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The rapid development of technologies such as the Internet, 5G technology, and
artificial intelligence has not only changed the form of education, but also made the
advantages of STEM education, which aims to cultivate innovation and problem-solving
abilities, increasingly apparent. Through the literature published in core journals in the field
of STEM education in China, we can glimpse the current research status, research issues,
and development trends in the field of STEM education in China. This not only has great
significance for the development of STEM education research in China, but also provides
some supplementary research data for international STEM education. The bibliometric
method was used to analyze the overall trend, high-frequency word distribution, and
clustering of the literature from 2012 to 2025 in the CNKI database of Peking University
core and CSSCI journals as data sources, and to construct a knowledge map with the
visualization advantage of CiteSpace tool to examine the current situation, hot topics and
development trend of STEM education research in China. The results show that, based on
the Internet and artificial intelligence, the number of STEM education research in China has
been steadily increasing in general, and the hot topics cover three aspects: STEM education
philosophy and education policy, STEM curriculum design and STEM literacy, and the
emerging research frontiers cover curriculum design, but the cooperation network of
research scholars and research institutions is scattered and the depth of research needs to be
strengthened.

STEM Education, Interdisciplinary Literacy, Innovation Awareness, STEM
Curriculum, CiteSpace.

As an internationally recognised form of interdisciplinary education, STEM education is becoming
increasingly evident for its interdisciplinary problem-solving capabilities. With the rapid
development of technologies such as the Internet, 5G technology and artificial intelligence, STEM
education is also an opportunity for collaborative human-machine teaching [1]. STEM education
originated in the United States and has been developed over the past 30 years. It has gradually
become a strategic choice for countries around the world to implement new changes in education in
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the 21st century [2-3]. With the global spread of STEM education, China has also made use of the
opportunity of innovation and entrepreneurship to make STEM education flourish, and has made
great progress in terms of theoretical research, educational application practices and related science
and technology policies [4-5], although there are also problems and challenges. This study takes
advantage of the bibliometric method to visualise and measure the literature in a specific field. The
aim is to track and analyse the research trends and directions of STEM education in China, explore
and find the frontiers of research, in order to provide some reference for further research and
localised practical application of STEM education in China. In addition, it reveals the current
research status and research hotspots of STEM education in China, as well as forward-looking
recommendations, with a view to providing data references for international STEM education.

2. Data sources and study design
2.1. Data sources

In order to ensure the authority of the literature and the reliability of the data sources, the Peking
University core journals and CSSCI journals in China Knowledge Network (CNKI) were used as the
data sources for this study. In addition, in order to ensure the comprehensiveness of the literature, we
searched the literature with “STEM education” or “STEAM education” as the theme, title and
keywords, and searched the literature collected from January 1, 2012 to August 19, 2025(because
the research on STEM education in China started to develop after 2012(China Academy of
Educational Sciences, 2012) [4], so the search The study was based on these 1011 Chinese
literatures. This study uses these 1011 Chinese literature as the research sample to conduct
bibliometric statistics and visual analysis of STEM education research in China based on the
Internet and artificial intelligence.

2.2. Research methodology and tools

CiteSpace is a visual analysis tool developed by Professor Chao-Mei Chen, a Chinese-American
scholar at Drexel University in the USA, which combines the principles of co-citation analysis and
pathfinding network algorithms [6-7] to present the evolution of knowledge domains in a It is
designed to represent the evolution of the knowledge domain on a network map, and to characterise
the research hotspots and frontiers in a co-occurrence knowledge map [8]. In view of this, this study
uses CiteSpace (version 6.3.R1) to create a visual knowledge map to collate and analyse research
results on STEM education in China, with a view to revealing the current status, hot spots and
development trends of STEM education research in China in a more objective manner.

3. The general state of STEM education research
3.1. Distribution of the number of STEM education research papers

The number of research papers published can present the evolution and development of research
results in the research field, revealing the trends and hotness of the field.
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Figure 1. Distribution of annual publication volume from 2012 to 2025

The statistics of the 1011 valid papers collected according to time distribution (Figure 1) reveal
that: the year 2019 is the watershed year for STEM education research, and the number of studies
from 2012 to 2019 shows a steady upward trend. From 2015 to 2019, STEM education research
explodes, research content deepens, and STEM education receives increasing attention from
scholars; from 2020 to 2025, although the number of publications is weak, even with the incomplete
number of publications in 2025, the average annual volume of literature in this period reaches 90.
This indicates that STEM education research in China has entered a phase of rapid development and
is becoming a hot spot for scholars.

3.2. Analysis of the number of core author publications and collaborative networks

The development of STEM education research cannot be achieved without a core of researchers
with a significant number of publications and scholarly research capabilities, so core authors need to
be examined in terms of indicators such as author publications and author collaboration analysis.
According to Price’s law and Locat’s law, the core authors can be identified by M=0.749v/Nnax
(N,,. is the number of articles by the most prolific authors), the minimum number of articles by core
authors in STEM education research in China from 2012 to 2025 is calculated as three. The most
prolific author is Yuan Lei, and the top six core authors are presented: Yuan Lei(16 articles), Song
Naiqing (15 articles), Zhao Huichen (13 articles), Zhong Bochang (11 articles), Song Yi(8 articles),
Ye Zhaoning (8 articles), Gao Xin (8 articles), Li Gang (8 articles). It can be seen that they are the
high-output scholars in the field of STEM education in China, and they have made pioneering
attempts in the pre-research work on STEM education in China.

Using CiteSpace (Author module) to analyse the collaboration of posting authors and plotting to
form an author collaboration network map (Figure 2), the distribution and collaboration of core
authors in STEM education can be obtained. In terms of author collaboration networks, eight
research teams have basically formed in the field of STEM education research in China. These
research teams are mostly colleagues from the same institution, with less inter-institutional and
interdisciplinary collaboration. There are also many independent authors outside the core authors,
some of whom have collaborated on a single occasion, but the collaborations are fragmented and do
not form a team.
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Figure 2. Mapping of the collaborative network of study authors
(Note: the brighter the colour and the thicker the line, the more collaborative the study author.)
4. Hot topics in STEM education research

Knowing the research hotspots and research themes of a research field can plan future research
directions. Therefore, through the analysis of keyword word frequency and co-occurrence clustering
analysis, the hot topics of STEM education research in China can be further explored [9].
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Figure 3. STEM education research topic word co-occurrence mapping
4.1. Keyword word frequency and co-occurrence analysis

Keywords are a high level summary of the research topic of an article, and with the help of keyword
word frequency analysis, the research hotspots and development trends of the research field can be
obtained. CiteSpace (Keyword module) was used to analyse the keyword frequency statistics, with
the annual interval of 2012-2025, the density between nodes was 0.014. The top 24 most frequent
keywords were extracted according to their frequency, forming Hot topic words in the field of
STEM education research in China from 2012 to 2025, plotted to form a co-occurrence map of
research topic words (Figure 3).

It can be seen that the current research in this field is mainly focused on STEM education,
involving the research of STEM, science education, artificial intelligence, steam education,
interdisciplinary, design thinking and other branches in the United States.
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After word frequency and co-occurrence analysis of keywords to obtain hot topics, clustering
analysis can be performed to obtain research hotspots in STEM education. Keyword clustering was
performed in CiteSpace and the effect of the clustering map was judged by the module value Q and
the average profile value S' based on the network structure and the clarity of the clusters. After
selecting pathfinder analysis, only the top 10 clustering labels were retained to improve the
readability of the map, which was drawn to form a clustering map of STEM education research
(Figure 4). The clustering atlas showed that the Q value = 0.5172>0.3, indicating a significant
delineated association structure, and the S value = 0.8659>0.7, indicating that the clustering was
efficient and convincing. The STEM education cluster mapping therefore delineates associations
with significant structure and good clustering, and is able to reveal development hotspots from the
overall characteristics of STEM education research.
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Figure 4. STEM education clustering mapping

In Figure 4, the ten main clusters are: #0 stem education, #lscience education, #2 steam
education, #3 maker education, #4 stem curriculum, #5 instructional design, #6 deep learning, #7
teaching model, #8 USA, and #9 key competencies. By organizing the cluster information (Table 1),
it can be found that “stem education” is the largest cluster, which indicates that stem education
research embodies the STEM education concept. The clusters with the highest cluster efficiency are
“key competencies”,“USA”,“stem education” and “stem curriculum”. As can be seen from Table 1,
most of the clusters were born in 2016-2018 and 2019-2020, which correspond to two “active
periods” of STEM education research in China, during which the research scope gradually gathered
and research results began to be abundant.

Using the clustering information aggregation function provided by CiteSpace and the content of
the clustered class clusters, the 10 main keywords can be clustered into three major hot topics of
STEM education research. The three hot themes cover focus on STEM education philosophy and
education policy (#0 stem education, #2 steam education, #8 USA), focus on curriculum design (#1
science education, #3 maker education, #4 stem curriculum, #5 instructional design, #6 deep
learning, #7 teaching model), and focus on STEM literacy (#9 key competencies).
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Table 1. Keyword clustering summary table

Subject Number  Cluster Number Cluster Name Silhouette Degree  Clustering Size ~ Average year
#0 stem education 0.928 61 2018
| #2 steam education 0.64 32 2019
#8 USA 0.942 11 2015
#1 science education 0.897 33 2018
#3 maker education 0.899 27 2016
#4 stem curriculum 0.925 26 2017
g #5 instructional design 0.815 24 2019
#6 deep learning 0.819 15 2018
#7 teaching model 0.91 12 2019
3 #9 key competencies 0.997 4 2020

With the time variable as the horizontal axis and the cluster name and number as the vertical axis,
CiteSpace can be plotted into a cluster timeline mapping, showing the historical trajectory and time
span of each cluster theme, which provides a reference for us to study the evolutionary path of each
theme [10]. Based on the keyword timeline mapping, the research on STEM education in China
from 2012-2023 can be divided into three phases:

Phase 1: The beginning of STEM education research (2012-2014). The number of STEM
education research literature in this phase is relatively small, involving fewer subject terms and
clusters, mainly related to STEM education, the United States, technology education and science
education, and other subject terms and clusters have not yet been generated. The relevant articles
mainly focus on topics such as STEM education philosophy, STEM education in the US and
changes in education policies, which are positive guides for subsequent STEM education research.

Phase 2: The development period of STEM education research (2015-2019). The number of
STEM education research literature in this stage has grown explosively compared to the nascent
stage, involving more subject terms and clusters, and most high-frequency subject terms have been
revealed in this stage. Relevant articles mainly focus on creative education, creative spaces,
interdisciplinarity, project-based learning, artificial intelligence, computational thinking, core
literacy and curriculum design, which have an important leading role in subsequent STEM
education research.

Phase 3: The consolidation period of STEM education research (2019-2025). The number of
STEM education research literature in this phase decreases compared to the previous phase but the
average annual number of publications is still high, and new themes emerge from the existing
themes, such as integration, deep learning, knowledge construction, innovation ability, knowledge
graph,and learning progression.

This study based on the Internet The current situation, hot topics and development trends of STEM
education research in China were discussed based on the Internet and artificial intelligence, and the
following conclusions can be obtained:
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First, in terms of the overall research trend, the wide range of sources of research papers
published in journals and the high number of papers indicate that STEM education research in China
is currently showing rapid development, with a new research high in 2019. It is evident that Chinese
STEM education research is gradually maturing, and the future STEM education research fever will
also be in a period of academic prosperity.

Secondly, from the co-occurrence map of core authors and research institutions, a core author
research team has basically been formed for STEM education research in China, but the density of
author and research institution cooperation network is low and the cooperation network is relatively
scattered, indicating the lack of academic links between research authors and between research
institutions. Teacher training colleges and universities are currently the main site of STEM education
research, but further strengthening of the integration of theory and practice is needed.

Thirdly, from the keyword co-occurrence mapping, the more frequent subject terms are “stem
education”, “steam education”, “United States”, “science education”, “maker education”, and “key
competencies”, etc. Based on the keyword cluster analysis mapping, the three hot topics of STEM
education research in China are sorted out: STEM education philosophy and education policy,
STEM curriculum design and STEM literacy.

Fourth, the keyword timeline mapping and keyword emergence mapping reveal the development
trend of STEM education research in China, and can be categorised into the starting period (2012-
2016), the development period (2016-2019) and the consolidation period (2019 -2025). In addition,
the analysis of timeline mapping and keyword emergence mapping summarises the next frontier
directions of STEM education research development for reference in the next relevant research.

Against the backdrop of the "Double Reduction" policy, China has entered a new era of educational
reform and quality-oriented education. Leveraging STEM education to further enhance students'
awareness of innovative thinking and their literacy in solving interdisciplinary problems is also an
effective way to promote educational reform.

First, we should continue to focus on the specific practices of STEM education in China,
summarize the beneficial experiences gained in the process of STEM education practice, extract the
"local experiences" in the implementation of STEM education, and enrich the theoretical research on
STEM education. It is worthy of great attention from the academic community and researchers to
integrate the concept of STEM education into basic education teaching and even higher education,
which serves as the source of basic education teachers.

Second, attention should be paid to the integration of STEM literacy and the design of STEM
courses. Currently, in basic education, STEM concepts are mainly integrated into science courses.
However, STEM is inherently interdisciplinary. Therefore, it is suggested that the STEM education
curriculum be reconstructed in basic education.

Third, it is necessary to strengthen interdisciplinary collaboration and cooperative research
among institutions. STEM education involves the interdisciplinary integration of Science,
Technology, Engineering, Mathematics and other disciplines. It is recommended that researchers
with different disciplinary backgrounds form research teams to enhance cooperation and
communication. In addition, with the continuous advancement of STEM education practice, the
implementation of specific STEM education practices requires researchers who have a good
command of both disciplinary knowledge and STEM concepts. Therefore, it is suggested to
strengthen the exchange and cooperation between scholars with different disciplinary backgrounds
and different institutions to jointly promote the development of STEM education research.
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