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review of academic literature on the teaching of Java and to
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A. (2026). Teaching Java: A database with the help of an advanced search strategy that included
three main concepts: Java, object-oriented programming, and
teaching. The retrieved records were then analyzed and refined with
the help of OpenRefine, and Scopus Analyzer and VOSviewer were
used to analyze the trends in publications, citation performance,
country contributions, co-occurrence of keywords, and international
co-authorship networks. The results indicate how the interest in
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the most contributing countries, and the key thematic groups and
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Introduction

An object-oriented pedagogy of teaching Java involves more than simply introducing a
programming language; it involves introducing a mode of thought that is conceptually challenging
to many novices. Java is still the focus of most undergraduate programs because object-oriented
programming is a fundamental aspect of computing education and a popular paradigm in software
development (Guo and Hu, 2024; Khudhur et al., 2023; Lian et al., 2022). Simultaneously, the
literature demonstrates that students have a difficult time with their initial experience with
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programming, and OOP makes it even more challenging since its key concepts are abstract, highly
interconnected, and can be easily lost in syntax and development environments (Calderon et al.,
2023; Khudhur et al., 2023; Lian et al., 2022; Omer et al., 2021). These issues are particularly
apparent in Java courses when students are expected to go beyond writing individual statements
and start modeling problems with classes, objects, methods, inheritance, and encapsulation
(Ahmed et al., 2026; Guo and Hu, 2024; Khudhur et al., 2023) Research synthesizing the literature
on OOP finds that these challenges remain consistently present, with students struggling to
understand classes, apply object orientation, understand methods, and model object-oriented
relationships (Gutiérrez et al., 2022; Menolli and Strik, 2025) Research synthesizing the OOP
literature identifies these issues as persistent, suggesting that the problem is not an isolated incident
but structural to the way OOP is typically taught (Gutiérrez et al., 2022; Menolli and Strik, 2025)
. It is because of this that a good introduction to Java pedagogy should start with the assumption
that learning Java is not only a cognitive but also a practical and curricular issue but not a mere
issue of syntax delivery (Tsichouridis et al., 2023; Wang et al., 2024) .

An effective object-oriented pedagogy of Java thus changes the focus of teacher-centred content
delivery to learning designs that assist the students to build concepts through guided practice,
interaction, and repetition. The two responses are rated as particularly significant in reviews of
OOP teaching issues, including a focus on fundamental principles of programming and the
introduction of the object-oriented paradigm at an early stage, as well as active learning with
intrinsic rewards (Gutiérrez et al., 2022). This focus is important since the traditional approach to
sequencing tends to introduce procedural programming initially and introduce OOP as an
extension, which has been criticized as a pattern that perpetuates the myth that object orientation
is only an added feature and not a modeling paradigm (Menolli & Strik, 2025). In practice, this
implies that Java teaching should place classes and objects as basic abstractions in the foreground,
and syntax in the background, with problem decomposition, design choices, and the behaviour of
interacting software components (Guo and Hu, 2024; Gutiérrez et al., 2022) in the foreground and
syntax in the background (Wang et al., 2024; Xing and Yanan, 2024) .Similar conclusions are
made by outcome-based reforms, which note that overly abstract instruction, disconnected
programming exercises, and one-shot evaluation are not very compatible with the practicality of
Java and OOP instruction (Guo and Hu, 2024; Sun, 2023).

The other significant theme in the literature is that the teaching of Java OOP has representational
and technological supports that render abstract concepts visible. It is repeatedly suggested to use
visualization tools, analogies, UML diagrams, concept maps, and interactive environments since
students tend to misinterpret the invisible connections between code structure and runtime
behavior (Gutiérrez et al., 2022; Lian et al., 2022) ). The concept-oriented tools seem to be
especially helpful when they combine theoretical and practical knowledge instead of considering
them as independent (Khudhur et al., 2023). In a classroom experiment, a conceptual
representation approach increased students understanding of OOP concepts significantly and
doubled the performance gains between pre-test and post-test with conventional instruction and
also facilitated the identification of low-performing students earlier (Khudhur et al., 2023).
Interactive Java-based tools evidence suggests the same: students with visualization-based support
performed better on the assessment and demonstrated more efficient problem-solving and
conceptual retention, but not all visualization interventions have demonstrated a decisive benefit
over all traditional interventions (Ahmed et al., 2026; Lian et al., 2022). The systematic mapping
of educational settings also indicates that successful OOP tools tend to be simple, provide
interaction with objects, visualization, experimentation, informative feedback, and familiar



International Journal of
Education, Psychology and Counseling

EISSN : 0128-164X

Volume 11 Issue 65 (December 2026) PP. 01-19
metaphors, but most of them are still not able to support large-scale conceptual design or active
learning alone (Tsichouridis et al., 2023).

Java OOP Pedagogy is also influenced by delivery mode, diversity of learners and the design of
assessment. The results of blended and collaborative environments show that learning outcomes
are enhanced in courses that offer structured modules, video tutorials, discussion opportunities,
rotation between lab and classroom work, and active learning with the support of ICT (M & S,
2023; Maspaeni et al., 2022). In a single study of blended learning, post-test scores improved to
80.40 and the percentage of students who met the minimum standard of achievement grew to 85%
which shows that the design of delivery can significantly impact achievement in OOP courses
(Maspaeni et al., 2022). The significance of delivery conditions was also emphasized in the
COVID-19 era, when face-to-face teaching was more effective than virtual learning, in part due
to the availability of laboratories, internet, and direct practice support that most distance learners
did not have (Chimanga et al., 2021). In the case of novices with no prior programming experience,
research suggests effective syllabus design, timely feedback, and various types of assessment, as
well as support systems that address fear, passivity, and disproportionate preparation (Wang et al.,
2024). This is also applicable to students who switch their first language to Java as a second
programming language, where explicit transfer pedagogy positively influenced post-test
performance on most concepts and was well-received by 88% of students as useful in preventing
transfer errors (Tshukudu et al., 2021).

Collectively, the new literature conceptualizes the teaching of Java in object-oriented pedagogy as
an issue of congruence between conceptual knowledge, experience, feedback, and support to
learners. Constructive alignment, collaboration, and focus on motivation have been linked to
student-centered approaches that have led to higher pass rates in Java OOP courses, with a 12.5%
failure rate declining to 4.8% in one implementation (Haruna, 2023). Recent reforms also focus
on individualized trajectories, project carriers, stepped teaching, and diversified classroom
practices like scenario introduction, task-based learning, discussion, and group development to
allow students to transition between basic abstractions and applied and innovative software work
(Luo and Wu, 2025; Sun, 2023; Xing and Yanan, 2024). Evaluation is also changing accordingly,
and automated grading and feedback systems provide near-real-time feedback and allow
resubmission, but existing systems still tend to focus more on correctness than maintainability or
readability (Messer et al., 2023). Introductory Java also seems to be an area where emerging Al
assistance can be useful, as beginner learners write cleaner and less complex code when assisted,
but again, the evidence is early and limited in scale. A lengthy preface to Teaching Java of Object-
Oriented Pedagogy must thus place Java instruction not as a restricted coding drill, but as an
evidence-based pedagogical venture that assists students to learn abstraction, design judgment,
problem-solving skill, and long-term confidence by engaging in integrated, active, and adaptive
teaching activities.

Research Question

RQI1: How has research on teaching Java evolved over time in terms of publication growth and
scholarly development?

RQ2: Which publications have had the greatest scholarly impact on teaching Java, based on
citation performance?

RQ3: Which countries have made the greatest contributions to teaching Java research in terms of
publication productivity and citation impact?
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RQ4: What are the dominant research themes, emerging topics, and thematic relationships in
teaching Java research based on keyword co-occurrence analysis?
RQ5: What are the patterns and structures of international research collaboration in teaching Java,
as revealed through country-level co-authorship networks?

Methodology

Bibliometric analysis is a systematic gathering, structuring and quantitative analysis of
bibliographic data based on scholarly publications (Alves et al., 2021; Assyakur and Rosa, 2022;
Verbeek et al., 2002). In addition to the descriptive indicators, including publication outlets,
temporal publication patterns, and influential authors (Wu and Wu, 2017), bibliometric analysis
involves sophisticated analysis methods, including document co-citation analysis, to reveal the
intellectual organization and development of a research field. The systematic and intensive study
of the literature necessitates an iterative and systematic process that involves the development of
the right keywords, thorough database search and critical evaluation of the literature retrieved.
This systematic methodology will help to create a valid bibliographic corpus and increase the
validity and reproducibility of the obtained results (Fahimnia et al., 2015).

In the current research, special attention was paid to high-impact academic sources, as they could
offer significant information about the theoretical background, intellectual evolution, and research
directions of the sphere. The main bibliographic database used was Scopus because it has a broad
multidisciplinary scope and has been used in bibliometric studies before (Al-Khoury et al., 2022;
di Stefano et al., 2010; Khiste and Paithankar, 2017). In line with this, pertinent publications that
were indexed in Scopus database of Elsevier and published between 1957 and August 2026 were
retrieved and then underwent bibliometric analysis.

Data Search Strategy

The data collection process was designed in such a way that it formed a clear and reproducible
bibliometric corpus on Java teaching. The search was performed in the Scopus database (article-
title field) with the search expression TITLE ((teaching OR teach) AND java) and limited to the
English language (see Figure 1). The alternatives in the usage of teaching and teach are
methodologically grounded since the scholarly literature can use both morphological forms when
referring to instructional practices, pedagogical interventions, or strategies of Java education. The
article title search will offer a relatively narrow retrieval strategy to ensure that Java teaching is a
primary theme of the publications retrieved, and not just a chance occurrence in the abstract or
keywords. Simultaneously, storing all types of sources, types of documents, and areas of interest
during the first retrieval level minimizes the chances of early elimination of valuable studies and
maximizes the coverage of the bibliometric corpus. The wide time frame of 1957 to August 2026
also enables the analysis to reflect the historical growth and transformation of Java teaching
research as opposed to setting an arbitrary publication date. However, since the research is
supposed to describe a particular area of research, the further screening or selection criteria must
be used to clearly differentiate between the relevant scholarly publications and the possible
inappropriate types of documents to ensure the validity of the final dataset.

After the search strategy was predefined, 239 records were located to be subjected to bibliometric
analysis. This size of corpus offers an adequately rich evidence base to study the trends of
publications, the authors who have the most influence, the patterns on a source level, the structure
of citations, and the intellectual evolution of the research on Java teaching. Notably, the resulting
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number is to be viewed as a consequence of the intentional trade-off between recall and precision:

the title-based search increases thematic specificity, and the broad Scopus coverage and inclusive
source, document, and subject-area settings reduce the risk of missing relevant contributions. The
resultant dataset thus offers a justifiable basis to the further bibliometric methods, which include
citation analysis, co-authorship analysis, co-occurrence of keywords, bibliographic coupling and
co-citation analysis. Besides, in the case when the final study is to examine peer-reviewed journal
articles only, the figure must clearly reflect this limitation instead of stating Source Type: All and
Document Type: All, which is critical to the consistency of the stated methodology with the actual
Scopus filtering settings to guarantee the credibility and reproducibility of a Q1-level bibliometric
study.

Topic Teaching Java

Database: Scopus

Search Within: Article Title

Time Frame: 1957 to August 2026
Scope & Coverage Language: English Only

Source Type: All

Document Type: All

Subject Area: All

h 4

A 4

Keywords & Search TITLE ( ( teaching OR teach ) AND java ) AND (
String LIMIT-TO ( LANGUAGE , "English" ) )
A\ 4
Date Extracted August 10, 2026

A 4

Record Included for
Bibliometric 239
Analysis

Figure 1. Flow Diagram of the Search Strategy

Data Analysis

VOSviewer is a proven bibliometrical analysis and visualization tool created by Nees Jan van Eck
and Ludo Waltman of Leiden University, the Netherlands (van Eck & Waltman, 2010, 2017). It is
specifically created to create, analyze, and visualize bibliometric networks, allowing researchers
to explore the connections between scholarly entities, including authors, publications, journals,
keywords, and citations. The software also offers various methods of analysis such as co-
authorship, co-citation, bibliographic coupling, and keyword co-occurrence analysis, hence
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helping to identify intellectual structures, thematic patterns, and collaborative relationships within
a research field. One of the main strengths of VOSviewer is its ability to convert complex
bibliographic relationships into meaningful visual displays using network and overlay
visualizations and density visualizations. These visualizations allow the researchers to see clusters
of closely related items, emerging research themes, influential contributors, and the structural
development of a knowledge domain. Its interactive interface and the ability to flexibly map large
bibliometric datasets also contribute to the exploration of large bibliometric datasets and enable
the researcher to customize the analytical parameters and visualization settings to the purpose of
the study.

In the current research, the bibliographic information (publication year, article title, author
information, source journal, citation counts, and author keywords) was searched using the Scopus
database in Excel format. The dataset included the publications published between 1957 and
August 2026 and analyzed with VOSviewer version 1.6.21. The program was used to create
bibliometric maps and find clusters and connections between the chosen publications, authors, and
keywords. The VOSviewer usage is especially suitable in the current study since the aim is not
limited to descriptive bibliographic statistics but the analysis of the intellectual and thematic
framework of the research on the teaching of Java. VOS mapping and clustering allow placing
publications and other bibliometric units in terms of their relatedness, which allows identifying
the prevailing research themes and their relationships. The visualization, in turn, offers an
analytical viewpoint that supplements traditional descriptive bibliometric indicators and allows
interpreting the development of the research field and its organization in a more systematic way.
VOSviewer methodologically relies on VOS (Visualization of Similarities) approach which is
conceptually similar to Multidimensional Scaling (MDS) but with mathematical differences in the
formulation and normalization process (van Eck and Waltman, 2010). Both methods are intended
to model the relationships between items in a low-dimensional space, but VOS puts special
emphasis on the location of strongly related items close to each other and preserves a meaningful
representation of the overall similarity structure. The property renders the method especially
appropriate to bibliometric network data, such as co-occurrence and citation relations. VOSviewer
uses normalization processes like association strength (AS) to measure the relatedness of two
items taking into consideration the difference in occurrence frequencies.(van Eck & Waltman,
2010). The association-strength measure can be expressed as:

Wi W]

AS

ij =

where c¢;; represents the number of co-occurrences between items i and j, while w; and w; denote
the total occurrence frequencies of items i and j, respectively. This normalization is important
because raw co-occurrence frequencies may disproportionately favor highly frequent items. By
applying association strength, VOSviewer provides a more balanced representation of the
relatedness among bibliometric entities, thereby supporting the identification of meaningful
clusters and patterns within the research landscape (van Eck & Waltman, 2010; Van Eck &
Waltman, 2007).

Result and Discussion

This section discusses the findings according to the research questions, highlighting key results,
emerging trends, and their implications within the study context.
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RQI1: How Has Research on Teaching Java Evolved Over Time in Terms of Publication Growth
and Scholarly Development?

Documents by year Scopus

20

Documents
3

0
1957 1963 1969 1975 1881 1987 1993 1999 2005 2011 2017 2023 2029

Year
Copyright © 2026 Elsevier B.\. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

Figure 2: Trend of Research in Teaching Java by Years

Table 1: Percentage of Publication by Year

Number of Percentage
Year Publication (%)
2026 4 1.67
2025 3 1.26
2024 8 3.35
2023 7 2.93
2022 4 1.67
2021 7 2.93
2020 13 5.44
2019 9 3.77
2018 6 2.51
2017 3 1.26
2016 5 2.09
2015 7 2.93

Figure 2 shows the temporal change in the study of Java programming, the variation in the activity
of publications during the study period and Table 1 shows the distribution of the publications by
year, which shows the temporal change in the research activity in the Java programming field. The
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trend in the number of publications on Teaching Java between 2015 and August 2026 shows a

comparatively low yet variable level of research output, and no steady rising or declining pattern.
The highest number of publications was recorded in 2020 (13 publications; 5.44%), followed by
2019 (9; 3.77%), 2024 (8; 3.35%), and 2023 (7; 2.93%). The comparatively high publication rates
0f2019-2020 could be indicative of a growing interest in enhancing programming education with
Java-based pedagogies especially as higher education institutions moved more towards
technology-enhanced, online, and student-centred learning methods. The steep rise in 2020 can
also be attributed to the disruption occasioned by the COVID-19 pandemic, which hastened the
shift towards traditional face-to-face programming teaching to online and blended learning. This
fact might have prompted scholars to explore other methods of teaching Java, such as virtual
learning environments, automated assessment, collaborative programming, and other online
teaching tools. Conversely, the decrease to 4 publications in 2022 (1.67%) and 3 in 2025 (1.26)
indicates that the research focus might have changed to the general teaching of programming, new
programming languages, artificial intelligence, and technology-enhanced learning.

The fact that the volume of publications has decreased relatively since the 2020 peak is not
necessarily an indicator of the decreased significance of Java as a teaching language. Instead, it
can reflect a maturation and diversification of research in programming education, in which Java
is being more and more viewed as a context of implementation in larger pedagogical research, and
not as the focus of research. This interpretation is supported by the recovery in 20232024 (7 and
8 publications, respectively) and indicates a resurgence of interest in Java teaching, possibly due
to studies on active learning, automated feedback, programming assessment, collaborative
learning, and new educational technologies. In the meantime, the 2026 amount of four publications
(1.67%) should be viewed with caution since the data is only up to August 2026, which is not a
full publication year. On the whole, this trend shows that Teaching Java research has been fairly
stable, but intermittent, with the publication activity being more affected by shifts in educational
technology, instructional issues and the larger trends in programming-education than by a
consistent growth in Java-specific research. The 2020 peak thus seems to be a special year of
increased research activity, and the following swings indicate that Java remains a useful
pedagogical language but is becoming more and more integrated into broader discourses on
programming education.

RQ2: Which Publications Have Had the Greatest Scholarly Impact on Teaching Java, Based
on Citation Performance?

Table 2. Top 10 Highly Cited Publications on Teaching Java

No | Authors Title Year | Source title Cited by
Koélling M.; Proceedings of the
Rosenberg Guidelines for Conference on

1 J.(Kolling & | teaching object | 2001 | Integrating Technology | 94
Rosenberg, orientation with Java into Computer Science
2001) Education, ITiCSE
Sage D; .

Ungser Teachlng Image- IEEE Signal Processing

2 Processing 2003 . 83
M. (Sage = & Programming in Java Magazine
Unser, 2003) & &
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SIGCSE Bulletin
Barnes Teaching introductory (Association for
Java through LEGO Computing Machinery,
3| DJ.(Bames, | \iNpgTORMS 2002 | g ecial Interest Group | '
2002) .
models on Computer Science
Education)
SIGCSE Bulletin
(Association for
Becker Teaching CS1 with Computing Machine
4 | B.W.(Becker, & . 2001 puting Y1 68
Karel the Robot in Java Special Interest Group
2001) !
on Computer Science
Education)
. _ . SIGCSE 2007: 38th
Sciore SimpleDB: A simple SIGCSE  Technical
5 E.(Sciore, ] . 2007 | Symposium on | 33
syst for teaching .
2007) . Computer Science
database internals .
Education
. . SIGCSE'12 -
) Using mqblle phone Proceedings of the 43rd
Riley programming to teach ACM Technical
6 D.(Riley, Java and advanced | 2012 . 30
! Symposium on
2012) programming to .
S Computer Science
computer scientists .
Education
Hauswirth
M.; Adamoli | Teaching java Science of Computer
7 A.(Hauswirth | programming with the | 2013 Proerammin P 27
& Adamoli, | Informa clicker system & &
2013)
SIGCSE Bulletin
Rasala R.; ..
| Java  power  tools: (Association for
Raab 1 ) .
Model software for Computing Machinery,
8 Proulx . . 2001 . 27
teaching object- Special Interest Group
V.K.(Rasala . . !
oriented design on Computer Science
etal., 2001) .
Education)
Managing
Emurian programmed
H.H.; Holden | instruction and
9 HK; collaborative peer | 5008 Computers in Human 2
Abarbanel tutoring in the Behavior
R.A.(Emurian | classroom:
etal., 2008) | Applications in
teaching Java™
. SIGCSE Bulletin
Teaching two- .
. . (Association for
Burger dimensional array Computine Machine
10 | K.R.(Burger, | concepts in Java with | 2003 puting Y191
. . Special Interest Group
2003) image processing !
on Computer Science
examples

Education)

10



International Journal of
Education, Psychology and Counseling

EISSN : 0128-164X

Volume 11 Issue 65 (December 2026) PP. 01-19
Table 2 gives the most-cited publications in Teaching Java research. The 10 highest-cited authors
in this dataset have a total 475 citations with a strong concentration of influence at the highest
rank. The four leading papers alone have 315 citations (66.3 of the total), with the first two papers,
Kolling and Rosenberg (94 citations) and Sage and Unser (83 citations) leading. One of the main
arguments to explain this distribution is the time-in-field effect: the publications published in the
early 2000s (2001 - 2003) have 363 citations (76.4%), and the publications published after 2007
have a maximum of 33 citations. This time lead overlapped with the fast uptake of Java as the
standard introductory computer science (CS1/CS2) language in introductory computer science
courses globally in the early 2000s. The early scholars who released foundational instructional
frameworks in this period of transition laid down baseline methodologies that were regularly
referred to by other educators and researchers in the next 20 years.

In addition to the time dynamics, the other major force behind the citation volume is the
pedagogical strategy promoted by the authors, namely, the application of visual, tangible, or
microworld abstractions to reduce the steep learning curve of Java among beginners. High-impact
articles became popular, substituting the dry syntax drills with more interesting real-world mental
models, including physical robotics with LEGO MINDSTORMS (Barnes, 70 citations), visual
microworlds with Karel the Robot (Becker, 68 citations), and graphical applications like image
processing (Sage & Unser, 83 citations). Moreover, the concentration of venues is high: 7 of 10
publications are by ACM SIGCSE-affiliated venues (including SIGCSE Bulletins, Symposia, and
ITiCSE). This validates the finding that the large numbers of citation in computer science
education can be attributed to committed pedagogical communities in which classroom-tested
software tools, guidelines, and curriculum designs are quickly adopted, tested, and cross-
referenced.

RQ3: Which Countries Have Made the Greatest Contributions to Teaching Java Research in
Terms of Publication Productivity and Citation Impact?

RUSSIA

CANADA

BRAZIL
Iy

INOEEE_ 5N
o= o= o=
[ A

oot

-

Created with mapchart.net

Figure 3: Country That Contributes the Publication in Teaching Java
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The geographical distribution of publications on Teaching Java as shown in Figure 3 show that
there are high concentrations in few countries with United States having 75 publications (31.38)
and China having 57 publications (23.85). These two countries combined constitute 55.23 percent
of the publications included in the dataset, which means that the study of Teaching Java is very
much concentrated in the large research producing countries. The hegemony of the United States
can be explained by its huge higher-education and computer science research community,
significant investment in educational technology, and long-term use of Java in introductory
programming and software engineering education. The second rank of China can also be attributed
to its high higher-education sector, high number of students of computer science and increasing
focus on programming and computing education. The fact that Indonesia (19; 7.95) and the United
Kingdom (16; 6.69) contribute significantly less indicates a second group of active contributors.
The relatively high ranking is especially significant and could be linked to the prevalence of Java
in computer science and information technology programmes in the growing higher-education
sector in Indonesia. In general, the distribution indicates that the productivity of publication
depends not only on the relevance of Java as a programming language but also on the size of the
academic community, the capacity to conduct research, the adoption of educational technology,
and the institutional focus on computing education.

The rest of the countries - Germany (13; 5.44%), Spain (10; 4.18%), Australia (9; 3.77%), Canada
(5; 2.09%), Malaysia (5; 2.09%), and Italy (4; 1.67%); have a smaller contribution, showing that
the research on Teaching Java is geographically extensive but unevenly distributed. The fact that
some European nations and English-speaking research systems are among the largest contributors
implies that Java teaching research has grown in well-established computer science education
communities, and that Malaysia, with a fifth-place tie with Canada (2.09%), has a significant but
relatively minor contribution. Notably, the reduced number of publications of these countries may
not always be the reduced interest or reduced research capacity, but also can be due to the size of
the population, the number of universities where computing programmes are taught, the national
research priorities, the patterns of collaboration, and the tendency of the researchers to publish
articles under the larger themes like programming education, computer science education, or even
computational thinking, rather than specifically use the term Teaching Java as the focus of the
research. In this way, the country distribution is a testament to a research landscape dominated by
the United States and China, but with contributions spread throughout Asia, Europe, North
America, and Oceania, though with significant variation in research output.
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RQ4: What Are the Dominant Research Themes, Emerging Topics, And Thematic
Relationships in Teaching Java Research Based on Keyword Co-Occurrence Analysis?
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Figure 4: Network Visualization Map of Keywords’ Co-Occurrence

Figure 4 shows the co-occurrence network of key words created with the help of VOSviewer and
demonstrates the conceptual framework and the prevailing areas of research focus in the literature
on Java programming education. The most obvious one is the keyword of Java, as it has the most
occurrences (56) and the total link strength (TLS) of 45, which means that Java is not only a
regularly studied concept, but also closely related to other significant concepts in the field of
research. This dominance is also supported by the presence of such terms as Java programming
(18 occurrences; TLS = 10) and Java language (9 occurrences; TLS = 7), which proves that Java
is a core technological setting of programming education research. In the meantime, the terms
programming (17 occurrences; TLS = 24) and object-oriented programming (14 occurrences; TLS
= 23) have relatively high link strengths, which implies that the studies with Java are closely
related to the basics of programming and the principles of object-oriented programming. The
comparatively high connectivity of these keywords suggests that the literature is not limited to
Java as a programming language but has a significant emphasis on how its object-oriented nature
can be used to help students acquire fundamental knowledge and skills in programming.

Figure 4 further indicates a strong pedagogical orientation, with “teaching method” recording 13
occurrences and a TLS of 20, followed by “teaching” (8; TLS = 7), “pedagogy” (5; TLS = 8), and
“teaching process” (5; TLS = 5). This pattern suggests that research on Java programming has
increasingly emphasized how programming is taught, rather than focusing exclusively on
technical content. The presence of “cs-1” (9; TLS = 11), “introductory programming” (7; TLS =
10), and “computer science education” (6; TLS = 7) further supports the argument that Java is
predominantly examined within foundational programming courses and early-stage computer
science education. In addition, keywords such as “collaborative peer tutoring” (7; TLS = 8),
“teaching reform” (5; TLS = 10), and “artificial intelligence” (5; TLS = 3) indicate emerging
interest in collaborative, innovative, and technology-enhanced pedagogical approaches. It is also
interesting to note that the relatively low frequency of artificial intelligence in comparison to Java
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and teaching-related keywords indicates that Al is a developing, but not a dominant research focus.
In general, the network in Figure 2 indicates that the field is mainly organized around the interplay
of Java programming, basic programming education, and pedagogical innovation, with an
increasing focus on collaborative learning, teaching reform, and Al-assisted learning practices.

RQOS5: What Are the Patterns and Structures of International Research Collaboration in
Teaching Java, As Revealed Through Country-Level Co-Authorship Networks?

6% VOSviewer

Figure 5: Co-Author Occurrence Visualization

Figure 5 shows that the United States and China have a significant proportion of the absolute
volume of research output, but with different profiles of academic impact. The United States is on
the top with 75 documents and 514 citations, which is a high citation-per-document ratio (about
6.85 citations/paper), but China is second in the list with 57 documents and only 71 citations (1.25
citations/paper). Australia also has an impressive scientific impact per capita with 209 citations in
only 9 documents (23.2 citations/paper), surpassing even the intellectual reach of larger producers
such as China and Indonesia. This difference is mostly motivated by the disparity in academic
maturity, publication traditions, and language reach; western institutions (US, UK, Australia) have
traditionally been the leaders in curriculum standardizations (including ACM/IEEE
recommendations) and have venues of high impact computing education, allowing them to adopt
earlier and accumulate citations faster.

Although the number of documents is high, Figure 2 shows that the total scores of the link strength
are significantly low in nearly all major countries, which indicates a clear absence of cross-border
international cooperation in this particular area of research. China and Spain have a total link
strength of 0 and the United States has a link strength of just 2, which means that the majority of
the research output is produced by domestic co-author groups in closed national borders. The UK
(5), Germany (5), Indonesia (4) and Malaysia (3) have a bit more tendency towards relative
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collaboration. The main rationale of this disjointed network of collaboration is that computer

science education research is often associated with local curriculum changes, institution-specific
course applications, and localized instructional practices, which inherently prefer local
institutional collaborations to international co-authorship.

Conclusion

This bibliometric study examined the evolution, conceptual framework, and patterns of
collaboration in Java programming pedagogy based on 239 publication records obtained via
Scopus. In answering the key research questions, the findings suggest that the volume of
publications was episodic with a significant peak in 2020 and then stabilized at the baseline levels.
The literature that is highly cited is mostly found in the early 2000s, motivated by foundational
visual toolkits and introductory frameworks designed to fit CS1 courses. Geographically, the
production of research is very concentrated in the United States and China, but Western institutions
tend to have higher citation impacts per document. The clusters of keyword co-occurrence
demonstrate that the studies are centered around the main principles of object-oriented, teaching
methods, and the introductory problems in programming, and artificial intelligence is a new
direction of interest. Moreover, country-level co-authorship mapping reveals limited cross-border
cooperation, which is an orientation towards local curriculum projects rather than international
collaborative research.

These results add to the literature at large by offering a systematic and quantitative mapping of the
way Java education research changed over time. To be applied in practice, the analysis reveals a
distinct movement towards active, student-centered learning designs, active code visualization and
automated assessment systems as opposed to passive lecture delivery. These insights can be used
by educators and curriculum designers to ensure that introductory courses are based on established
pedagogical strategies. The main limitation of this research is that it only used the title-field search
of Scopus, which might not include the papers that address Java instruction mostly in the abstract
or keywords. This limitation can be resolved by future studies by including complementary
databases like Web of Science or IEEE Xplore, expanding search options to full-text areas, and
further examination of the emerging technologies like generative Al in programming education.
The results of this study, in general, indicate the usefulness of bibliometric mapping in determining
the trends in pedagogy and offers a baseline to base future research in computer science education.
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