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Digital transformation (DT) has emerged as an important phenomenon in the discipline of business and man-
agement. The purpose of this paper is to examine intellectual structure of DT research. We conducted a variety of
bibliometric and visual analysis methods on DT research published in the 20-year period of 2000-2020. A total of
865 papers from Web of Science were selected for our analysis. Our main path analysis identified 12 important
papers in this field, and revealed the three development stages of DT research: the embryonic stage, the
development stage, and the thriving stage. We also identified influential countries, institutions, and journals in
DT research, and seven research themes including digital business strategy, strategic action field, digital tech-
nology, agile digital transformation, digital enterprise architecture, DT of manufacturing, and DT of consulting
services. This paper is one of the first studies to examine the knowledge structure of DT research by using
citation/co-citation analysis methods. Recommendations for future research directions in DT are provided based

on our findings.

1. Introduction

Digital transformation (DT) refers to the process through which an
organization responds to environmental changes by using digital tech-
nologies such as mobile computing, artificial intelligence, cloud
computing, and the Internet of Things (IoT) to change its value-creation
processes (Vial 2019). DT has human-oriented characteristics and usu-
ally involves the integration and innovation of technology and business.
Since DT can help companies improve their strategic agility while
enhancing the customer experience, simplifying operations, or creating
new business models, DT has become a means for entrepreneurs to
internalize external pressure as a driving force for change in the face of
competitive and unpredictable external environments (Accenture
2019). According to the “2019 Digital Transformation Market Trends
Report,” 78% of survey respondents felt that DT is imperative for a
company’s survival, with 24% regarding DT as their top priority (Taylor
2019). The International Data Corporation, a technology market
research organization, projected that the proportion of DT expenditure
in total information and communications technology investment will
exceed 50% by 2023. It is estimated, moreover, that the global DT
market will reach $7.1 trillion by 2023 (Bob Parker 2019).

DT research is continually developing and improving. It involves
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multiple target countries, regions, organizations, and industries (e.g.,
healthcare, media, education, manufacturing) (Kutnjak et al. 2019;
Svadberg et al. 2019). Current DT research has formed a number of
relatively concentrated themes. Martin-Pena et al. (2018) summarized
the evolution of business models and competitive advantage in the DT of
the manufacturing industry. Mukhopadhyay and Bouwman (2019)
analyzed the key factors and strategies of digital platform governance
from the perspective of ecosystems. Cortellazzo et al. (2019) reviewed
research on leadership in the context of DT, including the role of lead-
ership and the new capabilities leaders need to possess. Lock (2019)
described the communication mode between an organization and its
different stakeholders and proposed relevant theories and research
processes. Biiyiikozkan and Gocer (2018) reviewed the development
status of the digital supply chain (DSC), and proposed a new DSC con-
ceptual model and a roadmap for future practice. Such studies highlight
the fact that DT has emerged as an important phenomenon in fields of
strategy, psychology, innovation, and informatics, and strategic IS
research.

The above-mentioned reviews provide useful information for DT
research and further the accumulation of DT knowledge. We propose,
however, that a new literature review is necessary for the following two
reasons. First, previous DT literature reviews have mostly focused on

E-mail addresses: 13121186756@163.com (X. Zhu), jzgsl@jzerp.com (S. Ge), nianxin.wang@gmail.com (N. Wang).

https://doi.org/10.1016/j.cie.2021.107774

Received 10 March 2021; Received in revised form 27 September 2021; Accepted 24 October 2021

Available online 6 November 2021
0360-8352/© 2021 Elsevier Ltd. All rights reserved.


mailto:13121186756@163.com
mailto:jzgsl@jzerp.com
mailto:nianxin.wang@gmail.com
www.sciencedirect.com/science/journal/03608352
https://www.elsevier.com/locate/caie
https://doi.org/10.1016/j.cie.2021.107774
https://doi.org/10.1016/j.cie.2021.107774
https://doi.org/10.1016/j.cie.2021.107774
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cie.2021.107774&domain=pdf

X. Zhu et al.

specific topics, making it difficult to provide a comprehensive and sys-
tematic view. Henriette et al. (2015) were the first to systematically
review DT research from a broad perspective; they summarized DT’s
effect on enterprises’ digital capabilities, business models, operations,
and customer service. Since then, rapid innovation has promoted the
leap-forward development of DT, continuously broadening its scope and
application. Consequently, to help keep researchers up to date, a reex-
amination of the state of DT research is needed.

Second, existing reviews are insufficiently objective. Such studies are
based on traditional survey methods and only account for a small
portion of the literature (generally no more than 300 articles). They are
mainly based on subjective analyses by experienced researchers in the
field, which inevitably influences the interpretations. For example,
providing an overview of current DT research, Vial (2019) proposed a
theoretical framework for DT comprising eight factors; however, that
study only subjectively considered 290 articles from among the thou-
sands of papers on DT. While a degree of subjective opinion is inevitable,
literature reviews based solely on subjective analysis may be limited by
the author’s time, energy, and understanding, and the selection of pa-
pers may be biased by the researcher’s personal interests.

This study used bibliometric analysis methods (e.g., citation, co-
citation, and main path analysis) to effectively and objectively sort
and summarize the thousands of DT-related papers and analyze the
citation network of DT literature. A total of 865 DT papers were ulti-
mately collected and analyzed. We used the quantifiable advantages of
bibliometric methods to overcome the limitations of subjective human
judgment. Although subjective analysis is still needed to interpret the
results of bibliometric analysis, this method can greatly reduce the in-
fluence of human factors, thus providing a more objective and accurate
description of DT research. In this way, subjective and objective analysis
can complement each other and improve the quality of the literature
review.

This study aimed to delineate the knowledge flows of DT research;
identify the important papers; graphically map the influential countries,
institutions, and journals; and distinguish the research themes
comprising the intellectual structure of DT. We hope to supplement the
judgment of experienced researchers in the field through qualitative
analysis, quantitative analysis, and the visualization of results to help
both executives and researchers understand the evolution and research
status of DT objectively and systematically. At the same time, this work
can reveal future development trends in DT research.

2. Methodology

This study used a series of bibliometric and visualization techniques,
such as citation analysis, co-citation analysis, and main path analysis, to
provide a systematic, objective, and thorough review of DT research.

2.1. Citation/co-citation analysis

Citation analysis is a valuable method in bibliometrics. It can be used
to identify widely cited works and authors in a specific field, quickly
extract mainstream research in the field from a large amount of infor-
mation, and, to some extent, reflect the evolution path and future
development trends of the research (Chang 2004; Shiau and Dwivedi
2013).

Co-citation refers to two or more works being cited by other
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literature at the same time (Small 1973), and citation frequency is the
co-citation intensity between two cited papers. There are two main types
of co-citation analysis: document co-citation analysis and author co-
citation analysis, which are widely used in bibliometric analysis (Chen
et al. 2010a; Nerur et al. 2008). Papers containing the same citation
often have similarities in terms of concepts, research methods, or
research topics (Osareh 1996). Therefore, the co-citation clustering
formed by co-citation analysis is helpful for defining the knowledge
structure of a given field. The application of co-citation analysis con-
tinues to expand, and the amount of research in the field of information
science is increasing rapidly as well. This study used CiteSpace software
to perform cluster analysis on the cocited reference network of DT
research and identify the knowledge structure of the current literature.

2.2. Social network analysis

Social network analysis (SNA) is a method based on relational data or
network data that uses mathematical or computational models to
analyze network structures to study relationships between social actors
(Zhang 2010). It has the characteristics of intuition and visualization. A
social network is a group of social participants connected by one or more
types of relationships, which can include individuals, groups, organi-
zations, emails, journal articles, or websites, among others (Zhang
2010). SNA analyzes the network status, resources, and mutual re-
lationships among network participants and the influence of network
structure on individuals. SNA is becoming increasingly popular among
researchers in various fields, such as sociology, management, and eco-
nomics (Wang et al. 2016).

The combination of bibliometrics and SNA technology is helpful for
further understanding communication and exchange of ideas via cita-
tion and cointroduction. Using bibliometric methods, we established a
knowledge network containing various types of information, such as
papers, journals, authors, and countries. On this basis, we used SNA to
better understand the relationships between participants (papers) and
how the communication mode between papers affects the path of
knowledge flow and knowledge structure formation in the DT field.

2.3. Main path analysis

Main path analysis is a powerful tool that can identify chains of
significant links in an acyclic directed network, thereby extracting the
skeleton of a large and complicated directed network (Liu and Kuan
2016). By simplifying the network, it reveals the important knowledge
flows in the citation network and tracks the development path of the
research field. Its advantage lies in considering the direct and indirect
influence of the article simultaneously, emphasizing the connection
between the citing and cited paper. Therefore, compared to the tradi-
tional “citation counting” method, which only considers direct influ-
ence, main path analysis reveals a more accurate path of knowledge
transmission (Liu et al. 2013).

Determining the importance of each citation link in a network is key
to correctly identifying the main path, which is usually measured by
calculating the number of times a citation link has been traversed (Liu
et al. 2013). Hummon and Doreian (1989) first defined main path
analysis, calling the sequence of links and nodes in a network the “search
path.” They developed three methods of measuring traversal counts to
identify the main path in a citation network: Search Path Link Count
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Fig. 1. A simple citation network with SPC values shown.

(SPLC), Search Path Node Pair (SPNP), Search Path Count (SPC), and
Node Pair Projection Count (NPPC). Comparing different measurement
traversal counting methods, Batagelj (2003) found that search path
count (SPC) had particularly advantageous features. Therefore, this
study chose SPC to measure traversal counts.

Fig. 1 briefly demonstrates the calculation process of SPC. In a
citation network, “source” is the source of knowledge, which is cited but
does not cite other nodes. Meanwhile, the end point of knowledge
propagation is the “sink” node, which cites other nodes but is not cited
(Liu and Lu 2012). There are two sources in Fig. 1 (A and B) and two
sinks (G and H). There are a total of eight paths from all sources to all
sinks. The SPC of each link is the total number of times the link is tra-
versed. For example, the SPC value for link A-C is 3 because there are
three paths through it: A-C-E-G, A-C-E-H, and A-C-F-H. The link B-F is
traversed by only one path of B-F-H, so its SPC value is 1. The higher the
SPC value, the more important the role of this link in knowledge transfer
(Batagelj 2003). The main path method can be divided into “local” and
“global.” The local main path is the link with the largest traversal count
from the current starting point, while the global main path is the path
with the highest overall SPC value, which complements the local main
path from the overall perspective (Liu and Lu 2012). As shown in the
Fig. 1, the local main paths in the citation network are A-C-E-G and A-C-
E-H, and the SPC values are both 8. The global main paths are A-D-E-G,
A-D-E-H, B-D-E-G, and B-D-E-H, and the SPC values are all 9.

This method is widely used in current bibliometrics research (Liu and
Kuan 2016), and its effectiveness has been verified in many previous
studies. This study conducted global and local main path analysis to
identify the major themes of DT research and describe how these themes
have evolved over time.

2.4. Data collection

The Web of Science (WoS) Core Collection was used to obtain a
representative data set of DT literature. Various keyword combinations
were used to obtain an exhaustive list of DT papers from WoS. Based on
reading abstracts as well as a few widely cited articles, and after con-
ducting several tests, we designed the final search criteria using the
following keyword combinations: “digital transformation” OR “digital
strategy” OR “digital disruption” OR “digital business strategy.” The
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DT papers extracted from
WoS Core Collection

(1963 papers) 398 papers in irrelevant journals and
____________ > disciplines are removed
A 4 (only retain journals and conferences)
After first cleaning
(1565 papers)
737 papers unrelated to DT research are
———————————— -»>| manually removed
Afior seco‘r:d cleaning (not related DT but contain “digital”)
(828 papers)
37 high cited papers in the references are
———————————— > manually added
Articlos in‘(:ur analysis (with five or more DT-related citations)

(865 papers)

Fig. 2. Data collection process.

earliest DT-related literature available in WoS appeared in 2000. We
therefore collected DT papers published from early 2000 to 03/01/
2020, a 20-year window.

The searches resulted in 1963 papers. Since many of the articles were
not related to DT, we performed data cleansing. First, we successively
refined the data set based on WoS document type and discipline cate-
gory. A total of 224 papers were excluded; only journal and conference
papers were retained. After document type was refined, we further
excluded 13 obviously irrelevant disciplines (e.g., optics, chemistry),
and 174 papers in those disciplines were excluded. This reduced the
number of papers to 1565. Second, we read the abstracts (and full text if
necessary) of all papers and manually removed 737 papers that con-
tained the word “digital” in the text but did not investigate DT-related
topics. After this further reduction, 828 papers remained.

In addition, we identified highly cited articles not indexed in the WoS
database. Specifically, we used all articles cited by the 828 papers to
create a citation network and selected articles with five or more DT-
related citations in this network for the dataset. This resulted in 37
additional papers. The final dataset included 865 papers ranging from
2000 to 2020. Fig. 2 illustrates how we collected DT articles for this
study.

3. Results
3.1. Main path analysis

To reveal how DT has developed over time, we used an SPC algo-
rithm to identify the main path of the citation network comprising 865
articles. Based on these data, we conducted global and local main path
analysis, and the results were consistent. Fig. 3 shows the global main
path of DT research, drawn using the Pajek program package. In Fig. 3,
arrows indicate the direction in which knowledge flows, and the
thickness of the lines reflects the value of the SPC. The global main path
of DT research consisted of 12 papers (see Table 1) published between
2010 and 2020. Combining these 12 articles, we roughly divided DT
research into three stages: the embryonic stage (2000-2012), develop-
ment stage (2013-2017), and thriving stage (2018-2020).
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Fig. 3. Global main path of DT.

Table 1

Papers on global main path.
No  Author Title Journal
1 Mithas and Lucas (2010) What is Your Digital Business Strategy? IT Professional
2 Mithas et al. (2012) Digital Business Strategies and the Duality of IT IT Professional
3 Grover and Kohli (2013) Revealing Your Hand: Caveats in Implementing Digital Business Strategy MIS Quarterly
4 Mithas et al. (2013) How a Firm’s Competitive Environment and Digital Strategic Posture Influence Digital Business MIS Quarterly

Strategy

o

Bharadwaj et al. (2013)
6 Matt et al. (2015) Digital Transformation Strategies
7 Hess et al. (2016)

8 Loonam et al. (2018)

9 Warner and Wager
(2018)

10 Jablonski and Jablonski
(2019)

11 North et al. (2020)

12 Peter et al. (2020)
Swiss SMEs and large enterprises

Digital Business Strategy: Toward A Next Generation of Insights

Options for Formulating a Digital Transformation Strategy

Towards digital transformation: Lessonslearned from traditional organizations

Building dynamic capabilities for digital transformation: An ongoing process of strategic renewal
Social Factors as a Basic Driver of the Digitalization of the Business Models of RailwayCompanies
Promoting digitally enabled growth in SMEs: a framework proposal

Strategic action fields of digital transformation: An exploration of the strategic action fields of

MIS Quarterly

Business & Information Systems
Engineering

MIS Quarterly Executive
Strategic Cgange-Briefings in
Entrepreneurial Finance

Long Range Planning

Sustainability
Journal of Enterprise Information

Management
Journal of Strategy and Management

3.1.1. Stage 1: Embryonic stage (2000-2012)

During this stage, DT articles were few and scattered. Though some
DT papers were retrieved from WoS as early as 2000, they were of low
influence and less cited due to fragmented or unstructured topics.
Therefore, there was no DT literature during 2000-2009 in the global
main path. As it was a new concept at this stage, researchers had not yet
developed a unified understanding of DT’s meaning and content. That

said, with regard to DT, all of these papers involved the application of
big data, cloud computing, IoT, and other digital technologies.

At the end of this stage, researchers began to study digital strategy.
The first in the global main path was Mithas and Lucas (2010). Based on
previous DT decentralization research, they started to study companies’
digital business strategies (DBS). Proposing the concept of ITracy digital
literacy, they noted that DBS requires synchronizing business strategy
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with IT strategy. Here, IT needs to be governed effectively, and IT
infrastructure needs to be rigorously managed. Along the path, Mithas
et al. (2012) explored the effect of IT duality on a company’s DBS and
identified the difference between DBS and traditional business strategy.
The concept of DBS was thus further clarified.

3.1.2. Stage 2: Development stage (2013-2017)

By this stage, researchers had more or less reached consensus on the
research topics of DT, with mainstream research focusing on DBS and
digital transformation strategy (DTS). Research on DBS had become
relatively mature by 2013. Grover and Kohli (2013) proposed a
visibility-value framework to explain how a company’s DBS achieves
balance between the visibility of its systems (e.g., software, processes,
information) and the ability to extract appropriate value from such
systems. Different from previous DBS research focused on optimizing a
company’s internal operations, Mithas et al. (2013) focused on the
competitive environment outside the industry and the digital strategic
positioning of a company. Meanwhile, Bharadwaj et al. (2013), aiming
to establish a rigorous DBS research framework, integrated the existing
strains of DBS research and identified four key research topics: scope,
scale, speed, and sources of business value creation and capture. That
work played an important role in linking past and present DBS research,
highlighting directions for future research in the field.

Building on DBS research, Matt et al. (2015) proposed the concept of
DTS and delineated the different meanings of IT strategy, DBS, and DTS.
DBS refers to the future business opportunities and strategies required
by a company that is partly or wholly based on digital technology; DTS,
meanwhile, concerns how an enterprise can achieve these future states.
Examining three German media companies that successfully achieved
DT, the same team further posed 11 strategic questions and their
possible answers. That work provided a reference for managers to
conduct DTS while also offering guidance for future DTS research (Hess
et al. 2016).

3.1.3. Stage 3: Thriving stage (2018-2020)
During stage 3, the number of DT papers had increased significantly,
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and researchers’ attention had shifted from pure conceptualization to
specific implementation problems, resulting in many different research
directions. Loonam et al. (2018) reviewed 10 cases of successful DT in
the literature and proposed a conceptual framework intended to help
management understand the actions required to implement DT. Warner
and Wager (2018) considered the importance of dynamic-capability
building in a company’s DT, as well as the role and influence of agil-
ity. Jablonski and Jablonski (2019) used the analytic hierarchy process
(AHP) to analyze the importance of different social factors affecting the
DT of railway enterprises. Further expanding the research on the rela-
tionship between dynamic capability and DT, North et al. (2020)
developed a digital maturity framework to assess the digital levels of
small and medium-sized enterprises (SMEs). Meanwhile, Peter et al.
(2020) pioneered a conceptual framework for DT based on strategic
action field (SAF) theory to explore the drivers of DT in a company.

In conclusion, the global main path of DT research has shown a
general trend of <“dispersion-aggregation—dispersion.” While the
research directions were immature during the early period, after 2013,
DT research started to take shape, focusing on DBS and DTS. Today, as
new digital technologies are continually introduced, the research di-
rections have become more refined, and interdisciplinary approaches
have been enhanced. Based on this review, future research trends will
likely include dynamic-capability building, enterprise agility, and DT
among SMEs. The concept of DT has become clearer and more consis-
tent, and the research has become increasingly mature.

3.2. Visualization analysis

3.2.1. Country and Institution visualization

Country and institution visualization can identify countries, regions,
and institutions that play an important role in a research field. Fig. 4
presents the country visualization, while Table 2 specifies the top 10
influential countries or regions (both were created by using CiteSpace).
The width of the circle indicates the importance of the node. The links
between the nodes represent the relationships; the thicker the link, the
stronger the connection.
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Fig. 4. Country visualization.
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Table 2
Top 10 countries or regions based on frequency.
No Countries or Frequency No  Country Frequency
Regions
1 Germany 168 6 Switzerland 33
2 Russia 114 7 People’s Republic 31
of China
3 USA 96 8 Italy 31
4 England 38 9 Australia 29
5 Spain 35 10 France 26

Fig. 4 shows that European and American countries have been the
leaders in DT research. At the same time, there have been rapid increases
in the volume, quality, and influence of Chinese DT research. The figure
also reveals research relationships that have emerged among various
other countries and regions.

Fig. 5 shows the most influential institutions in DT research while
Table 3 lists the top 10 institutions. The most influential institutions

Computers & Industrial Engineering 162 (2021) 107774

3.2.2. Cited Journal visualization

Cited journal visualization can be used to study the characteristics of
academic journals related to DT research. Fig. 6 shows the 15 most
influential journals based on co-citation frequency: MIS Quarterly, Har-
vard Business Review, MIT Sloan Management Review, Organization Sci-
ence, Strategic Management Journal, Information Systems Research, Digital
Transformation, Acadenty of Management Review, Business & Information
Systems Engineering, MIS Quarterly Executive, Thesis, Academy of Man-
agement Journal, Management Science, Journal of Strategic Information
Systems, and Journal of Management.

3.2.3. Cited reference visualization

Using the clustering analysis function in CiteSpace, as shown in
Fig. 7, we identified seven focus areas of DT research: (1) digital business
strategy, (2) strategic action field, (3) digital technology, (4) agile DT,
(5) digital enterprise architecture, (6) DT of manufacturing (industry
4.0), and (7) DT of consulting service.

were located in Russia, Germany, Italy, and Switzerland.
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Table 3

Top 15 institutions based on frequency.
No Full Institution Names Abbreviated Institution Names Frequency Country
1 Reutlingen University Reutlingen Univ 15 Germany
2 Peter the Great St. Petersburg Polytechnic University Peter Great St Petersburg Polytech Univ 13 Russia
3 Voronezh State University of Engineering Technology Voronezh State Tech Univ 9 Russia
4 Munich University of Applied Sciences Munich Univ Appl Sci 8 Germany
5 Polytechnic University of Milan Politecn Milan 8 Italy
6 University of Rostock Univ Rostock 8 Germany
7 Plekhanov Russian University of Economics Plekhanov Russian Univ Econ 7 Russia
8 Russian Academy of Sciences Russian Acad Sci 7 Russia
9 National University of Science and Technology MISIS Natl Univ Sci & Technol MISIS 7 Russia
10 Swiss Federal Institute of Technology Switzerland Swiss Fed Inst Technol 7 Switzerland
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Factor 1: Digital business strategy (DBS)

Over the past two decades, ongoing improvements in digital tech-
nologies related to information, communication, and connectivity have
introduced new capabilities. To adapt to the new digital era, internal
business structures, such as organizational business models and IT
functions, have also changed. Driven by both internal and external
factors, DBS came into being (Bharadwaj et al. 2013; Fitzgerald et al.
2013).

Digital technology has subverted traditional business strategies and
processes, causing them to develop in the directions of modularity,
cross-functionality, and globalization. Analyzing e-commerce in relation
to retail from an international perspective, Zhu and Kraemer (2005)
revealed the effects of technological capability on e-commerce. Mithas
and Whitaker (2007) found that information intensity positively
affected occupational decomposition; specifically, enterprises and
managers need to consider the modularization of occupations when
formulating global business processes. Investigating customer service
performance among competitive North American insurance companies,
Ray et al. (2005) found that different IT resources and capabilities
affected customer service performance differently. Constructing a dy-
namic capability model, Banker et al. (2006) explained how information
systems, including new information technologies and software, affected
the manufacturing ability of enterprises and improved their perfor-
mance. Kohli and Grover (2008) summarized the value, risk, and per-
formance effect of IT investment in the context of new technology.
Meanwhile, using the case of Kodak’s failed DT, Lucas and Goh (2009)
illustrated the disruptive challenge digital technology poses to enter-
prises’ business models.

Facing complex situations involving increasing environmental tur-
bulence and accelerated organizational change, digital technology has
become an important means for enterprises to establish strategic ad-
vantages (Bharadwaj et al. 2013). Pavlou and Sawy (2006) showed that
effective IT use can improve the dynamic capability of new product
development and help enterprises establish competitive advantages in
turbulent environments. That study further discussed how to build new
competitive abilities by complementing organizations’ dynamic and
improvisational capabilities (Pavlou and El Sawy 2010). Proposing the
concept of digital ecodynamics, El Sawy et al. (2010) explored the
complexity and dynamic interactions of ecosystems composed of envi-
ronmental turbulence, dynamic capabilities, and IT systems. Meyer et al.
(2005), meanwhile, proposed a new method and theory to explore the
dynamic process of nonlinear changes in the organizational field. Davis
et al. (2009) aiming to clarify the different strategic positionings of
mature and entrepreneurial organizations, developed a theory regarding
the relationship among structure, performance, and dynamic
environments.

The above mentioned studies promoted the convergence of IT
strategy and business strategy, defined as DBS by Bharadwaj et al.
(2013). That study integrated previous research perspectives, proposed
a DBS research framework, and specified four key themes in DBS (i.e.,
the scope, scale, speed, and source of business value creation and
acquisition). That paper is an important node in DT research. Subse-
quent studies conducted various investigations based on the four above-
mentioned themes and made various improvements.

DBS upended the traditional islands of function and process, forming
links across companies and supply chains. Taking logistics as an
example, Rai et al. (2012) revealed the information flow process be-
tween enterprises with the support of IT and explored how IT can create
relationship value in interenterprise relations. Mithas et al. (2013)
examined the effect of external competitive environments on shaping
the scope of DBS among enterprises (i.e., their degree of digital business
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participation). Carcary et al. (2016), meanwhile, suggested that a suc-
cessful DT requires an enterprise to develop the organizational capacity
needed to support digital technology and to strengthen its digital ca-
pacity and dynamic capacity building.

The scale of DBS is no longer limited to products and supply chains
but is influenced by IT infrastructure, the network effects of multilateral
platforms, information and data richness, and alliance partnerships
(Bharadwaj et al. 2013). Doherty et al. (2016) established an IT maturity
framework to test IT strategic planning abilities, achieve rapid and
efficient IT architecture adjustment, and make DBS play the role of
improving dynamic ability. Using data from a large bank, Setia et al.
(2013) showed how information quality can improve an organization’s
business network to improve customer response abilities and expand the
size of the enterprise’s DBS.

Time plays an important role in digital business environments, re-
flected in new product releases, operational decision-making, supply
chain choreography, new business network construction, and dynamic
response capability (Bharadwaj et al. 2013). Rai et al. (2012) found that
companies can optimize interenterprise supply chains and improve ef-
ficiency by strengthening interenterprise business and IT functions
through partner networks. In recent years, due to the aggravation of
environmental turbulence, enterprises and researchers have paid more
attention to the role of an enterprise’s dynamic capacity building in DBS
speed. Based on the theory of disruptive innovation, Karimi and Walter
(2015) found that dynamic responsiveness can improve an enterprise’s
ability to respond to digital disruption, build digital platforms, and
accelerate DT. Meanwhile, Park and El Sawy (2013), from the
perspective of digital ecodynamics, studied various configurations of IT
systems, organizational dynamic capabilities, and environmental tur-
bulence to help organizations choose the strategies that best suit their
environments.

The effectiveness of DBS is mainly reflected in the methods and
sources of value creation. Focusing on design capital and action,
Woodard et al. (2013) explained how digital product design can
contribute to creating and acquiring business value and how enterprises
with strategic value advantages can stay ahead in new value creation
cycles triggered by technology. Pagani (2013) also studied enterprises’
coping strategies in such value creation cycles but proposed using a
digital value network as the control point configuration, arguing that
enterprises with many control points in the network have advantages in
DBS-related dynamic execution and strategic value.

In addition to the four main aspects mentioned above (i.e., the scope,
scale, speed, and source of business value creation and acquisition),
some researchers have studied the risks of DBS (Carcary and Doherty
2016) and of business process models (Tomakova and Nisler 2017). The
DBS research field has been constantly improved and refined, becoming
a major area of DT research.

Factor 2: Strategic action field

DBS specifies the direction for enterprises’ DT and helps them set
forward-looking goals. Based on this, DTS is more focused on the specific
processes and operations needed to realize DT. Entrepreneurs and re-
searchers are increasingly exploring the actions needed to implement
such strategies.

Business model evolution under strategic guidance is a prominent
manifestation of the change in the value creation approach brought
about by DT. DaSilva and Trkman (2014) redefined the business model
concept in the context of DT, distinguishing it from “business strategy”
and “business process”. They noted that the business model takes into
account both value acquisition and value creation, placing greater
emphasis on the latter. Laudien and Daxbock (2016), Loebbecke and
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Picot (2015) analyzed business model change from the perspectives of
IoT and big data, respectively. With the support of such technologies,
various new business models based on cooperation requests or
ecosystem drivers have been formed (Ritala et al. 2014; Weill and
Woerner 2015). Among them, digital platforms have demonstrated
strong advantages in integrating innovation and value creation from
different sources (Kenney and Zysman 2016; Parker and Van Alstyne
2014). With the ongoing DT of enterprises, how to build a business
model with sustainable value creation has become a hot research topic
(Warner and Wager, 2018).

The digital-strategy implementation process integrates the concept
of digital innovation. Hinings et al. (2018) described digital innovation
as “the creation and application of innovative products and services.” DT
integrates the effects of various types of digital innovation, which is
reflected in changes in value concepts, enterprise structure, and industry
rules, and plays an important role in improving organizational agility
and reshaping the innovation network (Lyytinen et al. 2016; Rigby et al.
2016).

As a process, DT is not accomplished overnight. At different levels of
digital readiness and DT stages, enterprises need to adopt diverse digital
technologies and business models, which determine whether DT will be
successful (Carolis et al. 2017). Therefore, it is particularly important to
correctly identify the digital maturity of an organization to make timely
and reasonable adjustments to its strategy and internal structure.

The DT of an organization has a strong effect on the responsibilities
of leaders, the organizational culture, and other aspects. The chief dig-
ital officer (CDO) is a new type of leader in this process. Singh et al.
(2017) and Lee et al. (2014) analyzed the role of CDOs in management
and the skills and abilities they need in terms of internal and external
collaboration, traditional and big data application, and value effect.
With the continuous development of global DT and the increasing
volatility of competitive environments, the challenges faced by enter-
prises in DT are becoming prominent, specific, and complex. Yet,
existing studies have not focused extensively on such dilemmas (Heavin
and Power 2018). Therefore, how to address these specific obstacles
should be further explored.

Factor 3: Digital technology

In recent years, new digital technologies have continuously emerged,
constantly posing new challenges for enterprises and society and
becoming important driving factors for DT. The five most representative
technologies are mobile technology, cloud computing, big data, social
media, and IoT (Spil et al. 2017). Armbrust et al. (2010) used data
comparison to illustrate the differences between cloud computing and
traditional computing, further clarify the cloud computing concept, and
predict the related obstacles and future development directions for en-
terprises. Cloud computing and the IoT further promoted the develop-
ment of big data technology. Examining the close relationships between
these technologies and big data, Chen et al. (2014) described the big
data value chain, including the four stages of data generation, acquisi-
tion, storage, and analysis, and introduced its application in fields such
as enterprise management and medical systems. With the acceleration of
organizational reform and changes in competitive environments, the
application of a single technology can no longer meet the needs of en-
terprise transformation. Organizations are increasingly inclined to adopt
various digital technologies to integrate technology and business in
response to the challenges posed by digital strategic management (Uhl
and Lars 2014).

Digital technology strongly affects not only enterprise development
but also other areas of society, in which the role of education reform
cannot be ignored. Keane et al. (2009) proposed an IT course for the new
generation of IT professionals that emphasized experience. Ferreira et al.
(2017) and Moreira et al. (2017) developed a DT course in the higher
education stage that integrates new innovative technologies, such as
mobile computing and social media, and supports high-level
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organizational DT of organizations.

The development of digital technology is constantly changing, and
its effects on the DT of enterprises and society will continue to deepen.
Therefore, research in this field will continue to update, expand, and
refine.

Factor 4: Agile digital transformation

Agile DT, which has received considerable attention in recent years,
is considered a new way to change enterprise value creation against the
background of DT (Vial 2019). Noting that digitization is a dynamic
process, Hirt and Willmott (2014) suggested that the “plug and play” of
digital assets led to a disintegration of the value chain, which opened
opportunities for focused, fast-growing competitors. As a result, enter-
prises developed a higher demand for keen insights and the ability to
quickly adapt to change. Kane et al. (2015) suggested that agile DT is
more important than digital technologies or skills, especially in the new
context of agility, adaptation, and opportunity.

While earlier studies focused on the importance of agility, more
recently, researchers have paid more attention to the concrete applica-
tion of agility in DT. Suomalainen et al. (2015) found that in a turbulent
business environment, the importance of continuous planning dramat-
ically increases. With planning cycles getting shorter and organizations
becoming more transparent, agility profoundly affects business conti-
nuity planning. Bondar et al. (2017a) studied the agile DT of enterprise
architecture (EA). Taking highly agile collaborative engineering services
in the global automotive supply chain as an example, that study
explained how to guide EA development using the Zachman framework,
providing ideas for solving the problems of EA change. Meanwhile,
comparing various architectural frameworks, the Zachman framework
was found to play an effective and crucial role in agile DT (Bondar et al.
2017b).

Factor 5: Digital enterprise architecture

EA is a set of principles, methods, or models used to design and
implement organizational structure, business processes, information
systems, and infrastructure (Lankhorst 2013). It pertains to the in-
terrelationships between enterprise business processes and IT systems,
and the proportions shared by different parts of the enterprise (Tamm
et al. 2011). EA management helps enhance consistency between a
business and IT to support goal achievement and management evolution
(Buckl et al. 2009). In recent years, the rapid development of IT has led
to subversive changes in enterprise management, and EA has attracted
increasing attention in organizational DT. Buckl et al. (2010) argued
that EA management is a necessary tool for adapting to volatile markets
and seizing new opportunities. Aier et al. (2011) noted that enterprises
change in response to a combination of top-down planned trans-
formation and bottom-up evolution. Changes in business requirements
require the reintegration of IT, while deepened customer interaction
also has a huge effect on internal processes and people in enterprises
(Bente et al. 2012). Accordingly, sound EA planning can effectively
promote, control, and monitor changes in enterprise transformation.
Based on this overview, EA research has gradually formed a collabora-
tive, adaptive, and service-oriented trend and has been integrated into
digital EA with the following characteristics.

Integration/Collaboration

Since new digital business modes change rapidly, EA needs to make
timely adjustments, many elements of which are affected in varying
degrees. Thus, how to coordinate various relationships becomes a
difficult problem for enterprises (Jugel et al. 2015). Collaborative EA
effectively combines a long-term-oriented top-down approach with a
pragmatic bottom-up one, which provides innovative solutions to en-
terprises that are undergoing enterprise-wide change (Bente et al. 2012).
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The development of collaborative EA is promoted by the IoT. As a
digital technology that is creating a fully integrated Internet, the IoT
subverts traditional business operation modes and fundamentally affects
enterprises’ digital strategies (Gubbi et al. 2013). The integration and
collaboration of EA blur the lines between IT systems and reality; thus,
organizations must reintegrate their IT systems to extend their previous
EAs (Zimmermann et al. 2015). Spiess et al. (2009) proposed an archi-
tecture that integrates the IoT into enterprise services to adapt to
changes in design and services brought about by IoT. Bente et al. (2012)
introduced collaborative EA based on practice and expert opinion, and
analyzed the limitations of its current application. Antunes et al. (2013)
noted that EA management involves different elements and domains to
coordinate business and information technologies. That study built a
stakeholder requirements analysis model and reduced model consis-
tency barriers for integrating multiple models. Jugel et al. (2015)
developed a decision model for collaborative EA to analyze the process
of collaborative decision-making among different stakeholders.

Adaptive/Agile

DT creates higher requirements regarding the agility and adapt-
ability of enterprises. The continued adaptability of an enterprise greatly
depends on its adaptive EA capabilities (Gill 2013). Based on agile, agent
system, and service science, Gill (2013) established an adaptive enter-
prise service system (AESS) model that shifted attention from products
to services. This shift in perspective is critical for building adaptive EA in
the DT of complex enterprises. That study investigated cloud-enabled
adaptive EA in the context of the Australian government and demon-
strated the rationality of developing architecture using an agile EA
approach (Gill et al. 2014).

Service orientation

DT involves shifting from a “product-centric” to a “customer-centric”
strategy, and service-oriented EA has thus become a new trend. Inves-
tigating a financial services enterprise, Chen et al. (2010b) developed an
IT-consistent enterprise system development framework (BITAM-SOA
framework) that supports an enterprise-wide service-oriented system.
Zimmermann et al. (2011) investigated the practical application of
vendor platforms in service-oriented environments, studied the latest
service-oriented frameworks and approaches, and developed an enter-
prise software architecture reference model to assess the architectural
quality and maturity of service-oriented enterprise systems. Alwadain
et al. (2013) analyzed and compared five widely used EA frameworks
with the integration of service-oriented architecture (SOA), providing a

Table 4
Research content of DT of manufacturing industry.
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reference for enterprises to choose an EA framework that meets their
requirements and supports SOA.

Digital enterprise architecture

With the continuous enrichment of digital technology, enterprise DT
is gradually maturing. Researchers started paying more attention to the
convergence of the three trends (i.e., integration/collaboration, adap-
tive/agile and service orientation) in EA. Zimmermann et al. (2015)
were the first to explore how to introduce a service-oriented integrated
EA into an adaptive system, focusing on IoT and the DT of IT. Using a
meta-modal approach, they integrated IoT objects, business categories,
processes, applications, services, platforms, and infrastructure into a
collaborative digital EA environment. Then, integration technologies
such as semantic technology, Web services, cloud computing, and big
data management were used to integrate service-oriented information
systems and adaptive digital EA, establishing a new generation of
adaptive and dynamic digital EA systems (Zimmermann et al. 2016a).
Zimmermann et al. (2016b) investigated decision management in en-
terprises from multiple perspectives, especially decision support for the
development and evolution of sustainable EA. Masuda et al. (2017a)
focused on the DT of multinational corporate architectures. That study
proposed an “adaptive integration EA framework” and, based on a
global healthcare enterprise, verified the effectiveness of its realization
of DT. It also discussed how to reduce the risks of DT architecture and
provided suggestions for the development of DBS (Masuda et al. 2017b).

Research on the convergence of EA has developed gradually, while
EA model maintenance, management processes, and risks continue to be
further investigated.

Factor 6: DT of manufacturing

DT began in media and other industries but entered manufacturing
relatively late. However, given the huge manufacturing industry system,
the research has quickly formed a scale and continued to expand. The DT
of manufacturing is closely related to the concept of Industry 4.0, which
originated in Germany. At present, most researchers regard the two as
equivalent—that is, Industry 4.0 is the DT of the manufacturing industry
(Cozmiuc and Petrisor 2018; Fonseca 2018; Rajnai et al. 2018). This
study adopted this view and included literature based on Industry 4.0 in
the analysis of the DT of the manufacturing industry.

According to the characteristics of the manufacturing industry, re-
searchers have studied various factors related to DT, such as digital-
driven technology, EA, value innovation approaches, transformation
strategies, and the effects of DT. Table 4 summarizes the five main

Research Content Content Description

Representative Literature

Digital Technologies Internet of Things (IoT)
Big Data (BD)

Cloud Computing (CC)
Predictive Analytics (PA)

e Visual Computing

(Ardolino et al. 2018; Berman and Bell 2011; Brettel et al. 2014; Iansiti and Lakhani 2014; Oesterreich and Teuteberg
2016; Posada et al. 2015; Schuh et al. 2014)

Organizational e Enterprise Architecture (El Sawy et al. 2016; Fatorachian and Kazemi 2018; Lee et al. 2015; Monostori 2014; Monostori et al. 2016; Schuh et al.
Structure (Cyber-Physical Systems 2014)
architecture)
e Leadership
Value Innovation e Value Proposition (Bogner et al. 2016; Brettel et al. 2014; Gawer and Cusumano 2014; Iansiti and Lakhani 2014; Moeuf et al. 2018; Muller
Approach e Business Model et al. 2018; Oesterreich and Teuteberg 2016; Pritchett 2014; Sanchez 2017; Schmidt et al. 2016)
o Enterprise / Industry
Platforms
Digital Strategy e DBS (Hermann et al. 2016; Qin et al. 2016; Ross et al. 2017; Van Alstyne et al. 2016)
e DTS
Digital Maturity e Readiness Measurement (Bogner et al. 2016; Gill and Boskirk, 2016; Lichtblau et al. 2015; Sanchez 2017; Schuh et al. 2017)
Model

Digital Maturity Model
Digital Maturity Index
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research areas. Researchers have identified key technology categories to
promote the DT of manufacturing, the key success factors related to
adopting new digital technologies, and methods for utilizing these
technology resources. Some studies have focused on the transformation
of the internal structure of enterprises represented by cyber-physical
systems architecture, and explained the origin, driving factors, and
future expectations. Others have studied new value-creation methods
and approaches in the DT of manufacturing from different perspectives,
and described the new business models and value propositions that
enterprises develop to achieve transformation. Hermann et al. (2016)
and others focused on the development of digital strategy. The above
four aspects (i.e., digital-driven technology, EA, value innovation ap-
proaches, transformation strategies) not only involve the preparation
stage or initial stage of enterprise DT but also run throughout the whole
process of DT. To adjust them in time for rapid growth, entrepreneurs
need to correctly assess the current and future stages of enterprise
transformation. In addition to measuring the degree of digitalization of
enterprises, researchers have also begun to focus on the effect of the DT
of manufacturing, as well as the obstacles and risks encountered in the
transformation of manufacturing enterprises.

Factor 7: DT of consulting service

The business consulting industry is mainly responsible for the man-
agement and operation of various projects, and it has played a signifi-
cant role in promoting DT in different industries (Werth et al. 2016).
However, in the early stages of DT, there were no studies of the DT of the
consulting industry itself. Nissen et al. (2015) studied the development
of the consulting market in Germany since the end of 2005. They
explored the quality requirements, opportunities, and risks involved in
the DT of business consulting from the customer’s perspective and noted
that consulting service virtualization is the main manifestation of the DT
of consulting services. To help companies identify appropriate tech-
nologies and tools for the virtualization of consulting services, Nissen
et al. (2018) proposed combining AHP and quality function expansion
(QFD) to choose the best combination of technologies and tools.

Seifert and Nissen (2018a) analyzed the DT of a large IT and man-
agement consulting company in Germany. They found that DT affected
not only the external client-facing process of the consulting firm but also
its internal processes; they suggested building a digital platform to
realize the virtualization and DT of internal processes. Although
research on virtual consulting services is still in the early stages, the
main themes and blind spots in the field have been summarized through
literature review (Seifert and Nissen 2018b). Based on a three-year
study, Nissen and Seifert (2018) presented core findings regarding the
virtualization of consulting services, the current position of the German
business consulting industry in the DT process, and future development
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in the field.

Others have made important contributions to the DT of consulting
services. Werth et al. (2016) reviewed the digital potential of business
consulting in the early stages and proposed a method to respond
quickly—namely, an integrated sales and consulting platform called an
electronic consulting store. This platform represented the first applica-
tion of DT to consulting firms. It provided insights into the future role of
consultants by observing the responses of stakeholders to the application
of the platform. Greff et al. (2018) developed a digital-driven design
model (=d-3 model), representing the start of digital reengineering. It
revealed the digital potential of new technologies for the business
consulting industry and the possibilities for future study.

3.3. DT research framework

Based on main path analysis and clustering analysis, DT research
topics were divided into three levels: strategy level, operation level, and
industry level (Fig. 8). The strategy level plays a leading role in DT
research, which includes DBS and DTS. DBS research was the first to
form a scale, and it has existed throughout the whole process of DT
research, occupying an important position in the literature. With the
deepening of research, more and more researchers have studied DT as a
process, examining the driving factors, structural changes, changes in
value creation, and the effect of DT. This led to research on DTS.
Although DTS and DBS both pertain to enterprise DT, they have different
emphases. DBS focuses on the goal of enterprise DT, while DTS pays
more attention to the methods and processes used to achieve the goal.

Under the guidance of strategic DT research, researchers began to
explore the concrete operations of DT. Early researchers focused on
digital technologies such as cloud computing, big data, and IoT as the
main driving factors of DT, which brought about disruptions and stra-
tegic responses by organizations. Some studies focused on changes in
value creation methods, based on enterprise agility. To adapt to changes
in enterprises’ value creation modes, it is necessary for EA to be
adjusted, which is crucial to the success of DT. These two topics related
to concrete operations both concerns improving enterprises’ dynamic
capabilities.

With DT research becoming more refined, it has come to encompass
all industries. The DT of manufacturing, called Industry 4.0, and the DT
of consulting services are typical fields. As an important DT topic,
manufacturing has been widely studied over the last decade. While
research on the DT of consulting services began later, it is involved in the
DT processes of many other industries; it thus plays an integral role and
has formed a scale.

Strategy DBS - DTS
Digital Enterprise Enterprise
Operation Technology Architecture Agility
Driving Factor Internal Structural Transformation ~ Value Creation Approach
Industry Manufacturing | | Consulting service

Fig. 8. Research framework of DT.
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Table 5
DT future research directions.
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Research Research Themes Research Contents Contemporary Trends Research Thrust
levels
Strategy Digital business strategy Objectives of DT The focus shifts from conceptual papers to Propose a DT framework based on the
level (DBS) e Scope empirical questions Strategic Action Field (SAF) theory
e Scale e Business process management (BPM)
e Speed e Maturity (readiness) of the enterprise DT
e Sources of business value creation e Resistance to the implementation of DT strategy
and capture o The organizational and social impact of DT
Digital transformation Specific methods and processes to strategy implementation
strategy (DTS) achieve the objectives e The impact of DT on strategic management
theory
Operation Driving Factor Digital Technology e A variety of digital technology integration Organization dynamic capacity
level e Mobile technology applications building
e Cloud computing o The application of blockchain, 5G and other
e Big data new digital technologies
e Social media
o Internet of Things
Value Creation Approach e Value propositions e Value networks
e Business model e Adaptive agile organizational design
o Enterprise agility
Internal Structural e Enterprise architecture (EA) e Risk control in the DT of EA
Transformation e Organizational structure e Organizational culture
e Leadership
e Employee roles and skills
Industry Manufacturing The concrete implementation of DT o Differences in the choice and adaptability of The urgent need for industry ecosystem
level strategy and application digital technology among various industries construction

Consulting Service

Sustainability of economy, ecology and society
in the DT of industry

Advantages and obstacles for SME to realize DT
Cross-industry cooperation

4. Future research directions

In this section, we will discuss future directions in DT research based
on the above-mentioned framework. Future research directions of dig-
ital transformation are summarized in Table 5.

4.1. Strategy level

Fundamentally speaking, DT is not about technology but about
strategy (Warner and Wager, 2018). Strategy indicates the direction for
an organization, industry, and country to conduct DT. Our analysis
showed that previous studies have introduced the concepts of DBS and
DTS in greater detail. Although both involve digital strategies, the
connotations are different. DBS is an overall strategy that integrates IT
strategy and business strategy and specifies the general direction for
organizational development (Bharadwaj et al. 2013; Matt et al. 2015).
Most previous studies have described the nature and role of DBS in terms
of four key attributes: scope, scale, speed, and the source of creating and
capturing business value (Bharadwaj et al. 2013). DBS provides goals
but does not specify how to achieve them. DTS solves this problem quite
well. On the basis of DBS, DTS refines the strategy step by step according
to priorities in four different dimensions: the use of technology, changes
in value creation, structural changes, and financial aspects (Bharadwaj
et al. 2013; Hess et al. 2016). DTS provides more practical guidance for
the implementation of the DT of enterprises.

Despite considerable progress in the field, there is room for
improvement in DT research. With the rapid growth of DT research and
the continuous deepening of DT practice, conceptual papers focused
only on the concepts of digital strategy will likely diminish while more
attention will be paid to substantive and empirical issues.

In the strategic practice of enterprise DT, various new problems will
arise. The first concerns business process management (BPM). Although
BPM is not a new topic, in the DT context, BPM logic and dynamic
management approaches that match digital strategy still need to be
established. The second issue concerns the maturity (readiness) of en-
terprise DT. Accurate assessment of the current digital maturity stage of
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an organization is a prerequisite for the timely adaptive adjustment of a
strategy. Some researchers have developed maturity models (Biiyiikoz-
kan and Giiler, 2020) intended to assess digital maturity levels. How-
ever, at present, there is no unified standard for the definition of the
digital stage (North et al. 2020), and the digital capabilities required for
each stage need to be further elaborated. The third issue concerns
resistance to DTS implementation. The process of DT can be difficult.
Organizations face many unpredictable obstacles in the process of
strategy implementation. By analyzing these obstacles and methods for
overcoming them, researchers can provide advice for latecomers. The
last question concerns the effect of DT on strategic management theory.
Strategic management theories provide guidance for the formulation of
digital strategies. At the same time, the rapid development of digitali-
zation poses new challenges to existing strategic management theories,
which in turn promote innovation in strategic management theories.

4.2. Operation level

Digital technology is always the driving force of DT. Over the past 20
years, IS researchers have studied the role of digital technology in en-
terprise strategy (Bharadwaj et al. 2013; Hess et al. 2016) and business
model innovation (Martin-Pena et al. 2018; Wan et al. 2017). As digital
innovation technologies continue to emerge, the research content will
be constantly updated and will pay increasing attention to the integra-
tion of various DT-related technologies. In addition, we found that many
existing studies are related to SMACIT, while few have involved block-
chain, 5G, and other digital technologies, which require further research
in the future.

Technological innovation brings about changes in value creation
methods. The research in this field has attracted wide attention, espe-
cially with regard to fierce competitive environments, where enterprise
agility is particularly important (Gerster et al. 2020). Some researchers
have investigated the establishment of agility in the development of
information systems; however, the understanding of this field remains
insufficient. Against the background of DT, value innovation will
generate many new research topics. For example, how should an
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enterprise choose a new business model that is suitable for its own
transformation? How can the agile organizational design form be
expanded to adapt to the expanding scale and changing needs of en-
terprises that have conducted DT?

Changes in value innovation require adaptive changes to the internal
structures of enterprises. Researchers have studied EA from multiple
perspectives, including adaptability, service orientation, and decision-
support analysis. Future work should focus on risk control in the DT of
EA. A number of papers have focused on IT system architecture, but few
have studied organizational structure change. Otherwise, organizational
culture, leaders, staff roles, and skills will change in the process of DT.
Various new research questions are worth exploring. For example, how
does an organization maintain relationships among virtual team mem-
bers? To what extent does organizational culture affect the choice and
acceptance of digital technology? What is the effect of leadership on an
organization’s DT?

Overall, the specific operation process of DT emphasizes the
dynamicity of an organization, the influence of which is reflected in all
aspects. How can we better understand performance management in a
dynamic environment? What is the effect of enterprise dynamic capa-
bility on the effective implementation of new digital technologies? How
does DT drive organizations to build the necessary dynamic capabilities?

4.3. Industry level

Industries and academia have both paid a great deal of attention to
the DT of the manufacturing industry. Disruptive digital manufacturing
technologies bring about innovations in production and management
modes and promote the structural transformation of supply chain
management and configuration (Martin-Pena et al. 2018). Given the
characteristics of the manufacturing industry, researchers have mostly
used case analyses to investigate its business model and the economic
and management effects of DT. In addition, the development of sus-
tainable industry and operation engineering in the context of DT has also
attracted great attention in the field, including lean manufacturing in
Industry 4.0, big data-driven and smart communications, safety and
security, artificial intelligence for sustainability, the circular economy in
a digital environment, business intelligence and virtual reality, etc.
(Tseng et al. 2021).

Despite such work, many issues still require further study. For
example, what are the differences in the choice and adaptability of
digital technology among different manufacturing industries? How can
economy, ecology, and society be sustainability maintained in the DT of
the manufacturing industry? How can industrial value networks be used
to realize customer integration in the supply chain? What are the ad-
vantages and obstacles for manufacturing SMEs in realizing DT?

The customer-centric concept of DT has caused the DT of the service
industries (e.g., healthcare, education, financial services) to become
another major research trend. With the innovation and development of
service models in various industries, the research fields will be further
enriched. Aside from manufacturing and service industries mentioned
above, the role of DT in promoting the construction of industry eco-
systems and cross-industry cooperation still has considerable room for
further research.

5. Conclusion

Over the past 20 years, DT research has accumulated a wealth of
diverse findings. In recent years, the rapid expansion of the DT field has
led to a sharp increase in the number and types of studies, yet there is
still a lack of a comprehensive review. In this study, bibliometrics was
used to overcome the problem of dealing with a large amount of data. By
analyzing 865 papers collected from the WoS database from 2000 to
2020, we systematically reviewed DT and explored knowledge structure
of DT research. Based on the citation data of these papers, we used main
path analysis to trace the knowledge evolution of DT papers and
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identified the research themes of DT research by clustering the co-
citation data.

5.1. Contributions to the DT literature

Our review contributes to the DT literature in several ways (See
Table 6). First, our systematic review employs multiple bibliometric
methods to analyze multiple research fields, and thus provides a holistic
view of the DT research. Different from past studies, which have pre-
dominantly focused a specific topic in digital transformation, such as
digital platform, digital supply chain, and DT business model
(Biiyiikozkan and Gocer 2018; Cortellazzo et al. 2019; Martin-Pena et al.
2018; Mukhopadhyay and Bouwman 2019), this study is one of the first
to use the bibliometric analysis to multiple research fields of the DT
research including strategy, management, innovation, and informatics,
thus our systematic review provides can a holistic view on knowledge
structure of the DT research.

Second, the study makes use of the advantages of quantification and
objectivity of bibliometric analysis to reduce the potential bias caused
by subjectivity, which could supplement and validate the intuitive
conclusions of experts in the DT research. Existing DT reviews only ac-
count for a small portion of the literature (generally no more than 300
articles) and are mainly based on subjective analysis of experienced
researchers in this field (Lock 2019; Vial 2019; Wan et al. 2017). In
contrast, this study collects 865 DT articles and conducts a quantitative
analysis by using the bibliometrics method. We analyze the knowledge
structure of the most influential countries, institutions, and journals in
DT research, determine the main research themes, and discuss the future
research directions. In this way, combination of subjective and objective
analysis can improve the quality of the literature review.

Third, the study uncovers the historical evolution process of DT
research, and identifies the influential papers in its evolution process
using main path analysis. To our knowledge, no prior research on the DT
has used the main-path analysis to conduct the DT evolution process
analysis. Our main path analysis reveals three development stages of the

Table 6
An overview of potential contributions.

Contributions Current state of relevant literature

Provide a systematic review of DT Existing DT literature reviews have

research across multiple fields of
strategy, management, innovation, and
informatics by comprehensively
searching and analyzing through
bibliometric analysis.

Reduce potential biases caused by

subjectivity making use of quantitative
analysis of 865 DT papers, and
supplement and verified the subjective
judgements of experts in the field.

Enhance our theoretical understanding of

DT evolution process by figuring the
development stage of DT research, and
identify the influential papers in its
evolution process using the main-path
analysis.

Use the clustering analysis function to

identify seven major knowledge groups
of the DT research, and structure the
seven knowledge groups into three
levels.

mostly focused on specific topics based
on traditional survey methods (
Biiyiikozkan and Goger 2018;
Cortellazzo et al. 2019; Martin-Pena

et al. 2018; Mukhopadhyay and
Bouwman 2019), making it difficult to
provide a comprehensive and
systematic view.

Previous literature is mainly based on
the subjective analysis of experienced
researchers in this field and only
account for a small portion of the
literature (generally no more than 300
articles) (Lock 2019; Vial 2019; Wan
et al. 2017), which inevitably affects
the interpretation and is insufficiently
objective.

No prior research on the DT has used
main-path analysis to conduct DT
evolution process analysis.

There is scant research describing a
systematic research framework. Some
existing DT literature reviews employ a
preset subjective framework to
structure the related research themes
for specific topics (Biiyiikozkan and
Gocger 2018; Pihir et al. 2019).
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DT research: the embryonic stage, the development stage, and the
thriving stage, and the global main path of DT research has shown a
general trend of “dispersion-aggregation-dispersion”. This finding ex-
tends past literature reviews on digital transformation from a cross-
sectional perspective to an evolutionary perspective, which can pro-
vide insights for future studies.

Finally, different from previous reviews on digital transformation
that employ a preset subjective framework to structure the related
research themes (Biiyiikozkan and Gocer 2018; Pihir et al. 2019), we use
the clustering analysis function in CiteSpace to identify seven major
knowledge groups of the DT research (digital business strategy, strategic
action field, digital technology, agile DT, digital enterprise architecture,
DT of manufacturing, and DT of consulting service), and structure the
seven knowledge groups into three levels: the strategy level, the oper-
ation level, and the industry level. Our framework will help researchers
gain an in depth understanding of the current status of the DT research
field.

5.2. Practical implications

The implication for practice of this research is embodied in propos-
ing a research framework to guide companies on how to carry out DT in
practice. The research framework constructed in this study not only
brings researchers a new perspective, but also provides a navigational
tool for practitioners when initiating digital strategy and implementing
digital transformation path. First, the most critical and most concerned
issue for firms that are preparing for DT is to formulate the right and
appropriate digital strategy. There are two similar constructs in the
strategy level. Through content analysis, we can see that there are dif-
ferences between DBS and DTS in terms of objectives, content and
functions. DBS is more inclined to the macro goals, while DTS focuses on
the specific DT implementation process. Therefore, when formulating
digital strategies, enterprises should generally follow the sequence of
making DBS first and then transition to DTS gradually. Second, firms
should choose the digital technology combination that is suitable for
their own development under the guidance of DBS and DTS. Different
digital technologies and technology combinations have diverse effects
on the DT of enterprises. Digital technology will change business pro-
cesses and promote the transformation of internal structure and value
creation approaches of enterprises. Under the dual effects of external
technology introduction and internal structure transformation, the en-
terprise’s agility and dynamic capability are continuously improved.
Third, in the specific practice of enterprise DT, it is also necessary to
evaluate and adjust the enterprise DT strategy in a timely manner ac-
cording to the implementation status and specific digital technologies.
Therefore, the research framework of DT provides references for prac-
titioners to understand DT, formulate DT strategy, select digital tech-
nology and value creation approaches, and develop digital ability.

In sum, this study comprehensively reviewed DT research by
combining main path analysis and visualization analysis. It confirmed
previous conclusions and provided new information. We hope this re-
view will provide researchers and practitioners with a new perspective
to better understand the current situation and future development trend
of DT research.

5.3. Limitations

This study has some limitations. First, the WoS Core Collection was
used as the data source. It covers, but is not limited to, all top journals
and conferences of management and operation manage. However, due
to retrieval conditions and data source limitations, we cannot guarantee
coverage of all DT-related publications. Second, we selected two data
types: journal articles and conference papers. Therefore, perspectives
found in books or other types of publications may have been overlooked.
Since most chapters containing valuable opinions are published in
journals, we do not think this omission had a significant effect on the
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analysis. Third, we specified seven topics in DT research based on cluster
analysis, yet some meaningful topics were no doubt not covered in this
study. Finally, it is impossible to completely eliminate human subjec-
tivity in scientific research, and our bibliometric analysis method could
not be completely objective. While it is still necessary to interpret the
statistical data manually to make the results more meaningful, our
method greatly reduced the influence of subjective factors.
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