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Abstract

Innovation is widely recognized as a critical driver of socio-economic
development, drawing sustained attention from both scholars and poli-
cymakers. Yet despite extensive research, a systematic and comparative
understanding of how innovation studies have evolved across time and
space remains limited. This study employs a bottom-up strategy using
topic modeling to trace the thematic evolution of innovation research
over the past several decades. Through a comparative analysis of China,
Germany, and the US, it uncovers divergent topic trajectories and
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shifting patterns of scholarly attention. Particular emphasis is placed on
China as a rapidly emerging contributor to global innovation scholar-
ship. The findings not only provide new insights into the global land-
scape of innovation studies but also shed light on China’s efforts to
strengthen its international academic discourse power—demonstrating
both the opportunities and challenges of translating rising research
capacity into globally influential knowledge production.

1. Introduction

Innovation has long been emphasized by governments worldwide owing
to its significant contribution to economic development.' Beyond
economic gains, innovation has shaped societal well-being, improving
living standards and addressing social issues,” though its environmental
impact has been complex, with both detrimental and sustainable
outcomes observed. Currently, innovation is increasingly recognized as a
key determinant of national competitiveness.

Given its significance, innovation research has attracted much atten-
tion from scholars and researchers, particularly those from developed
countries who have historically led this field. Consequently, a substantial
body of innovation research has emerged from these countries.’ In recent
decades, many emerging economies, such as China, have gradually
bolstered their innovative capabilities,* resulting in a proliferation of
innovation studies. This contributes to a wider range of innovation
research scenarios.

Extant research on innovation provides valuable insights into
multiple dimensions of the field. At the conceptual level, scholars have
distinguished among various types of innovation, and characterized them
as radical innovation, incremental innovation, open innovation, or
product innovation.” Sector-specific studies have explored how innova-
tion unfolds in manufacturing, services, healthcare, and the public sector,
each embedded in distinct technological and institutional environments.’
Organizational-level research has focused on internal drivers such as
management practices, absorptive capacity, and dynamic capabilities.”
Meanwhile, policy-oriented studies have addressed how national and
regional innovation systems, industrial policies, and institutional arrange-
ments shape innovation trajectories.® Structural models such as the Triple
Helix have provided a meso-level framework to analyze the institutional
architecture of innovation systems.” In practice, the measurement of
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innovation has also become a dedicated subfield, driven by the need to
quantify innovation inputs, processes, and outputs. Patent data has
emerged as a widely used proxy for innovation output, valued for its
granularity, availability, and international comparability."

Despite this growing body of work, relatively few studies have
systematically examined how the field of innovation research itself has
evolved across time and national contexts." In particular, there is a lack
of comparative analysis that traces how national systems, varying in
development stages, institutional structures, and governance logics, shape
the thematic and structural focus of innovation research."

Against this backdrop and to address the gaps, we propose the
following research question: how has innovation research evolved across time
and space? To answer this question, we conduct a data-driven comparative
analysis of innovation-related publications sourced from Elsevier-Scopus,
one of the most comprehensive and widely used academic databases."” We
apply a bottom-up topic modeling approach using Python, a programming
language well-suited for extensive data analysis," enabling us to identify
major research topics, track their temporal evolution, and compare the
research trajectories across different countries.

Drawing from 217,240 publications, this study reveals several inter-
esting findings. In terms of the overall publication trend, there has been a
noteworthy surge since 2000. The US has been the leader in publishing
innovation-related research. Other countries, such as the UK, China, and
Germany, have also exhibited extraordinary performance. Importantly,
China is the only emerging countries among the top ten countries in this
field. In China, the pursuit of innovation has been closely intertwined
with national strategies. Since the enactment of the National Middle and
Long-Term Program for Science and Technology Development 2006—
2020, indigenous innovation has been elevated as a central policy objec-
tive."” This strategy not only aims at reducing reliance on foreign
technologies but also at fostering an indigenous knowledge system. Such
efforts are not confined to technological upgrading and also seek to
establish the intellectual foundations through which China can partici-
pate in, and eventually reshape, global academic discourse.

Moreover, based on topic modeling techniques, we identify 24 main
topics in this research field, which have experienced significant changes
over time. Furthermore, we calculate the specialization index to gain
deeper insights into the varied focuses of China, Germany, and the US in
the innovation field. We choose these three countries because they span
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the structural diversity of national innovation systems across develop-
ment stages and institutional logics, while ensuring a manageable scope
for conducting a longitudinal, topic-level comparison. In addition, this is
where science and innovation policy might take effect as these are
national innovation systems. Europe or the EU member countries as a
group might be a suitable comparative to the US and China in terms of
the number of publications, but the EU science and innovation policy,
mainly reflected by the Framework Programs, play a minor role in
national science and innovation capabilities. Hence, we focus on three
countries that might differ in terms of population or paper outputs, but
which are an appropriate level of comparison in terms of policy action
and its implications. Besides, the US represents a market-oriented inno-
vation system with deep venture capital markets and university-industry
linkages; Germany captures a coordinated, industry-embedded innova-
tion system grounded in advanced manufacturing and institutional
collaboration; and China provides the perspective of a rapidly developing,
state-steered innovation system that has undergone a significant scale-up
in innovation capacity over the past two decades. Examining these two
advanced economies with contrasting institutional arrangements along-
side a representative emerging economy enables us to investigate how
development stage (advanced vs. emerging) and governance logic
(market-oriented vs. coordinated vs. state-steered) shape the scenarios of
innovation research. Methodologically, limiting the in-depth comparison
to three structurally distinct cases ensures consistent comparisons over
time and enables more nuanced explanations than a broader but less
detailed multi-country approach, while we still report global baselines to
situate these countries against world-level trends.

As China has tried to demonstrate its academic discourse power in
this field over the past several years, we pay particular attention to its
focus across different topics. The results show an overall convergence
across topics: the relative prominence of individual themes is becoming
more balanced, even though trajectories differ. For instance, interest in
knowledge management has gradually declined, while topics like sector
studies, finance, fintech, Al, digitalization, and service innovation exhibit
a rise—fall-stabilization pattern, with other topics changing more steadily.
This pattern points to a broader and more even knowledge portfolio.
However, when shifting from volume and scope to quality, a different
picture emerges: compared with the US and Germany, China still has a
smaller share of publications in top-tier journals. This gap indicates that
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China’s expanding output and topical breadth have not yet been fully
translated into agenda-setting capacity, i.e., consolidated academic
discourse power.

The structure of this article is as follows. A review of innovation
research development is provided in Section 2. Section 3 outlines the
data and research method employed. In Section 4, the analysis and main
results of innovation research across time and space are presented.
Section 5 discusses and concludes the findings and contributions of this
study. Future research avenues are also identified in this section.

2. Literature Review

Innovation research, as a distinct discipline, has a relatively short history,
spanning only about 50-60 years. Early publications, for example by
Schumpeter, Bush, and Arrow, laid the foundation for innovation
research and innovation economics.'® Despite its short history, this disci-
pline has undergone a rapid evolutionary process, leading to what inno-
vation research is today. This section aims to describe this evolution and
analyze its current status.

Schumpeter’s theories on innovation and innovation processes
provided a conceptual framework for subsequent research. During and
after the Second World War, the focus shifted toward understanding the
science systems, public research, and their contribution to technological
and economic progress.”” Bush’s linear model was instrumental in illus-
trating the connection between scientific research and technological
development. This period also saw the introduction of the first Frascati
Manual by the OECD," which defines R&D and its measurement. It is
motivated by a need for standardization of data collection and compara-
bility of R&D activities, particularly in assessing Europe’s scientific and
innovative backlog relative to the USA."”

Along with the evolution, the concept of innovation systems emerged
in the 1980s, with scholars like Freeman, Lundvall, Dosi, Nelson, and
Winter leading the way.”® This concept evolved further in the 1990s with
the development of the National Innovation Systems (NIS).*' The under-
standing of innovation processes in firms also began to take shape
around this era, represented by the work of Teece and Pisano.?* The 1990s
saw significant advancements in this area, such as the implementation of
national innovation surveys in many countries. The famous CDM
(Crepon-Duguet-Mairesse) model that suggested an innovation
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production function at the firm level also falls into this era.” The publi-
cation of the first Oslo Manual in 1992 further defined innovation and its
measurement.”

The systematic application of innovation theory and research became
more prominent mainly in the 1990s, and continues to be an important
scientific input, both from economics as well as management, into policy
making of industrialized countries. Moving to the 2000s, innovation
research expanded to include more aspects. Researchers began to empha-
size the role of open innovation, as illustrated by Chesbrough,” which
highlights the role of external sources of innovation. Around this era, the
emergence of innovation ecosystems also became a key focus. This
concept extended the idea of innovation systems to include more interde-
pendent innovation actors, such as suppliers and complementors.*

Entering the 2010s, digital transformation has reshaped the innova-
tion research scenario. The role of data-driven and digital innovation
became particularly prominent.”” In recent years, sustainable-related
innovation has garnered significant attention. Researchers have investi-
gated how firms can integrate sustainability into their innovation
processes to address global challenges such as climate change and
resource scarcity.” Moreover, international business-relevant innovation
is another emerging topic in recent years owing to the development of
multinational firms and the rise of geopolitical issues.”’

Along with the evolution of this research field, the main research
topics have also undergone significant changes. While existing studies
have provided insights into the rise and decline of specific topics, there is
still a lack of a comprehensive and fine-grained analysis that simultane-
ously captures the topic-level evolution and cross-national differences in
innovation research. In particular, we know little about how different
national innovation systems, development stages, and institutional logics
have contributed to or diverged in their research priorities over time.
This article addresses this gap by mapping the thematic structure of inno-
vation research and comparing its evolution across time and space.

3. Data and Research Method

a. Data retrieval of Innovation Research

Data from Elsevier’s Scopus database was used for our analysis. Scopus
provides information on articles in more than 23,000 journals and over
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210,000 books and book chapters.”® It combines more than 77 million
publication records from 1970 onwards and has around 16 million author
profiles. It includes journals from the fields of natural sciences, tech-
nology, and medicine, and also social sciences and humanities. This
database has been widely used by scholars from varied fields to imple-
ment bibliometric analysis.”

The first step is to identify publications in the innovation research
field. For this purpose, all publications in Scopus were searched with
“*innovation*” in the title, abstract and keywords, without further restric-
tion. A total of 462,873 publications were identified initially. In the
second step, the publications were limited to the following Scopus fields:
“Social Science”, “Economics, Econometrics and Finance”, and “Business,
Management and Accounting”. This reduced the number of publications
to 217,240. Based on these publications, a dataset was created containing
the following information: Scopus ID, publication year, abstract, title,
authors, keywords, and the involved countries. This data set was used for
further analysis.

b. Research Method

During the analysis, we adopt a bottom-up strategy using the Python
language to identify the main topics in this research field through topic
modeling. Topic modeling is a fundamental technique in text analysis,
facilitating the discovery of latent thematic structures within large textual
datasets.” Over time, topic modeling has evolved from traditional proba-
bilistic methods, such as Latent Dirichlet Allocation (LDA), to advanced
neural network-based techniques. This shift to neural models has
substantially improved the analysis of complex and large datasets by
enhancing the model’s ability to capture nuanced thematic distinctions.”
Such capability is enabled by the use of embeddings, and more recently
for Bidirectional Encoder Representations from Transformers (BERT),
introduced by Google in 2018 for pre-training language representations.”
The core innovation of BERT is its use of bidirectional training of Trans-
former, a type of attention mechanism that learns contextual relations
between words (or sub-words) in a text. Unlike previous models that
would train on text in a left-to-right or right-to-left manner, BERT
processes each word in the context of all other words in a sentence,
which allows it to capture a much richer understanding of language
context and nuance.
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Leveraging the Sentence-BERT (SBERT) framework,” a new topic
modeling implementation was developed, BERTopic, which includes a
class-specific variant of TF-IDF embedding input text into high-dimen-
sional vectors.” TF-IDF is a statistical measure that evaluates how
relevant a word is to a document in a corpus, based on its frequency
within a specific document (Term Frequency) and across all documents
(Inverse Document Frequency).” The TF-IDF measure is essential in
identifying terms that are important within individual documents and yet
distinctive in the broader corpus, effectively highlighting the key terms
within each topic. The ¢-TF-IDF variant extends this by weighting terms
based on their occurrence across classes or groups, such as different
topics, to better capture topic-specific features.

In BERTopic, embeddings generated by SBERT undergo dimension-
ality reduction before a clustering algorithm groups them, organizing
texts with similar features into semantically coherent topics. The final
step involves calculating c-TF-IDF values for each topic, enabling the
extraction of significant terms specific to each group.” The steps
employed by BERTopic, as seen in Figure 1 are numbered as: 1) Embed-
dings (SBERT); 2) Dimensionality reduction using UMAP (uniform
manifold approximation and projection); 3) Clustering using K-means; 4)
Count-Vectorizer and 5) cTF-IDE

Regarding the data used in our research, we extracted papers’
abstracts from Scopus Elsevier database, as previously described.
Compared with the title and keywords, a paper’s abstract provides not
only a more comprehensive information about the research but also a
larger context window for the SBERT, which benefits the subsequent
semantic proximity through the embeddings.

The topic modeling framework comprises three models: 1) Unsuper-
vised topic modeling, 2) Dynamic Topic Modeling and 3) Class-based
Topic Modeling. Initially, BERTopic is applied to the data without consid-
ering its temporal dimension, creating a foundational topic model. As for
the parameters, we used the “all-MiniLM-L6-v2” for generating the
embeddings,” the CountVectorizer considering n-grams of 1 and 2 words
and English stop words,” and K-means as the clustering method.
K-means produces a more balanced distribution among topics compared
to BERTopic’s default HDBSCAN,* which is suitable here as the corpus
is clean and focused on innovation studies. By using this method, we set
an initial number of topics to 50 that were manually reduced to 24, by
merging similar topics.
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Next, with a curated list of 24 topics, we proceed to the second
model, implementing a Dynamic Topic Modeling, in order to assess how
the topic evolves over time by generating a unique c-TF-IDF representa-
tion for each topic at different timestamps, thus forming a time series.
Lastly, a class-based approach was implemented, where each country is a
class, allowing a country-specific analysis. The whole retrieval and
analysis process is depicted in Figure 1.

Figure 1: Topic Modeling Framework

>
S

Elsevier
Scopus

N
. N
BERTopic E—
Papers N
in the innovation field 1 N
5-cTF-IDF
4-CountVectorizer
II:% —> 3-K-means > ’Il i
2-UMAP 2 Dynamic
Papers' abstracts Clustered Topic Modeling
1-SBERT Topics

.

3 Topics per
country

Source: Authors’ editing.

4. Analysis and Results

a. Descriptive Analysis

The overall publication trend in innovation research is presented in
Figure 2. It reveals that innovation research has experienced a rapid
increase over the past two decades, growing from 1,519 in 2000 to
16,277 journal articles in 2022.*2 This phenomenon can be attributed to
the heightened recognition of the governments, managers, and scholars
of innovation in promoting socio-economic development.”’ In addition,
an analysis of the top ten countries publishing the most papers in this
field indicates that the US, the UK, China, Germany, Spain, Italy,
Australia, the Netherlands, France, and Canada have contributed signif-
icantly to the development of innovation research. Authors of affilia-
tions from these countries have contributed to more than 70 percent of
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the worldwide papers per year.* Between 2010 and 2022, the average
growth rate of papers in innovation research in the Scopus database is
about 11 percent. China’s average growth rate is at an annual rate of
almost 29 percent. Second to China is Italy (14.8 percent). The publica-
tions of France, Australia, and Spain are growing at the global average,
while Germany, the UK and the Netherlands are growing below
average, with Canada (6.5 percent) and the USA (5.5 percent) well
below. Notably, among these countries, China is the only developing
country and, at the same time, exhibits the highest growth rate over
time.

China’s notable achievements in this field can be ascribed to several
factors. Many government policies, investments, and incentives have been
enacted to promote innovation, with the aim of transitioning China into
an innovation-driven country.” These initiatives have also attracted
substantial attention among scholars. The government subsidy and tax
deduction for innovation in some key technological areas such as semi-
conductors and renewable energy provide much evidence for this aspect,
with many studies examining the effectiveness of these policies.*
Moreover, the competitive landscape also significantly propels innovation
development in China. With the establishment of a large number of firms
over recent decades, competition is becoming increasingly fierce. This
competition is not confined to domestic markets but also extends inter-
nationally, where many Chinese firms have deployed their businesses
overseas. Highly competitive pressure not only spurs commercial innova-
tions but also stimulates academic research aimed at improving firms’
innovation capability. Additionally, from the scholars’ side, the number of
publications and the achievement of high-impact outcomes in Chinese
universities and research institutions are vital criteria for researchers and
scholars to pursue career advancement and apply for more research
funding.” This incentive drives them to produce more papers in a short
time, despite which may not contribute to the industrial and social devel-
opment. Some other factors may also contribute to the innovation devel-
opment in China, thus the advancement of innovation research, such as
the intellectual property rights reforms, increased global collaboration,
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and improved market environment.

Figure 2: Publication Trend of Innovation Research Worldwide of Top Ten Countries
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Source: Elsevier-Scopus (www.scopus.com); Fraunhofer ISI calculations.

b. Topic Analysis Results of Innovation Research

To analyze the main innovation research scenarios, the following proce-
dures are employed. First, we use the topic modeling technique previ-
ously mentioned to aggregate and synthesize the keywords across
publications and select the top 50 categories. Second, we conceptualize
these categories into research topics based on our understanding and
interpretation of the associated keywords. For instance, the category that
includes keywords like “energy, policy, climate, renewable” is labelled as
the “transition studies and green innovation” topic. Third, some topics
that are peripheral to the social science domain, such as library sciences
and education, are excluded. Finally, 24 topics are identified as shown in
Table 1.

Table 1: Main Topics in the Innovation Research Field

Abbreviation

Topic Topi .
opic Topic name topic name

Representative keywords

-, . “environmental”, “green”, “energy”
Transition studies and « menta’, & >, Cuerey »
1 reen innovation 1-TSGI innovation”, “sustainable”, “development”,
& “sustainability”, “policy”, “economic”

. “tourism”, “innovation”, “new”, “industry”,
2 Sector studies 2-SS > » «

“development”, “innovations”, “construction”

(Continued on next page)
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Abbreviation

Topic Topi .
opic Topic name topic name

Representative keywords

Innovation policy, “innovation”, “growth”, “economic”, “R&D”,
» « » « » «

3 entrepreneurship, and  3-IPEG “firms”, “countries”, “policy”, “technological”,
growth “development”, “technology”

Innovation management “innovation”, “management”, “performance”,

4 . 4-IMM “product”, “process”, “firms”, “business”,
- miscellaneous “hew”
PR N »
. . . regional”, “innovation”, “urban”,
Regional innovation and « » o o 3  »
5 . 5-RIUS development”, “regions”, “cities”, “city”,
urban studies « » o« » « . »
knowledge”, “smart”, “economic
Innovation management- “innovation”, “open”, “open innovation”,
6 Open innovation and 6-IMO “knowledge”, “network”, “firms”, “networks”,
innovation networks “performance”
« T e« o« »
financial”, “innovation”, “banking”, “firms
Finance, fintech, and « e e« » & »
7 , ? 7-FFA banks”, “blockchain”, “market”, “corporate”,
accounting “capital”

“health”, “care”, “healthcare”, “medical”,
8 Health and health care ~ 8-HHC “innovation”, “health care”, “patients”,
“social”, “innovations”

“food”, “agricultural”, “farmers”, “agriculture”
Rural and development ) 28 ? > 38 ’

9 studies 9-RDS “rural”, “innovation”, “production”,
“development”, “innovations”
Innovation management- “innovation”, “leadership”, “team”,
10 Teams, employees,and ~ 10-IMT “organizational”, “creativity”, “employees”,
leadership “culture”, “management”
Innovation management- “patent”, “patents”, “property”, “intellectual
11 intellectual property 11-IMIPR property”, “intellectual”, “innovation”, “firms”,
rights (IPR) “protection”, “rights”, “IP”
S “adoption”, “diffusion”, “innovation”
Consumer and diffusion SCOPLOT > » »’
12 studies 12-CDS model”, “consumers”, “technology”,
“mobile”, “consumer”
. social”, “public”, “social innovation
Social, cultural, and « » PUDTC, SOME » @ 1»
13 . . . 13-SCP innovation”, “policy”, “sector”, “local”,
public sector innovation « i n o« . »
development”, “new”, “public sector
Cultural. historic. and “cultural”, “new”, “innovations”, “social”,
14 S ’. 14-CHIS “religious”, “early”, “century”, “heritage”,
institutional studies “history”
“knowledge”, “innovation”, “management”,
15 Innovation management- | 5.IMK “knowledge management”, “capital”,

Knowledge management “organizational”, “performance”, “study”,
“km”, “learning”

development”, “innovation”, “economic”,

16 Country studies 16-CS “China”, “regional”, “efficiency”, “Russian”,
“economy”, “regions”

(Continued on next page)
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Abbreviation

Topic Topi .
opic Topic name topic name

Representative keywords

science”, “innovation”, “technology”,
» o« »«

17 Technology studies 17-TS “scientific”, “foresight”, “nanotechnology”,
“development”, “new”, “RRI”

Innovation management-
18 SMEs and family 18-IMS
businesses

“innovation”, “firms”, “family”, “SMEs”,
“small”, “business”, “R&D”, “firm”

“firms”, “innovation”, “export”,
« . » g

international”, “foreign”,
“internationalization”, “R&D”, “performance”,

“EDI”, “global”

Innovation management-
19 International 19-IMIM
management

» ¢

“data”, “information”, “digital”,

e “cloud”,
Digitalization, AI, and » »

20 20-DAIB “innovation”, “big”, “big data”, “technology”,

big data .
8 “AI”, “internet”
“universities”, “university”, “innovation”,
21 University industry 21-UIC “transfer”, “knowledge”, “technology”,
collaboration “academic”, “technology transfer”,
“development”
. “business”, “digital”, “business model”,
Innovation management- « » e o »
» Business model 22-IMB model”, “innovation”, “logistics”, “industry”,

“research”, “model innovation”,

innovation « . »
transformation

P o« .o« .
service”, “innovation”, “customer”, “service
23 Service innovation 23-SI innovation”, “value”, “services”, “brand”,

» o«

“marketing”, “customers”

design”, “gender”, “innovation”, “women”,

24 Gender and innovation ~ 24-GI “design thinking”, “thinking”, “diversity”,
“female”

Source: Elsevier-Scopus; Fraunhofer ISI calculations.

To further investigate the differences between the 24 topics, we calculate
the percentage of publications in each topic. As depicted in Figure 3, the
topic of transition studies and green innovation has garnered substantial
attention among scholars worldwide. The increasing awareness of envi-
ronmental issues among governments, consumers, and firms has high-
lighted the importance of green innovation, which offer opportunities to
mitigate these environmental challenges.” This also attracts much atten-
tion among scholars who aim to promote the development of green inno-
vation. Moreover, relevant policies and regulations also contribute to the
vast number of academic outcomes in this topic. As governments world-
wide have enacted various initiatives to promote sustainability, firms are
compelled to carry out more green innovative activities.”” Research in
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this area is thereby stimulated to either help firms foster green innovation
or evaluate the effectiveness of relevant government initiatives.

Figure 3: Shares of the 24 Topics in the World™
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Source: Elsevier-Scopus (www.scopus.com); Fraunhofer ISI calculations.

To investigate the evolution of these topics over time, we calculate the
compound annual growth rate of each topic. As depicted in Table 2,
between 2000 and 2022, the global landscape of this research field has
seen significant shifts, particularly in the increasing prominence of
certain topics, such as gender and innovation, innovation policy, entre-
preneurship, and growth, as well as international management-related
innovation. The increased focus on gender and innovation reflects a
growing societal emphasis on gender equality and diversity, triggering
more interest among researchers in the role of women in innovation
processes. Additionally, the proliferation of female entrepreneurs and
supportive policies in the past two decades worldwide has further cata-
lyzed research in this area.”’ The importance of innovation policy and
entrepreneurship has been underscored by the pursuit of economic
growth and competitiveness improvement in the increasingly competitive
global environment. This shift has attracted more attention from scholars
in this field. Moreover, the rise of multinational firms and geopolitical
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issues has amplified the relevance of international innovation
management,” necessitating a deeper understanding of international
innovation mechanisms.

In comparison, some topics have experienced a notable decline, such
as consumer and diffusion studies, intellectual property rights (IPR)-related
innovation management, and cultural, historic, and institutional studies.
The role of consumers in innovation has already been widely acknowl-
edged and investigated many years ago, associated with lots of academic
outcomes,” which can explain the decline in this research field in the
current era. Besides, this phenomenon can also be attributed to the stra-
tegic shift in research focus towards broader innovation ecosystems
encompassing multiple innovation players, such as suppliers and comple-
mentors.> Moreover, the increasing complexity of privacy regulations has
also hindered data collection on consumer behaviors, further contrib-
uting to this decline. Similarly, research on IPR within innovation
management has diminished as intellectual property frameworks have
stabilized gradually, reducing the interests of researchers in investigating
IPR-related questions. Besides, the rapid pace of technological advance-
ment has rendered the effectiveness of traditional IP protection, making
it less attractive. Cultural, historic, and institutional studies have also seen
decreased attention. This could be driven by the need for research that
offers direct economic and social benefits in the current competitive
global environment.

Table 2: The Percentage of Each Topic in the Innovation Field over Time

Compound Annual
Growth Rate

Abbreviation topic Percentage in 2000 Percentage in 2022

name
1-TSGI 10.52% 9.05% -0.68%
2-S§ 7.79% 7.74% -0.03%
3-IPEG 5.16% 6.29% 0.91%
4-IMM 5.36% 5.99% 0.51%
5-RIUS 5.16% 5.22% 0.05%
6-IMO 5.06% 4.50% -0.52%
7-FFA 4.04% 4.33% 0.31%
8-HHC 3.03% 3.51% 0.67%
9-RDS 3.34% 3.72% 0.50%
10-IMT 3.13% 3.65% 0.70%
11-IMIPR 2.83% 2.28% -0.98%

(Continued on next page)
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Abbrew::;i::n topic Percentage in 2000 Percentage in 2022 Conélsg‘l:tll:i I‘?;Iemal
12-CDS 3.24% 2.37% -1.40%
13-SCP 2.33% 2.44% 0.22%
14-CHIS 2.83% 2.42% -0.71%
15-IMK 2.12% 2.35% 0.46%

16-CS 2.53% 2.52% -0.01%
17-TS 1.62% 1.85% 0.62%
18-IMS 2.12% 2.23% 0.23%
19-IMIM 1.72% 2.08% 0.88%
20-DAIB 2.22% 1.98% -0.53%
21-UIC 2.12% 1.96% -0.37%
22-IMB 1.62% 1.79% 0.45%
23-SI 1.72% 1.52% -0.56%
24-GI 0.61% 1.03% 2.41%

Source: Elsevier-Scopus (www.scopus.com); Fraunhofer ISI calculations.

Among the 24 topics identified, we also analyze the percentage of publi-
cations from China, Germany, and the US. Figure 4 indicates that the US
has produced a substantial body of publications across these topics. Many
factors account for this phenomenon, such as an institutional environ-
ment favorable for innovation research, substantial investment in research
and development (R&D), a prime destination for global talent, and exten-
sive networks or clusters for implementing innovation studies.”

Figure 4: Country Shares of the 24 Topics (China, Germany, and the US) over Time
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Source: Elsevier-Scopus (www.scopus.com); Fraunhofer ISI calculations.

To gain deeper insights into the varied focuses of different countries in
innovation research, we calculate the specialization index (revealed litera-
ture advantage, RLA), which is commonly used to measure the degree of
specialization within a specific area or activity in a region, industry, or
economic sector.”® In our research, it demonstrates how a country’s tech-
nological and scientific profile is relatively more strongly (or weakly)
focused compared to the world average. It naturally changes with adjust-
ments in either the numerator or the denominator, reflecting shifts in
relative positions rather than absolute activity. While this mathematical
structure may yield counterintuitive outcomes under certain conditions,
empirical analyses suggest that such cases would require unrealistically
large-scale changes.”” Accordingly, in this study, the RLA remains a
suitable and informative tool. It is calculated as follows:

Publ”- . z}PublU
RLA” = 100tanh (lﬂ [(21 Publ”) - (Z” Publij

It is the share of a field j in country i over the share of that particular
field j in the world. After meaningful transformations, positive values
indicate that a field has a higher weight in a country’s profile than it has
in the profile of the world (specialization). Negative values indicate minor
roles in the profiles accordingly.

The comparison of the specialization indices in China, Germany, and
the US is presented in Figure 5. It is evident that in China, national inno-
vation studies (16-CS), transition studies and green innovation (1-TSGI),
and international management research (19-IMIM) are the most popular
research fields. In terms of national innovation studies, China has been
trying to position itself as a leader in global innovation, which triggers
more research on this topic. Besides, China has also implemented
numerous S&T (science and technology) and innovation policies to
realize this goal, which significantly promotes relevant research to explore
the trajectories and effectiveness of such initiatives.”® The focus on
sustainable development in China has prioritized the field of transition
and green innovation, reflected in its substantial investments in renew-
able energy technologies and several policies aimed at reducing carbon
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emissions and promoting sustainability.”” International management is
another focus area, driven by China’s increasingly significant role in the
global market and integration into the global value chain. Besides,
ongoing international turbulence and geopolitical uncertainties, which
exert signiﬁcant influences on innovative actors, also spur more research
in this field.

In Germany, business model innovation (22-IMB), open innovation
and innovation networks (6-IMO), and technology studies (17-TS) have
received considerable attention. The strong industrial base and digital
transformation strategies, such as Industry 4.0, contribute to the develop-
ment of business model innovation.” Implementing open innovation and
establishing innovation networks are core efforts in Germany, in which
the collaboration between universities, research institutions, and indus-
tries is much emphasized. The Fraunhofer Institutes, for example, epito-
mize this approach by facilitating the flow of advanced technologies and
cutting-edge know-how between academia and industry.” The historical
strength in engineering and technical disciplines in Germany and the
focus on applied research provide a solid foundation for advancing tech-
nology studies.

In the US, health and health care innovation (8-HHC), knowledge
management and IPR research (11-IMIPR), and consumer and diffusion
studies (12-CDS) have garnered significant attention among researchers.
The US healthcare is one of the most advanced and well-funded indus-
tries, driven by both public and private investments, such as investments
from the National Institutes of Health (NIH).®* This further advances
innovation research to meet the complex healthcare needs. Knowledge
management and IPR research are also popular in the US. This can be
partly attributed to its robust IPR framework. Protecting patents, trade-
marks, and copyrights to ensure that innovators can reap the benefits of
their outcomes is much emphasized in the US, attracting researchers to
analyze the IPR-related innovation.”” The focus on consumer and innova-
tion diffusion studies can be attributed to the emphasis of US firms on
market and consumers’ needs and feedback, by which they can update
their products and provide more relevant services.”

An overview of the innovation research portfolios of the top ten coun-
tries (France, Australia, Canada, China, Germany, Spain, the UK, Italy, the
Netherlands, and the US) is provided in Appendix Al. These leading
countries also show distinctive specialization patterns. For instance, the
Netherlands record strong specialization in technology studies and rural
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and development studies. The UK focuses more on health care, social,
cultural, and public sector innovation. Southern European countries, such
as Spain and Italy, display marked specialization in regional innovation
and urban studies. France demonstrates strength in rural, institutional,
and technology studies, while Australia shows notable emphasis on sector
studies. Canada puts more emphasis on health and health care, as well as
social, cultural, and public sector innovation. Overall, these profiles
demonstrate the pluralistic evolution of innovation research portfolios
across different countries.

Figure 5: Specialization Index of China, Germany, and the US in Innovation Research
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Source: Elsevier-Scopus (www.scopus.com); Fraunhofer ISI calculations.

As China is the only developing country in the top ten countries that
have published most innovation research papers, we pay more attention
to the changing landscapes of China’s innovation research. As depicted
in Figure 6, over the past two decades, the overall trend of China’s
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specialization index in various innovation research themes has tended to
flatten, although specific topics have presented varied evolutionary trajec-
tories. This trend can be attributed to several reasons. First, as China’s
innovation system matures, national innovation policies and resource
allocation have become more balanced, with support distributed more
evenly across a wider range of sectors, leading to a more uniform focus
across different research areas. Second, as research in many fields has
reached an advanced stage, the marginal returns on research outputs have
diminished, resulting in a more stable level of research focuses. Third, the
increasing convergence and integration across multiple fields have blurred
the boundaries between different areas.” Such convergence may also
reduce the differences in focuses among researchers, contributing to the
flattening trend.

Delving deeper into the evolutionary trajectories of specific topics,
we find that sector studies (2-SS) and innovation management-knowl-
edge management (15-IMK) have shown a steady decline, but still hold
the most attention over the past 20 years, marking one of the most signif-
icant trends in China’s innovation research. In the early eras, sector
studies gained significant attention as innovation models and develop-
ment strategies across various industries were essential for China’s
economic transformation at that time. However, as industry boundaries
blur and technological innovations accelerate, research priorities begin to
shift towards other fields. Similarly, in the early 2000s, knowledge
management has been a dominant field, reflecting the need to system-
atize knowledge creation, sharing, and utilization during China’s rapid
industrial and technological development.®® However, as knowledge
management practices become deeply integrated into social realities, this
field gradually loses its prominence, as it reaches a point where most
foundational issues have been explored. This further leads to a declining
focus among scholars. Despite their decline in research prominence,
these two topics remain crucial as they have established foundational
frameworks that continue to support evolving research in the whole
innovation landscape. For instance, knowledge management has laid the
groundwork for areas like consumer innovation and open innovation,
where systematic knowledge creation and sharing are vital for driving
collaborative and user-centered innovation approaches.®”’

Besides, the index reveals that cultural, historic, and institutional
studies (14-CHIS), consumer and diffusion studies (12-CDS), and gender
and innovation (24-GI) have shown significant fluctuations. The high
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variability in cultural, historic, and institutional studies reflects China’s
dynamic balance between modernization and cultural preservation, where
changing policy directions and shifting priorities have periodically elevated
or reduced focus on these areas.” This also leads to the changing focuses
among researchers. Consumer and diffusion studies, on the other hand, are
particularly sensitive to technological change and shifts in consumer
behavior.” As new technologies and digital platforms rapidly reshape
consumer landscapes, this field experiences frequent surges and dips
aligned with cycles of innovation and stabilization. In a similar vein, gender
and innovation research also shows substantial fluctuation, closely tied to
broader social and policy movements around gender equality. Interest in
this field has been driven by ongoing efforts to address gender disparities.

Other research topics in China have exhibited relatively stable
changes over the past two decades. These topics are less directly influ-
enced by short-term policy shifts or rapid technological development,
and thus progress occurs more incrementally.

Figure 6: Specialization Index of China in Innovation Research
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Source: Elsevier-Scopus (www.scopus.com); Fraunhofer ISI calculations.

To complement the specialization index, which primarily captures the
quantity of publications, we further assess the relative publication quality
across the 24 main topics for the three countries. While acknowledging
the limitations of proxies, we adopt the percentage of publications in top-
ranked journals as an approximate indicator of research quality. Specifi-
cally, we use the VHB-JOURQUAL 3 journal ranking list, which evaluates
journal reputation across business and management disciplines, to
identify top-tier outlets.”” We then divide the top journal publication
count by the total publication count of each country on the 24 main
topics to calculate the percentage of top journal publications. This allows
for a comparative approximation of publication quality across national
innovation research profiles.
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As indicated in Figure 7, Germany has a better record of top
journal publications than the US, and China lags behind both,
suggesting that its academic discourse power remains constrained in
terms of global agenda-setting influence. The differences between
Germany and the US can be attributed to several reasons. One signifi-
cant factor is Germany’s membership in the EU, which provides
researchers in Germany with ample opportunities to collaborate with
scholars from different countries, disciplines, and academic back-
grounds across Europe.”! This engagement can trigger more innovative
ideas and thus high-quality outcomes in the innovation field. Addition-
ally, some EU-funded programs, such as Horizon Europe, significantly
promote international cooperation and fund large-scale, multidisci-
plinary research projects.”” This enables German researchers to establish
extensive collaborative networks with experts from diverse fields and
regions, fostering a free environment where innovative ideas can
flourish, thus leading to more high-quality papers.

For China’s comparatively lower proportion of top journal publica-
tions, one main underlying reason is the emphasis on quantitative eval-
uation criteria in academia, which prioritizes the quantity of
publications over the quality.”® For instance, the “up-or-out” system in
many Chinese universities compels scholars to publish a sufficient
number of papers within a short period to retain their positions or gain
promotions. As a result, scholars may focus on publishing more
frequently in lower or mid-tier journals, which can be achieved more
quickly, rather than dedicating time to research that would meet the
standards of top journals.

Another factor is the structure of project funding applications,
where applicants are often required to demonstrate a substantial publi-
cation record to increase their competitiveness. Since securing project
funding, especially from the National Natural Science Foundation of
China, is essential for career development and maintaining research
momentum, scholars are incentivized to focus on producing a high
volume of research outputs to enhance their prospects of obtaining
these fundings. This requirement diverts researchers’ time and
resources from high-impact studies that could contribute to publica-
tions in top journals.

Finally, the emphasis on quantity rather than the quality in China is
also reinforced at the institutional level, where universities are evaluated
based on their overall publication counts in national and provincial
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rankings. While quality is also a key factor, a high overall publication
volume can significantly enhance a university’s ranking in many systems.
This triggers more institutions to encourage scholars and researchers to
produce as many papers as possible, ultimately shifting their focus away
from producing high-quality work.

Notably, there has been a slight increase since 2018, which aligns
with China’s recent assessment reforms. In 2018 the General Offices
of the CPC Central Committee and the State Council issued the “Three
Evaluations” reform to curb “only papers, titles, degrees, and projects”
tendencies and to establish field-specific criteria. In 2020, the
Ministry of Education and the Ministry of Science and Technology
further regulated the use of SCI-related indicators, banning their
over-reliance and encouraging qualitative peer review and representa-
tive-work evaluation.”* Results following the reforms indicate that
improvements have been made, but the extent and consistency of
implementation remain to be further explored. Therefore, our
findings should be interpreted as reflecting the developments that led
to these reforms as well as the initial stage of these reforms rather
than their complete realization.

Beyond the three focal countries, several other advanced econo-
mies also display high proportions of top journal publications. The
Netherlands stands out, reaching as high as 38 percent in 2005, far
exceeding the levels of the three focal countries. France and Italy also
show strong performance, with maxima around 30 percent (2002,
2005, 2008 and 2009 for France, 2001 and 2005 for Italy). The UK’s
share has been relatively stable, fluctuating between 18 percent and 27
percent, while Australia exhibits more variation, from a low of 14
percent in 2011 to a peak of 27 percent in 2008. At the world level, the
share of publication quality outcomes has remained stable, averaging
about 16 percent. The lowest point was around 15 percent in 2004,
while the highest was around 18 percent in 2008. Compared with
countries such as Germany (peaking at 37 percent in 2010) or the
Netherlands (38 percent in 2005), the global average appears consider-
ably lower. This indicates that, while the field of innovation research
has expanded worldwide, research excellence remains concentrated in
a handful of advanced economies.
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Figure 7: The Quality of Publications
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Source: Elsevier-Scopus (www.scopus.com); Fraunhofer ISI calculations.

5. Discussion and Conclusion

Innovation is increasingly intertwined with socio-economic development.
Gaining a comprehensive overview of innovation research is of particular
importance. Although existing studies have provided many insights into this
area, a comprehensive overview, especially regarding its evolution and
comparison across time and space still lacks. Based on a systematic analysis
of 217,240 innovation-related publications retrieved from Elsevier-Scopus,
this study provides several interesting findings. One of the main findings
indicates that innovation has garnered significant attention since 2000,
leading to a surge in research outcomes. Besides, the US is in the leading
position in this research field, followed by the UK, China, and Germany. By
resorting to the topic modeling techniques, we identify 24 main topics in
this field, among which, we find that the transition studies and green inno-
vation, sector studies, innovation policy, entrepreneurship, and growth hold
most papers in this field. Furthermore, studies related to gender and innova-
tion, innovation policy, entrepreneurship and growth, and international
management-related innovation have experienced a significant increase
during the past two decades. While studies on consumer and diffusion
studies, intellectual property rights (IPR)-related innovation management,
and cultural, historic, and institutional studies have decreased significantly.
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We further analyze and compare the innovation research scenarios
across space, especially regarding the 24 topics; in specific, we focus on
the innovation in China, Germany, and the US. Evidence shows that the
number of publications of the US in these topics ranks first, followed by
China and Germany. Based on the specialization analysis, which provides
us the concentration degree of a country in the publication of different
topics, we find that in Germany business model innovation, open innova-
tion and innovation networks, and technology studies are the main
research areas. While in the US, research related to health and health care
innovation, consumer and diffusion studies, and knowledge management
and IPR research have attracted much attention. This also suggests that
innovation research is closely linked to overall national scientific profiles.
The US science system as such is specialized and outstanding in the areas
of health and related disciplines, whereas Europe has a strong focus on
technology and engineering fields.

Since China is the only emerging economy among the top ten coun-
tries with the highest volume of innovation research publications, we pay
special attention to the evolving landscape of innovation research in
China. The specialization analysis indicates that over the past two
decades, China’s focus across various innovation research topics has
tended to flatten, suggesting a more uniform distribution across fields.
Topics such as innovation management and knowledge management have
seen a sharp relative decline, while areas like sector studies, finance and
fintech, digitalization, Al, big data, and service innovation show an initial
rise, followed by a decline and eventual stabilization. Other topics have
exhibited relatively steady changes. This flattening trend may stem from a
maturing innovation system, where resource distribution and research
focus have gradually balanced across multiple fields, an advanced
research stage, as well as an increased convergence among research areas.

As for the research quality in innovation research, which is depicted
by the percentage of top journal publications, Germany ranks first place,
followed by the US and China. Despite China’s substantial research
output, its third-place ranking reflects a gap in achieving the same level
of quality as leading nations. This gap stems from the evolution criteria,
project funding systems, and institutional pressures, which all put
substantial emphasis on the quantity of publications, with relatively less
focus on producing high-quality and high-impact research. However, this
trend has begun to shift in recent years, with increasing attention to
research excellence and journal quality, making it a promising direction
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for further investigation.

Based on these empirical findings, we also see some reflections on
the link between China’s innovation research and its broader efforts to
project a narrative on the global stage. As the only emerging economy
among the leading contributors, China’s rapid expansion of research
output illustrates its ambition to position itself not merely as a participant
but as a shaper of global academic discourse. The flattening of specializa-
tion patterns suggests a deliberate broadening of knowledge domains,
which aligns with attempts to construct a comprehensive knowledge
system capable of resonating internationally. At the same time, the
comparatively lower share of top-tier publications reveals the challenges
China faces in transforming quantitative growth into qualitative influ-
ence, a critical step for converting research capacity into improved
academic discourse power.

a. Contributions and Implications

Our article makes several contributions to the current studies and
practice. First, although existing studies in the innovation field provide
many insightful ideas, few of them have explored the innovation research
scenarios across time and space. Through a systematic analysis and topic
modeling of 217,240 innovation research publications from 2000 to 2022,
this study comprehensively uncovers the temporal and spatial evolution
of innovation research. By incorporating this dynamic and evolutionary
view, the study enhances the understanding of innovation and supple-
ments existing research.

Second, our identification of 24 main topics in innovation research
provides a clear map of current research hotspots and trends. Scholars in
this field can employ this information to align their research focuses with
emerging areas, contributing to underexplored fields. Moreover, the
analysis sheds light on the global distribution of research resources,
enabling scholars and institutions to better prioritize investments and
strategically position themselves within the global research landscape.

Third, as China, Germany and the US are three countries that have
realized fast development through innovation over the past several years,
each with specific characteristics, our analysis of these countries offers
valuable insights for other nations. This analysis can help other countries
to identify adaptable approaches to enhance their own research land-
scapes and thus strengthen their global competitiveness in innovation.
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Fourth, given China’s significant role as the only emerging economy
among the top contributors to global innovation research, addressing its
specific challenges is crucial, especially in terms of the research quality
and academic discourse power. The government can enact more initia-
tives to revise the evaluation criteria with more emphasis on high-impact
publications and adjust funding systems to prioritize quality-driven
projects. Besides, cultivating a research culture that values depth, quality,
and originality is also essential, which can be realized by ways like giving
additional awards or grants for top-tier journal publications rather than
sheer volume. Moreover, since leading countries like the US and
Germany have a strong record of high-quality publications, the govern-
ment could prioritize policies that facilitate the adoption of best practices
and strengthen domestic research capacity to enhance research quality
and consolidate its influence in the international academic discourse.

Fifth, our research also provides valuable suggestions for managers.
By understanding the global and regional trends in innovation revealed
through our research, managers can draw more insights from academic
findings to inform their strategic decisions. Additionally, the findings can
also guide managers in identifying strategic partnerships on a global
scale, helping them establish new networks and leverage complementary
strengths globally.

b. Future Research

This research also provides possible future research opportunities. First,
while we have identified 24 main topics in this research field, they might
not cover all the nuanced sub-fields and emerging areas, especially those
beginning to boom in recent years. Thus, future studies can focus on
identifying and exploring these emerging areas to provide a more
comprehensive understanding of the innovation research landscape.
Second, in this research, we primarily retrieve publications from
journals in the field of innovation. However, innovation often intersects
various disciplines, such as environmental science and engineering.
Hence, some interdisciplinary topics related to innovation may be over-
looked. Future studies can incorporate a broader range of journal scopes
to provide a more comprehensive analysis and more valuable suggestions.
Besides, while this study uses the share of top journal publications as a
proxy for research quality, we acknowledge that journal rankings alone
may not fully capture the multifaceted nature of the quality. Future
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studies could consider more nuanced and multidimensional quality indi-
cators, such as citation impact, field-weighted citation scores, or expert
peer assessments, to offer a more robust evaluation.

Third, we provide an overview of the evolving scenarios of innova-
tion research in different countries, with some explanations that may lead
to the evolution. While there are many other factors that may influence
this evolving process, both at macro level as well as micro level. Under-
standing these factors is crucial for comprehending how different nations
progress in their innovation and can offer valuable insights for policy-
makers and managers. Therefore, future studies can deepen this aspect
and provide more valuable findings.

Finally, future research could take advantage of additional func-
tionalities provided by BERTopic to enhance the robustness and inter-
pretability of topic modeling. For example, the elbow function can be
applied to automatically determine the optimal number of topics within
a given range, reducing potential subjectivity in topic selection. In
addition, the visualization function of BERTopic can be utilized to
generate comprehensive science maps, providing a clearer and more
intuitive representation of topic distributions and their interconnections
across time and regions.
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Appendix

Appendix Al: Specialization Index of Top Ten Countries in
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