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Abstract—In today’s information society, developing program-
ming competencies is essential in higher education. Numerous
studies have been conducted on effective strategies for foster-
ing these skills. This study performs a bibliometric analysis
of research on teaching strategies for programming in higher
education, using data from the SCOPUS and Web of Science
(WOS) databases between 2014 and 2023. The analysis identifies
key trends, influential authors, and collaboration networks in this
field. The most effective teaching strategies include project-based
learning, flipped classrooms, and collaborative programming.
Emerging technologies such as augmented reality and virtual re-
ality are gaining prominence in programming education. Despite
the growth of research in this area, challenges remain, such as
the lack of longitudinal studies exploring the long-term impact of
these methodologies and the need for greater geographic diversity
in studies. This paper emphasizes the importance of exploring
new technologies and interdisciplinary approaches and fostering
international collaborations to enhance programming education.
The findings guide researchers and educators on how to optimize
programming learning in a global context.
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I. INTRODUCTION

In the digital era, programming has become an essential
competency in the higher education curriculum [1], espe-
cially in Science, Technology, Engineering, and Mathemat-
ics (STEM) disciplines [2]. While programming experience
in higher education was traditionally confined to technical
or engineering fields, today, programming permeates diverse
disciplines, recognizing its potential as both a technical tool
and a critical thinking skill [3], [4]. Effective acquisition of
programming skills requires not only familiarity with syntax
and data structures but also deep logical understanding and
problem-solving abilities [5].

Teaching and learning strategies for programming in higher
education extend beyond simple knowledge transmission tech-
niques. They instill a computational mindset, promote log-
ical thinking, and help students address complex problems
systematically [6]. As technology advances, these strategies
must evolve to keep pace with the changing demands of the
programming field and students’ needs, ensuring long-term
educational outcomes [7]. For example, Bloom’s taxonomy
classifies and describes different levels of learning achievement
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that students can reach [8], [9]. Project-based learning (PBL)
and pair programming also encourage collaboration and critical
thinking [10], [11]. These strategies emphasize the practical
application of knowledge and solving real-world problems,
allowing students to consolidate and contextualize what they
have learned in realistic settings [12].

As highlighted by Sun et al. [13], adaptability is essential
in programming. Tools, languages, and methodologies contin-
uously change and evolve [14]. Therefore, teaching strategies
must not only transmit technical knowledge, but also teach
students to become autonomous and adaptable learners [15].
This implies fostering skills such as self-learning, curiosity
for new technologies, and resilience to overcome challenges
[16]. Adaptive learning would cultivate logical and creative
thinkers who can innovate and adapt in a constantly changing
field like programming education [17]. The extensive literature
on programming teaching and learning strategies reflects the
growing importance and recognition of these strategies in both
educational and professional realms [18]. Researchers, educa-
tors, and professionals worldwide have contributed numerous
studies, theories, and methodologies, enriching the body of
available knowledge [19], [20], [21], [22]. However, the vast
amount of information on diverse programming education
approaches, along with the fast pace of new developments,
presents challenges in staying up to date and identifying the
most impactful trends and practices.

The rapid evolution of programming education and the
increasing volume of research publications pose a challenge in
identifying effective teaching and learning strategies [23]. This
research explores publication patterns, the most cited sources,
academic collaboration networks, and other relevant aspects to
shed light on the current state of research in the programming
education at the higher education level. Thus, this document
seeks to address the need for a comprehensive understanding of
current trends, significant contributors, and prominent research
in higher education programming education. Furthermore, our
work aims to recognize the most influential authors, leading
research centers, and areas that require more attention in
programming education.

This study predominantly analyzes data from specific
geographic regions, which can limit its generalizability to
other educational contexts, particularly in underrepresented or
developing countries. Future research should incorporate data
from a broader range of regions to provide more globally
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representative insights. This analysis relies exclusively on data
from SCOPUS and Web of Science. Although these databases
provide extensive coverage of high-quality research, including
additional sources, such as local publications or databases
not indexed on these platforms, could enhance the study’s
comprehensiveness.

A. Research Questions

This project is a quasi-experimental quantitative study
designed to answer the following research questions:

e RQI: What are the predominant trends in program-
ming teaching and learning strategies in higher educa-
tion? This article addresses this question by analyzing
research from SCOPUS and WOS databases published
between 2014 and 2023, highlighting frequently cited
approaches such as project-based learning, flipped
classrooms, and collaborative programming. The anal-
ysis focuses on the evolution of these strategies and
their impact on programming competency develop-
ment, acknowledging that relevant works in non-
indexed conferences and journals may further com-
plement the identified trend.

e RQ2: Who are the most influential authors, and
what are the seminal publications shaping the field
of programming education? This article responds by
identifying the most cited authors and works from
SCOPUS and WOS between 2014 and 2023. The
analysis considers author networks, citation impact,
and recurring themes in key publications, recognizing
that other influential contributors may also emerge
from non-indexed sources.

e RQ3: What journals and institutions make the most
significant contributions to programming education
research? This article explores this question by ex-
amining the journals and institutions with the highest
SCOPUS and WOS production and citation metrics
between 2014 and 2023. The review highlights insti-
tutions consistently contributing to shaping discourse
on programming education, acknowledging valuable
works published in non-indexed platforms.

II. BACKGROUND

Computational thinking plays a critical role in the mod-
ern digital era, providing individuals with essential problem-
solving skills that transcend the boundaries of computer sci-
ence and programming, as noted by Lu et al. [24]. Based on
principles from computer science, mathematics, and logic [25],
this approach enables individuals to break down complex prob-
lems, recognize patterns, and design algorithmic solutions [26].
As highlighted by Shen et al. [27], computational thinking
significantly influences daily life by helping individuals make
informed decisions and solve problems efficiently. Whether
optimizing daily routines or critically evaluating online infor-
mation, this skill set empowers individuals to navigate the
complexities of the digital world [28]. Furthermore, when
incorporated into educational curricula, it fosters essential
competencies such as logical reasoning and creativity, prepar-
ing students for future challenges [29]. Algorithm 1 presents
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an algorithm describing the steps to master new topics through
computational thinking [30].

Algorithm 1 Procedure for Mastering a New Topic

Require: Topic is identified
Ensure: Relevant materials are gathered
Obtain an initial understanding
Define the boundaries of the topic
Search for appropriate resources
Develop a structured learning approach
Set criteria for successful learning
while learning not achieved do
Refine the selected resources
Reevaluate and explore the materials
Experiment with the information
Implement newly acquired knowledge
Share or explain learned concepts
end while

> If feasible
> If feasible

Beyond everyday applications, the benefits of computa-
tional thinking extend to a wide range of disciplines [25], [31].
Shin et al. [32] demonstrate how this competency enhances
scientific research by helping scientists analyze complex data,
simulate experiments, and develop better models to understand
the natural world. Computational thinking supports research in
fields such as biology, physics, and social sciences, improving
decision-making by providing powerful tools for data-driven
insights [33]. With the growing demand for digital literacy in
the workforce, computational thinking equips individuals with
the necessary tools to thrive in an evolving job market [34].
This competency empowers individuals not only as students or
professionals but also as active participants in a technology-
driven society.

A. Programming Competencies in Higher Education

Programming competencies hold critical importance in
higher education, particularly within computer science and
across Science, Technology, Engineering, Arts, and Mathemat-
ics (STEAM) disciplines [35]. The ability to think algorithmi-
cally, solve complex problems systematically, and develop au-
tomated solutions through coding has become an indispensable
skill set for students, regardless of their field of study [36].
Developing programming competencies in higher education
equips students with fundamental skills that go beyond coding:

1) Algorithmic thinking: This allows students to break
down intricate problems into smaller, manageable tasks while
constructing logical sequences of steps to address them [24].

2) Problem-solving through programming: Programming
fosters creativity and resilience, pushing students to iteratively
refine their solutions until achieving the most effective outcome
[37].

3) Abstract thinking: Students can conceptualize real-
world problems as abstract models, facilitating a deeper un-
derstanding of complex phenomena across various disciplines
[38].

4) Automation and efficiency: Programming enables stu-
dents to streamline repetitive tasks, enhancing both productiv-
ity and efficiency [39].
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The impact of programming competencies transcends com-
puter science, offering substantial benefits in STEAM disci-
plines [35], [40]. These skills contribute to both the technical
and creative dimensions of each field.

e  Science: Programming is a powerful tool for analyzing
large datasets, modeling complex systems, and simu-
lating experiments. In fields like biology, physics, and
chemistry, the ability to automate data processing and
perform statistical analyses enhances the precision and
speed of scientific discoveries.

e  Technology: Programming drives a deeper understand-
ing of technological systems, empowering students to
innovate and develop new software tools.

e  Engineering: Programming is indispensable in engi-
neering, whether used to model and simulate physical
systems or optimize design processes. Coding equips
students with tools that improve accuracy and effi-
ciency in the mechanical, civil and electrical engineer-
ing disciplines.

e Art: In the arts, programming opens new avenues for
digital creativity.

e  Mathematics: Programming enhances mathematical
problem-solving by allowing the simulation of math-
ematical models and solving large-scale calculations
that would otherwise be impossible through manual
methods.

III. METHODOLOGY AND RESEARCH DESIGN

The increasing volume of academic publications and the
proliferation of research streams can make it challenging for
researchers to stay updated within a specific field. Systematic
literature reviews synthesize available scientific information
and help identify areas of uncertainty where further investi-
gation is required [41]. Typically, literature review research
addresses a single scientific database, which limits the ability
to gain a comprehensive view of knowledge and trends within
a specific domain. Therefore, some authors argue for the
necessity of using multiple databases [42]. In this context, the
data for the present study were extracted from the Web of
Science (WOS) and SCOPUS databases.

Using both WOS and SCOPUS for the bibliometric anal-
ysis of teaching and learning strategies for higher education
programming ensures a comprehensive and high quality cov-
erage of the relevant academic literature. Both databases are
renowned for their extensive indexes of peer-reviewed journals,
conference proceedings, and other scholarly outputs across
disciplines, including computer science and education [43].
The international scope of these databases [44] ensures a global
perspective on teaching methodologies, crucial for understand-
ing the varied approaches to programming education in higher
education. Both WOS and SCOPUS have significant prestige
and are recognized for improving the robustness of analysis by
cross-referencing data, ensuring completeness, and minimizing
potential bias in the literature review [45]. Thus, the choice of
SCOPUS and WOS allows for a comprehensive examination
of publication patterns in the field of programming education.
To achieve this, records from both sources were merged into
a single dataset. Table I summarizes the search criteria, while
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Fig. 1 shows the publication trends over the period of time
(2014-2023).

In terms of coverage, WOS encompasses a broader range
than SCOPUS, with 1,464 records compared to 361. After
comparing and removing duplicates, the process identified
1,697 documents related to teaching and learning strategies
in programming education, revealing that approximately 11%
of the documents overlap or share similarities.

A. Evaluation Instruments

As highlighted by Chen et al. [46] and Trinidad et al.
[47], analyzing publication trends provides researchers with a
deeper understanding of the scientific landscape, allowing them
to identify emerging knowledge areas and contribute to the
advancement of their fields. To support this type of analysis,
the bibliometric study used the Bibliometrix platform using
the R programming language. Bibliometrix is an open-source
toolset that offers flexibility by integrating with various statisti-
cal packages. This adaptability makes Bibliometrix particularly
valuable for exploring evolving research areas and uncovering
new trends in programming education strategies.

One of the key strengths of Bibliometrix is its free access
and ease of use through a web-based interface, which encapsu-
lates its core capabilities and establishes a framework for real-
time data analysis [48]. For instance, Biblioshiny, a module of
Bibliometrix, enables users to perform relevant bibliometric
and visual analyses through an interactive web interface [49].
This tool facilitates identifying connections between changes
in scientific production, citations, author collaborations, and
other essential bibliometric indicators, especially in program-
ming education. Consequently, Bibliometrix is a robust and
accessible tool for the scientific community, providing an
effective means to explore and evaluate academic literature.

IV. RESULTS

This section presents the results of the bibliometric anal-
ysis, highlighting the most relevant authors, important institu-
tions, influential documents, and the keywords with the highest
relevance in the analyzed articles.

A. Most Relevant Authors

The bibliometric analysis identifies the most prominent au-
thors in the field. Table II presents a list of authors with notable
contributions and the number of citations they have received.
Among them, Li Yong, Liu Yonggang, Liu Yan, Liu Yuan, and
Yong Wang stand out. These researchers were identified by
comparing SCOPUS and WOS records using metrics such as
the H-index and citation count, which measure scientific per-
formance in the field [50]. The authors in Table II have made
significant advancements in programming education through
detailed studies on effective teaching and learning strategies.
Their work includes innovative methodologies and practices
with long-term impacts on students’ learning outcomes.

By examining the H-index and citation count, we can
evaluate the influence and impact of these researchers in
promoting programming education. This analysis provides
valuable insights into the key contributors driving the field and
underscores the importance of developing effective teaching
and learning strategies.
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TABLE I. NON-PHARMACOLOGICAL INTERVENTION STRATEGIES BASED ON CONTROLLED EXERCISE AND NUTRITIONAL EDUCATION

Criterion Values
Time Span 2014 — 2023
Date of Query June 2023

Document Types

Journal articles and Conference proceedings

Journal and Conference Types Any type

Search Fields

Title, Abstract, and Keywords

Search Terms

Programming AND Universities AND Strategies AND (Learning AND Teaching) — in English

Records WOS: 1464; SCOPUS: 361

Total Records 1,697

Publicaciones
(98]
;\.J

100

2014 2015

2016 2017 2018

2015 2020 2021 2022

NOS === Scopus e@esTotal

Fig. 1. Total number of publications in WOS and SCOPUS, 2015-2023.

TABLE II. TOP AUTHORS IN PROGRAMMING EDUCATION RESEARCH IN HIGHER EDUCATION

Authors WOS Citations | WOS H-index | SCOPUS Citations | SCOPUS H-index | Publications
Li Yong 2058 23 7591 42 11
Liu Yonggang 29 3 682 15 11
Liu Yan 2072 22 9997 50 11
Liu Yuan 1151 18 938 16 11
Yong Wang 2124 26 8192 50 11

B. Key Institutions

The bibliometric review identified the most prominent
institutions in the field based on their significant publication
output. Table III lists the top ten universities, their country of
origin, and the number of related publications. These results
corroborate the findings of Apiola et al. [51] and Perez and
Garcia [52], highlighting that universities play a crucial role in
publishing research and disseminating experiences related to
programming education in higher education. Their contribu-
tions emphasize the importance of integrating strategies that
help students develop critical thinking and problem-solving
skills, ultimately improving their academic and professional
development.

C. Influential Documents

Identifying key documents begins by determining how each
document connects to internal research references (endogenous
references) and external sources (exogenous references) found
in academic databases such as SCOPUS and WOS. Duque and
Duque Oliva [53] explain that the average number of citations

TABLE III. TOP INSTITUTIONS CONTRIBUTING TO PROGRAMMING
EDUCATIONAL RESEARCH

Institution Publications Country
University of California, San Francisco 74 USA
University of Toronto 69 Canada
University of Colorado Boulder 59 USA
University of Michigan 59 USA
University of Sydney 43 Australia
University of Calgary 36 Canada
McGill University 35 Canada
University of Pennsylvania 35 USA
National University of Singapore 34 Singapore
University of Minnesota 34 USA

is calculated by dividing internal references by the time elapsed
since the document’s initial publication. This approach offers
a method to assess the influence and acceptance of research
over time.

When analyzing influential documents, our findings show
that the study by Sung et al. [54] has the highest number
of citations, with a total of 620 and an average of 77.5
per year. McLaughlin et al. [55] follows closely with 603
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citations and an average of 60.3 per year, while Bers et al.
[56] has a total of 378 citations and an annual average of
37.8. These three authors stand out due to the high citation
counts of their respective articles, which focus on topics related
to programming education strategies. Table IV lists top cited
documents in programming education research.

D. Keywords with the Highest Relevance

During the analysis, we extracted the terminologies that
had the most significant impact across the reviewed docu-
ments. Using the Biblioshiny tool, we created a graphical
representation or “word cloud” (Fig. 2) to visualize the most
prominent terms identified in this study. As explained by
Alsalem et al. [57], this method allows scholars to compare
different sections and visually identify the most significant
terms, highlighted in bold. The word cloud emphasizes key
terms such as “learning”, “students”, “education”, “teaching”,
and “programming”, which are closely aligned with the study’s
focus on programming education for undergraduate students.
This approach explores the interaction between pedagogical
approaches, technology, and programming in educational set-
tings while analyzing how these elements influence students’
ability to acquire programming skills.

Using a TreeMap further illustrates the clustering of poten-
tial keywords in the research articles, as discussed by Secinaro
et al. [58]. Table V presents the top ten keywords by frequency
and percentage of appearance in the analyzed documents. The
analysis shows that 41% of the most relevant terms include
words such as “education”, “students”, “teaching”, “learning”,
and “programming”, which underscores the importance of this

research topic within the field of scientific publications.

V. DISCUSSION

This study provides a comprehensive overview of cur-
rent trends in teaching and learning programming through a
bibliometric analysis of the SCOPUS and WOS databases.
The results highlight several key areas that require further
exploration and themes that have been consistently addressed
in existing research.

A. Current Trends

One of the main trends identified in the analysis is the em-
phasis on project-based learning and flipped classrooms. These
strategies have proven to be effective in enhancing problem-
solving skills and fostering greater engagement by allowing
students to apply learned concepts to real-world problems [54].
In addition, there has been a growing adoption of collaborative
programming techniques such as pair programming, which
improve code quality and overall student performance [55].
Regarding emerging topics, there is increasing interest in using
immersive and simulation technologies such as augmented
reality and virtual reality to teach programming [56].

B. Limitations of Current Research

Despite advances in programming education, several chal-
lenges and limitations persist. One of the key limitations
identified is the lack of longitudinal studies that measure the
long-term impact of different programming teaching strategies.
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Most of the analyzed studies focus on short-term outcomes,
such as grades or students’ performance in individual courses,
but more research is needed to explore how these strategies
influence long-term professional development and career out-
comes [59]. Another limitation is the lack of diversity in
the educational contexts studied. Most of the research has
been conducted in developed countries, particularly in the
United States and China, which may not reflect the educational
realities of other regions. Furthermore, more research is needed
on programming education in non-formal settings and self-
learning environments, as many students learn programming
independently or through online platforms outside traditional
classrooms [60].

C. Implications for Future Research

This study provides several implications for future research.
First, more research is needed on the use of emerging tech-
nologies such as artificial intelligence and machine learning in
programming education. These technologies have the potential
to personalize teaching and provide immediate feedback to
students, which could significantly improve learning outcomes
[61]. Second, there is a need to further explore interdisciplinary
approaches to teaching programming. Integrating program-
ming with other disciplines has proven to be effective in
improving student understanding and motivation, but more
research is needed to understand how these approaches can be
optimally designed and implemented [62]. In addition, more
research is required on the barriers students face when learning
to program, particularly in disadvantaged contexts. Program-
ming can be a difficult skill to acquire, and many students
struggle with abstract concepts and the complex syntax of
programming languages. Understanding these barriers and how
to overcome them is crucial to ensuring that all students have
the opportunity to develop programming skills [63].

D. Threats to Validity

As with any study, this bibliometric analysis has limitations
that may affect the validity of the results. The following threats
to validity should be considered:

e  Selection bias: The use of the SCOPUS and Web
of Science databases, although they include a large
volume of high-quality research, may have excluded
important studies from other databases not considered
in this analysis. This raises the possibility of selec-
tion bias, as some relevant studies published in non-
indexed academic journals or platforms may not have
been included.

e  Temporal bias: The analysis focused on publications
from 2014 to 2023, which means that any research
conducted before this period was excluded. Although
this time range captures the most recent trends, it may
omit foundational studies or pioneering approaches in
programming education that still influence the field.
This temporal bias could limit the understanding of the
complete evolution of programming teaching method-
ologies over time.

e  Variability in bibliometric indicators: The quality and
impact of a research paper were evaluated using
bibliometric metrics such as the citation count and the
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TABLE IV. ToP CITED DOCUMENTS IN PROGRAMMING EDUCATIONAL RESEARCH

Author Journal

Sung et al. (2016)
McLaughlin et al. (2013)
Bers et al. (2014)

Douzas et al. (2018)
Chiu-Lin and Gwo-Jen (2016)

Computers & Education
Academic Medicine
Computers & Education
Information Sciences
Computers & Education

Total Citations (TC) Average Citations per Year
620 77.5
603 60.3
378 37.8
350 58.33
319 39.88
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Fig. 2. Word cloud highlighting the most frequent terms in the analyzed articles.

TABLE V. Top TEN KEYWORDS BY FREQUENCY AND PERCENTAGE OF

APPEARANCE
Keyword Frequency Percentage
Learning 1127 2.50%
Programming 911 2.02%
Students 898 1.99%
Teaching 594 1.32%
Education 500 1.11%
University 345 0.76%
Computer 339 0.75%
Course 332 0.74%
Based 299 0.66%
Strategies 274 0.61%

H-index. However, these metrics may not fully capture
the qualitative importance of a study. Factors such as
the subject area, the type of publication (journal versus
conference), and the cultural context of the authors
can influence the visibility and impact of a study. The
metrics used do not always reflect the real-world im-
pact in the classroom or the practical implementation
of the pedagogical strategies discussed.

E. Future Research

Future research should explore longitudinal studies to eval-
uate the long-term impact of programming teaching method-
ologies. These studies are crucial to understanding how ed-
ucational strategies influence skill retention and professional
outcomes over long periods. While this study provides a

comprehensive bibliometric analysis of programming teaching
strategies, it does not evaluate the direct learning outcomes
of these methodologies. Future research should incorporate
empirical assessments to validate the effectiveness of the
identified strategy in improving students’ programming com-
petencies.

VI. CONCLUSIONS

This bibliometric analysis provides a detailed insight into
current trends and key contributors in research on program-
ming education in higher education. The findings reveal that
programming continues to be a growing area of interest, with
a significant number of studies published in recent years,
particularly in countries like the United States and China.
Pedagogical strategies such as project-based learning, flipped
classrooms, and collaborative programming have emerged as
effective approaches to improving student programming skills.

The analysis also identified several challenges and areas
that require further research. Among these is the need for
more longitudinal studies that explore the long-term impact of
different programming teaching strategies, as well as greater
diversity in the educational contexts studied. Furthermore, it
is essential to explore new technologies, such as artificial
intelligence, in the context of programming education, as
well as to integrate more interdisciplinary approaches that can
enhance students’ understanding and motivation to learn.

Another important conclusion is that while research in this

www.ijacsa.thesai.org

66 |Page



(IJACSA) International Journal of Advanced Computer Science and Applications,

field has grown significantly, disparities remain in terms of
international collaboration and access to resources. Developing
countries could benefit from greater support and collaboration
with institutions from more developed nations to ensure that
advances in programming education are accessible to all.

In terms of contribution, this article not only identifies the

key trends and most influential contributors, but also provides
a roadmap for future research in programming education. We
hope that the findings of this study will assist educators,
researchers, and policymakers in developing more effective
and equitable approaches to programming education in higher
education.
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