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This study explores the problems related to the development of innovation research in the field of business and
economics and the change in their characteristics following the coronavirus disease 2019 (COVID-19) pandemic.
We compile a comprehensive bibliometric analysis of 17,277 pre-epidemic publications and 4,240 post-epidemic
publications from the Web of Science. Using bibliometric methods and visualization tools, we present the
changes in these publications following the COVID-19 pandemic, and identify the influential countries and re-
gions, sources, and references, and obtain features of keywords over time. The results show that innovation
research is rich in content, and involves a wide range; it has been focusing on emerging topics, such as those
concerning low-carbon, innovation forms, and epidemic environments, following the COVID-19 pandemic. This
study contributes to the body of knowledge on innovation, and helps to understand the features and structures of

innovation research in business and economics.

1. Introduction

Innovation research, as a necessity for management and knowledge,
has been receiving increasing attention in the age of information tech-
nology and this dynamic and complex environment. Although innova-
tion studies are not an emerging topic, an increasing number of studies
are being conducted following the introduction of innovation forms and
changing global situations. The global lockdown owing to the corona-
virus disease 2019 (COVID-19) pandemic resulted in abrupt shut down
of core businesses, worldwide recession, and a huge crisis for firms
(Galanakis et al., 2021). There have been major changes in daily life and
work routines; innovation is a vital strategy for organizations to survive
and recover from the crisis (Zhong et al., 2022). As many industries have
been drastically affected and there exists uncertainty in markets, it is
necessary for firms to overcome such challenges and barriers; the crisis is
also propelling waves of innovation activities (Amankwah-Amoah,
2021). For example, sustainable innovation is imperative for achieving
organizational survival and success in the turbulent market environment
of the digital age and following COVID-19 pandemic. Lee et al. (2021)
presented convergence innovation, powered by the exponential fusion
effect of various objects, technologies, ideas, and strategies, as a new
sustainable core competence of organizations. Focusing on technology
innovation, Shin et al. (2020) examined the impact of the expected
interaction and expected cleanliness on perceived health risk and hotel

booking intention for reducing guest interaction with employees and
enhancing cleanliness as an essential risk-reduction strategy. In the
supply chain field, the COVID-19 pandemic has exposed businesses and
societies to the shortfalls of normal patterns, and their long-lasting
impact on supply chains. Nandi et al. (2021) provided insights into
making supply chains more resilient, transparent, and sustain-able, and
supply chains needing to develop localization, agility, and digitization
characteristics. Galanakis et al. (2021) investigated the potential in-
novations in the food sector during the COVID-19 crisis, which may be
regarded as the innovations with the highest potential in the food supply
chain in the new era. Therefore, recent studies have gradually shown
that firm-level innovation measures related to strategy, management,
and performance have played a vital role in building flexible and sus-
tainable organizations after the global epidemic. This study explores the
problems of how innovation research develops and what characteristics
they present in business and economics, following the COVID-19
pandemic. A review of innovation research generates theoretical and
practical relevance; the literature involve the institutional theory and
legitimization of innovative behavior, theory of reasoned action and
technological acceptance model, determinants of innovation adoption,
diffusion theory, and the relative importance of theoretical cornerstones
(van Oorschot et al., 2018). Little attention has been paid to performing
a comprehensive review of innovation research in the field of business
and economics observing the pre and post COVID-19 pandemic
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conditions. There is a compelling need to study the changes in innova-
tion research following the COVID-19 pandemic from multiple aspects,
and help in understanding the structure, development, and character-
istics related to innovation.

To examine the focus shift scientifically and comprehensively in
innovation literature in business and economics following the COVID-19
pandemic, we conduct a bibliometric analysis, a mature and effective
method involving the extensive intersection and combination of
philology, mathematics, and statistics, to visually show the character-
istics of the relevant publications. Bibliometrics is a popular theory as
well as a branch of intelligence science that presents the evolution of and
relationships among items of a subject or a journal and visually presents
the topics and research directions by analyzing the relevant literature.
Bibliometrics, as a type of scientometric discipline, applies statistical
methods to evaluate scientific activities and provide quantitative anal-
ysis of academic literature in a certain journal or field of research; it
highlights the main features and merits of the study in a structured way
(Wang et al., 2021b). Until date, bibliometrics has been widely applied
to present the evolution of a certain journal or a specific field by
analyzing the relevant literature (He et al., 2017). Recent studies have
shown that a bibliometric analysis could bring about profound devel-
opment and changes in publications in various fields, including male
infertility research (Baskaran et al.,, 2021), artificial intelligence
(Wamba et al., 2021), smart contracts on blockchains (Ante, 2021), and
the intellectual evolution of social innovation (Foroudi et al., 2021). On
the other hand, several influential and academic journals, such as the
Journal of Business Research (Donthu et al., 2020), European Journal of
Operational Research (Laengle et al., 2017), Journal of Knowledge Man-
agement (Gaviria-Marin et al., 2018) and Technological and Economic
Development of Economy (Yu et al., 2019), have also explored their
structure and evolution using bibliometric analyses to better understand
their scope and development and inspire creative work.

The purpose of this study is to examine the focus shift in innovation
literature in business and economics following the COVID-19 pandemic
through a bibliometric analysis, and to explore an informative overview
of innovation research that is a rapidly developing research direction
with progress in technology and dynamic environments. Employing
bibliometric methods, this study attempts to fulfill the following ob-
jectives. (1) To reveal the annual tendency of innovation research and
explore the productive sources, countries and regions, and highly cited
publications observed before and after the COVID-19 pandemic; a per-
formance analysis is conducted via some accepted indicators, such as the
number of publications and the number of citations, which help in
determining the influential publications from multiple aspects. (2) To
recognize high-quality innovation-related publications that are co-cited;
a co-citation analysis with the help of sources and references is per-
formed, considering the pre-epidemic and post-epidemic literature.
Furthermore, a dual-map is presented to outline the relationship be-
tween citing references and cited references as well as research fields.
(3) To identify the keywords of innovation research from the perspective
of co-occurrence strength that eventually shapes visible clusters; a co-
occurrence analysis is conducted at the density and overly levels, and
it provided the subjects related to COVID-19 in the post-epidemic
literature. (4) To assess the features of keywords in different periods,
and the relationship with county and region; a conceptual structure
analysis is conducted to present thematic maps, trend topics, and three-
field plots observed before and after the COVID-19 pandemic.

In this study, the contributions are presented primarily in four ways.
(1) We present an up-to-date assessment of the innovation literature,
delineate the annual number of publications and citations, and provide
information on the most productive sources, countries and regions, and
highly cited publications in the pre-epidemic and post-epidemic litera-
ture. (2) With the identification of the influential sources and references
within innovation research, we present co-citation networks and inter-
twining networks used to dual-map the connections observed before and
after the COVID-19 pandemic. (3) We highlight the keyword perspective
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of innovation research using co-occurrence degrees in different clusters,
which is relatively important for recognizing research trend in the pre-
epidemic and post-epidemic literature. Moreover, we identify the
motor, niche, emerging or decline, and basic themes of innovation
literature and show the topic trends and three-field plots observed
following the COVID-19 pandemic. (4) Innovation research is rich and
constantly changing in the context of the COVID-19 crisis. We present an
objective and comprehensive view, discuss the perspectives of popular
issues, avenues for future research, and implications for innovation
research in the fields of business and economics. The bibliometric re-
view at this stage may find new perspectives and inspire scholars who
are interested in innovation research to think creatively.

The rest of this paper is organized as follows. Section 2 presents the
data source and bibliometric methods. In Section 3, performance anal-
ysis, co-citation analysis, co-occurrence analysis, and conceptual struc-
ture analysis are presented, followed by the findings of the analyses.
Section 4 discusses the popular issues, avenues for future research, and
the implications and limitations of this study. Section 5 concludes the
study.

2. Data source and methods

To comprehensively review innovation-related publications before
and after the COVID-19 pandemic from a historical perspective of its
evolution, we collected reliable data materials and applied bibliometric
methods. Fig. 1 shows the empirical quantitative research framework.

2.1. Data source

To explore the change in the characteristics of innovation literature
before and after the COVID-19 pandemic, we collected two data sets
using the Web of Sciences; on February 11, 2020, when the World
Health Organization named the new strain coronavirus as COVID-19.
The WoS system provides available publications with detailed infor-
mation, and many databases, including the Science Citation Index
Expanded (SCI- Expanded), Social Sciences Citation Index (SSCI), Arts
and Humanities Citation Index (A&HCI), Conference Proceedings Cita-
tion Index-Science (CPCI-S), Conference Proceedings Citation Index-
Social Science and Humanities (CPCI-SSH), and Emerging Sources
Citation Index. Considering that the earliest search time was 1900 in the
WoS system, we collected the pre-epidemic literature as the first data set
from 1900 to 01-01 to 2020-02-11, and the post-epidemic literature as
the second data set is from 2020 to 02-11 to 2021-11-06. Consistent
with the purpose of this study, we suppose the title of publication con-
tains the term “innovation” and the publication belongs to the research
area of business and economics since our primary focus is in the
mechanisms that affect innovation from an economics viewpoint.
Focusing on publications with article type in English, the search process
in this study for data jointly combines the search string with the Boolean
operator as follows:

(1) For the first dataset,

Database = Core Collection database;

Title = (innovation) AND Language = (English) AND Document type
= (Article) AND

Research area = (Business economics);

Timespan = 1900-01-01-2020-02-11;

Indexes = SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI.
(2) For the second dataset,

Database = Core Collection database;

Title = (innovation) AND Language = (English) AND Document type
= (Article) AND

Research area = (Business economics);

Timespan = 2020-02-11-2021-11-06;

Indexes = SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI.
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Fig. 1. The research framework and process of this study. Sources: Authors’ own research.

The selected publications are exported in plain text format and
comma-separated values format, containing detailed information, such
as bibliographic, keyword, and citation information. Finally, there were
17,277 pre-epidemic publications for the first data set and 4,240 post-
epidemic publications for the second data set with respect to innova-
tion literature.

2.2. Methods

Using collected data sets, this study focuses on four aspects to reveal
the structure and development of innovation-related publications
observed before and after the COVID-19 pandemic with the help of
bibliometric methods and visualization tools.

The first aspect is performance analysis. This presents the overall
trend of relevant publications and measures the prolificacy and influ-
ence of an item analysis, such as document, country or region, and
source (Wang et al., 2021a). Performance analysis provides a holistic
view of publications for each item and lays the foundation for subse-
quent studies with local perspectives. Some scientific indicators,
accepted by the scientific community, are used to show the represen-
tative features of publications, such as the number of publications,
number of citations, and number of average citations (Mingers et al.,
2015). In this way, the rankings of each item could be different ac-
cording to the considered indicator, and researchers further explored
and interpreted the results in terms of their interests or requirements
(Hsieh et al., 2009). In this section, Bibliometrix (Aria et al., 2017), an
open-source instrument based on the R language, is used to present the
development of publications and their citations, as well as the distri-
bution and cooperation of countries and regions on the global map.

The second aspect is co-citation analysis. This identifies a field trend
of an item (e.g., reference, source) and measures the proximity degree if
some publications are often cited together so that they are identifiable
with a cluster in citation maps (Xu et al., 2021a). Under such a situation,
co-cited items are regarded as being more related, and the number of
citations reveals their similarity and influence. Dual-map overlay anal-
ysis (Chen et al., 2014), considering both the citations of references and
sources, provides a publication portfolio analysis to reveal the re-
lationships between the types and sources of publications. In this

section, the VOSviewer (van Eck et al., 2010), an excellent knowledge
mapping tool, presents the co-citation landscapes reflected in networks
with respect to sources and references. Additionally, CiteSpace (Chen,
2006), as a complementary tool, conducts a knowledge panorama of the
dual-map overlay using the “JCR Journal Maps™ function.

The third aspect is co-occurrence analysis. This is a form of content
analysis, as well as a quantitative method considering occurrence of
keywords, to support knowledge mining and understand the research
direction and central theme (Xu et al., 2021b). Keywords identify the
basic units of a certain field and provide a view of the knowledge
structure and research trends. When two keywords appear together in
publications, the correlation degree is recorded to present the total
strength (Wang et al., 2021c), it provides an appropriate way to assist in
understanding the topics or subjects of a certain field (Caputo et al.,
2021). In this section, the VOSviewer is used to provide a visual rela-
tionship of keywords and their popular degrees based on the size of the
nodes and the thickness of the links. Moreover, the overlay visualization
in the VOSviewer identifies the development of keywords over time and
provides particular attention from scientific organizations in recent
years, to a certain extent.

The final aspect is conceptual structure analysis. This provides a
spatial depiction in terms of keywords, countries and regions, and ref-
erences. Focusing on keywords in publications, a thematic map is
applied to divide types of keywords into four different quadrants to
obtain an intuitive overview of the research subjects (Rodriguez-Soler
et al., 2020). The trend topic reveals dynamic hot keywords with
potentially transformative changes over the time slice. Furthermore, the
three-field plot empowers the interrelationship and transformation rules
of items to show the evolutionary paths, which is beneficial for re-
searchers to capture potential development of a certain field in the
future (Xie et al., 2020). In this section, the software tool Bibliometrix
was used to obtain visual results with respect to innovation-related
publications observed before and after the COVID-19 pandemic from
the perspectives of the thematic map, trend topic, and three-field plot.

3. Findings

A bibliometric analysis of innovation-related publications was



X. Wang et al.

conducted to compare changes in multiple aspects observed before and
after the COVID-19 pandemic. Using the two datasets and methods
described in Section 2, the results of the performance, co-citation, co-
occurrence, and conceptual structure analyses are provided to present
the changes in the features of and evolution in innovation literature
following the COVID-19 pandemic.

3.1. Performance analysis

The first and second datasets consist of 17,277 and 4,240 innovation-
related publications, respectively, in business and economics over time.
Fig. 2 shows the number of publications and their citations per year until
November 6, 2021, and the start year is from 1939, because the first
document was published in 1939 (Dickinson, 1939).

In Fig. 2(a), the number of publications shows an obvious increasing
trend over time, peaking in 2020. Since 2010, the annual number of
publications is greater than 500, indicating that innovation has been
increasingly recognized as playing a vital role in business and eco-
nomics, and scholars have paid more attention to innovation research in
the past 10 years. In Fig. 2(b), the average number of citations per year
presents considerable fluctuations, especially over the past two decades.
There are several obvious peaks in 1990, 2006, and 2021, indicating that
innovation literature published in these years has a far-reaching impact
on business and economics.

To understand the features of pre-epidemic literature and post-
epidemic literature in terms of county or region, Fig. 3 provides coun-
try and region distribution and collaboration of innovation-related
publications observed before and after the COVID-19 pandemic. In
general, these publications cover 157 countries and regions, most of
which are in Europe, Asia, and America. The pre-epidemic literature
contains 149 countries and regions and the post-epidemic literature
contains 117 countries and regions. Fig. 3 demonstrates two collabora-
tion relationships concerning countries and regions, following the
COVID-19 pandemic, indicating the structural features of the
innovation-research network. The results show a similar cooperative

Articles

2000~
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relationship, but with different numbers of publications and degrees of
cooperation.

Tables 1 and 2 list the top 10 sources and countries and regions with
respect to the number of innovation-related publications in terms of pre-
epidemic literature and post-epidemic literature, respectively. Due to
different time spans, the number of pre-epidemic publications is
significantly larger than the number of post-epidemic publications,
regardless of the source and country or region. Moreover, comparing
pre-epidemic and post-epidemic literature, half of the top 10 sources is
different, and only one of the top 10 countries and regions is different. In
Table 1, the journal Research Policy ranks first with 804 publications,
followed by Technological Forecasting and Social Change with 575 publi-
cations and Technovation with 437 publications. The USA is the leading
country with 11,556 publications, followed by England with 4,330
publications, and China with 3,023 publications. In Table 2, the Journal
of Technological Forecasting and Social Change is the first with 215 pub-
lications, followed by Journal of Business Research with 176 publications,
and Technology Analysis Strategic Management with 131 publications. The
European Journal of Innovation Management, Marketing and Management
of Innovations, Industrial Marketing Management, Journal of the Knowledge
Economy, and Journal of Knowledge Management are five of the top ten
sources in post-epidemic innovation-related publications. China ranks
first globally with 1,040 publications, followed by the USA with 726
publications and England with 498 publications. They are still ranked as
the first three countries following COVID-19 pandemic, but their rank-
ings have changed. Brazil has become one of the top 10 countries in
terms of post-epidemic literature, which is different from the pre-
epidemic literature.

To find influential innovation-related publications published before
and after the COVID-19 pandemic, the number of citations recorded is
considered a vital indicator for measuring the quality of documents.
Tables 3 and 4 list the top 10 cited innovation-related publications with
detailed information in the pre-epidemic and post-epidemic literature,
respectively.

Before the COVID-19 pandemic, the most influential innovation-

15391541 1543194519
Year

15791981 195319851967 19991991 199319951997 1999 01120132015 192021

(a) Annual number of innovation-related publications.

Citations

.

1939 1641194319465 1947 194919511
Year

19561957 1950 196119631065 1967 1960197 1 197319751977 1970 198119831085 1687 19201991 1903 19951997 19992001 200320052007 20092011201320152017 20

(b) Average citations of innovation-related publications per year.

Fig. 2. The number of innovation-related publications and the number of citations per year. Sources: Authors’ own research.
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(a) The distribution and collaboration of pre-epidemic literature. (b) The distribution and collaboration of post-epidemic literature.

Fig. 3. The distribution and collaboration of innovation-related publications in terms of country/region. Sources: Authors’ own research.

Table 1
Top 10 sources and countries/regions in terms of pre-epidemic innovation-
related publications.

Source Number Country/ Number
Region

Research Policy 804 USA 11,556

Technological Forecasting and Social 575 England 4,330
Change

Technovation 437 China 3,023

International Journal of Technology 413 Germany 2,417
Management

Technology Analysis Strategic 403 Spain 2,346
Management

Journal of Product Innovation 329 Italy 1,893
Management

Journal of Business Research 304 Netherlands 1,889

R&D Management 300 Canada 1,810

International Journal of Innovation 210 France 1,634
Management

Research Technology Management 203 Australia 1,626

Sources: Authors’ own research.

Table 2
Top 10 sources and countries/regions in terms of post-epidemic innovation-
related publications.

Source Number Country/ Number
Region

Technological Forecasting and Social 215 China 1,040
Change

Journal of Business Research 176 USA 726

Technology Analysis Strategic 131 England 498
Management

European Journal of Innovation 125 Italy 394
Management

International Journal of Innovation 96 Spain 327
Management

Research Policy 89 Germany 313

Marketing and Management of 72 France 228
Innovations

Industrial Marketing Management 65 Australia 226

Journal of the Knowledge Economy 59 Brazil 205

Journal of Knowledge Management 58 Netherlands 190

Sources: Authors’ own research.

related document was published by Cohen et al. (1990) in Administrative
Science Quarterly, with the most citations (15,319), far outnumbering the
second-most cited publication. This study proposes a new perspective on
learning and innovation with respect to absorptive capacity, which is
useful in business and management. These highly cited documents
regarding business, management, information science and library sci-
ence, and economics were published in impactful journals, such as
Administrative Science Quarterly, Research Policy, Information Systems
Research, Economic Journal, Organization Science, Academy of

Management Journal, and Strategic Management Journal. Among them,
the Administrative Science Quarterly is the most published journal, fol-
lowed by Research Policy. In addition, these documents were published
earlier, from 1986 to 2006, the reason may be that publications need
time to be widely read, recognized, and cited. These studies related to
innovation mainly focus on learning innovation (Brown et al., 1991;
Cohen et al., 1989; Cohen et al., 1990), technological innovation (Moore
et al., 1991; Teece, 1986), interorganizational collaboration and inno-
vation (Damanpour, 1991; Etzkowitz et al., 2000; Powell et al., 1996),
architectural innovation (Henderson et al., 1990), and open innovation
(Laursen et al., 2006).

After the COVID-19 pandemic, there were not many differences in
terms of citations. Singh et al. (2021) published the most influential
innovation-related document in the Journal of Business Research, with
the most citations (1 05). This study focuses on management knowledge
value, knowledge-sharing practices, open innovation, and organiza-
tional performance in business. These highly cited publications refer to
business, information science and library science, management, engi-
neering and industry, operations research and management science, and
environmental studies, and were published in famous journals in the
fields of business and economics, such as Journal of Business Research,
Journal of Knowledge Management, Industrial Marketing Management,
Technovation, International Journal of Human Resource Management,
Business Strategy and the Environment. Among them, the Journal of Busi-
ness Research is the most published journal, followed by Technovation,
and these published journals are quite different from journals of pre-
epidemic literature, indicating that influential journals on innovation
literature have been transformed to a certain extent. Furthermore, the
top 10 cited publications focus on open innovation (H. Chesbrough,
2020; Singh et al., 2021), innovation performance (Ferreira et al., 2020;
Papa et al.,, 2020; Santoro et al., 2020; Wang et al., 2021), model
innovation (Ghezzi et al., 2020), innovation management (Leonidou
et al., 2020), energy innovation Bekun, & Khan, 2021), and marketing
innovation. Note that two highly cited publications have made inno-
vation research in the COVID-19 crisis environment. One concerns the
managerial implications of open innovation to recover faster from
COVID-19 (H. Chesbrough, 2020). The other is a study of Chinese firms’
responses to the COVID-19 crisis; it is related to marketing innovation
during a global crisis. This shows that the research on innovation is
gradually becoming a hot topic with respect to the COVID-19 pandemic,
and there may be an increasing trend to further study innovation-related
research in such an environment.

3.2. Co-citation analysis

To identify the similarity citations of innovation-related publica-
tions, we conducted source co-citation analysis and reference co-citation
analysis, observing the conditions before and after the COVID-19
pandemic, respectively. Figs. 4 and 5 show the source co-citation net-
works of the pre-epidemic and post-epidemic literature, respectively.
Each color represents a category. The size of the node indicates the
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Table 3
The top 10 cited innovation-related publications in the pre-epidemic literature.
No.  Authors Title Citations  Source Type of WoS
1 (Cohen et al., Absorptive-Capacity-A new perspective on learning and innovation 15,319 Administrative Science Business; Management
1990) Quarterly
2 (D. J. Teece, Profiting from technological innovation-Implications for integration, 4,459 Research Policy Management
1986) collaboration, licensing, and public policy
3 (Powell et al., Interorganizational collaboration and the locus of innovation: Networks 4,162 Administrative Science Business; Management
1996) of learning in biotechnology Quarterly
4 (Moore et al., Development of an Instrument to Measure the Perceptions of Adoptingan 3,649 Information Systems Information Science & Library
1991) Information Technology Innovation Research Science; Management
5 (Henderson et al., Architectural innovation-The reconfiguration of existing product 3,648 Administrative Science Business; Management
1990) technologies and the failure of established firms Quarterly
6 (Cohen et al., Innovation and learning: The two faces of R&D 3,468 Economic Journal Economics
1989)
7 (Brown et al., Organizational learning and communities-of-practice: Toward a unified 3,399 Organization Science Management
1991) view of working, learning, and innovation
8 (Damanpour, Organizational innovation-A metanalysis of effects of determinants and 3,227 Academy of Business; Management
1991) moderators Management Journal
9 (Etzkowitz et al., The dynamics of innovation: from National Systems and “Mode 2" to a 3,003 Research Policy Management
2000) Triple Helix of university-industry-government relations
10 (Laursen et al., Open for innovation: The role of openness in explaining innovation 2,893 Strategic Management Business; Management
2006) performance among UK manufacturing firms Journal
Sources: Authors’ own research.
Table 4
The top 10 cited innovation-related publications in the post-epidemic literature.
No.  Authors Title Citations  Source Type of WoS
1 (Singh et al., Top management knowledge value, knowledge sharing practices, 105 Journal of Business Business
2021) open innovation and organizational performance Research
2 (Papa et al., Improving innovation performance through knowledge acquisition: ~ 99 Journal of Knowledge Information Science & Library
2020) the moderating role of employee retention and human resource Management Science; Management
management practices
3 (H. Chesbrough, To recover faster from Covid-19, open up: Managerial implications 98 Industrial Marketing Business; Management
2020) from an open innovation perspective Management
4 (Santoro et al., Collaborative modes with Cultural and Creative Industries and 83 Technovation Engineering, Industrial;
2020) innovation performance: The moderating role of heterogeneous Management; Operations Research
sources of knowledge and absorptive capacity & Management Science
5 (Z. N. Wang Intellectual capital and firm performance: the mediating role of 78 International Journal of Management
et al., 2021) innovation speed and quality Human Resource
Management
6 (Ghezzi et al., Agile business model innovation in digital entrepreneurship: Lean 78 Journal of Business Business
2020) startup approaches Research
7 (Leonidou et al., An integrative framework of stakeholder engagement for innovation 73 Journal of Business Business
2020) management and entrepreneurship development Research
8 (Baloch et al., Modeling the dynamic linkage between financial development, 70 Business Strategy and the Business; Environmental Studies;
2021) energy innovation, and environmental quality: Does globalization Environment Management
matter?
9 (Ferreira et al., Dynamic capabilities, creativity and innovation capability and their ~ 58 Technovation Engineering, Industrial;
2020) impact on competitive advantage and firm performance: The Management; Operations Research
moderating role of entrepreneurial orientation & Management Science
10 (Wang et al., Marketing innovations during a global crisis: A study of China firms’ 52 Journal of Business Business
2020) response to COVID-19 Research

Sources: Authors’ own research.

number of the cited-source after standardization, and the links refer to
the co-citation relationship between the two connected sources. The
thicker the link, the more co-citations between the two connected
sources. Hence, a link represents the number of sources co-cited with the
target source, and the total link strength is the sum of the connected
source and the cluster depending on the weight calculation (Wang et al.,
2021c). In Fig. 4, let the minimum number of citations of a source be
1,000, 116 of the 141,228 cited sources meet the threshold, and are
divided into four clusters. In Fig. 5, we set the minimum number of ci-
tations of a source to 500, and 85 of the 46,768 cited sources meet the
threshold, which are divided into four clusters.

To obtain more detailed information, Tables 5 and 6 list the in-
dicators of innovation-related publications per cluster of cited sources in
the pre-epidemic and post-epidemic period, respectively. According to
Fig. 4 and Table 5, Cluster 1 in red contains 47 sources, Cluster 2 in green
includes 39 sources, Cluster 3 in blue contains 20 sources, and Cluster 4

in yellow includes 10 sources. The most co-cited sources observed before
the COVID-19 pandemic in the four clusters are Research Policy (37,372),
Journal of Product Innovation Management (14,118), Academy of Man-
agement Journal (18,214), and Strategic Management Journal (27,902).
Similarly, co-cited sources following the COVID-19 pandemic are
divided into four clusters according to Fig. 5 and Table 6: each cluster
involves 28 sources in red, 26 sources in green, 23 sources in blue, and 8
sources in yellow. The most co-cited sources following the COVID-19
pandemic in the four clusters are Journal of Business Research (4,973),
Strategic Management Journal (8,613), Research Policy (11,424), and
Technological Forecasting and Social Change (3,858), respectively. Among
them, the Research Policy and Strategic Management Journal are both the
most co-cited sources in a cluster, regardless of the data sets, indicating
that publications from these two sources have provided valuable refer-
ences for scholars to study innovation. Moreover, the Journal of Business
Research, Journal of Cleaner Production, and Journal of Business Ethics are
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Fig. 5. The source co-citation network of innovation-related publications after COVID-19 pandemic. Sources: Authors’ own research.

the top three most cited sources in co-citation clusters following the
COVID-19 pandemic, indicating that they have published influential
documents related to innovation in the past two years that researchers
have co-cited these publications, especially for Journal of Business
Research.

Figs. 6 and 7 provide the reference co-citation networks of the pre-
epidemic and post-epidemic literature, respectively. In Fig. 6, let the
minimum number of citations of a reference be 400, and then 40 of the
389,024 cited references meet the threshold, which are divided into four
clusters. In Fig. 7, we set the minimum number of citations of a reference
as 100, and then 46 of the 164,064 cited references meet the threshold,
which are divided into five clusters.

Tables 7 and 8 list the indicators of cited references per cluster in
terms of the pre-epidemic and post-epidemic literature, respectively.
Combining Fig. 6 with Table 7, Cluster 1 in red contains 16 references,
Cluster 2 in green includes 10 references, Cluster 3 in blue contains 8

references, and Cluster 4 in yellow includes 6 references. The most cited
references observed before the COVID-19 pandemic in the four clusters
are Nelson (1982) with 1,154 citations, Cohen et al. (1990) with 2,002
citations, Fornell et al. (1981) with 1,011 citations, and Barney (1991)
with 1,002 citations, respectively. According to Fig. 7 and Table 8, co-
cited references following the COVID-19 pandemic are divided into
five clusters, and each cluster involves 13 references in red, 10 refer-
ences in green, 9 references in blue, 7 references in yellow, and 7 ref-
erences in purple. The most cited references following the COVID-19
pandemic in the five clusters are Fornell et al. (1981) with 469 citations,
Cohen et al. (1990) with 500 citations, Nelson (1982) with 149 citations,
D. J. Teece et al. (1997) with 281citations, March (1991) with 270 ci-
tations, respectively. Comparing Tables 7 and 8, Nelson (1982), Cohen
et al. (1990), and Fornell et al. (1981) are the most cited references in a
cluster in terms of two data sets, indicating that these documents have
made great contributions to innovation research since published.
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Table 5
Indicators of the pre-epidemic publications by co-citation analysis per cluster of
cited sources.

Cluster ~ The number of  Top 3 most cited sources  citations  Total link
cited sources strength
1 47 Research Policy 37,372 1,316,736
American Economic 9,063 244,896
Review
Technological 5,440 174,860
Forecasting and Social
Change
2 39 Journal of Product 14,118 656,610
Innovation Management
Management Science 12,034 542,782
Technovation 10,587 466,497
3 20 Academy of 18,214 881,678
Management Journal
Organization Science 13,709 685,251
Academy Management 13,682 881,678
Review
4 10 Strategic Management 27,902 1,355,582
Journal
Journal of International 4,962 246,888
Business Studies
Journal of Business 4,477 221,653
Venturing

Sources: Authors’ own research.

Table 6
Indicators of the post-epidemic publications by co-citation analysis per cluster of
cited sources.

Cluster ~ The number of Top 3 most cited sources citations  Total link
cited sources strength
1 28 Journal of Business 4,973 241,089
Research
Journal of Product 4,547 244,790
Innovation Management
Technovation 3,412 171,883
2 26 Strategic Management 8,613 469,727
Journal
Academy of Management 5,596 294,622
Journal
Organization Science 4,266 236,069
3 23 Research Policy 11,424 444,191
Management Science 3,143 152,070
American Economic 2,343 73,574
Review
4 8 Technological 3,858 151,636
Forecasting and Social
Change
Journal of Cleaner 2,877 103,514
Production
Journal of Business Ethics 1,537 69,731

Sources: Authors’ own research.

Furthermore, Laursen et al. (2006), Aghion et al. (2005), Romer (1990),
David J. Teece (2007), Grant (1996), and Jansen et al. (2006) are the
most cited references in co-citation clusters following the COVID-19
pandemic, indicating that these publications have had a significant
impact on innovation research during these years and collectively in-
fluence future research directions.

Considering publications and their references, dual-map overlay
networks were conducted by CiteSpace, observed before and after the
COVID-19 pandemic, as shown in Figs. 8 and 9, respectively. As can be
seen, there are two base maps in the figures. Specifically, the left base
map represents citing journals of publication, whereas the right base
map represents the cited journals of publications. In this way, new
publications fall on the left, while their references fall on the right. These
two base maps are linked together to display the citation structure ac-
cording to the citation relation, as well as the discipline distribution of
innovation-related journals. In addition, the ovals represent the journal
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groups, and the size of these ovals matches the number of journals in a
discipline domain (Jin et al., 2019). The different colored connecting
lines represent citation paths, indicating the links between different
disciplinary regions. The lengths of the vertical and horizontal elliptical
axes are proportional to the number of relevant publications and the
number of participating authors. As a result, there are some compelling
observations through perusal by calculating the z-score-scaled fre-
quency of the citations.

In Fig. 8, there are four main citation trajectories in the first dataset,
revealed by two light blue lines and two dark blue lines. These are from
6. Psychology, Education, Health to 7. Psychology, Education, Social, 6.
Psychology, Education, Health to 12. Economics, Economic, Political, 10.
Economics, Economic, Political to 12. Economics, Economic, Political, and
10. Economics, Economic, Political to 7. Psychology, Education, Social. The
frontier research indicates that these disciplines are actively involved in
innovation research, and they rely on knowledge foundations from back
guidance.

In Fig. 9, there are three main citation paths in the second dataset
with two light blue lines and one dark blue line. The specific trajectories
were found to be 6. Psychology, Education, Health to 7. Psychology, Edu-
cation, Social, 6. Psychology, Education, Health to 12. Economics, Eco-
nomic, Political, and 10. Economics, Economic, Political to 12. Economics,
Economic, Political, respectively, indicating the closer and more impor-
tant interactions among these domains.

Combining Fig. 8 with Fig. 9, powerful and productive journals for
innovation research are identified considering references observed
before and after the COVID-19 pandemic. In terms of citing journals,
Research Policy, Technological Forecasting and Social Change, and Tech-
novation published more innovation-related documents of pre-epidemic
literature, while Technological Forecasting and Social Change, Journal of
Business Research, and Technology Analysis Strategic Management focused
more on innovation-related documents of post-epidemic literature.
Correspondingly, cited journals, such as Research Policy, Strategic Man-
agement Journal, and Academy of Management Journal, have always
provided robust sources of knowledge on innovation research, both pre-
epidemic and post-epidemic.

3.3. Co-occurrence analysis

Co-occurrence analysis reveals the features of publications and in-
dicates the current research hotspots to a large extent because they are
the most frequently used or influential words in a document (Wang
et al., 2021a). Using the VOSviewer, co-occurrence networks of high-
frequency keywords are observed before and after the COVID-19
pandemic, as shown in Figs. 10 and 11, respectively. Each node repre-
sents a keyword, and the larger the node, the higher the frequency of the
keyword. Similarly, each color represents a cluster, and the link between
the nodes indicates the co-occurrence of these two keywords. The dis-
tance between keywords directly reflects their relevance, and the shorter
the distance, the stronger the relationship between them (Shi et al.,
2020). In the first dataset, we set the minimum number of occurrences of
a keyword to 100, and 193 keywords met the threshold of the 28,661
keywords were divided into four clusters. In the second dataset, there
were 12,819 keywords in total. We set the minimum number of occur-
rences of a keyword as 100, and 63 keywords that met the threshold
were divided into three clusters.

Tables 9 and 10 list the detailed information per cluster of the co-
occurrence analysis in the pre-epidemic and post-epidemic period,
respectively. According to Fig. 10 and Table 9, Cluster 1 in red contains
79 keywords, Cluster 2 in green includes 48 keywords, Cluster 3 in blue
contains 40 keywords, and Cluster 4 in yellow includes 26 keywords.
The highest co-occurrence degrees of keywords observed before the
COVID-19 pandemic in the four clusters were innovation (4,376), per-
formance (3,213), strategy (1,313), and knowledge (1,832).

In terms of Fig. 11 and Table 10, co-occurrence keywords observed
after the COVID-19 pandemic are divided into three clusters, and each
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cluster involves 23 keywords in red, 22 keywords in green, and 18
keywords in blue, where the highest degree keywords in the three
clusters are absorptive capacity (314), performance (1,030), and inno-
vation (1,042), respectively. Among them, “innovation” and ‘“perfor-

Table 7
Indicators of the pre-epidemic publications by co-citation analysis per cluster of
cited references.

Cluster T};E number of cited TOfP 3 most cited citations  Total “}:‘k mance” are both the highest co-occurrence keywords before and after
trengt! L . .
reterences reterences streng COVID-19 pandemic, indicating that they play important roles in
1 16 Nelson (1982) 1,154 4,061 innovation-related research. Moreover, “firm performance” and “prod-
D. J. Teece (1986) 696 2,566 . PNPYY .
uct innovation” became the top three most common keywords in clusters
Schumpeter (1934) 686 1,893 b P h . a. . hat i A
9 10 Cohen et al. (1990) 2,002 7.581 observed after the COVID-19 pandemic, indicating that innovation
H. W. Chesbrough 1,055 3,241 research has paid more attention to firm performance and product
(2003) innovation in recent years.
March (1991) 956 3,843 To better reveal the temporal development and specific features of
3 8 Fornelletal. (1581) 1,011 3617 keywords in different groups following the COVID-19 pandemic, we set
Podsakoff et al. 861 3,334 yworc sroup wing P » W
(2003) the minimum number of occurrences of a keyword as 10, and 220 author
Damanpour (1991) 734 2,146 keywords met the threshold. Fig. 12 shows the overlay co-occurrence
4 6 Barney (1991) 1,002 4,057 network of keywords in the post-epidemic literature by the VOS-
D.J. Teece et al. 900 4,043 viewer. The tool colored each keyword in the diagram based on a score
- hat is determined by th blished year for each keyword
Bisenhardt (19892) 813 1,639 that is determined by the average published year for each keywor

(Caputo et al., 2021). As a result, the final visualization shows that a

Sources: Authors’ own research. dramatic change in keywords occurred between 2020.4 and 2020.8. The
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Table 8
Indicators of the post-epidemic publications by co-citation analysis per cluster of
cited references.

Cluster ~ The number of cited ~ Top 3 most cited citations  Total link
references references strength
1 13 Fornell etal. (1981) 469 1,793
Podsakoff et al. 380 1,629
(2003)
Barney (1991) 315 1,234
2 10 Cohen et al. (1990) 500 1,932
Laursen et al. 310 1,369
(2006)
H. W. Chesbrough 267 985
(2003)
3 9 Nelson (1982) 149 502
Aghion et al. (2005) 144 195
Romer (1990) 141 158
4 7 D. J. Teece et al. 281 1,307
(1997)
Eisenhardt (1989b) 224 431
David J. Teece 199 901
(2007)
5 7 March (1991) 270 1,177
Grant (1996) 151 729
Jansen et al. (2006) 134 635

Sources: Authors’ own research.

earlier the keyword used the time, the darker the keyword noted the
color, from purple to yellow. From a temporal view of the co-occurrence
network, most studies concentrated on “innovation efficiency,” “trans-
formational leadership,” and “knowledge management” knowledge
management in the earlier stages. In the latest period, some research
themes have gained more attention, such as “COVID-19,” “exploratory
innovation,” and “frugal innovation.”

For a closer look at topics related to COVID-19, Fig. 13 provides the
overlay co-occurrence network of keyword “COVID-19” in the post-
epidemic literature. As we can see, studies on COVID-19 refer to
“blockchain,” “entrepreneurship,” “innovation,” “emerging markets,”
“digital innovation,” and “small and medium-sized entrepreneurship”
from far to near, respectively, which show the characteristic that inno-
vation research has been more focused on advanced technologies
applied to firms and small and medium-sized entrepreneurship under
epidemic environment and the age of information technology. Taken
together, innovation studies have evolved from the previous focus on
topics of performance, knowledge, and management to more practical
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and business or economics-oriented topics in recent years, especially
following the COVID-19 pandemic.

3.4. Conceptual structure analysis

To reveal the intellectual structure observed before and after the
COVID-19 pandemic, Figs. 14 and 15 show the thematic map of
innovation-related publications in business and economics, respectively.

Using Bibliometrix, the top 2,500 high-frequency keywords were
considered during each period, and the thematic map was divided into
four quadrants with various topics in terms of centrality and density,
which provides an intuitive overview of hotspots in innovation-related
literature. Centrality measures the level of inter-cluster interaction and
explains how well the current keyword is connected to other keywords,
whereas density gauges the level of intra-cluster cohesion, and indicates
how tightly the keywords in the cluster are connected (Forliano et al.,
2021). In this way, well-developed and vital keywords for the relevant
field are often located in the first quadrant (upper-right) that could be
considered as motor topics. Keywords in the second quadrant (upper-
left) are regarded as highly specialized and isolated topics, which are
denoted as niche themes. With low-centrality and low-density charac-
teristics, keywords in the third quadrant (bottom-left) may be emerging
or declining topics, which have received less attention from researchers.
Keywords in the fourth quadrant (bottom-right) are regarded as basic
topics that cover important future research directions but are not
receiving effective attention at this stage (Lam-Gordillo et al., 2020).
Furthermore, each circle represents the keywords with the highest fre-
quencies in the thematic map. The size of the circle is determined by the
keyword frequency, and the higher the frequency, the larger the circle.

Before the COVID-19 pandemic, “model,” “systems,” and “adoption”
were popular topics of innovation-related publications. The highly
specialized topics were related to “behavior,” “creativity,” and “work,”
while “financial performance” may be an emerging theme in business
and economics. Note that “research and development,” “technology,”
and “firms” are at the boundary between the first and fourth quadrant,
indicating that these topics may be well developed and gradually
become basic themes in innovation research. At the same time, “per-
formance,” “knowledge,” and “impact” are also at the boundary be-
tween the third and fourth quadrant, representing that these
characteristics may evolve into basic themes from emerging topics in
terms of innovation-related studies.

Following the COVID-19 pandemic, “technological innovation,” and
“India” have become motor themes, probably because of technology age
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Fig. 10. The keyword co-occurrence network of innovation-related publications before COVID-19 pandemic. Sources: Authors’ own research.

and national events. The highly isolated topics related to “knowledge-
intensive business services,” “diffusion of innovation,” and “COVID-19”
have high density, indicating that these topics are professional and
specialized in terms of innovation. In the third quadrant, topics such as
“sustainability,” and “innovation policy” may be emerging themes with
less density and centrality. In the last part, “business model innovation,”
“innovation performance,” “innovation,” and “open innovation”
become basic themes related to innovation. Similarly, “product inno-
vation” may shift from vital topic to basic theme due to being in both the
first and fourth quadrant, while “social innovation” may evolve into a
basic topic from an emerging topic because both are in the third and
fourth quadrants.

To further demonstrate the development of topics observed before

and after the COVID-19 pandemic, Figs. 16 and 17 provide the trend
topics of innovation-related publications in business and economics,
respectively. In Fig. 16, let the keyword minimum frequency be 50, and
the number of keywords per year be 2, and the top topics are depicted
from 2006 to 2019. On the right side, the topic frequency ranges from
1000 to 4000, as demonstrated by the blue-filled circle, and the larger
the circle, the higher the frequency. The term “innovation” receives the
highest frequency, followed by “open innovation”. The earliest popular
topic is “new product development,” which lasted for 12 consecutive
years from 2006 to 2017, followed by “technology,” and “learning.”
More recently, from 2016 to 2019, hot topics related to “green inno-
vation” and “innovation ecosystem” have gained the upper hand, which
may have something to do with the concept of the low-carbon economy.
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Table 9
Indicators of the pre-epidemic publications by co-occurrence analysis per cluster
of keywords.

Table 10
Indicators of the post-epidemic publications by co-occurrence analysis per
cluster of keywords.

Cluster  The number Top 3 most Occurrences  Links  Total link Cluster ~ The number Top 3 most Occurrences  Links  Total link
of keywords keywords strength of keywords keywords strength

1 79 Innovation 4,376 192 19,334 1 23 Absorptive- 314 62 1,561
Research-and- 2,991 192 16,893 capacity
development Firm 279 60 1,282
Technology 1,631 192 8,632 performance

2 48 Performance 3,213 192 19,078 Product 279 62 1,190
Management 1,518 190 8,589 innovation
Impact 1,467 192 8,715 2 22 Performance 1,030 62 4,161

3 40 Strategy 1,313 190 7,708 Management 456 62 1,881
Model 1,252 190 5,964 Knowledge 442 62 1,884
Product 900 187 5,435 3 18 Innovation 1,042 62 3,113
development Research-and- 678 62 2,682

4 26 Knowledge 1,832 192 11,086 development
Absorptive- 1,291 189 8,806 Impact 600 62 2,329
CN?::::]; 1,061 192 6,382 Sources: Authors’ own research.

Sources: Authors’ own research.

Similarly, we let the keyword minimum frequency be 20, and the
number of keywords per year be 3, Fig. 17 shows the trend topics since
2020 with the frequency from 200 to 1000. The term “innovation” is the
most popular topic, same as the pre-epidemic literature. In 2020,
“entrepreneurship,” “service innovation,” “process innovation,” “sus-
tainability,” and “performance” are popular topics that have received
scholarly attention. In 2021, “innovation,” “open innovation,” “inno-
vation performance,” and “SMEs” appear in the trend topics and
continue to maintain hot degree. Thus, research on these themes has
made profound contributions to innovation-related publications before
and after the COVID-19 pandemic. Deeper studies on these topics may
provide further insight into the emerging direction in business and
economics, such as low-carbon, innovation forms, and epidemic
environments.

To understand the complete features and exhibit proportionality in
terms of keywords, sources, and country and region, Figs. 18 and 19

@ »
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show the three-field plots of innovation-related publications published
before and after the COVID-19 pandemic, respectively. Note that the
keywords of publications are provided in the left field, the middle field
denotes the potential sources, and countries and regions are listed in the
right field.

Fig. 18 provides a bird’s view of the pre-epidemic literature flows
and clarifies the study topics on which authors from different countries
and regions have devoted considerable attention and time, as well as the
distribution of sources publishing on the corresponding keywords. In
terms of keywords, “performance” is the most obtrusive topic, regardless
of the sources referred to in research areas or the country and region of
the authors, followed by “research and development,” “technology,”
“knowledge,” and “management.” Considering the middle field,
Research Policy focuses more on these topics in business and economics,
followed by Technological Forecasting and Social Change and Journal of
Product Innovation Management. From the right field, authors from the
US focus more on innovation research, followed by England, China, and
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Germany. In this way, we learn what the mainstream is with respect to
topics, sources, and countries and regions. For example, researchers
from USA pay more attention to innovation-related topics, such as
“performance,” “research and development,” and publish their studies
in journals such as Journal of Product Innovation Management and
Research-Technology Management.

Similarly, Fig. 19 shows a three-field plot of the post-epidemic
literature. From the left field, “performance” is the most salient
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keyword, like the pre-epidemic literature. Other terms, such as
“impact,” “firms,” “absorptive capacity” are all examined as the critical
keywords. In terms of the middle field, Technological Forecasting and
Social Change are the most active sources, followed by the Journal of
Business Research, Technology Analysis, and Strategic Management. From
the right field, China has become the most relevant country, followed by
England, Italy, and the US. This implies that scholars or institutions from
China focus more on innovation-related topics like “performance,”
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“impact,” and publish their studies in journals such as Technological
Forecasting and Social Change, Technology Analysis and Strategic Man-
agement. Compared with three-field plots before and after the COVID-19
pandemic, there are certain changes in the relationships among key-
words, sources, and countries and regions of innovation-related publi-
cations, and this provides a new range of activities for future research.

4. Discussions

In this section, we further discuss innovation-related research in
business and economics observed before and after the COVID-19
pandemic based on the results of the above-mentioned analysis from
the perspectives of popular issues, avenues for future research, impli-
cations, and limitations.

4.1. Popular issues

Innovation research has been a hot topic and has received increasing
attention from scholars since 2010, according to the annual number of
publications and citations. The bibliometric results reveal some popular
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research directions and issues based on the dual-map overlay. Current
studies have paid more attention to performance, research and devel-
opment, knowledge, management, and strategy of innovation in the
fields of Psychology, Education, Health, Social, Economics, Economic, Po-
litical, indicating that innovation research has shown an interdisci-
plinary trend. Keyword clusters based on co-occurrence analysis show a
degree of popularity to a certain extent, and we summarize three pop-
ular issues of innovation-related research observed before and after the
COVID-19 pandemic.

The first popular issue, observed before the COVID-19, pandemic is
related to innovation, research and development, and technology, with
the strongest link strength. The increasing complexity of technology
development is rapidly changing the effectiveness of scientific and
technological policies (Ekboir, 2003). Almost all firms, regardless of
their size or industry type, consider R&D and technology in innovation.
Even a world-class firm does not ignore research and development in
innovation and technology throughout its management and value chain.
The entrepreneur’s motivation, business planning, and cooperation in
research and development activities constitute significant factors when
considering the core dimension of innovation adoption. Following the
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COVID-19 pandemic, “impact” seems to present a more important
connection to innovation than “technology.” Recent studies have
focused on this type of innovation research. For example, research and
development, patent, and trademark as the determinants of innovation
have a significant impact on economic growth (Gyedu et al., 2021).
Firms innovate from a set of innovation indicators, such as product,
process, organizational, and marketing innovations, to help managers
capture the level of innovativeness in these firms’ development (Mar-
tinez-Roman et al., 2017). Product innovation is represented by infor-
mation and communication technology, which refers to a production
mode with innovation as the main carrier, especially for green product
innovation (Song et al., 2020). Many process industry firms still face
challenges for process innovations, but digitalization and Industry 4.0,
technologies show great potential from a technological perspective and
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promise to provide novel opportunities to industrial firms (Chirumalla,
2021). In terms of organization innovation, it could be embedded in
collaborative networks formed by cooperative relationships between
partners, and collaborative relational features, such as diversity and
strength, which reflect the distribution of a collaborative network, are
important factors for organization innovation (Liu et al., 2020). Mar-
keting innovation involves the implementation of new marketing
methods that involve significant changes in product packaging, place-
ment, or pricing to market a product, but does not invoke any changes in
the core product, and marketing managers expect marketing innovation
to positively affect firm value (Tang et al., 2021).

The second popular issue, observed before the COVID-19 pandemic,
is related to performance, management, and impact, incorporating
theories, empirical studies, and futuristic views on advanced
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technologies. For instance, the interest in management innovation is
growing and the conviction about its significant role in boosting an
enterprise’s competitive advantage and performance has recently
gained ground (Krasnicka et al., 2018). Drawing on innovation and
family business literature, Arzubiaga et al. (2019) examined the largely
overlooked family effect in exploratory and exploitative innovation-
performance processes via the moderating impact of the family firm
image and family involvement in the top management team. Following
the COVID-19 pandemic, “knowledge” related research has been con-
ducted in a greater number than “impact” related research in the context
of innovation in this group. Some studies have been related to knowl-
edge innovation. For example, in today’s business environment with
fast-growing communication and information technologies, knowledge
management capabilities are a valuable source of innovation. Knowl-
edge management capabilities lead to business model innovation, and
their effect is dependent upon the firm’s orientation toward risk-taking
(Hock-Doepgen et al., 2021). Top management knowledge value and
knowledge-creating practices influence open innovation, which, in turn,
influences organizational performance (Singh et al., 2021).

The third popular issue, observed before the COVID-19 pandemic, is
related to strategy, model, product development, knowledge, absorptive
capacity, and network, merging the third and fourth clusters in the co-
occurrence analysis. For example, the effectiveness of open innovation
differs significantly among firms. The reason could be that there are
different ways of implementing open innovation strategies, or it could be
the ignorance of the explicit role of business model (Zhu et al., 2019).
Advancements in information technology have made organizational
boundaries very porous, thereby resulting in a trend toward leveraging
external knowledge for innovation. Under such an environment, Cui
et al. (2018) offered managers strategies to successfully conduct open
innovation projects in deploying effective information technologies and
leveraging various types of openness during the two phases. After the
COVID-19 pandemic, scholars have paid more attention and time to
“firm performance” and “product innovation.” For instance, study
whether open innovation practices in firms favor technological in-
novations and their drivers. Madrid-Guijarro et al. (2021) proposed a
model of open innovation based on the human capital approach and the
commitment to learning with an emphasis on risk-taking and the
formalization of an innovation strategy.

In general, keyword analysis in this study establishes an initial
classification to present three popular issues of innovation-related
research that are literally spread across a variety of areas in both the-
ory and application, and could have far-reaching implications in the
post-epidemic era.

4.2. Avenues for future research

Based on the keyword overlay co-occurrence network and trend
topics over time, we summarize three avenues for future innovation
studies, following the COVID-19 pandemic, from the perspectives of
low-carbon, innovation forms, and the epidemic environment.

In current innovation research, traditional carbon-related studies
have faced certain challenges owing to a lack of technologies. However,
technology has long been perceived as a dual edged sword for the
environment, which assesses its true role in the environmental
improvement or deterioration (Tao et al., 2022). To overcome these
challenges, scholars have attempted to research green innovation in
recent years. For example, the pilot project of low-carbon cities is an
important effort to align national goals for climate change governance
with local governments’ low-carbon behavior. Song et al. (2020) found
that the nested structure has a positive effect on policy innovation in
pilot projects of low-carbon cities with weak incentives and weak con-
straints. Although innovation transitions have garnered significant
attention, there are also concerns about the elitist character of low-
carbon transitions. It is necessary to recognize and foster transitions
from the peripheries that offer important opportunities for progressing
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low-carbon innovation in practice and open the door to deeper struc-
tural transformations (Tirado-Herrero et al., 2021). In the future, inno-
vation research on low-carbon innovation will be a hot topic in line with
international policy, particularly for green innovation. First, low-carbon
innovation addresses economic and environmental concerns. The pat-
terns of low-carbon convergence determine the effectiveness of miti-
gating the adverse consequences of climate change. In the context of
climate change, low-carbon energy transition and the development of a
carbon-neutral society were the most important areas for innovation
even during the COVID-19 pandemic; global industrialized nations are
grappling with transforming energy networks to support a low-carbon
future.

Considering innovation forms, the traditional issues in innovation
literature are management, technology, performance, and knowledge.
Technologies such as computer vision, internet of things, big data, and
artificial intelligence are penetrating all facets of value chains. Taking
the industry as an example, it is engaged in an accelerated automation
race where industrial automation converts value chains into intelligent,
data-driven systems. Companies need to pay attention to the develop-
ment of related technologies to profit and must incorporate external
flows of knowledge to succeed in innovation (Nylund et al., 2020).
Different innovation forms can promote managers by consolidating an
organization’s innovation programs in one place, and they are important
for managers to choose the right options for improving the adoption of
information technology tools. In general, various innovation forms, such
as open innovation, collaborative innovation, and living innovation
ideas, have emerged as core strengths of innovation research.

As for innovation research conducted after the COVID-19 pandemic,
researchers have paid more attention to innovation in various systems,
such as public health systems and economic systems. H. Chesbrough
(2020) discussed how to manage innovation as part of the recovery
process and derived some lessons from how we have responded to the
virus so far, and what those lessons imply for managing innovation
during recovery. Brem et al. (2021) analyzed the effects of the COVID-19
pandemic on certain technologies and how to improve our lives and
presented technologies that relate directly to the treatment of the virus
as well as those that have been used to adapt to the living conditions
under this crisis. Therefore, innovation research in post-epidemic envi-
ronments will attract more scholars to study this topic.

Overall, these avenues could expand upon existing innovation
research and identify new perspectives that have been developed in
recent years. Future studies may assess innovation research in business
and economics by considering low-carbon, innovation forms, and the
epidemic environment.

4.3. Implications and limitations

Innovation research is an increasing trend of significant managerial
importance, referring to empirical research and a theoretical frame-
work. This study benefits researchers, policymakers, and practitioners in
several ways. Focusing on innovation research, this work provides re-
searchers with a comprehensive review and intellectual structure
observed before and after the COVID-19 pandemic in the fields of
business and economics. Using a series of bibliometric analyses, we
summarize the popular issues and avenues for future research. Evidence
indicates that scholars augment existing efforts to stress the develop-
ment view of innovation research and adapt to a post-epidemic envi-
ronment. In addition to portraying the popular topics emphasized in the
existing literature, this exercise identifies multiple research directions in
both innovation forms and complex environments, such as collaborative
innovation, open innovation, digital technologies, low-carbon policy,
and information technology. These popular issues and research fronts
have important implications for academics, companies, and
policymakers.

Although this study analyzes innovation literature conducted before
and after COVID-19 from multiple aspects to minimize the drawbacks,
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there are two main limitations. One limitation is related to the dataset.
The data in this study were obtained from a single database, the Web of
Science database, which may have led to missed publications. In further
studies, various databases, such as Google Scholars and Scopus, will be
considered for data collection. Another limitation is that there is a bigger
gap in the number of innovation studies conducted before and after the
COVID-19 pandemic, which may reduce the impact of COVID-19 on
innovation research. We will further focus on this study, build upon the
results, and expand on these findings. Despite these limitations, this
study provides a multidimensional view of innovation research observed
before and after the COVID-19 pandemic and could suggest some
important implications for related researchers, policy makers, and
practitioners.

5. Conclusions

The insights and contributions provided in this study pertain to the
focus shift in innovation literature following the COVID-19 pandemic;
the study conducts a bibliometric analysis from multiple aspects. Such
analyses integrate the results of the characteristics, structure, and
development of innovation-related research in business and economics.
The main findings are as follows. (1) In recent years, evidence from a
performance analysis has shown that innovation research presents an
increasing trend and has a greater impact on the relevant studies
worldwide. (2) Research Policy, Strategic Management Journal, Academy
of Management Journal, and Journal of Product Innovation Management
were the most influential journals with respect to innovation research
before the COVID-19 pandemic, while Journal of Business Research,
Technological Forecasting and Social Change were the most co-cited
sources following the COVID-19 pandemic. (3) The top three produc-
tive countries before the COVID-19 pandemic were the US, England, and
China; following the pandemic, they are still the most productive
countries but differ in their rankings. Brazil has become one of the top 10
productive countries in terms of post-epidemic literature. (4) A co-
occurrence analysis reveals that “innovation” and “performance” are
always the highest co-occurrence keywords in innovation-related
research. Following the COVID-19 pandemic, studies related to “block-
chain,” “entrepreneurship,” “innovation,” “emerging markets,” “digital
innovation,” and “small and medium-sized entrepreneurship” are
considered under the post-epidemic environment. (5) According to the
conceptual structure analysis, keywords with different features (motor,
niche, emerging or decline, and basic) are identified during each period,
and potential topics, such as low-carbon, innovation forms, and the
COVID-19 crisis, may be the core research directions of the current
phase in innovation research.

Based on the results of the analyses, popular issues, avenues for
future research, implications, and limitations have been discussed,
confirming that innovation research is a promising research direction
based on theories, empirical studies, and futuristic views on advanced
technologies. In terms of implications, it is important to establish an
innovation framework, such as sustainable innovation, open innovation,
and green innovation, to improve performance and management in
business and economics. For example, innovation measures pave an
effective way for the generation of new resources and learning products,
which are useful for training managers and employees on digital com-
petences and e-learning in the COVID-19 scenario. Facing the age of
information technology and following the COVID-19 pandemic,
depending on innovation-related measures, the effects of management
and knowledge would be improved from an overall perspective; inno-
vation research is necessary for sustained development and adapting to a
complex and dynamic environment. Risk perception of the COVID-19
pandemic has the role of enhancing the link between long-term re-
lationships and innovation capability. It provides a reference for poli-
cymakers to understand how the COVID-19 pandemic has affected
innovation activities. Enterprise managers react with agility by
rethinking and making their resource fluid. This study provides a
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comprehensive review of the innovation literature observed before and
after the COVID-19 pandemic and identifies multiple aspects of
innovation-related publications using a bibliometric analysis, using
popular keywords, hot research direction, and most influential studies,
which include the theoretical and practical research of innovation
conducted before and after COVID-19 pandemic. This work aims to help
scholars better understand the features and structures of innovation
research in business and economics. Policymakers and researchers alike
can use this study to develop innovation research guiding sustainable
development following the COVID-19 crisis and its recovery. In general,
this study has important implications for academics, companies, and
policymakers.

In the future, we will continue to focus on innovation research in the
post-pandemic era from the perspectives of both theory and application.
More advanced technologies, such as machine learning, linguistic and
sentiment analysis, and text mining, will be used to conduct a scientific
and comprehensive study.
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