
Abstract  This study selects the science 
and technology-themed papers between 
2000 and 2020 from five high-quality 
philosophical journals within the China 
National Knowledge Infrastructure (CNKI) 
database. Through the quantitative and 
visual processing of CiteSpace and the 
analysis of literature content, it is found that 
since the 21st century, the philosophical 
study of science and technology has 
made comprehensive advancements 
in science, technology and humanities, 
science, technology and nature, science, 
technology and society, and the theoretical 
interpretation and discipline construction 
of the philosophy of science and technology. 
Moreover, these advancements have given 
rise to a distinctive Chinese research 
paradigm, forging unique trajectories of 
the discipline and fostering collaborative 
research groups. The philosophical study of 
science and technology is firmly rooted in 
the fabric of real-life experience intricately 
linked to the national context. It has gone 
through the transformation from theoretical 
research to practical exploration, and 
holds both theoretical and practical value. 
Meanwhile, the conceptual boundaries 
of science and technology have 
branched into various fields, 
including information philosophy, 
industry philosophy, and biological 
philosophy, signifying a more 

profound, concrete, extensive, and far-
reaching exploration of the subject.

Keywords  science and technology, 
philosophical study, CiteSpace, visualized 
analysis

The 21st century is witnessing a period of 
rapid advancement in information technology, 
characterized by short cycles, high-speed 
improvements, and extensive scope of sci-tech 
innovations. While this progress has led to 
the creation of both material and intellectual 
wealth, it has also caused considerable 
contradictions between technology and 
human beings, nature, and society, such as 
the alienation of science and technology and 
individuals, the imbalance between natural 
ecology and societal environment, and the 
profound impact of science and technology 
on the humanities or ethics. Considering 
the limitations of science and technology in 
addressing all these challenges associated 
with the pursuit of efficiency, it becomes 
crucial to engage in philosophical reflection 
on science and technology development. 
Such philosophical reflection holds practical 
significance. This research endeavor aspires 
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to comprehensively analyze philosophical 
literature on the philosophy of science 
and technology published in the first two 
decades of the 21st century. By employing 
qualitative, quantitative, and visual analytical 
methods, it aims to discern the present status 
of the philosophical study of science and 
technology, and provide theoretical and 
practical insights that can guide the upward 
development of science and technology.

1 	 Research Objects, Methods, 
and Visualized Analysis

1.1   	 Research Objects and 
Methods

This study selects the science and technology-
themed papers between 2000 and 2020 from 
five high-quality philosophical journals 
within the database of China National 
Knowledge Infrastructure (CNKI): 
Philosophical Research, Philosophical 
Trends, Studies in Natural Dialectics, 
Journal of Dialectics of Nature, and Studies 
in Philosophy of Science and Technology. 
Through a meticulous two-stage screening 
process to exclude materials such as news 
reports, conference summaries, biographies, 
and introductions, 1676 pieces of above 
literature are finally retained for our study.

First, the exported literature data is 
processed using CiteSpace. The utilization 
of CiteSpace aims to present the landscape 
of the research field in the form of scientific 
knowledge mapping, encompassing 
research groups, cutting-edge focal points, 
and evolving trends. Specifically, it focuses 
on three core mappings: The research 

author and institution cooperation network 
mapping, revealing research groups and their 
cooperation status; the keywords time zone 
mapping and keywords clustering timeline 
mapping, which combine the frequency of 
keywords co-occurrence to explore research 
content and trends; keyword emergence charts, 
which in conjunction with keyword clustering 
timeline mapping, identify research focal 
points and frontier issues. Next, building upon 
the foundation of quantitative representation, 
overall and phased dispositions of the research 
field are captured, facilitating a further analysis 
of the content of the literature. Ultimately, 
the overall situation of philosophical study 
of science and technology is presented by 
scientometrics, data visualization, and 
content analysis.

1.2   	 Data Analysis Based on 
CiteSpace Data Visualization

1.2.1	 Statistics and Analysis of Literature 
by Years

The philosophical study of science and 
technology has exhibited a wave-like 
decline in its scholarly output, as shown 
in Figure 1. The period from 2002 to 2007 
marks a zenith of research activity, follows 
by an overall decline, which has, in recent 
years, shown signs of resurgence. This 
diminishing trajectory in the volume of 
literature may give the impression that as 
science and technology progress, there is 
a diminishing emphasis on philosophical 
reflections regarding this field. Actually, 
as science and technology progress toward 
greater specialization and refinement, the 
corresponding philosophical discourse becomes 
more focused and specific. The research 
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objects of genetic engineering, intelligent 
technology, quantum technology, and other 
specific sciences, for instance, may disperse 
within philosophy of biology, philosophy of 
engineering, philosophy of physics.

1.2.2	 Analysis of Research Cooperation 
Network

Based on the analysis of the research 
auther and institution cooperation network 
mapping generated by CiteSpace, most 
researchers in this field tend to explore 
independently. However, two prominent 
groups of researchers stand out. One 
group revolves around the cooperation 
of Professors Xing Runchuan and Guo 
Guichun, and the other group is Professors 
Chen Fan, Zeng Guoping, and Zhang 
Mingguo. The former group’s collaborative 
research primarily occurred during 2000–
2007, while the latter’s collaborative efforts 
spanned two decades, predominantly from 
2000 to 2015. Indeed, the two collaborative 
research groups differ in terms of the 
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Figure 1	 Yearly Distribution of Research Literature on the Philosophy of Science and Technology in China (2000–2020)

duration of their collaboration and the areas 
of research they focus on. Professor Xing 
Runchuan et al. study the history of science 
and technology, delving into the relevant 
aspects of this subject. Professor Guo 
Guichun et al. predominantly contribute to 
the discipline construction of the philosophy 
of science and technology. Professor 
Chen Fan et al. are committed to science, 
technology, and society (STS) research.

The institution cooperation network 
mapping shows the significant number 
of research institutions’ publications and 
cooperation. Notably, the Research Center 
for Philosophy of Science and Technology 
at Shanxi University stands out with a 
substantial publication output. The Center 
has demonstrated an early engagement with 
pertinent issues and established collaborative 
research groups. In addition, several other 
academic institutions have emerged as 
leaders in terms of both publication quantity 
and influence, including the Department 
of Philosophy at Nanjing University, the 
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Research Center for Philosophy of Science 
and Technology at Northeastern University, 
the School of Humanities at the University of 
Chinese Academy of Sciences, the Institute of 
Philosophy of the Chinese Academy of Social 
Sciences, the Center for Science, Technology 
and Society at Tsinghua University, the School 
of Political Science and Administration at 
Wuhan University of Technology, the School of 
Philosophy at Renmin University of China, and 
the School of Philosophy at Fudan University. 
Most research institutions published literature 
primarily before 2010, and since the turn of 
the century, they already demonstrated an 
inclination towards philosophical deliberations 
on science and technology. 

1.2.3	 The Frequency and Clustering 
Analysis of Keywords

To avoid omitting keywords with limited 
occurrences but considerable significance 
in keywords co-occurrence and clustering 
analysis, the CiteSpace threshold parameter 
is adjusted to 200 before running the 
analysis. The S and Q values are greater than 
0.7, indicating meaningful and convincing 
clustering results. Merging keyword nodes 
are necessary to reduce the clutter of the 
analysis. This can be done by combining 
similar keywords such as “science and 
technology,” “ST,” and “sci-tech” into a 
single node, “science and technology.” 
Alternatively, another possible approach 
is to remove nodes with weak relevance. 
Ultimately, the top-clustered keywords 
in descending order are STS, technology, 
philosophers of technology, philosophy 
of science and technology, critical 
hermeneutics, economy, theory of science 
and technology, development thoughts, 

ethics, natural sciences, social technology, 
Westernization Group, social responsibility, 
instrumental rationality, and dialectics 
of nature. According to the information 
presented in Table 1 concerning the 
frequency of keyword occurrence, it becomes 
evident that the philosophical studies of 
science and technology encompass various 
fields. Apart from the high-frequency 
keywords like engineering, humanities, 
communication, history of science and 
technology, production, ethics, and 
Marxist philosophy, several low-frequency 
keywords similarly require investigation, 
such as environmental adaptation, 
ecological civilization, feminism, artificial 
intelligence, and converging technologies.

1.2.4	 Analysis of Research Focus and 
Research Trends

Based on the analysis of keywords co-
occurrence and clustering, we have created 
a comprehensive analysis table (Table 2) 
capturing the emergence of eight-keyword 
phenomena. The majority of the prominent 
keywords made their initial appearance 
within the first decade of the 21st century (see 
Table 2). The scope of the studies is diverse, 
including the relationship between humans 
and science and technology, science 
and technology and society, science and 
technology and nature, the discipline of the 
philosophy of science and technology, and 
the thoughts of major figures. In contrast, 
the subsequent decade primarily accentuates 
science communication and research on the 
dialectics of nature. However, it is worth noting 
that the trajectory of emergence for these two 
keywords is comparatively protracted, with 
the latter showing a continued upward trend.
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Table 1	 Keywords Statistics Themed on Science and Technology in Philosophical Studies (2000–2020)

Keywords Frequency Keywords Frequency Keywords Frequency

Science and 
technology

169
Philosophy of 
engineering

29
Public understanding 

of science
17

Technology 85 Value 28 Man and nature 14

Science 60 Rationality 27 Subjectivity 13

Science and 
humanities

56 Dialectics of nature 26 Alienation 12

Philosophy of 
science and 
technology

47 STS study 24 Philosophy of industry 11

Innovation 40
Philosophy of 

technology
21

Technological 
determinism

11

History of science 
and technology

37 Science communication 21 Scientism 11

Natural sciences 37 Marx 21
Sustainable 

development
11

Sci-tech culture 36
Science and technology 

development
20 Productivity 10

Ethics 34 Scientists 18 Modernization 10

Table 2	 Keywords Emergence Analysis in China’s Philosophical Studies of Science and Technology (2000–2020)

Keywords Year Strength Begin End

Sustainable 
development

2000 3.94 2000 2004

Philosophy of science 
and technology

2000 5.46 2002 2004

Technological 
rationality

2000 3.56 2003 2006

Science and humanities 2000 3.48 2003 2005

Scientific outlook on 
development

2000 4.06 2006 2008

Marx 2000 4.29 2007 2008

Science communication 2000 3.11 2009 2016

Dialectics of nature 2000 4.59 2015 2020
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Based on the keywords time zone 
mapping and keywords clustering timeline 
mapping drawn by CiteSpace, three 
significant characteristics are found in the 
research field. First, the density and sparsity 
of collecting lines and keywords reveal 
that the intensity of discussions is notably 
higher before 2010 than in later periods. 
Second, the timeline’s length signifies the 
enduring nature of diverse research aspects, 
such as the dialectics of nature, ethics, and 
natural sciences. Third, the content of the 
literature demonstrates a gradual shift in 
research focus from theoretical discussion 
of science and technology to practical 
exploration. Taking ethical clustering as an 
example, the research has progressed from 
early explorations of macroscopic concepts 
such as ethics of science and technology, the 
social nature of man, and humanitarianism. 
As time goes on, the research shifts towards 
discussing topics like information ecology 
and converging technologies, and shifts 
in recent years towards ethical research 
within specific technological fields, such as 
artificial intelligence and gene editing.

Based on the software analysis 
results, the philosophical study of science 
and technology includes two distinct 
periods: the period of theoretical research 
(2000–2010) and the period of practical 
exploration (2010–2020). During the 
theoretical research period, the content 
analysis focuses on the intersections of 
science and technology and man, science 
and technology and ethics, and science and 
technology and humanities, and scientific 
and technological innovation. The practical 
exploration period expounds on various 
dimensions, including STS study, science 

communication, technical governance, 
and the dialectics of nature. Since almost 
half of the clustered keywords persist for 
an extended period, there is a connection 
between the two periods. Therefore, a 
comprehensive analysis of specific issues 
necessitates an integrated examination of 
both periods.

2 	 Theoretical Research Period 
in Philosophy of Science and 
Technology (2000–2010)

The philosophical study of science and 
technology has exhibited remarkable vitality 
since the turn of the century, particularly 
within the realm of theoretical research. 
The clustering of multiple keywords around 
2005 indicates the involvement of several 
fields, including the history of science, 
philosophy of engineering, ethics of science 
and technology, and philosophy of science 
and technology, etc. The discussions 
within these fields encompass subjects 
such as subjectivity, humanism, natural 
sciences, scientific culture, and science 
and technology development. This paper 
categorizes these research topics into four 
aspects: reflection on human subjectivity 
and value, science, technology and ethics, 
science, technology and humanities, and 
scientific and technological innovation and 
development. Each aspect will be discussed 
in detail below.

2.1   	 Reflection on Human 
Subjectivity and Value

The prominence of keywords like subjective 
rationality, subjectivity, humanism, and 
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humanized features in these studies reflects 
the ongoing concern of researchers with the 
human aspect of science and technology 
development. The increase in productivity 
and the improvements in the quality of life 
resulting from scientific and technological 
advancements have led to excessive 
veneration, even extending the rationality of 
science into the supreme criterion for human 
behavior. Nevertheless, empirical reality 
has shown that the development of science 
and technology does not always adhere 
to an ideal path. Therefore, individuals 
must reassess the role and significance of 
human beings in the face of the “authority” 
of science and technology. Kong Xianyi 
explicitly highlights the need to shift the 
focus of dialectics of nature from science 
and technology to human beings (Kong 
2000, 1–3). Hong Xiaonan et al. leverage 
the Frankfurt School’s humanitarian values 
of science and technology as an opportunity 
to reassert the value subject position 
of humans in science and technology 
development (Hong and Wang 2017, 100–
106). The exploration of human subjectivity 
partially stems from the reflection upon the 
alienation caused by science and technology, 
and human alienation. Drawing on the 
ideas of Marx and Engels regarding science, 
technology, and culture, Yang Huaizhong 
et al. analyze the inherent conflict between 
the development of modern science and 
technology and “the man’s integrity” as 
well as the essence of the conflict, expound 
upon the integration trend among natural 
sciences, humanities, and social sciences, 
thus resolving the negative issues brought 
about by the development of science and 
technology in the modern society (Yang 

and Cheng 2011, 87–92, 128).
With the development of advanced 

technologies such as intelligent technology, 
digital technology, and genetic technology, 
the domain of human subjectivity reflection 
has transformed. Technology has shifted 
from the alienated existence of humans to 
the symbiotic presence of technology and 
humans. The former type of technology 
operates externally to humans, promoting 
production and daily life through altering 
and optimizing the external environment, 
such as manufacturing and improving tools 
and machines. Human subjectivity might 
be circumscribed or obscured within the 
framework constructed by technology. 
However, in the symbiotic presence of 
technology and humans, technology can 
potentially shape living organisms and 
human beings through internalization. 
The trend of human-machine symbiosis, 
characterized by the intertwining of 
human technicalization and technological 
humanization, has given rise to both self-
transcendent contemplations and the 
philosophical difficulty known as the 
“Theseus Paradox.”

2.2   	 Science, Technology, and 
Ethics

In the discourse on science, technology, 
and ethics, the literature often delves 
into subjective rationality, social 
responsibility, ecological ethics, and ethical 
construction. And when science and 
technology development intersects with 
ethical considerations, it will inevitably 
give rise to interconnected political, 
cultural, and other issues. For instance, 
the controversial technology of human 
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cloning has significant implications for 
human self-identity and personality. Due 
to the complexity and variability during 
the process, the experimental use of high-
tech interventions in the human body 
can also lead to uncertainties and trigger 
crises at both individual and social levels. 
Governments may impose mandatory 
bans on intervention, but the debate of 
freedom and interference between science-
technology and politics is still ongoing 
(Xu 2006, 100–104, 112). Even though the 
legitimacy and rationality surrounding 
intelligent robots remain imperfectly 
defined, genetic sequencing is poised 
to reconfigure the relationship between 
technology and nature. Issues such as 
information pollution and security are 
becoming increasingly pronounced, and it 
is difficult to circumvent the ethical risks 
inherent in these technologies. However, 
scholars and researchers are diligently 
exploring ethical frameworks congruent 
with the trajectory of social development. 
Zhang Mingguo et al. actively construct the 
principles of science and technology ethics 
from a metaphysical perspective, aiming 
to mitigate the risks posed by technology 
through ethical norms (Zhang 2010, 
41–47). Drawing from both Chinese and 
foreign ethical philosophies, Chi Xuefang 
and Tong Zilin have transcended the 
conventional ethical confines of life science 
and technology, actively endeavored to 
construct the Chinese bioethics adapted 
to the reality through a comprehensive 
exploration of traditional and life culture 
(Chi and Tong 2016, 109–115).

The stage-specific characteristics 
of science and technology development 

accompany the inherent contradiction 
between the development of science and 
technology and ethics. In the present 
era, technological body modification is 
becoming increasingly profound, resulting 
in a gradual blurring of the boundaries 
between humans and technology. Moreover, 
the rise of digital existence poses challenges 
to the very survival of biological organisms. 
Beyond merely scrutinizing issues of 
ethical accountability in behavior, there 
is an urgent need for introspection into 
questions concerning the human essence 
and the essence of technology. In summary, 
the study of scientific and technological 
ethics facilitates the reevaluation of 
human conduct, responsibility, and value 
systems within the development of science 
and technology but also serves to foster 
a balanced development of science and 
technology, society, nature, and humanity.

2.3   	 Science, Technology, and 
Humanities

Science and technology possess both applied 
value and humanistic value. The applied 
value usually manifests within a relatively 
short timeframe, further reinforcing its 
practical application. But humanistic value 
accumulates over a certain period through 
the actions of scientific and technological 
workers and the communication of scientific 
knowledge. If applied value extends to all 
fields, there is a risk of losing cultural value 
coordinates. We have found the presence 
of diverse humanistic elements within 
different clusters in the timeline mapping 
drawn by CiteSpace. These elements include 
humanities, humanistic spirit, humanistic 
care, and humanistic culture. Notably, 
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the keyword “science and technology and 
humanities” prominently emerged from 
2003 through 2005, as highlighted in Table 2.  
In academic literature, this is evidenced 
by a fervent advocacy for the integration, 
coordination, and unification of science 
and the humanism spirit. Two primary 
avenues for realization stand out, namely 
the critique of science and technology, and 
the guiding role of the humanism spirit.

The knowledge systems and 
conceptual framework formed during the 
development of science and technology do 
not consistently align with social progress. 
The critique of science and technology holds 
significant relevance within specific temporal 
contexts. Adopting a historical materialist 
perspective, Marx engages in a political-
economic and metaphysical critique of 
technological alienation. Through practical 
engagement, he ultimately pursues the 
realization of human essential life. Marcuse 
posites that various components, such as 
society, politics, economy, and culture, are 
assimilated by industrial society, leading 
to a loss of resistance consciousness and 
conforming to a centralized system under 
the oppression of technological rationality 
and political rationality. Habermas 
identifies the legitimacy of capitalist rule 
lies in technological dominance, with 
individuals’ lifeworld being infringed upon 
by the standardized system, his concept of 
communicative rationality aimes to address 
the predicaments and challenges within this 
pathological society. Heidegger discusses 
the limitations and essential framework 
of modern technologies on individuals 
and societies from the perspective of 
human existence. Even in the 21st century, 

their ideas remain significant, providing 
strong support for integrating science and 
technology with humanities.

In the discourse surrounding the 
role of humanities in guiding science and 
technology development, researchers 
have proposed practical paths from 
diverse perspectives. Meng Jianwei et al. 
review traditional cultural systems like 
Confucianism, Neo-Confucianism, and 
Taoism, aiming to identify the roots of 
inherent conceptual conflicts between 
science and culture, so as to provide 
valuable insights into potential strategies 
to address this conceptual conflict (Meng 
2000, 7–11, 53). Wu Xianwu assertes that 
modern science and technology have 
overlooked the artistic essence present in 
ancient science and technology, advocating 
for the reconstruction of technologically 
advanced systems imbued with humanistic 
qualities, thereby realizing the integration 
of science and technology with humanities 
(Wu 2004, 102–104). Deng Bo et al. explore 
the potential for integrating science and 
culture using the engineering outlook of 
the situated creation action theory (Deng 
and Xu 2005, 48–52). In summary, science, 
technology, and culture are isomorphic 
and indispensable in social life. Meanwhile, 
the value of science and technology cannot 
wholly supplant the intrinsic value of man 
and the world.

2.4   	 Scientific and Technological 
Innovation and Development

Modern science and technology 
innovation involves knowledge innovation, 
technological innovation, and management 
innovation led by modern science and 
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technology. It is a complex emergence 
driven by scientific research, technology 
development, and application innovation 
that support each other and fuel progress 
(Song 2009, 1–6). Science and technology 
development is built upon innovation, 
and innovation performance is at the core 
of this development. These two elements 
work together to promote each other’s 
growth. When examining the clustering of 
the keyword “economy”, the nodes related 
to innovation and science and technology 
development stand out prominently. The 
literature on scientific and technological 
innovation explores the ideas surrounding 
the development of science and technology. 
Studying the approach to this development 
involves seeking breakthroughs in scientific 
and technological innovation. These 
endeavors primarily converge on two main 
types of concerns.

One is the imbalance between 
practical and scientific values in science 
and technology development. A proposed 
path for achieving this balance is through 
innovation and progress. Chen Juan 
et al. believe the perfect mechanism to 
transfer technology can unify the two 
values (Chen and Li 2015, 36–41). Wu 
Yongzhong et al. have transcended the two 
conventional notions regarding the nature 
of technological innovation, analyzed 
the intrinsic mechanism behind science, 
technology, and economy, and proposed 
a paradigm of “systematic constructive 
perspective of technological innovation” 
(Wu and Guan 2002, 32–39, 95). Peng 
Fuyang et al. analyze the essence and 
evolutionary trajectory of technological 
innovation, and posit that technological 

innovation encompasses innovation in 
natural, social, and humanities technology. 
Therefore, they advance the notion of 
ecology technology innovation (Peng et al. 
2006, 60–62). Zhang Xiuhua argues that 
innovative activities are effective, platform-
oriented, and combinatorial, thus falling 
under the engineering paradigm rather 
than technology. In addition, they need to 
take into account the benefits of multiple 
parties, including culture, and ecology 
(Zhang 2003, 39–43). In their research, Li 
Zhaoyou et al. provide a comprehensive 
exposition of the process involving 
the generation and transformation 
of technology and knowledge within 
technological innovation. This encompasses 
the construction of principles and rules, the 
logical evolution of skill composition, the 
selection process of pertinent knowledge, 
and the construction process that meets the 
necessary requirements, all of which need 
to follow the standards of technological 
logic and cultural dimensions (Li and Song 
2010, 24–28).

The other concern is proactively 
exploring practical scientific and 
technological innovation paths from 
various angles, including politics, 
economics, and society. Drawing from 
an analysis of the government’s role in 
promoting scientific and technological 
innovation, Li Tingyong proposes refined 
measures by comparing and learning from 
the innovative experience of other countries 
(Li 2003, 54–57). Fu Liping also argues 
that innovative behavior has gradually 
transitioned into national behavior, 
acknowledging the supportive role of the 
national innovation system in technical 
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innovation (Fu 2002, 65–67, 77). Wang 
Nengneng et al. use the third-generation 
mobile communications standard as 
an example of successful technological 
innovation, conduct actor-network 
analysis, and identify the various factors 
that influence technological innovation 
(Wang et al. 2009, 29–34). In addition to 
having advanced technology, creating a 
cohesion of social participation requires 
constructing the external environment and 
consequent support, including meeting 
the needs of industries and businesses. 
Therefore, a robust innovation system, 
a dynamic market atmosphere, and the 
cultivation of innovative talents all emerge 
as indispensable factors. In 2020, China has 
ranked as an innovation-oriented country, 
progressing steadily from scientific and 
technological innovation to independent 
innovation. As technology advances, its role 
becomes increasingly significant in nations, 
societies, and individual lives, heightening 
the urgency for innovation.

3 	 Practice Exploration Period 
in Philosophy of Science and 
Technology (2010–2020)

Situated on the right-hand side of the 
timeline, the predominant discourse 
after 2010 pertains to practical matters 
involving novel technologies and new 
social developments. For example, rural 
governance within the cluster of STS, 
technological governance in the technology 
cluster, environmental adaptation in the 
philosophy of science and technology 
cluster, artificial intelligence and gene 

editing in the ethics cluster, Chinese 
engineering in the social responsibility 
cluster, and innovation-driven development 
strategy within the cluster of dialectics of 
nature. The specific elaboration of these 
aspects is presented as follows.

3.1   	 Sinicization of STS

STS study revolves around the relationship 
and interactive mechanisms among the 
three elements of science, technology, and 
society. As the largest keywords cluster, the 
STS cluster encompasses multiple research 
directions. In the 1990s, China achieved 
significant breakthroughs in the path 
research on the sinicization of STS. Chen 
Fan and other researchers have detailed the 
modern development path of STS. They 
follow the Marxist and Chinese cultural 
traditions to explore STS’s sinicization (Chen 
and Chen 2013, 37–41). Various researchers 
have divided the evolution paths of STS 
differently. For instance, there are three-
stage theories involving contextualism, 
constructivism, and activism (Wu 2009, 73–
77), and two-stage theories with humanism 
and posthumanism (Cai and Xiao 2011, 
80–85). Despite such differences, all of 
these theories attempt to understand the 
evolution of STS as a whole, and represent 
analyses of the external environment for the 
study of the sinicization of STS.

Studying the sinicization of STS is 
crucial as it has its foundation in a particular 
social context. Each country places varying 
importance on STS study. For instance, 
Japan focuses on exploration within the 
realm of education, while the United States 
follows a “theory-to-application” model. 
Analyzing and comparing well-established 
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theories from other countries contributes 
to broadening research perspectives and 
advancing one’s own endeavors. Scholars 
such as Zhang Mingguo and Chen Fan 
engage in comparative research by 
examining Western and Japanese concepts 
and development in STS. Positioned 
within a global framework, they propel 
the development of Chinese STS research, 
encompassing both discipline construction 
and educational facets (Zhang et al. 2001, 
70–74, 80). China’s engagement with STS 
research spans a considerable period, 
resulting in a substantial body of literature. 
This has engendered a distinct composite 
research approach, primarily encompassing 
the historical, theoretical, and practical 
dimensions of STS. Collaborative research 
groups have also emerged, further 
enhancing China’s influence in this field.

3.2   	 Science Communication and 
Public Participation

From 2009 to 2016, there was a surge in 
research on science communication (see 
Table 2), encompassing themes such as risk 
society, public understanding of science, 
and public engagement in research. The 
public’s understanding and proficiency 
in scientific knowledge not only affect an 
individual’s daily life but also significantly 
affect the functioning of society as a whole 
(Giddens 2011, 126–131). Traditional 
science popularization aimed to address 
the dilemma of collective knowledge 
scarcity, liberating individuals from 
ignorance. In contrast, modern science 
communication seeks to disseminate 
scientific methodologies and mechanisms, 
fostering contemporary scientific concepts 

and ideals. Science communication has 
shifted from science popularization to 
public understanding of science and from 
one-way communication to two-way 
interaction (Li and Liu 2003, 70–74). Zeng 
Guoping et al. have introduced the concept 
of general popular science knowledge, 
which carries a significant meaning. They 
emphasize the necessity of establishing 
a science popularization industry that 
provides a wide range of options for the 
public because science communication and 
popularization have a public nature (Gao 
and Zeng 2013, 62–67). Wu Guosheng et 
al. have conducted a conceptual analysis 
of science communication, delving into its 
historical origins and development phases 
to elucidate the present landscape (Wu 
2016, 1–6).

Science communication and public 
participation in modern society are mutually 
reinforcing. Science and technology also 
have political and social implications. 
Experts with scientific knowledge may 
still face limitations in complex social 
governance. Therefore, the relevant 
discussion focuses on administrative 
democratization so that both experts and 
non-experts can participate in scientific 
and technological decision-making. In 
discussing Habermas’ view of technology, 
Liu Jinchun delves into the discourse on the 
feasibility of achieving democratic dialogues 
among technology, politics, and the public. 
Liu analyzes the features and functions of the 
European consensus conference on public 
participation in scientific affairs, comparing 
domestic and international similarities 
and differences. He notes the consensus 
conference’s limitations to democratic 
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politics and advocates for new methods for 
public understanding of science (Liu 2007, 
84-88). Public participation in decision-
making is not merely an expression of 
public involvement in democratic activities, 
but also a process of realizing science 
communication.

3.3   	 Sustainable Development 
and Technology Governance

The alienation of science and technology 
in the process of development is 
multifaceted. It is not only manifested in 
the confinement of human essence and 
value in the first stage of research but also 
reflected in the conflict between science and 
technology development and the ecological 
environment. Sustainable development 
emerges from this conflict and represents 
the theory and strategy concerning the 
harmonious development of nature, science 
and technology, economy, and society. The 
natural philosophy associated with it is 
also a significant branch of research in the 
philosophy of science and technology. The 
sustainable development node is evident in 
the cluster timeline of natural sciences. It 
has been a subject of extensive discussion 
since the turn of the century. It represents 
a significant focal point within the cluster 
and is closely linked to the subsequent 
outlook of science, ecological ethics, science 
and technology policy, and environmental 
governance. During the 1980s, Meadows et 
al. thoroughly analyzed the issues caused 
by technological advancement in the 
limits-to-growth theory. They highlighted 
population, industrial expansion, pollution, 
food production, and resource consumption 
concerns. While acknowledging the role 

of technological governance as a crucial 
avenue for sustainable development, 
they cautioned against an over-reliance 
on technology development, as excessive 
dependence could undermine effective 
human agency.

When confronted with practical 
issues, individuals hold positive and 
negative attitudes toward science and 
technology. The former exaggerates its 
capabilities, while the latter views it as 
the source of adverse social effects. Eco-
Marxism discusses science and technology 
development through the dialectical 
dimension. It recognizes that the root cause 
of social or environmental issues cannot be 
the development of science and technology. 
Similarly, it is not appropriate to reject 
scientific rationality and advancements in 
science and technology completely. Because 
science and technology are not only 
beneficial tools for human development, but 
also contain economic, cultural, political, 
and other valuable functions. Therefore, it 
can have a positive impact on the natural 
and social environment through the way 
of technological governance. Zhao Cheng 
and Fang Hongzhi believe achieving an 
ecologically oriented mode of production 
through science and technology is feasible. 
Within this framework, they advocate 
using highly efficient and environmentally 
friendly composite technologies with dual 
monitoring functions over production 
and the environment (Zhao and Fang 
2007, 9–12, 110). Wang Fengzhen and Liu 
Youhuan argue that the environmental crisis 
is caused by scientific and technological 
alienation, and the essence of such 
alienation is rooted in human alienation. 
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Hence, addressing the environmental 
crisis requires the elimination of this 
man-made scientific and technological 
alienation. Subsequently, they propose the 
construction of a new humanitarian view 
of science and technology based on a quasi-
philosophical mode of thinking (Wang and 
Liu 2007, 1–3, 25, 110). As we confront the 
adverse impacts of science and technology, 
it is crucial to reflect on and regulate 
human actions, uphold trust in technology 
governance, and ensure a balance between 
the progress of science and technology and 
other aspects of life. Not blind opposition to 
progress, but opposition to blind progress 
(Meadows 1984, 110–116).

3.4   	 Dialectics of Nature and 
Philosophy of Science and 
Technology

For the past 20 years, the keyword 
dialectics of nature has been commonly 
used in academic research. In 2020, 200th 
anniversary of Engels’ birth, this subject 
has once again sparked a surge of research 
interest. Reiterating the theoretical 
viewpoints and development history of the 
dialectic of nature is essential for practical 
applications. Liu Huajie believes that the 
study of human-nature relations should 
be re-emphasized and that the reviving 
of nature history may better deal with 
the contradiction between humans and 
nature (Liu 2020, 11–16). The study of 
the dialectics of nature holds a significant 
place within Marxism and serves as a 
precursor to the philosophy of science and 
technology in China. It employs the theory 
and methodology of dialectical materialism 
to examine the interrelationships between 

the natural world, science and technology, 
and society. The views on nature and the 
theory of science and technology embedded 
within this framework offer valuable 
insights for reference purposes. Pang 
Yuanzheng examines the importance of the 
dialectics of nature for the modernization 
of Marxist philosophy. He elucidates the 
inherent relationship between these two 
aspects from a theoretical standpoint and 
argues the role and impact of the dialectics 
of nature in the progression of history. 
In addition to analyzing the content and 
significance of the dialectics of nature, 
Pang also investigates its dissemination 
and educational practices (Pang 2020, 
3–10). Zhang Mingguo’s research focuses 
on the teaching of dialectics of nature, 
discussing and reflecting on its historical 
development and current dilemmas. His 
research covers various aspects, such as 
discipline construction, teaching methods, 
and teaching content. Zhang argues that 
the teaching of dialectics of nature should 
transition from focusing on teaching 
materials systems to teaching systems, 
from preaching knowledge to resolving 
doubts. Additionally, Zhang highlights 
that educational and teaching research on 
dialectics of nature is evolving. For instance, 
curriculum content addresses technological 
innovation, the cultivation of social 
responsibilities among researchers, and the 
establishment of a disciplinary framework 
within the context of globalization (Zhang 
2016, 122–128).

Compared to developed Western 
countries, China’s development in modern 
science and technology has lagged, and 
its reflection on science and technology is 
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also relatively weak. Additionally, China’s 
philosophy of science and technology has 
a significant historical association with 
the dialectics of nature. Consequently, 
it is imperative to engage in an in-depth 
examination of the philosophy of science 
and technology as a distinct discipline, 
in order to ascertain how it can achieve 
professional advancement. Guo Guichun 
et al. are committed to developing the 
discipline of philosophy of science and 
technology. Through their research, they 
thoroughly clarify and interpret the nature 
and content of this discipline (Guo 2006, 
99–103). Wan Changsong and Bai Yexin, 
among others, explore the research on the 
philosophy of science and technology in the 
Soviet Union. They examine topics such as 
paradigm shifts and historical development 
to shed light on the practical significance 
and challenges faced by this discipline in 
contemporary times (Bai and Chen 2005, 
83–85; Wan and Chen 2002, 41–45). Liu 
Dachun focuses on the historical trajectory 
and practical issues in developing the 
philosophy of science and technology, 
seeking the development direction 
of the modern philosophy of science 
and technology (Liu 2020, 3–11). The 
construction of the discipline of philosophy 
of science and technology holds significant 
importance for academic advancement, 
talent cultivation, technological innovation, 
and other aspects.

4 	 Conclusion

By combining data processing techniques 
and visualized presentation through 

CiteSpace, and content analysis of relevant 
literature, this paper systematically elucidates 
the overall status and development  
shifts in philosophical studies of science and 
technology since the 21st century regarding 
literature volume, content, and research 
groups. The findings can be summarized as 
follows:

First, since the 21st century, 
philosophical studies of science and 
technology have consistently focused 
on the relationship between science and 
technology and humanity, nature, and 
society, and the theoretical elaboration 
and discipline construction within the 
philosophy of science and technology, 
achieving relatively comprehensive 
progress. Particularly noteworthy is the 
emergence of the STS study mode within 
the Chinese context and the development 
trajectory of the discipline of philosophy 
of science and technology. This process has 
witnessed the consolidation of influential 
academic groups, yet there remains a 
potential for stronger collaboration and 
concerted advancement among research 
institutions and individual scholars.

Second, the philosophical study 
of science and technology is known for 
its emphasis on persistence and realism. 
The timeline mapping of keywords 
clustering indicates that most keywords 
clusters have received sustained attention, 
showcasing stage-specific characteristics. 
This field demonstrates an ongoing 
process of embracing emerging knowledge, 
technologies, and ideas, ensuring 
contemporary alignment.

Third, the philosophical study 
of science and technology expands and 
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shifts its focus from theoretical research 
to practical exploration. The philosophical 
study follows the theoretical logic in 
knowledge innovation. However, the 
philosophical study of science and 
technology concurrently encompasses 
theoretical logic because it implicitly 
incorporates the effectiveness of objectives 
in science and technology development. 
As a result, it holds significant dual value 
regarding both theoretical and practical 
implications for its development and social 
progress.

Fourth, the philosophical study 
of science and technology is developing 
toward specificity and diversity. The 
literature volume focusing on the holistic 
concept of science and technology has 

shown a decline in visualization. However, 
this could be attributed to the expansion 
and diversification of this concept across 
various fields. It has consequently evolved 
into a specific object of study dispersed 
across categories such as the philosophy 
of information, industrial philosophy, and 
philosophy of biology. Simultaneously, 
numerous research results have surfaced in 
various journals related to the philosophical 
study of science and technology, displaying 
the in-depth, concrete, extensive, and 
ever-expanding nature of this research 
field, contrary to any notion of decline 
or diminishing interest in philosophical 
studies within the realm of science and 
technology.
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