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Abstract. Education is one of the fundamental societal values. Therefore, it is crucial that every student,
including those with learning difficulties and disabilities, has access to quality education. This paper aims to
provide a comprehensive visual overview of scientific publications focused on inclusivity in STEM education.
A total of N = 1263 records were retrieved from the Scopus academic database on 16 July 2024. Data were
analyzed using VOSviewer software, employing bibliometric mapping techniques such as co-occurrence and
co-citation analysis. The co-occurrence analysis (all keywords) revealed seven distinct clusters, while the
co-citation analysis (journal publications) identified four. Our approach uses both quantitative and qualitative

methods and is also applicable to other areas.
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Znanstvena krajina vkljucujocih procesov upravljanja
znanja na podrocju STEM izobraZevanja: pristop na
podlagi grucenja

IzobraZevanje je ena izmed temeljnih druZbenih vrednot, zato
je kljuCnega pomena, da ima vsak ucenec, vklju¢no s tistimi
ki imajo ucne teZave ali so drugace omejeni, dostop do
kakovostnega izobraZevanja. Namen tega prispevka je po-
dati vizualni pregled znanstvenih publikacij, osredotocenih
na inkluzivnost v . STEM izobraZevanju. Iz akademske baze
podatkov Scopus je 16. julija 2024 bilo pridobljenih 1263
zapisov. Podatki so bili analizirani z uporabo programske
opreme VOSviewer, ki uporablja bibliometri¢ne tehnike, kot
sta analiza pojavnosti klju¢nih besed in citiranosti. Analiza
klju¢nih besed je razkrila sedem razli¢nih gru¢, medtem ko
je analiza citiranja (znanstvene revije) identificirala Stiri. Nas
pristop uporablja tako kvantitativne kot kvalitativne metode in
je prav tako uporaben tudi na drugih podrocjih.

Kljucne besede: tekstovno rudarjenje, grucenje, poulevanje,
ucenje, inkluzivnost, bibliometri¢na analiza
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1 INTRODUCTION

STEM is an abbreviation for science, technology,
engineering, and mathematics [21]. Moreover, according
to Leporini and Buzzi [18], STEM is a key catalyst in
a growing economy. Therefore, it is important to make
it accessible to the entire student population - also
for those with disabilities. While inclusivity is often
associated with providing broad access to education,
the term encompasses much more. Inclusivity is not
limited to accommodating students with disabilities;
it asserts that all educational institutions should strive
to create optimal learning environments for every
student, regardless of their abilities or disabilities [28].
Nevertheless, there is evidence that the dropout rate can
be higher for people with disabilities [27]. Therefore, it
is important to pay more attention to this issue.

In the framework of this paper, we focus on the subject
of inclusive knowledge management process in the field
of STEM. The knowledge management process should
be an integrated process that involves the interaction
between information technology (IT), people, and
techniques to utilize knowledge effectively [29]. In this
paper, we use the term knowledge management process,
as we want to emphasize that learning is essentially
acquiring/giving/organizing/sharing etc. knowledge.
Therefore, it is not a one-time event but a process
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that may last for a long period of time. The research
objectives of the study are as follows:

« To provide an overview of the scientific landscape
concerning inclusive knowledge management in
STEM education (main topics).

« To analyze bibliometric networks to identify influ-
ential topics and journals.

e To develop a comprehensive understanding of
the impact of technology on inclusive STEM
education by integrating qualitative insights and
quantitative data to identify key implications that
can inform future inclusion educational practices.

The remainder of this paper is structured as follows.
Following this introduction (Section 1), we present a
literature review (Section 2) on inclusivity and biblio-
metric analysis in the field of STEM. In Section 3, we
describe the steps of the approach and the methods used.
Section 4 describes the results and discusses them, while
Section 5 draws the key conclusions and provides future
research directions and some limitations.

2 RELATED WORKS AND BACKGROUND

In the existing literature, several papers that refer
to inclusivity in STEM can be found. For example,
Sahara et al. [8] dealt with the possibility of supporting
deaf students in elementary school, where the key
is understanding the special needs of these students.
Guralp, McHugh and Hayes [9] researched informal
science  learning/teaching in  socio-economically
deprived areas. Savonen et al. [10] provide guidelines
for inclusive classrooms where they point out that it
is necessary to create a pleasant working environment
(e.g., use of interactive quizzes, curriculum testing
for color vision compatibility with tools such as
ColorOracle*, wuse of inclusive language as not
everyone necessarily knows the basics in STEM,
etc.). Ramirez-Montoya et al. [11] mention that open
education can enhance inclusive education, helping
achieve international goals such as the United Nations’
Sustainable Development Goals specified in the 2030
Agenda. Lilly et al. [12] address teachers’ challenges
in implementing Next Generation Science Standards
in STEM when dealing with both general education
classes and inclusive classes. Bertram and Rolka [14]
are engaged in inclusive mathematics education. They
point out that a typical school with an inclusive setting
creates heterogeneous groups in the classroom, so it
is typically necessary to take care of differentiation to
improve education for all students.

*https://colororacle.org/
Thttps://www.nextgenscience.org/
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In this research, bibliometric analysis was used, which
has many advantages in analyzing large quantities
of bibliometric data. Donthu et al. [20] mention that
bibliometric analysis is suitable for analyzing large
quantities of bibliometric data, i.e. when dealing with
a broad-scope review. Bibliometric analysis with the
VOSviewer software tool has been used several times
to analyze the field of STEM education. Gil-Domenech
et al. [21] conducted a co-citation analysis of journals
among STEM publications. They also researched the
most productive institutions that publish research in the
field. In doing so, they analyzed the resources indexed
in the Web of Science academic database. In addition,
it is possible to find many publications that analyze
the STEM field over a certain period. For example,
Thu et al. [22] analyzed STEM education research in
middle school over a period of time (in 2000 — 2020).
Similarly, Zhan et al. [23] analyzed STEM education
publications indexed in the Web of Science database
in 2004 — 2021. Hsu et al. [24] analyzed hot topics in
STEM education in 2011 — 2020. Hernandez-Torrano et
al. [30] provide a bibliometric analysis of the literature
regarding inclusive education in the years 1994 — 2019.

In the past, bibliometric analysis was also applied to
gain insight into the knowledge management process.
For example, Mufutumari [25] provided a bibliometric
analysis of articles on the knowledge management
process in higher education, namely in the years from
2019 to 2024. Their results showed that knowledge
management process terminology is not widely used
in the existing literature on knowledge management
in higher education institutions. Haque et al. [26]
analyze the literature on knowledge sharing and
student development. Their study demonstrated how the
relationship between knowledge sharing and student
development has evolved and how it may influence
student performance. However, bibliometric analysis
for the inclusive knowledge management process in the
context of STEM education, at least according to our
knowledge, cannot be tracked. In addition, the studies
mentioned above mostly use a quantitative approach.

3 METHODOLOGY

A mixed-methods approach was employed to
comprehensively address the research objectives,
integrating qualitative and quantitative steps. This
approach allows for analysis, leveraging the strengths
of both qualitative insights and quantitative rigor.
Mixed-method research integrates both qualitative and
quantitative approaches, either iterative or concurrently,
to produce a research outcome that is more robust
than using either method alone [2]. Figure 1 shows
the individual steps of conducting our research.
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Note, that the approach provided here is a novel
methodology developed as part of this research. The
approach is divided into a qualitative (grey color) and
a quantitative part (blue color). Moreover, in Figure
1, F stands for search engine (in our case, it was
the Scopus academic database), and S stands for
software (in our case, we used VOSviewer software).
The approach can also be applied with the help of
other academic databases (search engines) and software.

The Approach (Figure 1) consists of ten steps, which
can be briefly summarized as follows:

o Definition: reach a consensus regarding the re-
search scope and query that will be used for the
literature search.

e Source mining: reach consensus on the use of
academic databases for literature search.

« Final set of literature: download full bibliometric
data to get a dataset in a data format suitable for
analysis (depending on the software).

o Clustering: identify suitable attributes or methods
and conduct clustering. This method is exploratory
and requires several iterations.

o Visualization: analyze different solutions in the
clustering framework.

« Mapping: choose the most suitable visualization
and report the appropriate type.

« Explanation: describe the individual clusters and
add descriptions of the methods used (such as
parameters, number of attributes, etc.).

« Statistics: extract more detailed statistics not visi-
ble on cluster visualizations (such as all items in a
certain cluster, occurrence of keywords, etc.).

« Sandpit: integrate findings from the sandpit to lit-
erature analysis solutions using clustering. Sandpit
is a term used in the European project (Global
Entrepreneurial Talent Management 4, GETM4)
and represents co-creative workshops where par-
ticipants exchange views, knowledge, experiences,
etc. on predefined topics.

« Implications: provide practical and theoretical
implications (if possible) and guidelines for further
work.

In this study, we decided to use the Scopus academic
database because it includes multidisciplinary scientific
literature and provides more coverage than the Web of
Science academic database [1]. In addition, it should
be noted that all the main metadata (e.g., citation
information, bibliographical information, abstract &
keywords, funding details, and other information) had to
be exported for the analysis using VOSviewer software.
VOSviewer software version 1.6.30 [3] was used to
analyze these data. VOSviewer enables the visualization
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of bibliometric data from scientific databases and, in
this way, provides an insight into the comprehensive
picture of the scientific landscape of the researched
field. In addition, the added value of using VOSviewer
concerning the analysis of bibliometric data is the
visual perception of the results and insight into possible
connections between sources/authors/keywords, etc. [4].
Namely, the acronym VOS denotes “visualization of
similarities” [5].

To obtain the broadest overview of inclusive teaching
in STEM, the following query to search for scientific
publications in the Scopus academic database is used:

(ALL ("teaching_approach" OR
"teaching_approaches" OR
"knowledge management") AND
ALL (inclusivity OR
inclusion OR inclusive)
ALL("STEM"))

AND

Based on this query results (N = 1263), two methods
were used to analyze the final data, namely (1) journal
co-citation analysis and (2) keyword co-occurrence
analysis. The methodology of the mapping technique
is described in more detail by van Eck and Waltman
[5], but the two methods can be briefly interpreted as
follows:

o Co-citation method (unit of analysis = cited
sources) was used to identify the most influential
scientific journals. As a unit of analysis, instead
of all keywords, is it possible to include only
author keywords or index keywords. In addition,
we also wanted to gain insight into the dynamics
of citations between journals. Sources with at least
100 citations were included in the unit of analysis.
Co-citation of cited sources (unit of analysis) shows
the relatedness of items based on the number of
times they are cited together. This co-citation map
is built on co-citation links. co-citation link is a link
between two items that are both cited by the same
document [3].

o Co-occurrence method (unit of analysis = all key-
words) was used to identify the most frequently
used keywords in scientific publications and to
identify how keywords relate to each other. Sources
whose keywords appear at least five times were
included in the unit of analysis. The relatedness
of keywords is determined based on the number of
documents in which they occur together [3] for a
given dataset.
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Figure 1. An approach showing the individual steps of conducting our research. The approach is divided into a qualitative (grey

color) and a quantitative part (blue color).

4 RESULTS AND DISCUSSION

The used query in the Scopus academic database
returned N = 1263 results (sources). The search
was conducted on 16.07.2024. However, for the
co-occurrence analysis, only 256 keywords met
the threshold (i.e., min. number of occurrences
of a keyword = 5). Figure 2 is the result of this
analysis and shows a bibliometric analysis of the
co-occurrence keywords where seven clusters can
be seen. To achieve this result, several iterations
of mapping or clustering were conducted. Due to
the interdisciplinarity of the topic, it is difficult to
determine the content of the clusters (based on keyword
mapping). Therefore, based on intuition, we selected a
map that is sufficiently homogeneous in general, and
the clusters are sufficiently heterogeneous. The dataset,
additional images and tables with journal citation
counts and keyword occurrence can be found here:
https://github.com/M 16Nebula/Inclusivity-in-STEM.

Each of the clusters is presented in a different color and
can be described as follows, from largest to smallest
cluster [Cxkr > Cka > Cgp > Cgy > Cgy >
Ckr > Cko] (numbers in brackets represents keyword
occurrence):

The Red cluster (Ckpr) contains 65 keywords,
with “higher education” (59), “innovation” (29) and
”sustainability” (26) appearing most often. In Ckp,
some other terms that can be interesting from the point
of view of inclusivity in STEM can be observed, such
as leadership (16), creativity (13), entrepreneurship (8),
industry 4.0 (8), etc. Ahmad et al. [7] state that with
the help of technologies used in Industry 4.0, it makes

sense to adapt education according to different student
profiles (e.g., different motivations, disabilities, cultural
environments, etc.). In this context, they list several
supporting technologies such as blockchain (for record
of students accomplishments), AI (for establishing
intelligent tutoring systems), augmented reality (for
people with autism spectrum), etc., to name just a few.
Savonen et al. [10] mention that inclusivity improves
innovation in data science. Moreover, innovation also
means striving for continuous improvement, as changes
occur yearly and new educational challenges and
opportunities arise with this [13].

The Green cluster (C'x ) consists of 57 keywords. The
keywords students” (142), “engineering education”
(73), and “knowledge management” (60) appear most
often. The terms curricula (52), artificial intelligence
(37), computer aided instructions (30), and gamification
(10) are also worth mentioning. Mann et al. [6]
mention that curricula should be adapted to the needs
of students. In this context, it is desirable that the
curriculum be revised and that the students’ voices
be considered. In this case, it makes sense to use
peer review because, in this way, it is possible to
encourage collegial discussions and improve inclusivity.
In addition, it is desirable to use the so-called ’smart
education approaches” meaningfully, taking advantage
of the possibilities offered by technology [15].

The Blue cluster (Cxp) contains 54 keywords,
with “education computing” (42), ”stem” (33) and
”science education” (29) being the most frequently
mentioned. Other notable keywords include: “equity”
(22), ’professional development” (15), “personnel
training” (13), and differentiated instructions” (7).
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Figure 2. Bibliometric analysis of the co-occurrence keywords in selected publications. The shorter the distance between two

nodes, the larger the co-occurrences of the two keywords. Note:
K = Keyword, letters next to ”"K” represent colors: B (blue), G (
(violet).

There are many challenges when teaching STEM in
inclusive classrooms, as the teams are typically mixed
(i.e. students with/without disabilities) [12], requiring
special support and teacher training.

The Yellow cluster (Cxy) includes 38 keywords.
Generally, they are related to so-called human aspects.
The most frequently mentioned keywords are “human”
and “humans” (total N = 124). Additional keywords that
we want to mention are: “adult” (22), perception (13),
and visual impairment (5). Typically, the population
of higher education is diverse, which means that it
is necessary to ensure that all students can reach
their potential. In the context of inclusivity, especially
those with specific learning difficulties [17]. Visual
impairment is only one of the disabilities that can
cause students learning difficulties. Leporini ad Buzzi
[18] mention a few software tools that help the
blind in learning mathematics, such as Lambda® and
MathSpeak’. Other forms of learning disabilities in
STEM include but are not limited to: hearing loss,
learning difficulties (such as dyslexia, dyscalculia, etc.)

*https://www.lambdaproject.org/
Thttps://www.seewritehear.com/accessible-mathml/mathspeak/

N = the number of items in a particular cluster, C = cluster,
green), O (orange), R (red), Y (yellow), T (turquoise), and V

[18], etc. In general, it is necessary to pay attention
to each person individually. Students with learning
difficulties perceive the course of lectures differently
than those with no disclosed learning difficulties [17].

The Violet cluster (C'xy/) contains keywords generally
associated with learning. The most frequently mentioned
keywords are: “teaching” (74), “education” (68), and
“e-learning” (55). Other terms that are in the cluster and
that would be interesting are: ’blended learning” (18),
”academic achievement” (13), and “learning style” (6).
Audette et al. [13] define the term culture of care”,
stating that the educational process should be carried
out in such a way as to support each other since a
particularly big challenge in STEM courses is that they
are typically taught in large lecture courses - which can
negatively affect academic performance and retention.
Additionally, they state that it is possible to achieve a
community that cares through employee training. Also,
within the framework of Sandpit, which took place in
South Korea, the focus was on dyslexia as one of the
forms of learning difficulties. Preliminary guidelines
were drawn up for how processes and materials should
be adapted for such students (e.g., instructions for
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the slide composition of, organization of the virtual
learning environment, etc.). In addition, in practice,
other examples from the industry can be found that
provide instructions for the development of so-called
inclusive graphical interfaces, such as Apple*, IBM¥,
SAPT, etc.

In the Turquoise cluster (C'x ), there are 15 keywords
in total. The most frequently mentioned keywords
are “curriculum” (24), “flipped classroom” (16), and
“training” (15). Terms like problem-based learning”
(14) and “procedures” (11) are also worth noting.
Training regarding technological accessibility (i.e.,
technology must be accessible) is also mentioned by
Ramirez-Montoya et al. [11] and states that open and
distance education through technological solutions
can help people with disabilities overcome educational
barriers. The discussion within Sandpit also showed that
it makes sense to educate teachers about various aspects
of learning difficulties. As part of this, guidelines
were also created for assessing such students (e.g.,
students with dyslexia are not penalized for spelling,
and teachers should avoid similar-looking letters on
exams such as ”p” or "¢”, etc.). Asghar et al. [19]
mention scaffolding as one of the strategies in the field
of STEM education - to break a certain topic into
smaller parts and, in this way, possibly facilitate the
understanding of the study material.

The Orange cluster (Cko) contains only four
keywords: “feedback” (7), “educational experiences”
(5), 7scaffolds” (5), and universal design” (5).
Feedback has a dual role in education, namely, firstly,
as a feedback mechanism from students to course
providers to improve the course and secondly, as
feedback from the course provider to the student so
that the students can improve [13]. Universal Design
for Learning (UDL) is an approach that can maximize
learning for all students and prescribes multiple learning
resources to motivate students to learn. Originally, the
UDL! was intended for students with disabilities [16].

For the co-citation analysis, we included only sources
cited at least 100 times. This means that only 55
scientific journals that are connected are included
in the visualization (see Figure 3). Each of the
clusters is presented in a different color and can be
described as follows, from largest to smallest cluster
[Csjr > Cya > Cyp > Cjy] (numbers in brackets
represents citation count).

Thttps://www.apple.com/accessibility/
Shttps://www.ibm.com/able/toolkit/design/content/
Yhttps:/mews.sap.com/2023/07/creating-accessible-content/
I https://udiguidelines.cast.org/
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The Red cluster (C;r) mainly deals with journals
that cover the psychological and organizational field of
education. The three most frequently cited sources are
Sustainability (669), Frontiers in Psychology (250), and
Journal of Business Research (236).

In the Green cluster (C ), journals relate mainly to
the broader field of education. The most frequently cited
sources are Journal of Research in Science Teaching
(410), International Journal of Science Education (393),
and Teaching and Teacher Education (290).

The Blue cluster (C';p) covers mostly journals related
to technical aspects of education. The three most
frequently cited sources are Computers & Education
(607), Education and Information Technologies (340),
and Computers in Human Behavior (276).

In the Yellow cluster (Cjy), there are mainly
multidisciplinary journals that cover various research
disciplines. The most frequently cited sources are the
following: Plos ONE (279), Science (262), and Higher
Education (200).

These results of co-citation analysis can serve re-
searchers as a source of information - that is, to know
in which sources to look for relevant information related
to the topic under discussion. In addition, it enables an
insight into how certain disciplines are interconnected
(i.e., interdisciplinarity).

5 CONCLUSIONS, FUTURE WORKS AND
LIMITATIONS

This paper discusses selected aspects of inclusive
education in the field of STEM. A mixed-method
approach was used, meaning, that we combined
quantitative and qualitative aspects in researching the
topic. As part of the quantitative research approach, a
bibliographic analysis of keywords and a co-citation
analysis of the most influential journals was carried
out using the Scopus academic database search results.
A qualitative approach was used to complement the
quantitative results of the bibliometric analysis. This
means that with the help of existing studies, certain
keywords were additionally emphasized. Also within
this framework, certain findings from Sandpit were
integrated, the topic of which was the inclusivity of
STEM education for students with dyslexia as one of the
forms of learning difficulties. The whole approach gives
a comprehensive insight into the scientific landscape.

Future work may focus on developing a comprehensive
framework describing learning/teaching strategies
for existing learning difficulties and other forms
of disabilities. It would also make sense to get a
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Figure 3. Bibliometric analysis of the journal co-citation. The distance between the two journals in the visualization approximately
reflects their relatedness based on co-citation links, and lines represent the strongest co-citation links between journals. Typically,

journals that are closer together are more closely related [3]. Note: N =

the number of items in a particular cluster, C = cluster,

J = journal. Letters next to ”J” represent colors: B (blue), R (red), Y (yellow), and G (green).

global insight into the extent to which providers of
STEM subjects are familiar with inclusivity/disability
concepts. Furthermore, future work may also explore
how supporting teachers in incorporating inclusivity
into their curriculum impacts their job satisfaction and
the academic performance of students.

Despite all the advantages of the mixed-method ap-
proach, there are certain limitations to the methods used
in this study. First, even though the Scopus academic
database includes a very large number of sources, it
would be reasonable to extract data from other databases
(e.g., Web of Science, IEEE Xplore, ACM DL) as well,
because a certain source may be indexed in one database,
but not in another. Third, interpretations of the results of
the bibliometric analysis are subjective. For this reason,
we tried to support the obtained results with scientific
literature (i.e., provide content analysis as suggested by
Donthu at al. [20]).
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