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ABSTRACT The survey highlights that most enterprise digital transformation (DT) projects failed to reach
the expected outcomes. This is often due to a limited understanding of DT’s value and its creation mechanism
(VM). The purpose of this article is to compile a list of variables that affect DT’s VM and assess the VM
factors according to causal links, thereby further understanding of the intricate connections among VM
factors. This article adopts a mixed approach called ‘‘CS: GT-DEMATEL-ISM’’ which incorporates the
concepts of case study (CS), grounded theory (GT), decision experimentation and evaluation laboratory
(DEMATEL), and interpretative structural modeling (ISM). Through GT, 32 concepts related to the DT’s
VM systemwere extracted and summarized into 15 VM elements, which further converged into 7 categories:
IT, data, process, organization, business, business mode, and values. Using DEMATEL and ISM, DT’s VM
system model is established, it shows digital technology enables the reconstruction and evolution of data,
processes, organizations, and business, thereby establish, or optimize business models, ultimately improve
enterprise capabilities and performance. Three main aspects make up research contributions. In terms of
methodology, this study suggests that using a mixed approach known as ‘‘CS: GT-DEMATEL-ISM’’ to
identify and examine the factors of complex systems. In terms of theoretical and practical contribution, this
article is the first to systematically identify DT’s values and build the framework of DT’s VM system, which
fills the gap in DT-related theory and would help enterprise management for DT planning and DT project
implementation in DT practice.

INDEX TERMS Digital transformation, value of digital transformation, mechanism of digital transforma-
tion, value of digital transformation, case study, grounded theory, DEMATEL, ISM.

I. INTRODUCTION
According to the Global Digital Economy White Paper
2023 released by CAICT [1], the digital economy has become
an important component of the global economy, growing
rapidly, and industrial DT has become an important means of
digital economic growth. Firstly, in 2022, in terms of scale,
the US digital economy ranked first in the world, reaching
$17.2 trillion, while China ranked second with a scale of
$7.5 trillion. In terms of proportion, the digital economy in the
UK, Germany, and the US all accounts for over 65% of GDP.
Secondly, in terms of growth rate, Saudi Arabia, Norway, and
Russia rank among the top three in the world in terms of
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digital economy growth rate, all of which are above 20%.
Finally, the DT of industries has become the main engine
for the growth of the three major industries. According to
the 51 countries included in the calculation, the economic
growth brought about by the DT of industries accounts for
85.3% of the proportion of digital economic growth. Among
them, the digital economic growth of the first, second, and
third industries accounts for 9.1%, 24.7%, and 45.7% of the
industry’s added value, respectively. The DT of the third
industry is the most active, and the DT of the second industry
continues to exert force.

To adapt to the trend of the times, enterprises are under-
going DT one after another. For at least a decade, DT has
been a top priority on the corporate agenda, and there are no
signs of slowing down. On the contrary, many commentators
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emphasized that DT was accelerated in the COVID-19
era [2].

However, most DTs have failed. Various studies from
scholars, consultants, and analysts have shown that the rate
of DT failing to achieve its initial goals ranges from 70%
to 95%, with an average of 87.5 % [2]. According to the
‘‘2021 China Enterprise DT Index Research’’ launched by
Accenture and the Chinese National Industrial Information
Security Development Research Center, only 16% of Chi-
nese enterprises achieved significant DT results in 2021 [3].
In view of this, research on how to carry out enterprise DT is
of great significance and urgent.

Over the past 20 years, scholars have seemed keen on
examining the relationship between DT and its outcomes
(such as corporate performance, corporate value, etc.), but
there is still a lack of answers on how to carry out enterprise
DT, like Zhu and Lin’s [4] finding in her literature review
about DT, there is a lack of sufficient discussion in the
literature on DT’s dynamic evolution mechanism, as well as
the collaborative and operational mechanisms of its internal
factors (such as digital technology, processes, organizations,
models, etc.).

To bridge this gap, this study proposes a mixed method of
‘‘CS: GT-DEMATEL-ISM’’ by combining case study (CS),
grounded theory (GT), decision-making trial and evaluation
laboratory (DEMATEL), and interpretative structural mod-
eling (ISM). The mixed method is performed to thoroughly
gather factors related to DT’s VM and evaluate relationships
among factors. In particular, this paper takes insight into the
whole process of DT’s VM. The objective of this paper is to
develop a theoretical framework of VM factors and evaluate
the collected factors based on the cause–effect relations. The
goal is to improve the understanding of how to implement DT
projects successfully. The research outcome is expected to fill
the relevant research gap of the existing body of knowledge
and provide the framework for managers to make DT strategy
and implementation of the DT project.

The framework of this study is assigned as follows. The
next section depicts the literature review to present the rel-
evant published articles and further identify the research
gaps. Following this, the methodology applied in the research
procedure is systematically delineated Section III. Then the
results and discussions in Section IV.

II. LITERATURE REVIEW
This article provides a systematic literature review on the
VM of DT. The finding including the DT’s effects and cause
factors.

A. DT’s VALUE
The existing literature has answered whether DT can cre-
ate value for enterprises. Most of the researchers agree that
DT has significant effects on enterprises, such as enterprise
performance [5], [6], productivity [7], [8], [9] or enterprise
capability, like operation efficiency [10], [11], [12], [13].

B. CAUSE FACTORS OF DT’s VALUE
Researchers also focus on cause factors that affect DT’s value,
including technologies, data, processes, organizations, etc.

1) TECHNOLOGIES
Technologies are classified by different ways, such as ‘‘gen-
eral technology and advanced technology’’, ‘‘blockchain
technology, big data, cloud computing, and other technolo-
gies’’, ‘‘traditional ICT technology and modern digital tech-
nology’’, etc. And scholars test the relationship between DT’s
results and different types of digital technologies, they found
that different types of technologies have different results [5],
[7], [8], and the diversity and combination of different digital
technologies also produce different results [14], [15].

2) DATA/INFORMATION
Some articles discuss data or information as an effective
factor. Xia et al. [16] claim that data are used by analysts
to improve the focus and promote enterprise total factors
productivity (TFP). Wu et al. [17] find that information
transparency is a bridge to DT’s results; DT can improve
information transparency and increase the total factor produc-
tivity (TFP) of an enterprise.

3) PROCESS
Some studies find that process can be the intermediate vari-
able between DT and its values. Llinás Sala and Abad
Puente [18] reported that DT can optimize the business pro-
cess and eventually improve total factors productivity (TFP),
and DT can improve GTFP by promoting structural opti-
mization of industrial and business processes and reducing
pollution emissions, according to Wang et al.’s [19] test.

4) HUMAN OR ORGANIZATION
Many articles discuss humans or organizations as the bridge
factor between DT and its values. First, researchers focus
on the human structure changing through DT; they claim
that DT can optimize the human asset, such as the rate of
high-skilled and low-skilled talents, and it can create val-
ues for enterprise eventually [20], [21], [22]. Second, some
studies discuss internal and external collaboration created
by DT. Li et al. [23] and Opazo-Basáez et al. [24] point
out DT can improve the technology/knowledge cooperation
between enterprises, and Bettiol et al. [14] find that DT
can integrate the departments internally and build the links
among enterprises, to reach the result of labor productivity
improving. While Zhang and Zhang [8] investigate DT’s
effect on suppliers and clients, they find that DT will improve
the concentration ratio of suppliers which can improve total
factors productivity (TFP), but the concentration ratio of
clients raised by DT will weaken DT’s effect to total factors
productivity (TFP). Furthermore, some researchers focus on
the use of manpower, Li and Tian [5] claim that DT can
replace manpower, which becomes the bridge from DT to
DT’s values. Zhai and Liu [25] report DT can help enterprises
improve their human resource utilization efficiency, then
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improve the productivity of enterprises. At the same time,
Picazo Rodríguez et al. [26] find that DT will bring positive
employees with technical pressure and work engagement,
and eventually have a positive effect on enterprises. Besides,
some articles point out that organizations’ willingness will
be changed by DT; Su et al. [27] report that DT enhances
corporate social responsibility, willingness, and ability, while
Hou et al. [28] find that DT can enhance enterprises’ environ-
mental responsibility, both of which will improve enterprise
productivity ultimately.

C. CREATION MECHANISM OF DT’s VALUE
Researchers discovered the mechanism factors of DT value
creation, namely intermediary value factors, including new
business/operational models’ construction, innovation capa-
bilities improvement, and costs and expenses reduction.

1) BUSINESS/OPERATION MODE CONSTRUCTION
Some articles find that new business/operation mode con-
struction is the mediate value. Firstly, some researchers have
found that DT can change the business operation mode and
promote the scaling of production and management which
eventually promotes enterprise productivity [5], [29]. Sec-
ondly, Llinás Sala and Abad Puente [18] found that DT
affects business model innovation, which in turn brings
huge economic opportunities. Meanwhile, in the study from
Zhang et al. [30], it was found that DT can promote changes
in the combination, matching, and structure of production
factors such as data, labor, and capital in enterprises, thereby
improving the green productivity. In addition, in the upgrad-
ing of agricultural industrial structure, Xu et al. [9] found that
DT can promote changes in agricultural product cultivation,
business models, etc., thereby promoting ACP agricultural
carbon productivity.

2) INNOVATION CAPABILITY IMPROVEMENT
As an intermediate bridge between DT and DT’s values,
innovation capability is one of the most popular elements
researchers mention. And their conclusion is consistent; they
claim that DT can improve efficiency or quality of technology
innovation, which will enhance enterprise productivity [7],
[9], [14], [17], [19], [21], [22], [25], [27], [28], [30], [31],
[32], [33], [34], [35].

3) COST AND EXPENSE REDUCTION
Some of the existing articles report cost and expense reduc-
tion as an intermediate effect between DT and DT’s values
and they claim consistently that DT can improve enterprise
productivity through cost or expense reduction [5], [7], [14],
[21], [25], [27], [33], [35].

4) SERVITIZATION
Some articles discuss servitization as a mediate factor
between DT and DT’s value. Li and Tian [5] argue
that strengthening service-oriented manufacturing DT can

enhance the total factor productivity of manufacturing enter-
prises. While Wen et al. [35] claim that the improvement of
service efficiency and quality created by DT leads to a closer
relationship between enterprises and consumers, enterprises
can effectively establish and maintain interest relationships
with customers, successfully meeting their personalized
needs, so that it improves enterprise productivity eventually.

5) EFFICIENCY IMPROVEMENT
Efficiency improvement is mentioned in some articles,
as another mediate factor between DT to its values. These
studies mainly focus on the efficiency improved by DT
in the following three areas, finance and cash efficiency,
management and operating efficiency, and resource alloca-
tion efficiency. First, some research works discuss finance
and cash efficiency as the mediate factor. For example,
Cheng et al. [20] claim that DT can raise the operating capital
turnover rate, and Wu et al. [17] argue that DT can keep
the financial stability of enterprises, both of which help DT
realize its values. Second, some other studies reveal that
management and operating efficiency can be improved by
DT, then raise the productivity of enterprises [7], [22], [33].
Third, one researcher mentioned that DT has the function of
increasing resource allocation efficiency, so as to boost enter-
prise productivity. Besides, researchers discuss other types of
efficiency improvement as the mediate factor between DT
and its values, such as efficiency of investment [22], and
energy utilization [28].

6) INTERNAL CONTROL IMPROVEMENT
Some articles mention internal control as another mediate
factor of the mechanism of DT’s value creation. Zhang
and Dong [36] reveal that DT of enterprises can improve
the quality of internal control through the advantages of
automated processes, data integration and analysis, real-time
monitoring and alerting, knowledge management and collab-
oration, innovation and business optimization, and ultimately
contribute to the improvement of total factor productivity in
enterprises.

Although scholars have studied the value of DT, the cause
factors of DT value, and the mechanism or path of DT value,
almost all studies have only verified the relationship between
a few factors in the process of DT value creation and have not
systematically studied the VM. Therefore, the current theory
cannot answer the question of how to successfully implement
DT projects. The viewpoint above is like Zhu and Lin’s [4]
study which have done a systematic review of DT and find
that there is sufficient research on the results and causes of
DT, but there is a lack of research on the dynamic mecha-
nisms including that DT’s operation internally, the process of
value generation and the collaborative relationships among
mechanism factors.

D. RESEARCH QUESTIONS
Based on the analysis above, we found that the existing
literature has rich research on factors of DT’s value and its
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FIGURE 1. The structure of the research’s methodology.

generation mechanism factors, but these studies have not
systematically described the synergistic relationship among
these factors, resulting in the inability to obtain a systematic
architecture of DT’s value and its generation mechanism.
Therefore, the research objective of this article is to identify
the value of enterprise DT and study the mechanism of value
generation (VM) systematically. To achieve the research
objectives above, the research questions of this study are:

RQ1:What value of DT can be created for enterprises (V)?
RQ2:HowdoesDT create value at the enterprise, including

the value formation mechanism and value delivery path (M)?

III. METHODOLOGY
A. THE METHOD DESIGN FRAMEWORK
The research strategy adopted in this study is a mixed
research method of ‘‘CS: GL-DEMATEL-ISM’’ (Figure1),
which combines GT (Grounded Theory), DEMATEL (Deci-
sion Experimentation and Evaluation Laboratory), and ISM
(Interpretative Structural Modeling) based on CS (Single
Case Study).

1) SINGLE CASE STUDY
To achieve the research purpose of deeply identifying VM,
this article adopts a case study strategy, which has the advan-
tage of understanding the dynamic process of things in a
certain environment [37].

Moreover, the key and difficult question that needs to be
answered in this study is ‘‘How does DT value generate
and transmit?’’ The answer to questions related to ‘‘how’’ is
precisely the advantage of case studies [38]. Therefore, this
study chose the strategy of the case study methodology.

In order to answer the research question correctly, the
researchers considered which is wiser to conduct a single case
study or multiple case studies. One of the benefits of a single
case study is that it allows researchers to conduct in-depth
examinations of specific events [39] making it most suitable
for use when researchers want to have a deeper understanding
of a specific environment. Moreover, single case studies can
provide the most comprehensive data and generate specific
branches or theories [40]. Therefore, this research strat-
egy involves a comprehensive analysis and interpretation of
individual cases [41].

Case studies usually select cases based on the research
question and the theory to be developed, and the selected
cases should be able to meet the needs of theoretical con-
struction. Therefore, to follow the principle of ‘‘theoretical
sampling’’ rather than random sampling [37], this study first
sets preliminary selection criteria, and then screens Chinese
enterprises based on these criteria.

This study selects cases based on the following three
principles:

One is that the selected case should be able to answer
research questions. Firstly, the case company needs to com-
plete its DT. Secondly, the case must be a non-digital native
enterprise, that is, an enterprise that has undergone DT from
its original non-digital state. Thirdly, the DT of this case is
recognized as a relatively successful enterprise.

The second principle is the availability of data. The
selected case should be able to obtain reliable and sub-
stantial data, ensuring the robustness and completeness of
the research conclusions. Therefore, the selected enterprise
has already disclosed a wealth of documentary information.
From this perspective, large companies with a certain level
of popularity have relative advantages. On the one hand,
these companies need to regularly disclose information to
the outside world, and detailed information such as company
introductions, press releases, and leader speeches can be
retrieved on their official websites. On the other hand, these
enterprises can attract widespread media attention, which
helps to analyze the understanding of the case enterprises.

The third principle is related to theoretical university. The
business coverage of the case needs to include comprehen-
sive value chain links, including research and development,
production and manufacturing, services, sales, etc., and pure
trade enterprises cannot be selected. This provides compre-
hensive support for the formation process of DT value.

After careful consideration, this study chooses HW
Company DT as a case.

2) GROUNDED THEORY
Glaser [42] from Columbia University proposed GT in med-
ical practice for the first time. GT is a qualitative research
method that analyzes and summarizes the collected data or
materials, and then discovers new theories or deepens existing
theories [43].

There is no theoretical assumption during the process of
GT. Based on practical materials and data, researchers utilize
their professional knowledge and theoretical sensitivity to
sort, code, compare, and reanalyze, thus forming new theo-
ries [44]. The research process of GT mainly includes four
stages [45]: research problem elaboration, data collection,
data processing (opening coding, axial coding, and selective
coding), theory construction.

The collection of VM factors play a fundamental role in
the research field of DT’s VM. However, most studies adopt
quantitative methods to verify the relationship between a
few factors such as DT and corporate performance, which is
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insufficient to present internal mechanism of DT’s value.
In order to ensure the completeness and coverage of factors
related to the VM of DT, it is necessary to have a deep
understanding of the entire stages and internal operation of
DT’s VM. Based on the above considerations, this article
adopts the GT method to collect the factors of DT’s VM.

3) DEMATEL
Scholars Gabus and Fontela from Battelle Laboratory in
the USA established the Decision-Making Trial and Evalu-
ation Laboratory (DEMATEL) approach in 1971 [46]. It is
mostly used to study extremely complex global issues [47].
The DEMATEL was developed to address problems involv-
ing complex and linked factors [48], [49] by reviewing
causal relationships and illustrating the degree of effect
between factors based on graph theory [50]. This tech-
nique was successfully used in numerous contexts, including
business intelligence [51], global manager competency devel-
opment [52], emergency management [50], risk analysis of
the crude oil supply chain [53], and factors evaluation for
supplier selection [54].

It might be important to provide a brief overview of
the DEMATEL hierarchical analysis method before dis-
cussing the DEMATEL use in this study [55]. According to
Uygun et al. [56], the original DEMATEL can be summed up
in five steps: creating the direct influence matrix, figuring out
the normalized direct influence matrix, figuring out the total
influence matrix, figuring out the prominence and relation-
ship of the elements, and creating the cause-effect diagram.
When this method is put within the context of this study,
DEMATEL can employ particular mathematical procedures
to visualize the cause-and-effect links among complicated
elements of VM, rank the VM elements in a cause-and-effect
chain, and indicate the degree of relevance of each element in
a particular mechanism. For the detail operation of DEMA-
TEL, the readers could refer to a paper by Uygun et al. [56]

4) ISM
Warfield originally used Interpretative Structural Model-
ing (ISM) technology to make complex issues visible in
1976 [57]. ISM has been more closely involved with
decision-making procedures across a range of domains since
Warfield’s approach, which combined graph theory and
Boolean algebra to study the hierarchical structure of com-
plex systems. According to Lin et al. [58], hierarchical
structures with several tiers of effect paths can be used to
describe complicated systems with multiple variable factors
and hazy structures, thanks to ISM. Because of its charac-
teristics, ISM is being used in many different fields, such
as green supply chain management [59], total productive
maintenance [60], and flexible manufacturing systems [61].
According to the researcher’s interpretation based on the
context of this study, ISM is a tool that uses a mathematical
approach to provide a visual representation of how the DT’s
VM elements interact with one another across the system.

In summary, the ISM method is as follows: be given a
set of variables (elements), compare those defined elements
in an ordered relation, create a binary matrix based on the
comparisons, and derive graphs that illustrate the hierarchical
properties of the original elements set [62]. By applying
particular mathematical techniques and contextualizing this
process within the framework of this investigation, ISM
can characterize the interactions among elements with basic
graphs and ascertain the hierarchical link among them from
cause to effect. The reader is advised to read a paper by
Robert Waller [63] since a very succinct description of the
technique’s physics.

5) ‘‘CS: GT–DEMATEL–ISM’’
As Figure 1 shows, this paper proposes a mixed data analysis
method of ‘‘CS: GT–DEMATEL–ISM’’, that combines GT,
DEMATEL, and ISM, to implement qualitative and quanti-
tative study. The research procedure of this study is divided
into three stages. The first stage is to implement qualitative
investigation through the approach of GT. The objective of
this stage is to explore the factors related to DT’s VM. The
investigation outcome will develop a theoretical framework
of factors. Then, the quantitative study involves two stages.
One is to analyze and evaluate the collected VM factors based
on the cause–effect relations. Following the identification
of the factors by GT, the DEMATEL is applied to analyze
the relationships among VM factors by evaluating the effect
degree of factors and classifying factors into cause-and-effect
groups. Subsequently, following the calculation result by the
DEMATEL, ISM is employed to graphically delineate the
linkages between factors and visually construct a systemic
multilevel hierarchical structure model.

With the integration of GT, DEMATEL, and ISM, the
mixed method of GT–DEMATEL–ISM provides a thorough
approach that addresses the systematic method of gathering,
evaluating, and structuring data.

6) ADVANTAGES OF ‘‘CS: GT–DEMATEL–ISM’’
When studying complex phenomena or mechanisms
involving a large number of factors, the model of ‘‘CS:
GT–DEMATEL–ISM’’ can make its unique advantages, they
are as below:

First, combining GT into ‘‘CS: GT–DEMATEL–ISM’’ can
get great advantages. The mixed approach first used GT
to comprehensively gather factors based on practical data.
GT is a type of methodical methodology with two benefits;
it is appropriate and effective for qualitative research. First,
because GT is applied by repeatedly extracting information
based on experience and a wealth of materials, including lit-
erature, reports, documents, interview sources, network data,
and so forth, it can, to a large extent, ensure the authenticity,
integrity, and coverage of the research outcome [12], [64].
The other benefit is that, with the appropriate application of
this technique, systematic knowledge can be concluded as a
framework [65]. Combining GT into the mixed method in
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this study can compensate for the deficiencies in the com-
prehensiveness of elements and the depth of research in pure
quantitative research.

Second, it can obtain benefits to apply Dematel and Ism
into ‘‘CS: GT–DEMATEL–ISM’’. One thing is that the
DEMATEL and ISM have in common is that they both
investigate how the various factors interact with one another
in the system [66]. Nonetheless, there are variations when
putting the two methods into practice. While ISM assists in
determining the pairwise relationships between factors and
obtaining a clearly defined hierarchical model, DEMATEL
concentrates on defining the priority and strength of the links
among factors.

Fortunately, due to this difference, they were able to sup-
port each other, and the shortcomings of each method can
be overcome by combining the two. First, DEMATEL can
simultaneously measure the interrelationships among a large
number of factors, supporting the purpose of ISM: to use
visual charts to present the causal relationships of complex
elements. According to Bai and Satir’s [67] experience, the
two methodologies’ integration enables ISM to make use of
the DEMATEL’s calculation findings and the total influence
matrix, thereby resolving the extra complexity in the face
of new factors. Second, according to Mudgal et al. [68],
one drawback of ISM is that it is unable to provide precise
values for the quantification of the relationships among fac-
tors. In contrast, DEMATEL offers a practical and efficient
method of measuring the relationships among the factors that
influence the system. Third, DEMATEL is unable to offer
a precise image of the interactions among all the different
factors. To make up for DEMATEL’s limitations, ISM can
provide a hierarchical framework that graphically and con-
cisely illustrates the relationships among every element in the
system.

Consequently, by combining the two methods in a mixed
way, it is possible to assess how the VM factors relate to one
another and provide a comprehensive understanding of the
VM framework.

B. VM FACTORS COLLECTION USING GROUNDED THEORY
The detailed research process of GT is drawn in Figure 2. The
research scope by GT in this paper is defined to explore DT’s
VM related to enterprise. The exploration process mainly
contains 2 steps: data collection, and coding analysis.

1) DATA COLLECTION
Based on scientific literature, survey reports, and other
primary sources, GT carries out qualitative research. The
reliability and persuasiveness of conclusions can be signifi-
cantly improved by the richness and saturation of raw data.
Glaser [42] claims that the conception of saturation shows
that no new factors have emerged through continual compar-
ison, and Manuj and Pohlen [69] pointed out that theoretical
saturation simultaneously signaled the end of data collection
and indicated the necessary sample size for the research.

FIGURE 2. Research process of GT.

Nevertheless, the existing literature fails to provide definitive
guidance for the necessary sample size for the assessment
of saturation. Bowen [70] advised that the author detail the
data processing procedure, including the concentration and
interpretation steps. To guarantee the theoretical saturation
of the original data as much as feasible, this article combines
information from several data sources (Table 1), employees
from various departments and positions (Table 2), and differ-
ent projects (Table 3).

Firstly, the data includes three types: document, voice,
and video. For document data, sources include leadership
speeches shared by corporate executives and employees in
the internal journals, meeting minutes, comment sharing
(889 pages), company annual reports (2006-2022), internal
training materials (4 books), and other documents in the
official website (1443 pages), reports and comments shared
by corporate executives in external media and meetings
(394 pages), and external training materials for executives
(3 books). For the audio materials, it includes semi-structured
interviews (101 minutes) and external training audio materi-
als (553 minutes). The video materials include videos about
executive sharing published by external media (216 minutes)
and videos about executive sharing published internally on
the official website (288 minutes).

Secondly, from a human perspective, data come from the
sharing of internal and external personnel. In addition to data
published in the name of the company, internal personnel also
include business department employees (n=17), finance and
accounting department employees (6 people), IT department
employees (n=10), consultants (n=1), and external experts
(n=10). Positions include CEO, Rotating CEOs, CFO, CIOs,
and Presidents in different departments, and other positions.

Finally, from the content perspective of the data, it involves
internal DT projects (n=22) and external DT projects
(9 areas). On one hand, regarding internal DT projects, the
author classifies them based on the specific content of DT
projects. In addition to the DT general description, it includes
financial DT projects (n=2) and business DT projects (n=12)
which cover 8 value chain links (strategy, research develop-
ment, manufacturing, supply chain, marketing, finance, and
digital office, asset management and expense reimbursement)
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TABLE 1. Data types, quantities and sources.

TABLE 2. Human book.

and internal operations DT projects (n=7). On the other
hand, regarding external DT projects, which HW acts as a
consultant, it covers 9 different industries: construction, edu-
cation, energy, finance, government, manufacturing, retail,
technology, and transportation.

2) CODING ANALYSIS
To develop a theory through encoding analysis, researchers
must eliminate prior experiences, opinions, conjectures,
and theories while maintain theoretical sensitivity and be

grounded in the original data [71]. Coding analysis includes
three stages: open coding, axial coding, and selective coding.

Analyzing raw data line by line is known as open cod-
ing [72]. The data is disorganized and subjected to multiple
analyses for comparison. Sentences that are irrelevant to the
goal of the study are eliminated throughout this stage, and
relevant data is found and annotated. The conceptualization
of the original information has been completed, supporting
the axis coding in the following step.

In the step of axial coding, use logical relationships,
condense, and further develop the ideas created via open
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TABLE 3. Project book.
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coding [73] and formed the main categories, namely the VM
factors list, by analyzing the relationships between concepts
and then resuming, refining, and maintaining internal consis-
tency within the categories. Causal conditions, phenomenon
backgrounds, action tactics, and action results are commonly
included in axial coding models.

By summarizing core categories based on the concepts and
main categories, selective encoding aims to create a ‘‘story-
line’’ that may be used to constantly enhance and augment
preexisting categories [74]. The core category serves as the
main hub that connects and encompasses all other categories,
like the trunk of a tree. Selective encoding involves assessing
accuracy, coverage, and alignment with the research topic
in addition to confirming the connection between the core
category and other categories. Lastly, a fresh framework for
theory will be developed.

C. THE SATURATION TEST
For the reliability of coding, the original data is encoded
separately by two people, and then compared and discussed.
The codes of both parties are merged, and the names of codes
with the same meaning are unified to form the codes system
required for the research.

It is determined that 30% of the original data will be used
to conduct the saturation test because the original data is
sufficiently large. The outcomes are contrasted with the the-
oretical model developed by coding analysis. The theoretical
framework must be adjusted and rebuilt if new categories are
created. If not, the theoretical framework is approved if no
new categories are created.

D. EVALUATING FACTORS WITH THE DEMATEL
This study applied the DEMATEL to evaluate the VM factors,
grouped the factors into cause-effect sets, and ranked the
importance of the factors in VM systems. The application
steps of DEMATEL are as follows:

1) IDENTIFY THE SYSTEM OF VM FACTORS
The system of factors related to DT’s VM is constructed and
expressed as VM = {VM1; VM2; VM3. . .VMn}, where n
is the number of main categories, in line with the starting
categories summarized by GT.

2) ESTABLISH THE DIRECT INFLUENCE MATRIX
To conduct a quantitative analysis of the relationships
between VM factors of the system. The influence relationship
between paired factors was determined by experts, and the
values were assigned using a two-level scale (0–1), where
1 indicated direct influence and 0 indicated no direct influ-
ence. The discussion was conducted as a workshop, which
was addressed to practitioners and researchers. The direct

influence matrix D is established as below:

D =


0 d12 . . . d1n
d21 0 . . . d2n
...

...
. . . d3n

dn1 dn2 · · · 0

 (1)

in which, when i = j and dij = 0.

3) CALCULATE THE NORMALIZED DIRECT INFLUENCE
MATRIX
The normalized direct influence matrix E is acquired based
on Equation (2):

E =
1

max
1≤i≤n

∑n
j dij

(2)

4) CALCULATE THE TOTAL INFLUENCE MATRIX
The total influence matrix F is formed by Equation (3):

F = lim
n→∞

(E + E1
+ E2

+ E3
+ . . . + En) = E(I − E)−1

(3)

where I indicates the identify matrix as below:

I =


1 0 . . . 0
0 1 . . . 0
...

...
. . . 0

0 0 · · · 1


5) CALCULATE THE INFLUENTIAL IMPACT DEGREE AND
INFLUENCED IMPACT DEGREE
In the total influence matrix F, fij indicates the total influence
degree of VM factor VMi acting on VMj. The influential
impact degree, indicated byM, symbolizes the total influence
of factor i acting on all other factors, while N named the
influenced impact degree, measures the total influence from
all other factors working on factor j. The M and N compu-
tation methods are represented respectively by Equations (4)
and (5).

M =

∑n

j=1
fij(i = 1, 2, . . . , n) (4)

N =

∑n

j=1
fij(i = 1, 2, . . . , n) (5)

6) DEVELOP THE CAUSE-EFFECT DIAGRAM
The cause-effect figure is created using the Z and Y data set
as a basis. Z namely ‘‘Prominence’’ is the total of M and N
(see Equation 6), and it denotes the degree of importance
that factor i in the whole system. Furthermore, Y namely
‘‘Relation’’ is determined by deducting N from M (refer to
Equation 7). To divide the factors into groups of causes and
effects, Y is used to calculate the net effect of factor i in the
system. The factor is classified into the cause set when Y is
positive. In contrast, the factor is divided into the effect group
when Y has a negative value.

Z = M + N (6)

Y = M − N (7)
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E. STRUCTURING FACTORS BY ISM
Based on the technique and applications of ISM provided by
Waller [63], the steps below are settled with the basic results
of DEMATEL in this study:

1) CREATE THE STRUCTURAL SELF-INTERACTION MATRIX
(SSIM)
The SSIM is a matrix representing the pairwise association
between factors. The SSIM, represented by C, is calculated
using the total influence matrix F from DEMATEL, shown as
Equation (8)

C = F + I = [cij]n′×n′ (8)

where n′ is the number of VM factors and I is the identify
matrix.

2) CALCULATE THE REACHABILITY MATRIX
By converting the SSIM C into a binary matrix based on a
threshold of 0, the reachability matrix R is obtained. Equa-
tions (9) and (10) carry out the transformation procedure.

R = [rij]n′×n′ (9)

rij =

{
1, cij > 0
0, cij = 0

(10)

3) CALCULATE REACHABILITY, ANTECEDENT, AND
COMMON SETS
To assign a factor to a certain level and ultimately aid in
the creation of the hierarchical structure diagram, the reach-
ability set Qi, antecedent set Ai, and common set S are
computed [75]. The three types of sets are calculated using
Equations (11) - (13) in that order.

Qi =
{
Rj|Rj∈Ri, rij = 1

}
(i = 1, 2, . . . ,n′

;j = 1, 2, . . . ,n′)

(11)

Ai =
{
Rj|Rj∈Ai, rji = 1

}
(i = 1, 2, . . . ,n′

;j = 1, 2, . . . ,n′)

(12)

S = {Ri|Ri∈Si,Ri ∩ Ai = Ri} (i = 1, 2, . . . ,n′) (13)

4) CREATE THE LEVEL DIVISIONS AND SKETCH THE MODEL
OF THE HIERARCHICAL STRUCTURE
The factors are categorized into the common set(S) when the
intersection set of the antecedent set and the reachability set
matches the reachability set (Qi ∩ Ai = Ri). The first layer
contains the factors that were first collected in common set
S. The first layer’s factors are then taken out of reachability
matrix R, and the remaining factors are taken into account for
the subsequent iteration in order to determine the factors of
the second layer. The process is repeated until all the factors
are assigned. The factor set for each layer is created as a
result of the level partitioning, and it is signed as S(v) (v =

1, 2, . . . , h), where h is the total number of level layers. Based
on the layer, arrow lines are used to indicate the relationship
among nodes, including layers (Sv) and factors (Ri).

IV. RESULTS AND DISCUSSIONS
A. RESULT OF GROUNDED THEORY STAGE
According to the framework of the methodology, GT was
applied in the first stage focusing on the exploration of
VM factors related to enterprises. Initially, data collection
was accomplished through documents, audio, and video
from descriptions of HW’s internal or external DT projects.
Subsequently, the authors implemented coding analysis in
accordance with the three steps: open coding, axial coding,
and selective coding.

Through open coding, 32 concepts were identified,
as shown in Table 4. Owing to the paper’s brief duration, the
table only includes a portion of the original statements.

In the second step of axial coding, an additional study
was carried out, focusing on the logical relationship. Mean-
while, the internally consistent notions were reworked and
condensed. This process led to the formation of 15 main
categories, as Table 5 illustrates.

In the third step of selective coding, the core category is
abstracted through processing. All of the categories listed in
the first two steps must be covered. As indicated in Table 5,
it is characterized in this study using five core categories in
accordance with the research topic ‘‘DT’s VM’’.

Ultimately, a novel conceptual framework was constructed
and showcased in Figure 3. The conceptual framework of
VM factors comprises five main areas, as shown in Figure 3:
IT, data, process, organization, and values. These categories
are further divided into fifteen main groups. After conceptual
framework is completed, the 15 main categories that were
found and determined, and they will be used as VM factors
for DEMATEL’s further research.

B. RESULT OF DEMATEL STAGE
1) CALCULATION RESULTS OF THE DEMATEL
A visual tool for calculating and evaluating the significance
of each factor is provided by the DEMATEL. As per the
DEMATEL’s implementation stages, the data obtained from
an expert workshop was utilized to build the direct influ-
ence matrix D. Following consultation with three experts, the
direct impact channel is ascertained, yielding the direct influ-
ence matrix D, which is displayed in TABLE 6. Equation (2)
was then used to calculate the normalized direct influence
matrix, E, which is shown in TABLE 7. Equation (3) was
used in considering the data above to determine the total influ-
ence matrix F, which is displayed in TABLE 8. According
to steps (5) and (6) of DEMATEL procedure, relationship
among VM factors are calculated, the results is shown in
Table 9. Meanwhile, the scatter diagram of prominence and
relation for VM factors is shown in Figure 4.

2) CAUSE-EFFECT SETS DIVISION AND IMPORTANCE RANK
DETERMINATION
Based on the computation results above, this part aims to
present the importance and cause-effect classification of
VM factors through thorough examination with reference to
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TABLE 4. Concepts indentied through open coding and axis coding.
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TABLE 4. (Continued.) Concepts indentied through open coding and axis coding.
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TABLE 4. (Continued.) Concepts indentied through open coding and axis coding.

prominence, relation, influenced impact degree, and influen-
tial impact degree (Table 9). It represents that the 15 VM fac-
tors are divided into 7 cause factors and 8 effect factors. The
value of prominence indicates that the VM factor importance
ranks in the entire DT’s VM system. As shown in Figure 4,
the importance order of VM factors according to the rank

of prominence are VM9>VM8>VM6>VM12>VM11>
VM5>VM10>VM7>VM14>M1>VM4>VM2>VM3>
VM13>VM15. Furthermore, as shown by line-relation in
Figure 4, VM1(Digital Technologies), VM2 (IT Construc-
tion), VM3 (IT Sharing), VM4 (IT Intelligentization), VM5
(Data Construction), VM6 (Data Sharing), VM7 (Process
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TABLE 5. The axis coding and selective coding.

TABLE 6. The direct influence matrix D of the dematel.

Form Evolution) are classified as the cause group in DT’s
VM system, and VM8 (Process Sharing), VM9 (Organiza-
tion Construction), VM10 (Organization Form Evolution),
VM11 (Business Form Evolution), VM12 (Business Shar-
ing), VM13 (New Business Mode Construction), VM14
(Enterprise Capability Improvement), VM15 (Enterprise Per-
formance Improvement) are classified as the effect group.

For the cause set, VM5 (Data Construction), VM6 (Data
Sharing), and VM7 (Process Form Evolution) are the top
three important factors in the system, which means that data

construction, data sharing, and process form evolution are the
main causing factors in DT’s VM. In other words, during
implementing the DT in the enterprise, we should focus on
process construction of data and process, but also the data
sharing.

For the effect set, VM13 (New Business Mode Construc-
tion), and VM14 (Enterprise Capability Improvement) are
the top two important factors in the system, which means
that new businessmode construction and enterprise capability
improvement are the main results in the DT system. Also,
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FIGURE 3. Factors structure of DT’s value and its creation mechanism.

TABLE 7. The normalized direct influence matrix E of the dematel.

business mode and enterprise capability are the most impor-
tant mediating links of DT’s value delivery.

To sum up, 15 VM factors are included in the frameworks
of DT’s VM, containing 7 cause factors: VM1, VM2, VM3,
VM4, VM5, VM6, VM7, and effect factors: VM8, VM9,
VM10, VM11, VM12, VM13, VM14, and VM15. These VM
factors provide the factors for ISM investigation in the next
section.

C. RESULT OF ISM STAGE
Building the multilevel hierarchical model and graphically
representing the pairwise relations between VM factors are
the goals of the ISM implementation. Based on DEMATEL
analysis, it considers the 15 VM factors to be the fundamental
factors in ISM procedure. And ISM utilize the results of the
DEMATEL’s computation (the total influencematrix F) as the
basis data. Firstly, SSIM was calculated using Equation (8),
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TABLE 8. The total influence matrix F of the dematel.

TABLE 9. The calculation results of the dematel.

as seen in Table 10. The reachability matrix R (Table 11) is
then obtained by applying Equations (9) and (10). The sets of
reachability set (Ri), antecedent set (Qi), and common set (S),
were then developed using the methods outlined in Step (3)
in ISM procedure. These sets were then utilized to produce
level partitions and the relevant factor sets in Step (4) of ISM
procedure, the calculation process is shown in Table 12 and
Table 13 and the result is shown in Table 14. Ultimately, the
multilevel hierarchical model was developed and presented in
Figure 5 based on the aforementioned analysis.

V. DISCUSSIONS
A. Grounded Theory, DEMATEL, ISM
The data analysis consists of three stages GT, DEMATEL and
ISM.

In the first stage, the investigation of GT concludes with
a conceptual framework of VM factors related to DT’s VM.
The framework contains 15 VM factors; they are classified
into 5 categories: IT, data, process, organization, and values.

The conceptual framework enables readers to better under-
stand the structure and the areas DT VM system, and it
also drive the managers to attention on what factors should
be considered when doing DT implementation in practice.
Meanwhile, participants can focus on specific factors accord-
ing to their position and the real-time progress of the DT
project. Additionally, this framework is relatively compre-
hensive. It covers both the operational level (cause factors
and process factors) and the management (effect factors). In a
word, this study has developed a conceptual framework to list
VM factors related to DT’s VM with more comprehensive
information and systematic structure.

In the second stage, following the qualitative research
results investigated by GT, the DEMATEL offers an efficient
tool to evaluate the collected risk factors. The investigation of
the DEMATEL undertakes quantitative analysis comprehen-
sively considering various indexes including the influential
impact degree, the influenced impact degree, prominence,
and relation. Therefore, the values of relation classify the
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TABLE 10. The structural self-interactrion matrix of ISM.

TABLE 11. The reachability R of ISM.

factors into two groups, namely, the effect factor and the
cause factor, while the value of prominence for each factor
indicates its impact strength in the entire system. By compre-
hensively considering the four kinds of index, the importance
of the 15 VM factors is presented in the conceptual frame-
work. Meanwhile, the evaluation results reveal that VM5
(Data Construction), VM6 (Data Sharing), VM7 (Process
Form Evolution) VM13 (New Business Mode Construc-
tion), and VM14 (Enterprise Capability Improvement) are the
most crucial issues at the level of main category. In other
words, data, process, businessmode, and enterprise capability
improvement (efficiency improving, internal control improv-
ing, experience improving, etc.) are highly associated with
DT implementation. Therefore, to ensure the success of the
DT project, it is suggested that data, process, business mode,

and enterprise capability should be paid more attention in
the DT implementation plan, but also should be clear about
the mediate values and the path of DT’s value realization
(relationship between VM factors) before the project starts.
The findings above are similar with some existing studies:
(a)Various of factors will affect the results of DT, stating
that technology [5], [8], [7], [14], [15], [76], process [18],
[19], organization [5], [8], [14], [20], [21], [22], [24], [25],
[26], [27], [28] are important factors of enterprise perfor-
mance improvement or productivity improvement from DT;
(b)The ultimate target or purpose of DT is to improve the
enterprise performance for DT project, but the mediate values
of DT like business mode building [18], [29], [30], [31]
and efficiency improvement [7], [20], [21], [22], [28], [33],
[34], internal control improvement [36] should be focused
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TABLE 12. The first level calculation result of VM factors by ISM.

on, because they play an important role in the path of DT’s
values creation. However, it is worth noting that, despite the
previous publications have studied DT’s VM using quantita-
tive methods, the limitation in common was that they verified
the relationship among a few VM factors individually but did
not take all the VM into the whole DT system. This study
does not only consider all the important VM factors, but also
evaluates important degree and the relationship in the whole
DT system.

In the final stage, ISM graphically construct the multi-
level hierarchical model and analyze the pairwise relations
between critical factors. As can be seen from Figure 5, the
multilevel hierarchical model of DT’s VM contains 3 layers,
including the fundamental factors, surface factors, andmiddle
factors. Traditionally, the factors located in the lower layer
plays a more significant role in the whole system, since it
affects other factors in the upper layer. Therefore, value trans-
mission chains are revealed along with the arrow lines from

the bottom layer pointing to the upper layers. For instance,
VM1 (Digital Technologies), VM2 (IT Construction), and
VM3(IT Sharing) are at the bottom level and belong to the
fundamental factors, indicating that Digital Technologies,
IT construction, and IT sharing are the most fundamental
issues supporting DT’s value creation. Therefore, adopting
appropriate digital technology and conducting appropriate IT
construction and IT sharing is of great significance to ensure
the success of the DT project. Otherwise, these fundamen-
tal factors can seriously impede progress and even cause a
series of failure risks in DT projects. Secondly, VM5-VM12
(related to data, process, organization, and business) lies in
the layer of the middle factors in Figure 5, which reveals the
process of DT’s VM. It can be described that the relevant
factors of data, process, organization, and business interact
one another to form the value of DT based on IT construction.
Thirdly, the model reveals that VM13 (New Business Mode
Construction), VM14 (Enterprise Capability Improvement),

VOLUME 12, 2024 55993



S. Li et al.: Value Identification and Its Creation Mechanism of Digital Transformation at Enterprises

TABLE 13. The second level calculation result of VM factors by ISM.

FIGURE 4. The scatter diagram of prominence and relation for VM factors.
Note. Prominence indicates the importance degree of VM factor in VM
system. Relation indicates the nodes the VM factor stay in cause-effect
chain.

TABLE 14. Level partitions of critical VM factrs by ISM.

and VM15 (Enterprise Performance Improvement) are the
key factors on surface layer; it indicates that DT can obtain
the results that include changing or establishing business
models and improving enterprise capabilities and enterprise
performance.

FIGURE 5. The multilevel hierarchical model of ISM.

B. DT’s VALUE AND ITS CREATION MECHANISM THEORY
FRAMEWORK
Based on the findings in GT, DEMATEL, ISM, DT’s VM
system model is constructed (Figure 6). This model consists
of three main parts: technology, mechanism, and value, cor-
responding to the level 1, level 2 and level 3 calculated by
the ISM. The relationship between the three parts is indicated
by the blue arrow on the framework. Firstly, technology can
directly affect mechanisms and value, and it is the foundation
for the generation of DT value. Secondly, themechanism is an
intermediate variable that generates value, including the four
core elements of data, process, organization, and business.
At the same time, according to the reachability matrix R
of ISM (Table 11), these four core elements work together
and influence each other, forming the value of DT. Finally,
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FIGURE 6. Value and its creation mechanism of digital transformation at
enterprises. Note: Level 1, level 2, and level 3 correspond to technologies,
mechanisms, and values respectively. Although VM4 IT intelligence
belongs to the second level according to ISM calculations, VM4 is placed
at level 1. The main reason for this consideration is that VM4 and
W7-W12 are not directly interdependent, VM4 only has an interdependent
relationship with VM5 and VM6, while the eight main axis elements of
VM5-VM12 are directly interdependent. Therefore, this study ultimately
decided to display VM5-VM12 as a mechanism in the architecture and
VM4 IT intelligence as a technology.

value includes three aspects: the construction of business
models, the enhancement of enterprise capabilities, and the
enhancement of enterprise performance. According to the
reachability matrix R of ISM (Table 11), the construction
of business models can enhance enterprise capabilities and
directly improve enterprise performance. The enhancement
of enterprise capabilities can promote the improvement of
enterprise performance [77], which constitutes the transmis-
sion path of DT value.
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