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In the evolving landscape of science education, Culturally Responsive
Teaching (CRT) has emerged as a vital pedagogical framework for
promoting equity, inclusivity, and relevance. This study presents a
comprehensive bibliometric analysis of global research trends and
conceptual developments in CRT within science education. Utilizing data
from the Scopus database and analyzed through the Biblioshiny platform,
the study maps 157 peer-reviewed journal articles published between 2008
and 2025. The analysis addresses four key research questions related to
publication trends, influential contributors, thematic structures, and
research gaps. Findings reveal a sharp increase in scholarly attention to CRT
since 2017, with a notable publication surge in 2024. The United States
leads in both publication volume and international collaboration, while
other countries such as Australia, Canada, and Nigeria show emerging
engagement. Thematic mapping and keyword co-occurrence analysis
uncover five major clusters, including science education, STEM and
computing equity, culturally sustaining pedagogy, indigenous knowledge,
and critical race theory. Despite growing interdisciplinary integration, gaps
persist in areas such as equity in data science, culturally sustaining practices,
and critical pedagogies. The study also identifies a concentration of thought
leadership among a small group of scholars and institutions, highlighting
the need for greater authorship diversity and geographic representation.
Thematic and conceptual analyses emphasize the importance of teacher
professional development, interdisciplinary approaches, and technology
integration in advancing CRT practices. This bibliometric mapping
contributes to a clearer understanding of CRT’s evolution and current
landscape in science education. Beyond academic insights, the findings
hold practical relevance for educators and policymakers. They can inform
curriculum design, teacher professional development programs, and equity-
focused education policies aimed at fostering culturally responsive, globally
inclusive, and future-ready science education systems aligned with the
values of Education 4.0.
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1. Introduction

In recent decades, increasing global awareness of educational equity and cultural inclusiveness
has prompted a growing interest in culturally responsive teaching (CRT) as a pedagogical approach
[1], [2], [3]. CRT emphasizes the recognition of students’ cultural backgrounds as integral to the
learning process, aiming to foster more equitable, relevant, and engaging educational experiences [4],
[5]. In science education, where abstract concepts and standardized curricula often dominate, the
implementation of CRT becomes particularly critical [6], [7], [8]. It offers a pathway to connect
scientific knowledge with students’ lived realities [9], promote scientific literacy [10], and challenge
cultural biases embedded in traditional instruction [11].

Numerous studies have demonstrated that integrating cultural responsiveness into science
education contributes to improved student engagement [12], stronger identity development in STEM
[13], and greater academic achievement [14], particularly among students from historically
marginalized communities. Existing studies have approached CRT in science education from diverse
angles, such as how teachers design culturally responsive curricula, interpret their professional roles,
incorporate students’ voices, and address controversial socio-scientific topics [15], [16], [17].
However, despite the growing interest, the landscape of research in this field remains fragmented [18],
[19]. The literature spans multiple disciplines, methodologies, and cultural contexts, leading to a lack
of cohesion in the development of a unified knowledge base.

At the same time, the global shift toward Education 4.0—a vision of education aligned with the
Fourth Industrial Revolution—has emphasized the integration of technology, personalization, and
lifelong learning in ways that are culturally and contextually meaningful [20], [21], [22]. Within this
framework, CRT plays a vital role by ensuring that digital transformation in education does not ignore
the sociocultural identities of learners [23]. In science education, the intersection of CRT and
Education 4.0 can promote both technological literacy and cultural relevance, supporting the
development of 21st-century competencies in diverse student populations [24], [25]. However,
research that bridges these two domains—cultural responsiveness and future-ready science
education—remains limited and fragmented.

Most existing studies tend to focus on specific settings—such as urban schools in North America
or multicultural classrooms in Europe—making it difficult to generalize findings globally [26], [27].
In addition, while some reviews have explored CRT within broader educational frameworks, few have
focused specifically on how it evolves within the context of science education across diverse
geographic and institutional contexts. The conceptual diversity and varied terminology—such as
“culturally relevant pedagogy,” “culturally sustaining teaching,” or “funds of knowledge”—further
complicate efforts to synthesize the field systematically.

Given these challenges, there is a growing need to construct a comprehensive overview of how
CRT has been conceptualized and applied within science learning. A mapping of publication trends,
key contributors, and emerging thematic patterns can offer insights into the evolution of research in
this domain. It can also highlight research gaps and underexplored areas that may be critical for future
studies [28]. Such an overview can benefit not only researchers, but also educators, policymakers, and
curriculum developers who seek to understand how CRT can be effectively integrated into science
teaching practices across contexts—especially within the forward-looking agenda of Education 4.0.

This study addresses the gap by providing a structured and quantitative examination of the global
research landscape on CRT in science education. Through a systematic mapping of publication data,
this study identifies the most active regions, institutions, and scholars, reveals dominant and emerging
themes, and uncovers collaboration patterns and potential research silos. While prior studies have
reviewed CRT-related literature, this study adopts a more integrative and data-driven approach to
analyze trends and thematic development over time.

The main contribution of this article is to provide a clearer understanding of how CRT has
developed within science education research globally. In particular, it aims to support a more strategic
and inclusive research agenda by illuminating knowledge structures, collaboration networks, and areas
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that require further scholarly attention. The findings are expected to serve as a valuable reference for
academics, educational leaders, and policy stakeholders seeking to foster more culturally responsive
and equitable science education systems—ones that are aligned with the values of Education 4.0. To
guide the study, the following research questions are posed:

RQL1: How have publication trends related to culturally responsive teaching in science education
evolved over the past two decades?

RQ2: Who are the major contributors (countries, institutions, authors) in this field, and what are their
collaboration patterns?

RQ3: What are the dominant and emerging themes in CRT research within the context of science
education?

RQ4: What gaps or underexplored areas can be identified from the thematic and structural mapping
of the literature?

To address these questions, this article is organized as follows. Section 2 explains the research
methodology, including data collection, screening criteria, and bibliometric analysis procedures.
Section 3 presents the results and discussion, structured into four main parts: publication trends, key
contributors and collaboration patterns, thematic landscape, and research gaps. Finally, Section 4
concludes the paper by summarizing key insights and offering actionable recommendations for future
research, educational practice, and policy development related to culturally responsive teaching in
science education.

2. Method

This study employed a bibliometric analysis to examine global research trends and emerging
themes related to culturally responsive teaching (CRT) in science education. The analysis was
conducted using Biblioshiny, a web-based interface of the bibliometrix package in R, which enables
interactive and visual exploration of bibliometric data [29]. The method was designed to quantitatively
map the structure, development, and conceptual landscape of scientific publications in this domain.

The dataset was retrieved from the Scopus database, which was selected due to its broader
coverage of education and social science journals compared to other indexing platforms such as Web
of Science, as well as its compatibility with Biblioshiny and related bibliometric tools. This selection
ensures a comprehensive and methodologically consistent analysis, particularly for interdisciplinary
topics like CRT in science education [30]. The search was conducted in June 2025 using a targeted
query that captured variations in terminology related to both culturally responsive teaching and
science education. The following Boolean query was applied to the title, abstract, and keyword fields:
TITLE-ABS-KEY(("culturally responsive teaching” OR "culturally relevant pedagogy" OR
"culturally sustaining pedagogy') AND ("science education” OR "science learning” OR "science
teaching” OR "STEM education™)).

The initial search results were exported in CSV formats. To ensure relevance and rigor, only
peer-reviewed journal articles written in English were included. A manual screening of titles and
abstracts was conducted to exclude documents that were not related to educational contexts or that
only mentioned the keywords tangentially. Additionally, book chapters, reviews, editorials, and notes
were excluded, along with duplicate entries and incomplete records.

The document selection process was documented and visualized using a PRISMA flow diagram
(see Fig. 1), which outlines the stages of identification, screening, eligibility, and inclusion. This
diagram provides transparency in the data curation process and ensures the replicability of the study’s
findings. After cleaning, the final dataset was analyzed using Biblioshiny. The bibliometric procedures
included performance analysis (e.g., publication trends, most productive authors, countries, and
journals), collaboration analysis (e.g., co-authorship and country collaboration networks), and
conceptual structure analysis (e.g., keyword co-occurrence, thematic mapping, and topic evolution).
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These analyses allowed the study to identify key contributors, trace thematic developments over time,
and uncover gaps in the literature that may inform future research in CRT within science education.

Identification of new studies via databases and registers

5 Records remaoved before screening:
= - " N Duplicate records (n=2)
:§ H;ca;r%;iintt:%dﬂg;n. » Records marked as ineligible by automation
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=

Fig. 1. PRISMA flow for record selection

Fig. 1 illustrates the PRISMA flow diagram outlining the study selection process in four phases:
identification, screening, eligibility, and inclusion. In the identification phase, a total of 149 records
were retrieved from the Scopus database. Before screening, 2 duplicate records were removed,
resulting in 147 unique records for the next phase. During the screening phase, titles and abstracts of
147 records were reviewed, leading to the exclusion of 24 records that were irrelevant to the research
scope. Additionally, 123 reports were sought for full-text retrieval; however, 1 report could not be
retrieved due to access issues. In the eligibility phase, 122 reports underwent full-text assessment. Of
these, 25 reports were excluded—24 due to document type not meeting the inclusion criteria (not
journal or proceeding papers) and 1 report because it was not written in English. Finally, in the
included phase, 122 studies were confirmed as eligible and included in the bibliometric analysis. These
records formed the final dataset for examining global research trends on culturally responsive teaching
in science education.

3. Results and Discussion

The bibliometric mapping conducted in this study provides a comprehensive overview of global
research dynamics concerning culturally responsive teaching (CRT) in the context of science
education. The results are systematically organized to address the four research questions outlined
earlier. First, the analysis of publication trends and annual scientific output illustrates the temporal
evolution and growing scholarly interest in this field. Second, the identification of key contributors—
including countries, institutions, and authors—along with their collaboration networks, offers
insights into the geographic distribution and structural patterns of academic cooperation. Third,
thematic and keyword-based analyses are employed to uncover dominant and emerging topics,
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revealing how scholarly discourse has developed conceptually over time. Finally, through thematic
mapping and co-word analyses, this study highlights potential research gaps and underexplored areas
that may guide future investigations in CRT within science education. The findings not only reflect
the current state of the literature but also support a more strategic and inclusive research agenda for
equitable science learning globally.

3.1. Publication Trends of CRT in Science Education

This subsection highlights key patterns in publication growth, citation impact, and influential
works within CRT-related science education research over time. The annual scientific production on
culturally responsive teaching (CRT) in science education has shown a clear upward trajectory over
the past two decades. As seen in Fig. 2, from 2008 to 2015, the number of publications remained
relatively low and stable, with no more than three articles published annually. This indicates that
scholarly interest in this field was still emerging during the early 2010s, possibly reflecting limited
awareness or adoption of CRT frameworks in science education at the time.

35
30 30
25
20

17

1
5 14

Number Documents

10

0
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

Year

Fig. 2. Annual scientific production

Starting in 2017, a gradual increase is observed, with annual publications consistently exceeding
five articles per year. Notably, there was a marked growth in output from 2021 onwards, culminating
in a significant surge in 2024 with 30 publications—the highest number recorded to date. This sharp
rise may reflect the growing global emphasis on educational equity, diversity, and inclusion in science
classrooms, as well as the broader push toward transformative pedagogy in the context of Education
4.0 [31].

Although the data for 2025 is incomplete, with only eight publications recorded as of the analysis
date, the upward trend suggests that research on CRT in science education is gaining momentum and
evolving into a more established area of inquiry. This growth signals increasing scholarly recognition
of the importance of culturally responsive approaches in promoting equity, engagement, and
contextual relevance in science learning.

In addition to publication volume, an analysis of citation impact provides insights into the
scholarly influence of studies on culturally responsive teaching (CRT) in science education over time.
The data on average citations per article per year reveals several important trends. As shown in Table
1, articles published between 2011 and 2020 consistently received higher average annual citations
compared to those published more recently. For instance, the year 2017 recorded the highest average
citation rate at 5.09 citations per article per year, followed by 2020 with 4.3, and 2011 with 3.9. These
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figures suggest that works published during this period were particularly influential, possibly due to
their role in shaping foundational discourse or addressing timely pedagogical concerns.

Table 1. Annual Citations per Year

Year Mean Total Citations per Article N Mean Total Citations per Year Citable Years

2008 42 1 2.33 18
2009 2 1 0.12 17
2011 58.5 2 3.9 15
2012 37.67 3 2.69 14
2013 19.33 3 1.49 13
2014 18 2 15 12
2015 12.33 3 1.12 11
2016 21.67 3 2.17 10
2017 45.83 6 5.09 9
2018 29.57 7 3.7 8
2019 25.14 7 3.59 7
2020 25.83 6 4.3 6
2021 6.56 9 1.31 5
2022 4.43 14 1.11 4
2023 3.59 17 1.2 3
2024 2.23 30 1.11 2
2025 0.5 8 0.5 1

In contrast, publications from more recent years (2021 onward) show lower citation averages,
with 2024 and 2025 recording only 1.11 and 0.5 citations per article per year, respectively. This is
likely a reflection of the shorter citable lifespan, as newer articles typically require more time to
accumulate citations. Nevertheless, the steady rise in the number of publications in these years (e.g.,
30 articles in 2024) indicates increasing research activity, even if the long-term impact is yet to be
fully realized.

Interestingly, some early publications such as those from 2008 and 2011, although few in number,
exhibit high citation impact, suggesting that pioneering studies in this field have served as important
references for later research. These findings underscore that while publication volume is growing,
citation analysis remains essential to identify works that have significantly shaped the intellectual
landscape of CRT in science education.

In summary, the analysis indicates a clear upward trajectory in publication output, particularly
peaking in 2024. This sharp rise likely reflects growing global attention to equity, diversity, and
inclusion initiatives in education, especially following post-pandemic educational reforms and
heightened awareness of social justice issues worldwide. Such trends underscore the expanding
recognition of CRT as a critical component in shaping inclusive science education policies and
practices.

In terms of scholarly impact, the most globally cited documents offer insight into the foundational
and influential works that have shaped the discourse on culturally responsive teaching (CRT) in
science education. The most cited article is Morales-Doyle (2017), published in Science Education,
with a total of 230 citations. This study critically examined the role of CRT in politicizing science
education, and its high citation count underscores its significance in advancing equity-focused
pedagogical frameworks within the discipline.

Following this, Meyer (2011) published in Cultural Studies of Science Education has received
107 citations, highlighting the early contributions to the intersection of CRT and sociocultural theory
in science teaching. Other highly influential works include Leonard (2018) in Journal of Teacher
Education (91 citations) and Madkins (2019) in Science Education (81 citations), both of which
emphasized culturally grounded STEM pedagogy and the importance of teacher identity in promoting
equitable science learning.
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Several of the most cited papers have been published in top-tier journals such as Science
Education, Journal of Research in Science Teaching, and International Journal of Science Education,
indicating that high-impact contributions in this field are well represented in reputable science
education outlets. Interestingly, some authors, like Madkins, appear more than once in the top ten list,
suggesting a strong and sustained contribution to this area of research. These high-impact studies are
summarized in Table 2.

The diversity of publication venues—from education-focused journals to interdisciplinary and
equity-centered conference proceedings—reflects the multidisciplinary nature of CRT research in
science education. These frequently cited documents often serve as conceptual anchors for subsequent
studies, demonstrating their role in shaping theoretical frameworks, methodological approaches, and
policy-oriented discussions in the field.

Table 2. Most Global Cited Documents

Total
Paper DOl Citations

Morales-Doyle D, 2017, Sci Educ 10.1002/sce.21305 230
Meyer X, 2011, Cult Stud Sci Educ 10.1007/s11422-011-9318-6 107
Leonard J, 2018, J Teach Educ 10.1177/0022487117732317 91
Madkins Tc, 2019, Sci Educ 10.1002/sce.21542 81
Laughter Jc, 2012, Urban Educ 10.1177/0042085912454443 67
Brown Jc, 2016, Int J Sci Educ 10.1080/09500693.2015.1136756 53
Grimberg Bi, 2013, J Res Sci Teach 10.1002/tea.21066 53
Johnson A, 2020, J Microbiol Biol Educ 10.1128/JIMBE.V2111.2097 50
Madkins Tc, 2019, Proc Res Equity Sustain 11 09/nESpECT46404.2019.8985773 50
Particip Eng, Comput, Technol, Respect
Upadhyay B, 2020, J Res Sci Teach 10.1002/tea.21626 47
Patchen T, 2008, Sci Educ 10.1002/sce.20282 42
Wallace T, 2012, Cult Stud Sci Educ 10.1007/s11422-012-9380-8 37
Underwood Jb, 2018, J Sci Teach Educ 10.1080/1046560X.2017.1423457 34

3.2. Key Contributors and Global Collaboration Patterns

This section presents key contributors, institutions, and collaboration networks that shape the
global research landscape on CRT in science education. The bibliometric analysis of country-level
contributions reveals that the United States dominates the research landscape on culturally responsive
teaching (CRT) in science education (see Table 3). It ranks first both in terms of publication volume
(1,575 articles) and total citations (1,227), indicating not only high productivity but also substantial
influence in shaping the discourse globally. This strong presence likely reflects the longstanding
emphasis on multicultural education and equity-driven pedagogies within the U.S. educational
research community [32].

Other countries contributing significantly to the field in terms of article output include Australia
(33 articles), Canada (31), Nigeria (24), and the United Kingdom (14). These countries represent
diverse educational systems and sociocultural contexts, suggesting a growing international
engagement with CRT frameworks in science education. Interestingly, Indonesia appears with a
modest number of publications (4 articles), indicating early or emerging interest in this area within
Southeast Asia.

When examining citation impact, the United Arab Emirates, Netherlands, New Zealand, and
South Africa are also noteworthy, each appearing in the top ranks for total citations despite having
fewer publications. For instance, the United Arab Emirates has accumulated 20 citations, and New
Zealand and South Africa have 12 and 11 citations, respectively. This suggests that while these
countries may produce fewer studies, some of their contributions are particularly impactful or
frequently referenced by other scholars.
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Table 3. Country Contribution in Publication and Citation

Country Rank Country N of Citations Country N of Articles

1 USA 1227 USA 1575

2 United Arab Emirates 20 Australia 33

3 Netherlands 14 Canada 31

4 New Zealand 12 Nigeria 24

5 South Africa 11 United Kingdom 14

6 Australia 10 Indonesia 4

7 Philippines 9

8 Canada 8

Overall, the data indicate that while CRT research in science education is still concentrated in a
few high-income countries, there is a gradual diversification in terms of geographic participation.
However, the relatively low representation from regions such as Asia, Latin America, and the Middle
East (excluding UAE) points to potential gaps in global collaboration and knowledge exchange, which
should be addressed to strengthen the international dialogue around culturally responsive science
education.

In addition to country-level analysis, the identification of key contributors—at the author,
institutional, and source (journal/proceedings) levels—offers a more granular view of the intellectual
structure within CRT research in science education. As shown in Table 4, among the most prolific
authors are Mensah F.M., Upadhyay B., Bailey D., Bowens C., and Brown J.C., all of whom have
consistently published on topics related to culturally responsive pedagogy, equity in STEM education,
and sociocultural frameworks in science classrooms. Their recurring presence suggests sustained
commitment and leadership in advancing this area of inquiry.

Table 4. Most Relevant Contributors in Publication

Category Contributors

Most relevant authors Mensah FM; Upadhyay B; Bailey D; Bowens C; Brown JC; Gardner-Mccune
C; Ketelhut DJ; Mak J; Riley AD; Xin Y.

Most relevant affiliations University of Minnesota; University of Puerto Rico; University of California;
University of Idaho; University of Hawai‘l At Manoa; Lagos State University;
University of Michigan; Auburn University; Columbia University; Georgia
Institute of Technology.

Most relevant sources Cultural Studies of Science Education; Journal of Science Teacher Education;
Asee Annual Conference and Exposition, Conference Proceedings; Education
Sciences; Journal of Research in Science Teaching; ACM International
Conference Proceeding Series; Frontiers in Education; Proceedings - 2023
Conference on Research in Equitable and Sustained Participation In
Engineering, Computing, And Technology, Respect 2023; Respect 2024 -
Proceedings of The Conference for Research on Equitable and Sustained
Participation in Engineering, Computing, and Technology; Science Education.

From an institutional standpoint, the most active affiliations include major research universities
in the United States and beyond, such as the University of Minnesota, University of Puerto Rico,
University of California, and University of Michigan. Notably, institutions such as Lagos State
University in Nigeria and the University of Hawai‘i at Manoa also appear among the top contributors,
reflecting the field’s expanding global footprint and the relevance of CRT frameworks in both Western
and non-Western educational settings [33].

Regarding publication venues, the most relevant sources are highly specialized and well-regarded
within the field of science education and educational equity. Leading journals such as Cultural Studies
of Science Education, Journal of Science Teacher Education, Journal of Research in Science
Teaching, and Science Education serve as primary platforms for disseminating CRT-related research.
In addition, conference proceedings like those from ASEE and RESPECT (e.g., 2023 Conference on
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Research in Equitable and Sustained Participation in Engineering, Computing, And Technology)
highlight the intersection of CRT with engineering, computing, and broader STEM education
domains, particularly in equity-focused settings.

This distribution of contributors underscores both the academic legitimacy and the
interdisciplinary nature of CRT in science education, indicating that research in this field is shaped by
a globally diverse yet thematically cohesive network of scholars, institutions, and publication outlets.
The presence of equity-driven conference series and interdisciplinary journals further suggests a
growing integration of CRT with movements like STEM inclusion, social justice education, and
educational technology.

In addition to identifying major contributing countries, the international collaboration network
offers valuable insight into the structure of cross-national scholarly partnerships in CRT-related
science education research. As visualized in Fig. 3, the collaboration map reveals several distinct
clusters of countries that engage in joint research efforts, with the United States (USA) clearly
occupying the central position in the global network.

The USA demonstrates extensive collaborative links with a diverse set of countries including
Canada, France, Japan, Philippines, Nepal, Brazil, and Kazakhstan, forming the largest and most
interconnected cluster (highlighted in blue). This centrality underscores the USA's role not only as a
dominant knowledge producer but also as a key facilitator of international scholarly exchange in the
field. The breadth of its partnerships suggests strong institutional capacities for global research
engagement and a willingness to support cross-contextual perspectives within CRT discourse.

Several smaller but distinct collaboration clusters are also evident. For instance, a strong regional
partnership is seen between Australia, Qatar, and the United Arab Emirates (orange cluster), indicating
growing interest in culturally responsive approaches within Middle Eastern and Oceanic educational
contexts. Similarly, Netherlands and Greece, Norway and Germany, South Africa and Finland, as well
as Nigeria and Burundi, each form bilateral collaborations that, while limited in size, may reflect
shared linguistic or regional educational priorities.

| -
% "
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aus[rahz; qatar
united arab emirates
netherlan@ ‘
greece
iZnce
bu%?wdi _U ) cghada
nigeria
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south afnc@
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Fig. 3. International collaboration network

Notably, the map reveals that many countries are engaging in localized or dyadic collaborations,
with fewer multilateral or intercontinental linkages beyond the dominant US-centered cluster. This
suggests that despite the global relevance of CRT in science education, international collaboration
remains uneven and, in many cases, regionally bounded. Countries such as Indonesia, India, and much
of Latin America are notably absent from the central nodes of collaboration, highlighting potential
opportunities for broader inclusion and knowledge exchange.

These findings indicate that the current landscape of international collaboration in CRT-related
science education is characterized by asymmetrical networks, with a few central actors driving global
engagement while many others remain peripherally connected. Strengthening transnational research
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partnerships—particularly those involving underrepresented regions—may help diversify the
epistemological foundations of CRT and support the development of more context-sensitive
frameworks that resonate across cultural and educational settings.

To further explore the interconnection between key contributors, their geographic origin, and
thematic specialization, a Sankey diagram was generated (see Fig. 4). This visualization illustrates the
flow of contributions from authors’ countries (AU_CO), through individual authors (AU), to the
dominant research themes or descriptors (DE). The left side of the diagram shows the United States
(USA) as the most prolific contributor in terms of author affiliation, with the majority of influential
scholars in this domain based in the U.S. Notably, other countries such as Kazakhstan, Nepal, Finland,
and South Africa also appear, but with significantly fewer authors, suggesting limited contributions
to this body of literature from regions outside North America.
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Fig. 4. Sankey diagram

In the center column, prominent scholars such as Mak J, Ketelhut DJ, Xin Y, Bowens C, Bailey
D, Upadhyay B, Brown JC, Gardner-McCune C, and Mensah FM are shown as key nodes. These
authors are connected to a broad range of research themes, indicating both high productivity and
thematic diversity. For instance, Mak J and Ketelhut DJ are associated with culturally relevant
pedagogy, computer science education, and broadening participation in computing, suggesting a
focus on equitable access within digital and computational learning environments.

The rightmost column shows that the dominant themes associated with these authors include
“culturally relevant pedagogy,” “science education,” “computer science education,” “teacher
education,” and “culturally responsive teaching.” Some authors are also connected to more
specialized or emerging themes such as “critical race theory,” “urban education,” and “indigenous
knowledge,” reflecting the integration of sociopolitical frameworks and community-based
knowledge systems into the CRT discourse.

2 <.

The Sankey diagram thus provides a clear depiction of how scholarly production in CRT-related
science education is geographically concentrated, thematically diverse, and driven by a relatively
small group of recurring contributors, primarily located in the United States. This visualization also
reinforces findings from earlier sections, showing that while the field is expanding in scope, it
remains anchored by a core group of researchers whose work spans both theoretical and applied
dimensions of CRT. These insights point to the opportunity—and necessity—for greater
international diversification of authorship and thematic expansion. Future efforts might benefit from
supporting scholars in underrepresented countries to contribute to this growing field, particularly
with local cultural lenses that can enrich the global discourse on culturally responsive science
education.
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To summarize, the findings reveal a dominant concentration of research activity in the United
States, supported by several international partners. However, collaboration patterns remain uneven,
highlighting opportunities for strengthening global research exchanges—particularly involving
underrepresented regions such as Southeast Asia and Latin America.

3.3. Thematic Landscape and Conceptual Structure

This subsection explores the conceptual structure of the field by identifying major research
themes and their interconnections through co-word and thematic analyses. To gain a deeper
understanding of the conceptual underpinnings and thematic structure of the field, a keyword co-
occurrence network was generated based on author keywords and Keywords Plus. As illustrated in
Fig. 5, this network reveals multiple clusters of interrelated terms that represent the main themes and
conceptual intersections in the literature on culturally responsive teaching (CRT) within science
education.
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Fig. 5. Keyword co-occurrence network

The largest and most central node in the network is “culturally relevant pedagogy”, which serves
as the dominant conceptual anchor, closely connected to other key terms such as “science education,”
“STEM education,” “students,” and “computer science education”. This central position highlights
the foundational role of CRT frameworks—especially Ladson-Billings’ culturally relevant
pedagogy—in shaping research discourse across various STEM disciplines. The term “science
education” itself appears in a prominent location, intersecting with both theoretical concepts and
practical concerns such as teacher professional development, learning practices, and curriculum
design.

Five thematic clusters emerge from the map keyword co-occurrence network. The green cluster
includes concepts such as “culturally responsive pedagogy,” “indigenous knowledge,” “technology,”
“urban education,” and “critical race theory.” This group represents a sociocultural and justice-
oriented strand in CRT, which focuses on equity, marginalization, and the integration of indigenous
and community-based knowledge systems into science learning. The blue cluster centers on science
education and includes related terms like teacher education, STEM, artificial intelligence, and data
science education. This cluster indicates growing interdisciplinary intersections between culturally
responsive approaches and emerging technologies in education. The purple cluster is characterized
by terms such as “computing education,” “summer camp,” “African American,” and “higher
education,” highlighting CRT’s application in computer science and out-of-school learning
environments, with a focus on underrepresented student populations. The red cluster focuses on
practical pedagogy, including terms like “professional development,” “science teaching,” “e-
learning,” “elementary science,” and “teaching practices.” This cluster reflects the implementation
of CRT at the classroom level, especially in K-12 science instruction. Lastly, orange cluster
represents education, science learning, diversity, and students.
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The network also reveals important cross-cluster linkages. For example, “teacher professional
development” connects both theoretical and practical strands, suggesting that the integration of CRT
into science education is mediated through teacher training and capacity-building efforts. Similarly,
the co-occurrence of terms such as “computational thinking” and “culturally responsive computing”
indicates a novel area of intersection between equity-focused pedagogy and digital literacy.

Overall, the thematic landscape suggests a multidimensional and evolving field, where
culturally responsive frameworks are applied not only in traditional science classrooms but also in
interdisciplinary, digital, and community-based learning contexts. The prominence of terms like
“indigenous knowledge” and “critical race theory” further underscores the growing influence of
decolonial and anti-racist pedagogies within science education research.

These findings point to both the richness and complexity of the CRT research landscape. While
foundational concepts remain central, emerging topics—especially those at the intersection of
technology, equity, and teacher learning— suggest new directions for future inquiry, especially in
underrepresented regional and disciplinary contexts. The presence of both well-established themes
and newer, less explored concepts underscores the importance of continued thematic mapping to
monitor the evolution and diversification of the field.

In addition to the co-occurrence network analysis, a keyword word cloud was generated to
visualize the relative frequency of core concepts used in the literature on culturally responsive
teaching (CRT) in science education. As presented in Fig. 6, the word cloud highlights the most
frequently occurring terms, with font size representing the frequency of appearance across all
documents analyzed.
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Fig. 6. Keyword word cloud
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The most prominent keywords include “computer science education,” “science education,” and
“culturally responsive teaching,” indicating the centrality of these themes in the research field. The
prominence of computer science education suggests that culturally responsive approaches are gaining
strong traction not only in traditional science classrooms but also in computing and STEM-related
disciplines. This aligns with broader trends in education that emphasize equity and diversity in digital
learning and technology fields.

9 <¢ 99 ¢

Other highly frequent terms such as “STEM education,” “students,” “education computing,”
and “engineering education” reflect a multidisciplinary interest in integrating CRT frameworks
across science, technology, engineering, and mathematics domains. These themes point to the
increasing recognition that issues of culture, identity, and equity are relevant not only in social
sciences but also in technical education spaces where historically marginalized groups remain
underrepresented.
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The appearance of terms like “social justice,” “equity,” “professional development,”
“indigenous knowledge,” and “critical race theory” further indicates the growing integration of
sociopolitical and decolonial perspectives within science education research. These keywords
suggest that CRT is not merely a pedagogical approach, but also a transformative framework that
intersects with broader struggles for justice and inclusion in education.

29 ¢e bEANYS

Other keywords such as “teacher professional development,” “curricula,” “urban education,”
and “teaching practices” reflect an applied focus, emphasizing the need for capacity-building and
institutional change to support the implementation of CRT in diverse learning environments.
Meanwhile, keywords like “middle school,” “elementary science,” and “summer camp” point to the
range of educational levels and learning settings where CRT is being explored—from formal K-12
systems to informal science learning environments.

Overall, the word cloud visualization confirms the multidimensionality of CRT research in
science education. It bridges theoretical foundations (e.g., critical race theory, indigenous
knowledge), disciplinary application (e.g., STEM, engineering, computing), and pedagogical
implementation (e.g., teaching practices, professional development). This breadth of focus reinforces
the thematic diversity identified in the co-word network and underscores the growing maturity of
CRT as a cross-cutting research agenda in contemporary science education discourse. In conclusion,
while the thematic landscape demonstrates interdisciplinary richness, critical gaps persist, especially
in integrating emerging topics like artificial intelligence and data science equity into CRT
frameworks. These insights can guide future research priorities and curriculum development
strategies in science education.

3.4. Research Gaps and Underexplored Areas

This subsection identifies critical gaps and less-explored areas within the CRT in science
education research landscape, offering guidance for future scholarly efforts. To identify research
gaps and assess the maturity of thematic developments in the field, a thematic map was generated
(see Fig. 7). The map visualizes clusters of keywords based on their centrality (horizontal axis) and
density (vertical axis), categorizing them into four quadrants: motor themes, niche themes, emerging
or declining themes, and basic themes.
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Fig. 7. Thematic map

Motor themes, located in the upper-right quadrant, are both highly developed and strongly
connected to other themes. This quadrant includes “culturally responsive teaching,” “teaching
practices,” “teachers,” and “computer science education.” These concepts form the intellectual core
of the literature and represent well-established areas with strong scholarly attention and
interconnectivity. Their presence suggests that a significant body of work has already explored
pedagogical strategies and educator perspectives within the CRT and STEM context.
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Basic themes, in the lower-right quadrant, are highly central but exhibit low density, indicating
foundational but underdeveloped topics. Themes such as “science education,” “culturally sustaining
pedagogy,” and “education” fall into this category. While these themes are broadly relevant, the low
density implies that deeper, more nuanced explorations are still limited. This signals an opportunity
for future research to build richer theoretical and empirical work around the application of CRT
specifically within mainstream science curricula and culturally sustaining frameworks.

On the upper-left quadrant, niche themes such as “broadening participation in computing,”
“Intersectionality,” and “computing research” appear. These are highly developed internally but less
connected to the broader field, suggesting that they represent specialized subfields. Though these
topics have depth, they may not yet be widely integrated into the central discourse on CRT in science
education. Nonetheless, their presence indicates potential areas for interdisciplinary expansion,
particularly at the intersection of computing, equity, and inclusion.

The lower-left quadrant reveals emerging or declining themes—those with low centrality and
low density. Terms such as “learning experiences,” “learning systems,” “higher education,” and
“critical pedagogies” are situated here. These may represent newer lines of inquiry that have not yet
gained traction or older topics whose relevance is waning. Particularly, the weak centrality of ““critical
pedagogies” is noteworthy, considering its foundational role in CRT theory. This suggests a need to
revisit and revitalize critical pedagogy discourse within the applied context of science learning.

Another important observation lies in the position of “computer programming” and “data
science,” which are located near the center but remain relatively low in density. These themes may
hold promise as bridging areas between CRT and the rapidly expanding field of digital education but
currently lack cohesive development. In sum, the thematic map reveals a field with several strong
thematic cores but also many peripheral and underdeveloped areas. Future research should aim to:
(1) deepen the theoretical engagement with basic themes like science education and culturally
sustaining pedagogy; (2) bridge niche and core themes by integrating computing equity research with
broader CRT discussions; and (3) strengthen the conceptual grounding of emerging themes like
learning experiences and critical pedagogies through empirical validation and pedagogical design.

These gaps present promising opportunities for scholars to contribute to a more inclusive and
cohesive knowledge landscape on culturally responsive science education. Moreover, these insights
hold practical implications for both educators and policymakers, emphasizing the need to support
interdisciplinary teacher training, foster equitable digital learning environments, and develop
culturally sustaining science curricula that are responsive to local and global contexts. By addressing
these underexplored areas, stakeholders can more effectively implement CRT frameworks that
advance educational equity and inclusivity in diverse science learning settings.

3.5 Summary of Key Findings and Implications

This bibliometric analysis offers a comprehensive overview of global research trends, key
contributors, thematic structures, and research gaps related to culturally responsive teaching (CRT)
in science education. The findings underscore not only the field's conceptual maturity but also reveal
critical gaps that warrant further attention.

From a policy perspective, these insights highlight the importance of promoting globally
inclusive science education frameworks that integrate culturally sustaining pedagogy, particularly in
regions with limited representation in CRT research. Policymakers should prioritize funding and
support for cross-cultural collaboration initiatives and the development of inclusive science curricula.

For teacher training, the results emphasize the necessity of embedding CRT principles into
professional development programs. This includes training science educators to integrate equity-
centered pedagogies, indigenous knowledge systems, and technology-enhanced learning strategies.
Teacher preparation institutions must consider both theoretical frameworks and practical classroom
applications to ensure educators are equipped to navigate diverse learning environments.
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In classroom practice, the identified thematic clusters suggest actionable directions:
incorporating culturally responsive computing into science lessons, integrating critical race theory
and indigenous knowledge into STEM education, and applying CRT approaches beyond traditional
K-12 contexts into informal science learning settings such as summer camps and community
programs.

Additionally, the unexpected concentration of CRT-related research in computer science
education and digital equity—rather than in core science subjects like physics, biology, or
chemistry—suggests a disciplinary imbalance. This finding opens an opportunity for expanding CRT
integration into underrepresented science domains.

In sum, this study not only maps existing research landscapes but also provides clear
implications for educational stakeholders. By addressing identified gaps and leveraging CRT
frameworks, educational systems can advance toward more equitable, inclusive, and culturally
relevant science learning environments globally.

4. Conclusion

This bibliometric study provides a systematic overview of global research trends on culturally
responsive teaching (CRT) in science education. The findings demonstrate increasing scholarly
recognition of CRT’s importance in promoting equity, inclusivity, and cultural relevance, alongside
key challenges such as geographic imbalance and limited integration of emerging technologies.
While CRT has conceptually matured in areas like culturally relevant pedagogy and teacher
development, underexplored topics such as critical pedagogies, culturally sustaining practices, and
equity in data science highlight substantial opportunities for further investigation.

The results also reveal that CRT research remains concentrated in specific regions, particularly
the United States, with notable gaps in representation from the Global South. Additionally, the
thematic structure of the field reflects both interdisciplinary integration and isolated niche areas,
indicating a need to build stronger connections across subfields. These insights underline the
importance of expanding authorship diversity and fostering more inclusive international
collaboration to enrich CRT scholarship globally.

In conclusion, while CRT in science education has achieved conceptual maturity in certain areas,
there remains substantial room for growth in expanding global inclusivity, integrating
interdisciplinary innovations, and deepening theoretical engagement. To translate these insights into
practice, future research should prioritize: (1) empirical studies that explore CRT integration in diverse
cultural and educational contexts, particularly outside the Global North; (2) development of teacher
training models that embed CRT principles within STEM and computing education; and (3) policy
initiatives that promote equitable science education through culturally sustaining curricula and
inclusive digital learning environments. These recommendations are intended to guide scholars,
educators, and policymakers in designing more equitable and culturally sustaining science learning
environments for future generations.
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