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Abstract:

The integration of mathematics within STEM education has received
increasing scholarly attention, reflecting its essential role in preparing
students for interdisciplinary problem-solving and global competitiveness.
However, despite its growing significance, limited comprehensive studies
have mapped research patterns, influential contributions, and collaboration
networks in this domain. This study aims to fill that gap through a
bibliometric analysis of publications on the application of mathematics in
STEM education. Data were collected from the Scopus database using
advanced searching techniques with the keywords ‘“mathematics,”
“education,” and “STEM,” covering the period between 2015 and 2025.
After applying inclusion and exclusion criteria, a total of 776 articles were
retrieved. The dataset was subsequently processed and harmonized using
OpenRefine to ensure consistency. Statistical analyses, publication trends,
and citation distributions were examined using the Scopus analyzer, while
VOSviewer software was employed to visualize keyword co-occurrences,
authorship patterns, and international collaboration networks. The findings
reveal a steady increase in research output, peaking in 2024—-2025, with the
United States, Indonesia, and Germany emerging as the most productive
countries. Highly cited articles highlight themes such as word problem-
solving, interdisciplinary STEM integration, and digital innovations in
mathematics education. Keyword analysis identified dominant themes
around “mathematics education,” “STEM education,” “teacher education,”
and emerging topics such as “computational thinking,” “artificial
intelligence,” and “sustainability,” reflecting the field’s evolving priorities.
Co-authorship network analysis further showed strong international
collaboration clustered among developed and emerging economies.
Overall, this study contributes to a deeper understanding of the intellectual
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insights for educators, policymakers, and future researchers.
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Introduction

The integration of mathematics in STEM (Science, Technology, Engineering, and
Mathematics) education is pivotal for developing essential skills such as analytical thinking,
problem-solving, and logical reasoning. Mathematics serves as the foundation upon which the
other STEM disciplines build, providing the necessary tools and frameworks for understanding
complex concepts and solving real-world problems. The application of mathematics in STEM
education not only enhances students’ comprehension of mathematical theories but also
demonstrates its relevance and applicability in various scientific and technological contexts.
This paper explores the multifaceted role of mathematics in STEM education, highlighting its
importance, the challenges faced in its integration, and the innovative strategies employed to
overcome these challenges.

The role of mathematics in STEM education is multifaceted and essential for fostering a
comprehensive understanding of the interconnectedness of these disciplines. Mathematics
education in STEM studies requires students to practice and apply the methods they learn to
ensure accuracy and understanding. The development of high-level mathematical tasks and the
use of automatic assessment systems can support this process, providing meaningful feedback
and enhancing the learning environment (Horvath et al., 2023). Effective teaching strategies,
such as active learning, integration of technology, and problem-based learning, are crucial for
engaging students and deepening their understanding of mathematical concepts (Mierlus-
Mazilu & Yilmaz, 2024). These strategies enable students to visualize abstract ideas, solve

complex problems, and recognize the real-world applications of mathematics in various STEM
fields.

University education plays a significant role in preparing future STEM teachers by developing
their competencies in mathematics and other STEM subjects. The reciprocal connection
between mathematics and STEM is crucial for the development of 21st-century skills, such as
critical thinking, collaboration, and creativity (Galabova, 2022). Integrated curriculum
approaches that highlight mathematics as a key component of STEM education challenge the
notion that mathematics is merely a tool for other disciplines. Instead, they emphasize its
contribution to understanding and practicing other STEM subjects (Anderson & Makar, 2024).
This integrated approach not only enhances students’ mathematical skills but also fosters a
deeper engagement with the subject, igniting a passion for learning and innovation (Eshaq,
2024).

The integration of technology in mathematics instruction is another critical aspect of STEM
education. Technology tools, such as interactive software, graphing calculators, and data
visualization tools, provide dynamic visualizations, simulations, and interactive activities that
enable students to explore multiple representations of mathematical ideas (Mierlus-Mazilu &
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Yilmaz, 2024). These tools support data analysis, graphing, problem-solving, and collaborative
learning experiences, making mathematics more accessible and engaging for students.
Additionally, technology facilitates real-world connections and applications of mathematics,
helping students recognize its relevance in various STEM fields (Mierlus-Mazilu & Yilmaz,
2024).

Despite the benefits of integrating mathematics in STEM education, several challenges remain.
One significant challenge is the need for a more pronounced role of mathematics in
interdisciplinary contexts. Often, mathematics is used as an ancillary discipline in STEM
activities, rather than being explicitly integrated within interdisciplinary contexts (Spreitzer et
al., 2024). This highlights the need for a more comprehensive approach to incorporating
mathematical concepts in STEM education. Furthermore, the preparation of teachers for this
integrated approach is crucial. Teachers must be equipped with the necessary skills and
knowledge to effectively integrate mathematics into STEM education and to create engaging
and meaningful learning experiences for their students (Vaclavikova et al., 2025).

. S
Professional Development Educational-Programs

Teacher Training

Computational Thinking

Interdisciplinary Approaches
STEM Integration
Mathematics in-STEM.Education

Mathematical Thinking

Teaching Methods

Calculus

Real-world Problems

Applications
Mathematical Modelling

Powered by Scopus Al, Fri Oct 03 2025

Figure 1: Concept Map of The Application Of Mathematics In STEM Education
Source: (Scopus Al, Fri Oct 03 2025)

Figure 1 illustrates (4) four major clusters are identified, highlighting the diverse roles of
mathematics within STEM. First, Professional Development emphasizes the need for
educational programs and teacher training that prepare educators to effectively integrate
mathematics into STEM curricula. Second, Interdisciplinary Approaches connect mathematics
with computational thinking and STEM integration, reflecting the trend of embedding
mathematical concepts across disciplines to promote problem-solving and innovation. Third,
Teaching Methods focus on cultivating mathematical thinking and strengthening
understanding in core areas such as calculus, supporting students’ ability to engage critically
with abstract concepts. Finally, Applications underscore the practical relevance of mathematics
through real-world problems and mathematical modelling, bridging theory and practice to
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enhance students’ analytical skills and readiness for industry demands. Collectively, these

clusters reveal that the application of mathematics in STEM contexts is multifaceted, extending

beyond content knowledge to include pedagogy, professional capacity building, and authentic

problem-solving. This reinforces mathematics as a central pillar in STEM education, crucial
for developing 21st-century skills and fostering interdisciplinary collaboration.

In conclusion, the application of mathematics in STEM education is essential for developing
the skills and competencies needed for the 21st-century workforce. By employing effective
teaching strategies, integrating technology, and preparing future STEM teachers, educators can
create a dynamic and engaging learning environment that fosters a deep understanding of
mathematical concepts and their applications in various STEM fields. Addressing the
challenges of integrating mathematics in interdisciplinary contexts and preparing teachers for
this approach will further enhance the effectiveness of STEM education and prepare students
for future STEM pursuits.

Research Question

RQ1: What are the research trends in these studies according to the year of publication?
RQ2: What are the top 10 most cited articles?

RQ3: Where are the top 10 countries based on the number of publications?

RQ4: What are the popular keywords related to the study?

RQ5: What is co-authorship by countries’ collaboration?

Methodology

Bibliometrics is a systematic approach used to collect, organize, and analyze bibliographic data
obtained from scientific publications (Alves et al., 2021; Assyakur & Ros, 2022; Verbeek et
al., 2002). While traditional bibliometric studies often emphasize descriptive statistics such as
identifying core journals, distribution of publication years, and prolific authors (Wu & Wu,
2017), contemporary approaches extend beyond these basics to incorporate advanced
techniques, such as document co-citation analysis, which reveal intellectual structures and
emerging research frontiers. Performing a rigorous literature review, therefore, requires an
iterative and carefully designed process that involves selecting appropriate keywords,
executing comprehensive searches, and performing in-depth analyses. This methodological
rigor facilitates the creation of a comprehensive bibliography and enhances the reliability of
findings (Fahimnia et al., 2015). Accordingly, the present study focused on high-impact
publications, as they provide meaningful insights into the theoretical foundations that underpin
the discipline. Scopus was employed as the principal database for data retrieval to secure data
accuracy (Al-Khoury et al., 2022; di Stefano et al., 2010; Khiste & Paithankar, 2017). To
maintain scholarly rigor, only peer-reviewed journal articles were included, whereas books and
lecture notes were deliberately excluded (Gu et al.,, 2019). Here, the dataset comprised
publications indexed in Elsevier’s Scopus between 2020 to October 2025, thereby offering a
robust foundation for subsequent bibliometric analysis.

Data Search Strategy

For the purpose of this study, bibliometric data were obtained from the Scopus database using
an advanced search strategy to ensure the precision, relevance, and academic rigor of the
dataset. The search string applied was specifically designed to capture research articles focused
on the integration of mathematics education with science, technology, engineering, and
mathematics (STEM). To enhance the quality of the dataset, several inclusion and exclusion
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criteria were applied. Only publications written in English were retained, while non-English
sources were excluded to maintain consistency and ensure broader accessibility. The timeframe
was restricted to 2015— 2025, thereby capturing contemporary and relevant works while
excluding older studies published prior to 2015 (refer to Table 2). Furthermore, the subject area
was limited to Mathematics, ensuring the dataset remained highly focused on the discipline,
and only the document type “article” was included, excluding other forms such as conference
papers, book chapters, or reviews. This methodological approach emphasizes both relevance
and quality, ensuring that only peer-reviewed scholarly contributions are considered. The
search was conducted in October 2025 and yielded a total of 776 articles that met all defined
criteria. This carefully curated dataset provides a comprehensive yet focused foundation for
bibliometric mapping and analysis, offering significant findings with respect to research trends,
thematic developments, and scholarly contributions at the intersection of mathematics
education and STEM over the past decade.

Table 1: The Search String
TITLE ( Mathematics AND Education AND ( sains OR
technology OR engineering OR mathematics ) ) AND
Scopus PUBYEAR > 2014 AND PUBYEAR <2026 AND ( LIMIT-TO
( LANGUAGE , “English”) ) AND ( LIMIT-TO ( SUBJAREA
, “MATH”) ) AND ( LIMIT-TO ( DOCTYPE, “ar”) )

Access date: October 2025

Table 2: The Selection Criterion Is Searching

Criterion Inclusion Exclusion
Language English Non-English
Time line 2015 -2025 <2020
Subject Area Mathematics
Document Type Article
Data Analysis

VOSviewer, established by Nees Jan van Eck and Ludo Waltman at Leiden University,
Netherlands (van Eck & Waltman, 2010, 2017), has established itself as a leading software in
the field of bibliometric analysis. Celebrated for its user-friendly design, the tool has become
widely adopted for visualizing and interpreting scientific literature. Its core strengths lie in
generating intuitive network visualizations, clustering related elements, and constructing
density maps that reveal structural patterns within research landscapes. The versatility of
VOSviewer allows researchers to explore co-citation, co-authorship, and keyword co-
occurrence networks, thereby offering comprehensive insights into scholarly communication
and knowledge evolution.

The software’s interactive interface, complemented by continuous updates, allows for efficient

and dynamic engagement with large and complex datasets. Beyond simple visualization,
VOSviewer incorporates advanced capabilities such as metric computation, customizable
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mapping, and compatibility with a variety of bibliometric data sources. These features

collectively position VOSviewer as an invaluable resource for scholars seeking to navigate,
interpret, and extract meaningful insights from complex research domains.

A defining feature of VOSviewer is its remarkable ability to convert intricate bibliometric
datasets into visually interpretable maps and charts. With an emphasis on network
visualization, the software excels at clustering related items, mapping keyword co-occurrence
patterns, and generating density visualizations. By providing a balance between
methodological rigor and accessibility, VOSviewer serves both novice and expert users,
facilitating an efficient exploration of knowledge structures. Its ongoing development ensures
that the software remains at the forefront of bibliometric analysis, consistently providing
insights through advanced metric computations and flexible visualization techniques. The
versatility of VOSviewer in handling various types of bibliometric data—such as co-
authorship, co-citation, and citation networks—further highlights its significance as a powerful
and indispensable tool for scholarly research.

In this study, datasets containing information such as publication year, title, author names,
journal, citations, and keywords in PlainText format were extracted from the Scopus database,
covering the period from 2015 to October 2025. These datasets were analyzed using
VOSviewer software version 1.6.20, which applied clustering and mapping techniques to
generate bibliometric maps. As an alternative to the Multidimensional Scaling (MDS)
approach, VOSviewer positions items within low-dimensional spaces, where the distance
between any two items represents their degree of relatedness and similarity (van Eck &
Waltman, 2010). While this approach bears methodological similarities to MDS (Appio et al.,
2014), it diverges in its computational design.

In contrast to MDS, which commonly relies on similarity measures such as cosine and Jaccard
indices, VOSviewer utilizes a normalization method that is more appropriate for analyzing co-
occurrence data. Specifically, it applies the association strength AS;;, calculated as (Van Eck
& Waltman, 2007):

JE)

Win

Here, C;; represents the observed number of co-occurrences between items i and j, whereas
w;w; denote their respective weights. The association strength is “proportional to the ratio
between on the one hand the observed number of co-occurrences of i and j and on the other
hand, the expected number of co-occurrences of i and j under the assumption that co-
occurrences of i and j are statistically independent” (Van Eck & Waltman, 2007). By adopting
this refined method, VOSviewer enhances the accuracy of bibliometric mapping, ensuring that
visualizations more faithfully capture the intellectual and thematic structures underpinning
research landscapes.
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Findings

RQI1: What Are The Research Trends In These Studies According To The Year Of
Publication?

Documents by year Scopus

120
100
80

60

Documents

40

20
2015 2016 2017 2018 2018 2020 2021 2022 2023 2024 2025

Year
Copyright © 2025 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

Figure 2: Trends Of Research Based on Year Of Publication.
Source: (Scopus, Fri Oct 03 2025)

The trend of publications on the application of mathematics in STEM education from
2015 to October 2025 shows a steady and significant growth, reflecting the increasing scholarly
attention towards this interdisciplinary field. Beginning with just 26 publications in 2015, the
number of studies gradually rose over the years, reaching 96 by 2021 and peaking at 110 in
2024, before slightly declining to 105 in 2025. This upward trend reflects an increasing
acknowledgment of mathematics as a fundamental component of STEM education and its vital
role in shaping curricula, pedagogy, and research. The consistent increase, particularly from
2019 onwards, suggests an expanding research community and a diversification of themes
related to mathematics in STEM, possibly driven by global educational reforms, technological
advancements, and the integration of digital learning tools.

Several factors may explain this rise in research output. The increasing emphasis on STEM
education by governments and education institutions worldwide has positioned mathematics as
a cornerstone for cultivating problem-solving, analytical, and critical thinking skills essential
for 21st-century careers. The noticeable surge from 2019 to 2024 can also be linked to the
global COVID-19 pandemic, which hastened the integration of digital platforms and prompted
extensive research into innovative teaching methods, online learning, and technology-
enhanced education. Furthermore, funding initiatives and policy frameworks prioritizing
STEM education may have encouraged more scholarly contributions. The slight decrease in
2025 compared to the 2024 peak could indicate a natural stabilization after a period of
heightened activity, reflecting both the maturation of the field and possible saturation of certain
research themes. Overall, the trend highlights mathematics as an indispensable driver of STEM
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education research, underpinning the development of sustainable and future-ready education

RQ2: What Are The Top 10 Most Cited Articles?

Table 3: Most Cited Author

No. Authors Year Source title Cited by
1 Verschaffel et al. 2020 ZDM - International 249
(2020) Journal on Mathematics
Education
2 Maass et al., (2019) 2019 ZDM - International 222
Journal on Mathematics
Education
3 Gravemeijer et al. 2017 International Journal of 205
(2017) Science and Mathematics
Education
4 Stahnke et al.,( 2016) 2016 ZDM - International 204
Journal on Mathematics
Education
5 Borba et al., (2016) 2016 ZDM - International 189
Journal on Mathematics
Education
6 Schukajlow et al., 2017 ZDM - International 138
(2017) Journal on Mathematics
Education
7 Laurens et al. (2018) 2018 Eurasia Journal of 134
Mathematics, Science and
Technology Education
8 Sung et al., (2017) 2017 Technology, Knowledge 123
and Learning
9 Bakker et al. (2021) 2021 Educational Studies in 122
Mathematics
10 Zhong & Xia (2020) 2020 International Journal of 121

Science and Mathematics
Education

Source: (Scopus, Fri Oct 03 2025)

The citation analysis of the top 10 most influential articles in mathematics education within the
STEM context highlights the thematic breadth and evolving priorities of the field. The most
cited paper, Verschaffel et al. (2020) with 249 citations, focuses on word problems in
mathematics education, reflecting the enduring importance of problem-solving as a central
competency in mathematics learning. This is closely followed by Maass et al. (2019) with 222
citations, which emphasizes the function of mathematics in interdisciplinary STEM
education—an area gaining global traction as educational systems increasingly align curricula
with the needs of a technology-driven society. Other frequently cited works, for instance,
Gravemeijer et al. (2017) and Stahnke et al. (2016) with 205 and 204 citations respectively,
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address the broader purpose of mathematics education to equip students for the future and
teachers’ decision-making processes, showing how both learner-focused and educator-focused
perspectives shape the discourse. Collectively, these high-impact works underscore a dual
emphasis on fostering student competencies while supporting effective teaching practices in
STEM-related mathematics education.

IJMOE

The prominence of journals such as ZDM — International Journal on Mathematics Education
and the International Journal of Science and Mathematics Education among these top-cited
articles illustrates their role as leading platforms for disseminating high-impact research.
Themes such as technology integration (Borba et al., 2016; Sung et al., 2017; Zhong & Xia,
2020) and the affective domain in learning (Schukajlow et al., 2017) highlight the growing
recognition of digital transformation and learner motivation as critical dimensions of
mathematics education. The inclusion of Bakker et al. (2021), which investigated future
research directions during the COVID-19 pandemic, demonstrates how global crises accelerate
scholarly reflection and reshape educational priorities. Meanwhile, contributions from regions
outside the traditional Western context, such as Laurens et al. (2018) on realistic mathematics
education in Indonesia, emphasize the globalization of research and the diversification of
perspectives. Overall, these citation patterns reveal a field deeply concerned with balancing
traditional pedagogical challenges with contemporary demands of technology, globalization,
and interdisciplinarity in mathematics education.

RQ3: Where Are The Top 10 Countries Based On The Number Of Publications?

RUSSIA

Number By Publication

| RED]
W
| i

| 51
W a7
|
|}
u e -
| 36 o .
| 30 b T

Created with mapchart.net

Figure 3: Country Mapping Based On the Number Of Publications
Source: (Scopus, Fri Oct 03 2025)

The distribution of publications by country demonstrates notable geographical disparities, with
the United States emerging as the primary contributor, producing 160 documents, far
surpassing other nations. This dominance is unsurprising, as the U.S. has long been at the
forefront of education research and STEM development, supported by extensive funding,
world-class universities, and strong collaborations between academia, industry, and
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government. Following the U.S., Indonesia (62) and Germany (59) represent significant

contributors, indicating the increasing prominence of both Asian and European research

communities in advancing mathematics applications in STEM education. Countries such as

Spain (51) and the United Kingdom (47) also show substantial outputs, reflecting their well-
established academic traditions and commitment to integrating STEM education systems.

The presence of Australia, Canada, South Africa, Norway, and Turkey, each contributing
between 30 and 39 publications, highlights a broader global engagement with this field, albeit
at varying levels of intensity. For emerging contributors such as Indonesia, the strong output
may be attributed to national education reforms, increased government funding in STEM, and
a growing academic emphasis on internationalization and collaboration. In contrast, traditional
research powerhouses in Europe and North America continue to drive scholarly production due
to their established infrastructures and resources. South Africa’s inclusion underscores the
rising importance of STEM education in developing economies, particularly as a pathway for
economic growth and technological advancement. The observed distribution suggests that
while advanced economies dominate in terms of volume, emerging regions are progressively
investing in research capacity, thereby diversifying the global knowledge landscape in
mathematics and STEM education.

RQ4: What Are The Popular Keywords Related To The Study?
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Figure 4: Network Visualization Map Of Keywords’ Co-Occurrence
Source: (Sopus, Fri Oct 03 2025)
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Co-occurrence analysis with respect to author keywords in VOSviewer identifies how
frequently keywords appear together in the same publications, thus mapping relationships and
thematic structures within a research field. In this study, the settings applied included the full
counting method, with a minimum threshold of 5 occurrences. From a total of 1,574 keywords,
120 met this threshold, and applying a minimum cluster size of 5 resulted in the formation of
8 clusters. Each cluster is represented by a distinct color, with node size corresponding to the
frequency of keyword usage. For instance, larger nodes like mathematics education (258
occurrences) and mathematics learning (100 occurrences) indicate central themes, while
smaller nodes, such as critical thinking or curriculum reform, represent more specialized areas.
This visualization allows researchers to see both dominant and emerging trends in mathematics
education research.

The clustering reveals meaningful thematic groupings in the field. For example, clusters may
capture themes such as mathematics learning processes, teacher education, equity in education,
integration of technology, sustainability, and specialized approaches like realistic mathematics
education or computational thinking. The color-coded clusters suggest that the research body
is not monolithic but consists of interconnected subfields, each contributing distinct insights.
These findings enrich the body of knowledge by highlighting research hotspots, gaps, and
interdisciplinary intersections—for example, the integration of mathematics education with
climate change, sustainability, and artificial intelligence. Such insights guide future research
directions, policymaking, and curriculum development, ensuring that mathematics education
evolves in response to contemporary educational and societal challenges.

RQ5: What Are Co-Authorship By Countries’ Collaboration?

vietham
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Figure 5: Network Visualization Map Of Co-Authorship By Countries
Source: (VOSviewer, Fri Oct 03 2025)
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Co-authorship analysis by countries in VOSviewer maps international collaboration patterns
by identifying how often authors from different countries publish together. It reflects the
strength of research partnerships and the global interconnectedness of scientific production. In
this case, the analysis used the full counting method, with a minimum threshold of 5
publications. Out of 88 countries, 39 met the threshold, and with a minimum cluster size of 5,
eight clusters were generated. These clusters reveal groups of countries that collaborate more
frequently with each other, while node size indicates publication volume, and links shows co-
authorship ties. For example, the United States (158 publications, 2619 citations) dominates
the network, connecting with multiple countries, while Germany (59 publications, 1644
citations) and Indonesia (61 publications, 638 citations) also play significant roles in building
regional and global collaboration networks.

The findings add to the literature by highlighting both research powerhouses and emerging
contributors in global collaboration on mathematics education and related fields. Countries like
the United States, Germany, and Australia lead as central hubs of research cooperation, while
nations such as Indonesia, South Africa, and Spain demonstrate strong regional partnerships
that expand the inclusivity of knowledge production. The clustering of countries into eight
groups shows the importance of international collaboration in advancing research impact, as
countries working together often achieve higher visibility and citation counts. These insights
emphasize the need for fostering cross-border partnerships, supporting developing countries’
research capacity, and strengthening networks that integrate diverse perspectives, which in turn
enrich the global knowledge base and drive innovation in education research.

Conclusion

This study aimed to examine the application of mathematics in STEM education through a
bibliometric lens, with the objective of mapping publication trends, identifying influential
works, highlighting leading countries, analyzing keyword distributions, and exploring
international research collaborations. The analysis sought to answer key questions regarding
the growth of research output, the most cited contributions, geographical research productivity,
prominent thematic areas, and global authorship patterns.

The findings revealed a consistent upward trajectory of publications between 2015 and 2025,
demonstrating the increasing significance of mathematics as a core element in STEM
education. Highly cited articles emphasized problem-solving, interdisciplinary integration, and
the role of digital tools in transforming mathematics pedagogy. The United States emerged as
the most productive country, followed by Indonesia and Germany, reflecting both established
research leadership and the growing contributions of emerging regions. Keyword analysis
highlighted mathematics education, STEM education, and teacher education as central themes,
with newer topics such as computational thinking, artificial intelligence, and sustainability
indicating evolving research priorities. Co-authorship analysis confirmed strong global
collaborations, with networks clustered across both advanced and developing economies.

The study adds to the field by providing a comprehensive overview of intellectual structures,
thematic developments, and global research networks, thereby providing a reference point for
future investigations. These insights may inform the design of curricula, teaching practices,
and policy initiatives aimed at strengthening mathematics education within STEM contexts.
Limitations of this analysis include reliance on a single database and a focus restricted to
articles, which may not include related literature like conference proceedings and book
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chapters. Future research could broaden the scope by integrating multiple databases, applying
advanced bibliometric techniques, and exploring thematic evolutions across broader
timeframes.

Overall, this study underscores the value of bibliometric analysis in clarifying knowledge
structures and tracking the evolution of research in mathematics-focused STEM education.
Mapping global trends and collaborations, it provides a foundation for informed decision-
making by educators, policymakers, and researchers, while highlighting the necessity of
sustained international cooperation to advance the field.
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