not to teach students to code, but to create inclusive,
evidence-based, and flexible programming education spaces that can foster conceptual
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knowledge, independence, teamwork, and resilience in a fast-paced digital environment (Pan
& Harun, 2025; Vinueza-Morales, Rodas-Silva, Vidal-Silva, et al., 2025).

Materials and Methods
Data Collection

Computational thinking, software development, and digital competencies have become
essential elements of higher education, with programming education becoming an integral part
of academic disciplines and professional practice. Universities around the world have thus
increased programming courses in computer science, information technology, engineering and
interdisciplinary programmes and researchers have investigated various pedagogical strategies
to enhance the level of programming knowledge, problem solving skills, engagement and
academic performance of students. In spite of this increasing body of scholarship, the study of
programming education has changed significantly over the years, due to the shifts in
educational technologies, teaching methods, programming paradigms, evaluation procedures,
and the needs of learners. Prior research was mainly based on traditional methods of instruction
and how to develop basic programming skills, but later research began to pay more attention
to active and collaborative learning, automated evaluation, visualization tools, game-based
learning, flipped classes, online and blended classes, and more recently, new technologies such
as artificial intelligence. This evolution is significant to comprehend since programming
education does not evolve in a linear fashion; instead, it is influenced by the evolving
educational priorities, technological possibilities, and problems faced by higher education
institutions.

A chronological overview thus offers a valuable lens in determining the changes in research
priorities over various times, what educational issues have remained constant, and what new
trends could shape future programming education. To create a solid evidence base on such an
analysis, this study uses a systematic single step data collection procedure through the Scopus
database, which is chosen due to its multidisciplinary coverage, standard indexing criteria, and
comprehensive bibliographic data. The identification of relevant publications was performed
with the help of a predefined search strategy with the help of carefully chosen keywords
associated with the subject of programming education in higher education, and the records
retrieved were analyzed in relation to the relevance and inclusion criteria of the study to create
the final dataset. Limiting the source of data and using a uniform selection process improves
the transparency, reproducibility, and methodological consistency of the review. Strict and
methodical data gathering 1s especially important in chronological studies since discrepancies
in database coverage, search terms, selection of publications, or screening processes may skew
the apparent publication trends and give rise to false interpretations of time-related alterations.
Well-designed data, in turn, offers a more reliable basis to study the changes over time, define
the time frame of rising or falling, and explain the changes in the interests of research. Through
a systematic review of the academic history of programming education in higher education,
this review aims to offer an evidence-based narrative of the evolution of the field and to explain
its key research directions, well-established themes, and new directions.
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Table 1: The Specification for Primary Data Searching.

Keyword Programming Education

Inclusion Article, Journal, English, computer science

Exclusion Besides computer science, review articles, other languages

Final Search String | TITLE-ABS-KEY ( ( "programming education” OR
(Scopus) "programming instruction” OR "computer programming

education" OR "software development education" OR "coding
education”" OR "coding instruction" ) AND ( "higher education"
OR "higher institution" OR university OR college OR "tertiary
education" ) ) AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND (
LIMIT-TO ( LANGUAGE , "English" ) ) AND ( LIMIT-TO (
SRCTYPE , "j" ) ) AND ( LIMIT-TO ( PUBSTAGE , "final" ) )
AND ( LIMIT-TO ( EXACTKEYWORD , "Programming
Education" ) ) AND ( LIMIT-TO ( SUBJAREA , "COMP") )

88

Number of Primary
Article

The data collection plan was aimed at developing a narrow and replicable evidence base to
study the evolution of programming education in higher education. Table 1 shows the detail of
the specification or primary data searching. The Scopus database was searched in a single-step
search in the TITLE-ABS-KEY field to retrieve publications where programming education
and higher education were directly mentioned in the title, abstract, or keywords. A broad range
of related terms was used in the search strategy, which included: programming education,
programming instruction, computer programming education, software development education,
coding education, and coding instruction, with terms that reflect the higher education setting,
such as higher education, university, college, and tertiary education. The combination was to
enhance retrieval sensitivity and conceptual compatibility with the scope of the review. To
enhance the quality and comparability of the evidence, the search was limited to the English
language journal articles, final stages of publication, and the Computer Science subject area.
Moreover, the keyword Programming Education was also used as a relevance criterion. Articles
that were not reviews, were not in the field of Computer Science, or were in a non-English
language were filtered out. These limitations are methodologically defensible since the
research seeks to investigate the academic evolution of programming education in a well-
defined disciplinary and educational framework as opposed to encompassing the wider
literature on coding or computing education. As a result, the last search strategy yielded 88
primary articles, which offered a sufficiently narrowed corpus to be further chronologically
analyzed.

The corpus of 88 articles obtained as a result gives a systematic basis on the interpretation of
the way research on programming education in higher education has evolved throughout the
years. Explicit inclusion and exclusion criteria are especially crucial in chronological review
since time trends may be significantly affected by changes in search coverage and publication
properties. The dataset might include heterogeneous types of documents, disciplines,
languages, or secondary studies without systematic filtering, which would introduce noise and
obscure actual changes in research activity. The limitation to peer-reviewed journal articles in
Computer Science and the final publication stage increase the reliability of the records and
minimizes the chances that the initial or non-comparable publications will bias the observed
trend. Likewise, the use of the specific key word Programming Education enhances topical
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specificity since the studies that are selected have a direct conceptual relationship with the
theme of the review. However, the comparatively narrow dataset can be viewed as a reflection
of the Scopus-covered Computer Science journal literature on programming education, and not
of the overall body of research on programming education in the world. This difference matters
to the validity and interpretability of later chronological discoveries, especially in evaluating
times of greater publication, changes in research focus, or new themes. On the whole, the
systematic selection of 88 primary articles creates a clear and reproducible data set on the basis
of which the development of the research on programming education can be investigated with
increased methodological confidence.

Data Clustering

Clustering of the publication data according to the temporal periods is a significant method of
analysis in a chronological review since it allows the development of research activity to be
viewed beyond the annual variations. Within the framework of Programming Education in
Higher Institutions, as reflected in Figure 2, temporal clustering in terms of publication year
and publication volume offers a methodical way of establishing different phases in the
evolution, growth, and deepening of scholarly research in the field. The bibliographic
information was obtained in Scopus, a well-known and extensive multi-disciplinary database,
with the help of predefined keywords and advanced search techniques to guarantee the
relevance and coverage of the recognized literature. By clustering the publication years based
on the observable trends in research productivity, one can consider the periods of time when
the same tendencies in the research productivity are observed, and, thus, such periods can be
analyzed as a single entity, eliminating the possible distortion of the results by the single
increase or decrease in the annual productivity. More to the point, this clustering increases the
interpretability of longitudinal patterns of publication by showing the changes in the focus of
research, new stages of the rapid growth of the field, and changes in the general state of the
field. In this regard, the temporal clusters identified can offer a systematic point of departure
to analyzing the way in which programming education research has changed over the years and
can help to make better sense of the shifting research environment in higher education.
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Figure 2: Number of Publication by Year
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Phase 1: Emergence and Foundational Development (1998 — 2014)

The initial stage, Emergence and Foundational Development (1998 2014) is the oldest phase
of the research on programming education in higher institutions. Publication activity in this
period was very minimal and sparse with only 10 publications in 17 years. There were a few
years where there were no publications, and the majority of active years had only one
publication. The slight rise to two publications in 2013 was not yet a sign of a long-term growth.
This trend indicates that programming education was not yet an extremely visible or actively
explored research field in the literature that is indexed by Scopus. Studies of this foundational
era can thus be viewed as initial exploration, where researchers started to investigate problems
related to the teaching of programming, learning challenges, teaching methods, and how
students can develop their programming skills.

Phase 2: Expansion and Consolidation (2015 — 2023)

The second stage, Expansion and Consolidation (2015 -2023) is characterized by a shift in the
intermittent research activity to a more consistent publication pattern. It started with three
publications in 2015 and 2016, then there were some fluctuations in 2017 -2021 with one to
three publications. Nonetheless, the number of publications has since grown to five in 2022,
followed by a slight decrease to three in 2023. In the nine years, 24 publications were created,
which is more than the total of the 1998 -2014 phase. This growth suggests that programming
education was getting wider and more enduring academic interest. The convergence can be
attributed to the increasing awareness of the ongoing issues related to programming learning,
as well as the rising exploration of teaching methods, learning technologies, assessment
methods, and student-centred pedagogies in higher education. However, the comparatively
average yearly production indicates that the field was still in its early stages of development
and not in its significant growth.

Phase 3: Accelerated Growth and Research Maturation (2024 — 2026)

The third stage, Accelerated Growth and Research Maturation (20242026) is a significant shift
in the research environment. The number of publications rose dramatically with 13 publications
in 2024, 22 publications in 2025 and 19 publications in 2026. Though 2026 is the index of
publications up to August, it has already surpassed the annual rates of the previous period,
which lasted nearly the whole period before it. This phase alone has 54 publications, which is
about 61.4 percent of the total publications in the dataset. The dramatic growth means that the
programming education has entered the era of high research productivity and growing scholarly
visibility. This acceleration can be linked to the development of new pedagogical and
technological issues, such as artificial intelligence, automated programming support, online
and blended learning, new programming pedagogies, and evolving expectations of
computational competencies. This stage, therefore, can be seen not only as quantitative
expansion, but as a sign of the maturation and diversification of programming education
research in higher education.
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Result and Discussion

Emergence and Foundational Development (1998 — 2014)

The Emergence and Foundational Development period (1998 2014) can be further subdivided
into three significant periods according to the evolving focus of research in programming
education: 1998 2000, 2007 2010, and 2012 2014. In 1998 2000, the focus of research was
primarily on the underlying problems of programming-language selection and program
comprehension. In a comparison between Java and Modula-3, Boszoermenyi (1998)
emphasized the pedagogical significance of the choice of the first programming language,
especially in terms of supporting the understanding and mastering of the basic concepts. Ueno
(2000) later applied this issue to intelligent programming support by creating ALPUS II, which
proved the possibility of generalized program understanding between Pascal and C. In 2007 -
2010, the emphasis was on technology-assisted and learner-centered teaching. Nakajima et al.
(2007) created an adaptive question-answer system that paired exercises with the level of skills
of the learners and assisted in the practice of iterative programming, whereas Kalles (2008)
focused on code inspection, teamwork, implementation skills and preparation of larger
programming projects using a university programming laboratory. Koelling (2010) also
illustrated the possibilities of Greenfoot to facilitate learning of programming using graphical
and interactive Java-based programs. Taken together, these studies suggest that there is an early
shift in the choice of appropriate programming foundations to more interactive, adaptive,
collaborative and technology-supported learning environments.

The 2012 -2014 era showed an additional expansion of research interests to particular learning
and teaching issues in programming education. The algorithmic visualization component of the
TSUNA-TASTE environment was developed by Teramoto et al. (2012), and the results showed
that the visual representation might be of some use to beginners studying C. In 2013, the
research was expanded to academic integrity and conceptual understanding. Chunhui et al.
(2013) dealt with programming-code plagiarism by preventive measures and a Java-based
detection system, noting that it is challenging to detect suspicious code manually in a large
number of programming tasks. Similarly, Cetin (2013) discovered that the students of the
university had significant problems with the comprehension of classes, objects, and the
relationships between them in object-oriented programming. These challenges were linked to
the findings that overreliance on code-writing activities, examples, and improperly constructed
analogies were connected to these difficulties, and visualization was found to be an effective
way to enhance conceptual knowledge. These papers suggest that the research in programming
education was growing more worried about not just instructional technology but also
understanding algorithms, academic dishonesty, and conceptual challenges faced by students.

Brito and De Sa-Soares (2014) reinforced the emphasis on assessment and early detection of
programming-learning challenges, stating that students enrolled in introductory programming
courses might have a problem with identifying the distinction between learning programming
concepts and applying them to problem-solving. The results were in favor of higher assessment
frequency as a tool of offering timely student progress indicators and being able to take
corrective action before the challenges escalated. Throughout the 1998 -2014 period, the results
thus indicate a progressive growth of the underlying programming-language and program-
understanding problems, to adaptive and interactive learning systems, and then to visualization,
conceptual knowledge, plagiarism detection, and formative assessment. Despite the
comparatively low level of publication activity at this time, the research papers set a number
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of key research directions that define the nature of programming education in higher
educational institutions, including the use of technology to aid learning, the construction of
conceptual knowledge in students, ongoing assessment, and how to cope with difficulties that
come with programming coursework.

Expansion and Consolidation (2015 — 2023)

The Expansion and Consolidation phase is characterized by a vivid expansion of the scope of
programming education beyond the traditional classroom-based teaching to technology-
enhanced, interactive and learner-centred methods. Initial research focused on expanding the
reach of programming education to online and practical education. As Kurhila and Vihavainen
(2015) have shown, an MOOC at the university level could not only expand the reach of CS
education to Finnish school students but also serve as an alternative route to university
education. In the same way, Takioka et al. (2015) demonstrated that the enhancement of
teaching strategies and the focus on practice helped students to create programming
applications more frequently. Engagement and motivation were further enhanced by the
introduction of visualization, gamification, game-based learning, and accessible programming
environments (Kolling, 2016; Mozelius et al., 2016; Olsson et al., 2015). Technology-
supported course redesign has also yielded positive results in higher education, such as a
decrease in dropout rates and signs of better grades, especially when active learning,

collaboration, and automated assessment were incorporated into programming courses (Kaila
etal., 2016).

Between 2017 and 2021, programming education started to emphasize more on scalability,
automated feedback, collaborative learning, and student engagement. The Murphy et al. (2017)
UK-wide survey found that Java was still popular in introductory university programming even
though respondents thought Python was easier to teach and learn, indicating the ongoing
controversy over the choice of introductory programming languages. It was also during this
time that web-based programming environments and automated assessment systems emerged
that minimized technical barriers and offered immediate feedback to learners (Hameer and
Pientka, 2019; Yazaki et al., 2018) Programming education was also linked to more broad
developmental outcomes, with intrinsic motivation being found to be a significant factor in
positive youth development through programming (Kong and Wang, 2019), and visual tools
like turtle graphics were created to make early Java learning more intuitive and motivating
(Mackin, 2019). Technology-mediated and collaborative methods later evolved to problem-
based groupware, online programming courses, online judges, and robotics-based systems.
According to these studies, there is a gradual transition between merely providing
programming content and developing interactive environments that facilitate collaboration,
practical experience, feedback, and learner motivation (Bilegjargal and Hsueh, 2021; Byun et
al., 2021; Chorfi et al., 2011; Lee and Yi, 2021).

By 20222023, the field of programming education research was more mature, with more data-
driven, personalized, intelligent, and Al-assisted research. A study of online programming
education has shown that behavioural engagement, especially video viewing and self-
assessment, correlates with academic performance, and learning-behaviour data may be
analysed to determine student groups and predict performance at an early stage (Hsueh et al.,
2022; Mai et al., 2022). There was also an increase in automated and intelligent technologies
to enhance assessment and instructional support, such as code-quality assessment to identify
individual contributions in programming projects, recommendation systems to provide similar
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programming problems, and visualization tools to help instructors understand the process of
source-code development by students (Chen et al., 2022; Taniguchi et al., 2022; Yoshimura et
al., 2022). By the conclusion of the phase, generative Al became a new facet of programming
education, and Yilmaz and Karaoglan Yilmaz (2023) found that students using ChatGPT had
better computational thinking, programming self-efficacy, and motivation. However, there
were still issues with programming problems, teacher readiness, pedagogy, and technological
change (Gokoglu and Kilic, 2023). The evolution of intelligent tutoring systems also reflected
the increased focus on personalized learning and the integration of skills, and Huang et al.
(2023) found that code tracing achieved significant learning outcomes when it was supported
by instructional targets. Taken together, these papers suggest that the 20152023 decade is a
significant synthesis of research in programming education, moving beyond access and
engagement to adaptive, evidence-based, and intelligent learning environments.

Accelerated Growth and Research Maturation (2024 — 2026)

Accelerated Growth and Research Maturation phase (2024 2026) indicates a significant
diversification of programming education research, with 2024 research being heavily oriented
towards enhancing learning effectiveness, learner support, and technology-enhanced pedagogy.
Huang et al. (2024) found a composition effect that persisted in novice code tracing, where
students had problems when multiple programming skills needed to be combined, and
conceptual misunderstanding and errors in the process due to cognitive load were found to be
significant. The use of technology-based practices gained momentum in ChatGPT feedback,
gamification, flipped learning, serious games, online learning, visualization, and interactive
problem-solving systems. Ouyang et al. (2024) discovered that ChatGPT and instructor
feedback yielded similar programming knowledge and product quality, but each facilitated
different types of collaborative discourse. Mellado et al. (2024) found that gamification had
various learning outcomes based on gender, and Malkoc et al. (2024) found that academic self-
concept, learning engagement, course satisfaction, and achievement goals were all relevant in
online flipped programming courses. Hainey and Baxter (2024) showed that serious games are
acceptable as a programming revision and assessment method, but Oka et al. (2024) found that
there is a positive correlation between repeated use of a guided problem-solving system and
performance on programming tasks. Other papers touched on online participation (Ochi and
Tateno, 2024), live coding based on various learning preferences (Masegosa et al. (2024),
predicting programming aptitude using machine learning (Nakada and Miura, 2024), and
flipped learning with the help of learning analytics (lio, 2024). Meanwhile, the quick
development of generative Al brought new educational and ethical issues. Groothuijsen et al.
(2024) discovered that ChatGPT assisted in debugging, conceptual knowledge, and code
generation but might adversely impact quality of code and pair programming, whereas Humble
et al. (2024) discovered learning opportunities and risks associated with cheating, unreliable
responses, and assessment. In general, the year 2024 suggests a shift to individualized,
interactive, data-driven, and Al-enhanced programming education, without losing the focus on
cognitive development, learner differences, academic integrity, and meaningful human
interaction.

In 2025, the scope of research shifted to the larger-scale integration, assessment, and
management of artificial intelligence and personalized learning in programming education.
According to Cheung et al. (2025), videoconferencing-based online programming education
was moderately effective at the time of the COVID-19, and Python, C++, and Java were the
most commonly taught languages. Lepp and Kaimre (2025) discovered that Al chatbots were
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often used by students to complete programming tasks, yet increased reported use was
negatively correlated with academic performance, highlighting the need to take proper
guidance. A number of studies investigated GenAl as a learning and instructional aid: Cubillos
et al. (2025) did not find a significant difference in learning between GenAl and video-based
instruction, but each method yielded different motivational results; Kohen-Vacs et al. (2025)
reported positive perceptions of GenAl but increased difficulty when students had to correct
the code generated by the LLM; and Tseng et al. (2025) demonstrated that an Al-based code-
review system could potentially reduce the cognitive-load increment caused by peer review.
Qu et al. (2025) also found that few-shot prompt-based evaluation led to better learning
outcomes, code quality, and assessment efficiency. Vinueza-Morales, Rodas-Silva, Vidal-Silva,
et al. (2025) found project-based learning, flipped classes, and collaborative programming to
be significant teaching methods, with the newer technologies of augmented and virtual reality.
The topics of personalization, diversity of learners, self-regulation, and inclusion also gained
more and more research. Boguslawski et al. (2025) discovered that LLMs could enhance
learner autonomy and competence, but not social support, whereas Marco-Galindo et al. (2025)
reported that individualized feedback and structured interaction enhanced participation among
students re-taking introductory programming classes, but did not increase overall success.
Wang et al. (2025) distinguished four groups of learners based on the patterns of GPT-use,
whereas Oyelere and Aruleba (2025) emphasized the differences in the attitude towards Al-
supported programming education among countries and educational levels. By 2025, thus, the
literature had outgrown merely testing educational technologies to analyzing how Al,
personalization, automation of assessment, characteristics of learners, ethical regulation, and
inclusive access ought to be incorporated into programming education. This wider trend is
supported by Malmi et al. (2025); Zhu and Zhang (2025), and others, which highlight the
growing size, variety, and the interdisciplinary nature of computing and programming
education research.

The 2026 literature shows further maturation of research with more advanced Al applications,
learning analytics, automated evaluation, adaptive systems, self-regulated learning, and
process-oriented analysis, and ongoing programming-learning challenges are still evident.
Sarmento and Reis (2026) found source-code comments as possible scaffolds to
comprehension, debugging, reflection, and formative assessment, but PeSi¢ et al. (2026)
demonstrated that LLMs could assist with automated generation and analysis of algorithm-
complexity tasks but was not yet reliable enough to be fully automated. Bikanga Ada (2026)
affirmed that the programming challenges are linked to conceptual knowledge, learning
environments, and learning resources even with the existence of ChatGPT. Strickroth and Azaiz
(2026) discovered that peer code review on large scale can assist in detecting errors and
providing coding guidance, but students tend to overlook minor errors. Gao et al. (2026) and
Bouallegue et al. (2026) reported more advanced adaptive methods, finding three relatively
stable patterns of programming-learning in the longitudinal analysis of Gao et al., and high
predictive accuracy of an XGBoost model in identifying students who were at risk of poor
performance. The use of Al in pedagogy also became more organized: Abdullah and Al Musawi
(2026) discovered that a guided GenAl approach was significantly better at code analysis,
debugging, optimization, and problem-solving than unconstrained use of GenAl; (Jang and Oh
(2026) found that combined flipped learning and GenAl led to better computational thinking
and problem-solving; and Alanazi et al. (2026) found that the successful implementation of Al
required pedagogical appropriateness, institutional preparedness, infrastructure, policy, and
faculty involvement. Other papers described the benefits of visual scripting (Villagomez-
Palacios et al., 2026), emotion-sensitive chatbot engagement (Nawahdah et al., 2026),
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programming robots (Fuse & Noguchi, 2026), automated awareness of GenAl abuse
(Karnalim, 2026), and educational games (Tassuov et al., 2026). Meanwhile, the literature on
Al-related research points to the necessity to strike a balance between technological support
and autonomous thinking, creativity, teamwork, academic honesty, and fundamental
programming knowledge. In this way, the 20242026 phase may be defined as a transition to
evidenced-based and responsible technology integration, where the research in programming
education focuses more on not only whether an intervention works, but also on who it works,
under what conditions, with what cognitive and educational outcomes, and how such
technologies can be integrated into higher education in a sustainable way.

Conclusions

This chronological review explored the development of research in the field of programming
education in higher institutions between 1998 and 2026 through a systematic search of the
Scopus database, leading to a narrow corpus of 88 primary articles. The review divided the
literature into three stages of development: Emergence and Foundational Development (1998
-2014), Expansion and Consolidation (2015 -2023), and Accelerated Growth and Research
Maturation (2024 -2026). This chronological arrangement offers a systematic foundation of the
study of how the education of programming has evolved in line with evolving pedagogical
requirements, technological strengths, student traits, and educational issues. The initial stage
was marked by small and occasional publication efforts, and research focused on selection of
programming languages, understanding of programs, program visualization, program
evaluation, and learning challenges at the foundations. The latter stage revealed more extensive
and enduring academic interest, and the research gradually shifted to the focus on learner-
centred, collaborative, technology-enhanced, online, gamified, and automated learning
conditions. The third stage was a significant acceleration with 54 publications or a percentage
of 61.4 of the entire data set and showed the maturity and diversity of the field.

Throughout the history, one may see a distinct shift in the traditional programming education
to adaptability, interactivity, personalization, data-driven, and smart educational settings. The
development of methods The methodological development of research has moved towards
more or less narrow studies of instructional practices and program challenges with empirical
evaluation, automated assessment, learning analytics, predictive modelling and more complex
adaptive systems. Specifically, the advent of generative Al has placed a significant new
dimension in the research of programming education. Recent research is beginning to focus
more on Al-assisted coding, debugging, code evaluation, personalized learning, academic
integrity, learner autonomy, and what it takes to adopt Al responsibly. The data also reveal that
technological progress does not eradicate chronic educational issues, especially the lack of
conceptual understanding, critical thinking, diversity of learners, and the necessity of
meaningful human communication. Therefore, the chronological development is not only a
quantitative development, but a shift of inquiry how programming can be taught to a discussion
of how programming can be taught effectively, adaptively, ethically and responsibly in
technology-rich contexts.

The chronological structure makes a contribution to knowledge by showing the developmental
associations that might be less observable in the traditional thematic reviews. The clustering of
studies on the basis of the time of publication allows differentiating between the underlying
issues and subsequent unifications as well as new research priorities, and minimizes the impact
of the specific annual effects on the interpretation. This view also has practical implications to
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higher institutions as the observed progression indicates that the key response to effective
pedagogical practices should be matched with the use of suitable technologies instead of
technological adoption being seen as a solution in itself. Future studies are thus recommended
to explore sustainable and evidence-based infrastructure of Al, learning analytics, adaptive
systems, collaborative learning, and personalized support without losing conceptual
knowledge, creativity, autonomous problem-solving, and academic integrity. The use of
interdisciplinary research and real-world educational environments should also be given more
consideration to identify how emerging approaches will work in various institutional contexts,
with various populations of learners, with various programming languages, and under various
resource conditions. The current review has limitations that include use of one database, search
terms and scope of disciplinary focus, use of English language Computer Science journal
articles, and lack of full indexing of 2026, which is currently searching articles up to August.
These limitations may be overcome in future chronological reviews by including several
bibliographic databases, more interdisciplinary terminology, longer observation times, and
cross-educational comparisons. In general, chronological analysis is an effective way to capture
the dynamic nature of the research on programming education and to understand how the
established practices transform into new paradigms and how it can serve as the basis of
temporal evidence to inform future innovation, pedagogical decision-making, and evidence-
based development in higher education.
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