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Abstract: The growing diffusion of digital technologies, especially in production systems, is leading
to a new industrial paradigm, named Industry 4.0 (I4.0), which involves disruptive changes in the way
companies organize production and create value. Organizations willing to seize the opportunities of
I4.0 must thus innovate their processes and business models. The challenges that companies must
face for the transition towards I4.0 paradigm are not trivial. Several digital transformation models
and roadmaps have been lately proposed in the literature to support companies in such a transition.
The literature on change management stresses that about 70% of change initiatives—independently
of the aim—fail to achieve their goals due to the implementation of transformation programs that
are affected by well-known mistakes or neglect some relevant aspects, such as lack of management
support, lack of clearly defined and achievable objectives and poor communication. This paper
investigates whether and to what extent the existing digital transformation models (DTMs) and
roadmaps for I4.0 transition consider the lessons learnt in the field of change management. To this
aim, a Systematic Literature Review to identify existing models and roadmaps is carried out. The
results obtained by the review are discussed under the lens of the change-management literature.
Based on that, the shortcomings and weaknesses of existing DTMs are pinpointed. Extant DTMs
mainly focus on digital transformation initiatives carried out in manufacturing companies; they
do not cover all the phases of the digital transformation process but rather focus on the definition
of the I4.0 vision, strategy and roadmap. Little attention is devoted to the implementation and
consolidation of digital change. Change management lessons are considered to a limited extent, based
on which, some suggestions for better dealing with digital transformation initiatives are discussed.
The paper contributes to advancing knowledge on models and approaches to support organizations
in managing digital transformation. The identification of change management activities that a digital
transformation initiative should involve as well as the suggestions on how to effectively deal with it
can be used by managers to successfully lead the I4.0 transition journey in their organizations.

Keywords: change management; digital transition; Industry 4.0; systematic literature review

1. Introduction

The growing diffusion of digital technologies, especially in production systems, is
leading to a new industrial paradigm, usually named Industry 4.0 (I4.0) [1]. At the core of
I4.0 there are the implementation of cyber–physical systems (CPS) for industrial production,
i.e., networks of microcomputers, sensors and actuators embedded in materials, machines
or products that are connected along the value chain [2], and the availability of sophisticated
systems to process and analyse big data in real time. Simulation, augmented reality, system
integration, cloud computing, cybersecurity and additive manufacturing are other well-
known I4.0 enabling technologies [3].

All these technologies significantly extend production and consumption possibilities
and represent a disruptive technological change. More specifically, I4.0 yields new value
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propositions for highly customized or differentiated products, well-synchronized product-
service combinations, and value-added services. I4.0 is indeed a technology-enabled
paradigm, which is deeply changing the way companies organize their processes and
create value for customers. Companies are increasingly aware that digital technologies
enable completely new business models and lead to the reconfiguring of the structure of
all sectors, leaving out those companies that will not be able to adapt to the change. It
is therefore essential for companies to innovate and re-think their business models [4,5],
as well as to innovate their processes and products to seize the challenges and growth
opportunities generated by the new digital technologies.

Organizations willing to exploit the opportunities and potential of the I4.0 paradigm
must manage a transition from a current state to another, characterized by a higher level
of digitization. As about 70% of change initiatives—independently of the aim—fail to
achieve their goals [6,7], the transition towards I4.0 is complex and risky. Generally,
failures are due to employee resistance, lack of clearly defined and achievable objectives,
scarce management support and commitment and poor communication [8]. The transition
towards I4.0 is indeed a complex process that goes beyond the mere implementation of
technologies and involves all aspects of the organization.

In the last years, many scholars investigated the I4.0 paradigm from different perspec-
tives; however, extant literature mainly focuses on technological aspects; less attention
is devoted to the managerial and organizational aspects associated with digital transfor-
mation [9]. Bordeleau et al. [10], for example, argue that no frameworks and models
adequately support managers and organizations in all the phases of the digital transforma-
tion process and call for more structured approaches to manage the transition towards the
I4.0 paradigm.

The goal of this study is to investigate whether and to what extent the existing digital
transformation models and roadmaps for the I4.0 transition consider the lessons learnt in
the field of change management, a well-known approach developed to successfully man-
age change initiatives. To this aim, a systematic literature review is conducted to identify
the digital transformation models (DTMs) developed to manage the transition towards
I4.0 paradigm. The results are then analysed under the lens of the change management
literature. To do so, we review and compare the main change management models and
identify the set of activities to be included in any transformation initiative. The activities
are then contextualized to the case of the I4.0 transition and used, together with other
dimensions of analysis (i.e., involved stakeholders, focus, theoretical approach, develop-
ment activities, test) to make a comparison among the DTMs retrieved from the systematic
review. Based on this, the shortcomings and weaknesses of existing DTMs are pinpointed.
Finally, suggestions to improve DTMs and recommendations to better deal with digital
transformation in the I4.0 paradigm are provided.

The paper contributes to advancing the knowledge of models and approaches to
support organizations in the management of digital transformations. The description and
comparison of existing DTMs as well as the recommendations provided to better deal with
a digital transformation initiative can be used by managers to successfully lead the digital
transformation of their organizations.

The paper is structured as follows. After an introduction on change management and
the identification of the set of activities to be included in any transformation initiative, in
Section 3 the methodology adopted to conduct the systematic literature review is presented;
Section 4 illustrates the results of the review; the identified models are then analysed and
compared in Section 5. Some suggestions and recommendations for developing an effective
digital transformation model are discussed in Section 6. Finally, in the Conclusions, the
main implications of the study are summarized, and future research avenues are drawn.

2. Change Management: Main Models and Salient Activities

Any digital transformation initiative towards I4.0 can be viewed as a change initiative,
namely a process of transition from a current state, characterized by a certain level of
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digitization, to a future state, characterized by a higher digitization level. Accordingly,
in the paper, change management is adopted as the methodological lens through which
to analyse the DTMs proposed in the literature. Below, the most well-known change
management models are described and examined in order to identify the set of activities to
be included in any transformation initiative.

2.1. Change Management Models

As the pace of global, economic, and technological development makes change an
inevitable feature of organizational life [11,12], organizations are increasingly requiring
change management skills [13]. Change management is a structured approach to facilitat-
ing a transition from a current state (where the organisation is now) to a future state (where
the organisation wants to be) [6]. It is the process of renewing an organization’s direction,
structure, and capabilities to serve the ever-changing needs of external and internal cus-
tomers [14]. Change management also refers to the process and tools for supporting people
in the transition [15]. The most well-known change management models are described and
synthetized in Table 1.

Table 1. Overview of change management models.

Kurt Lewin’s Change
Management Model [16] Kotter’s 8 Step Change Model [17] GE’s Change Acceleration Process

(CAP) [18,19]
Prosci 3-Phase Change Management Process

[15,20]

Unfreeze
establish a sense of urgency lead the change

Prepare for change:

− define change management strategy
− prepare change management team
− develop a sponsorship model

build a powerful guiding coalition create a shared need
Manage the change:

− develop change management plans
− take action and implement plansChange

create a shared vision shape a vision

communicate the vision mobilize commitment

empower others to act on the vision make change last
plan for and create short-term wins

Refreeze

consolidate improvements and
produce still more change monitor the process Reinforce the change:

− collect and analyse feedbacks
− diagnose gaps and manage resistance
− implement corrective actions and

celebrate successinstitutionalize new approaches change systems and structures

Kurt Lewin’s Change Management Model [16] is a “three-step model” that is considered
the precursor of change management models. The basic concept is that changes imply
new behaviours, thus, before introducing changes in a given organization, the members
must abandon old behaviours. In this sense, the three steps of the model can be described
as follows:

1. Unfreeze. At the beginning, members of the organization become aware of the need
for change and the reason that makes it necessary; the equilibrium which supports
existing behaviours and attitudes modifies: the inherent threats that people may
associate to change and the need to motivate those that will be affected should be
considered in this step.

2. Change. The organization’s, department’s or individual’s behaviour is shifted to a
new level. That involves intervening in the system to develop new behaviours, values,
and attitudes through changes in organizational structures and processes; as the
resistance from employees may begin to emerge, it is important that the organization
leaders clarify to all members, directly or indirectly involved, the reasons of change,
the nature of the change and the benefits that are expected from it.

3. Refreeze. In this step the organization is stabilized into a new state of equilibrium; the
new procedures and behaviours introduced in the previous steps are consolidated
and incorporated into the organization. Individuals feel confident and comfortable
with the new ways of working.
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Kotter’s 8 Step Change Model [17] is one of the most used change management models; it
encompasses eight steps to guide organizations in the implementation of successful changes:

1. Establish a sense of urgency. In the first step, the organization realizes the need for
change and leadership must be able to explain to other members the urgent need to
introduce changes; this first step is critical for increasing organization awareness of
the need of change, therefore an examination of the market and competitors, as well
as the identification and discussion of potential threats and opportunities, should be
carried out.

2. Build a powerful guiding coalition. Building a team that have enough power to lead
the change effort.

3. Create a shared vision. The guiding coalition develops a vision which clarifies the
direction in which an organization needs to move. Without a sensible vision, a
transformation effort can easily dissolve into a list of confusing and incompatible
projects that might move the organization in the wrong direction. Eventually, a
strategy for achieving that vision is also developed to better define the change goals
and timing of implementation.

4. Communicate the vision. The guiding coalition must effectively communicate vision
and strategies to all members of the organization; this phase is critical to prevent
resistance to change.

5. Empower others to act on the vision. Communicating vision and strategy is not
sufficient to involve people in the change process; the guiding coalition must re-
move obstacles to change by identifying people who are most reluctant to change,
trying to understand their reasons, and encouraging their active participation in the
change process.

6. Plan for and create short-term wins. Short-term wins (also known as quick wins) are
results that can be obtained in a short time and that have an immediate impact. Iden-
tifying and implementing them show that the change is going in the right direction,
allowing individuals who are more reluctant to change to be further involved, and
helping the guiding coalition to test the vision against real conditions.

7. Consolidate improvements and produce still more change. Kotter argues that many
change projects fail because victory is declared too early; the organization should
consolidate their obtained results and, at the same time, evaluate the possibility of
introducing further changes to continuously improve those already implemented.

8. Institutionalize new approaches. To make possible the starting of new successful
changes’ processes, it is essential that the implemented changes become part of the
organization; to this aim, it is useful to ensure constant communication of the changes
taking place and the successes achieved, and to institutionalize the organizational
figures responsible for guiding the change processes.

GE’s Change Acceleration Process (CAP) [18,19]. In the 1990s, General Electric (GE)
under the direction of Jack Welch commissioned a team of consultants to study the best
practices of change management; the result of these studies was crystallized in the so-called
Change Acceleration Process (CAP).

The team highlighted that the implementation of high-quality technical solutions
is not always a guarantee of the success of a change initiative; the failure of a change
initiative occurs when most of the organization’s effort are dedicated to the technical
aspects of change rather than paying attention to people that are affected by the change.
This concept is summarized in a simple equation E = Q A, meaning that the effectiveness
(E) of any initiative is equal to the product of the quality (Q) of the technical strategy and
the acceptance (A) of that strategy; in other words, to successfully manage a change, paying
attention to the people side of the equation is as important as the technical side.

The Change Acceleration Process includes seven steps:

1. Lead change: Identification of a strong and committed leadership that is in charge of
the change initiative.
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2. Create a shared need: leadership clearly defines the reason for change and shares it
with all stakeholders involved in the change initiative.

3. Shape a vision: leadership should articulate a clear and legitimate vision of the world
after the change initiative. The end-state must be described into observable and
measurable terms, and vision must be shared with all stakeholders.

4. Mobilize commitment: creation of a sense of commitment and involvement of all
people interested by the change.

5. Make change last: the implementation should start with pilot projects. The successes
and knowledge gained can be used for other initiatives; in this step also the factors
that are helping change and those that are hindering it should be identified.

6. Monitor the process: measurement of progresses and detection of the problems.
7. Changing systems and structures: after the implementation, organizational structure

should be realigned to the new situation to make change permanent.

Prosci 3-Phase Change Management Process [15,20]. Prosci, a global consulting team
founded in 1994 and focused exclusively on change management, argues that the success of
a change management initiative requires the integration of individual and organizational
change management.

To support people through change, Prosci provides the so-called ADKAR model:
the acronym stands for the (a)wareness of the need for change, the (d)esire to support
the change, (k)nowledge of how to change, the (a)bility to implement desired skills and
behaviours and the (r)einforcement of change. According to Prosci, the success of an
organizational change initiative depends on how people successfully implement the change.
A change is successful only when every impacted employee has reached the five milestones
of the ADKAR model, i.e., when the people affected by change are aware of the need
and urgency of the change, have the desire to change and have the skills and practical
knowledge on how they will work after the change.

The Prosci 3-Phase Process, another component of the Prosci change management
methodology, provides a strategic, step-by-step approach to organizational change man-
agement. The model encompasses the following phases:

1. Prepare for change. In the first phase the project team designs the change management
plans. The activities that should be carried out in this phase are: developing awareness
of the need for change; defining change characteristics in terms of size, scope, time and
impact; appointing a change management team with clear roles and responsibilities;
identifying a sponsor for the change, i.e., a leader across the organization that will
push the change and provide resources; identifying groups of individuals impacted
by the change; developing a change management strategy.

2. Manage the change. This phase focuses on the development and implementation
of various change management plans, i.e., a communication plan, a training plan, a
sponsor roadmap, a coaching plan and a resistance management plan.

3. Reinforce the change. In this phase, the change team collects and analyses feedback
from people affected by the change, develops mechanisms to measure how well the
change is taking hold, controls if employees are actually doing their jobs in the new
way, identifies and correct gaps and celebrates success.

2.2. Salient Activities

We compared the change management models described above (Table 2); based on the
comparison, we identified the salient activities that a successful change initiative should
include, namely:

1. Define a strong leadership.
2. Generate awareness of the need for change and develop a sense of urgency towards

such a need; to do so, an analysis of the current situation (problems and opportunities
that require a change initiative) should be carried out.

3. Define a clear vision and strategy of change: leadership must clearly state the direction
in which the organization needs to move and define objectives to achieve it; also, a
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change strategy must be developed to clearly define how the organization intends to
achieve the objectives.

4. Communicate change vision and strategy: to prevent resistance to change, the reasons
that make the change necessary, the objectives and benefits deriving from the change,
and the timing of implementation should be shared with all the members of the
organization that are involved in the change initiative.

5. Define a change management team, namely a group of people with well-defined roles
and responsibilities, who will drive the change process.

6. Identify short-term goals and test the change in pilot projects: implement early
pilot projects to test the change, leverage quick wins to motivate people and adapt
knowledge gained in the pilot to a wider rollout of the change.

7. Identify and manage resistance to change. When a change initiative is implemented,
inevitably resistance to change arises: people are reluctant to abandon the guaranteed
comfort of the status quo, so they see the change as a threat rather than opportunities
for improvement and tend to resist to it [21]. For example, a change initiative could
make people fear they will be unable to carry out the tasks required by the new way of
operating, especially if they are not well trained; it can generate uncertainty and fear
of lost work or of an increased workload; also, people may see the change initiative
as a threat to interpersonal relationships within the work team. Resistance to change
arises especially when people do not understand the reasons and the need for change
and the advantages that change will bring to their working conditions.

8. Train people, with the aim of providing them those skills that allow them to carry out
tasks in the way suggested by the change initiative.

9. Monitor change, by collecting and analysing feedback from people that are involved
in the change initiative.

10. Celebrate the successes achieved in the implementation of change and provide cor-
rective actions to the change management plan when gaps and shortcomings are
highlighted.

11. Consolidate the change: realign the organizational structure and people behaviour to
the new situation to make change permanent and part of the organization.

Table 2 reports the activities that a change management initiative should include. Al-
though change management models could implicitly include other activities, we considered
only the activities that each change management model explicitly envisages.

As reported in Table 2, a change management initiative should start with the definition
of a strong leadership that, in turn, should define a clear change vision and strategy and
communicate them to all members of the organization. Also, a change management team is
required to guide the change process. Once appointed, the team identifies short-term goals
and tests the change. Also, it deals with the resistance to change. According to the change
management approach, carrying out a change initiative requires managing the effects of a
transition on the people involved, encouraging the acceptance of changes and mitigating
the problems related to change. Some activities—such as training, monitoring of progress
and the celebration of successes—should also be performed to successfully implement the
change. Finally, to consolidate it, the organizational structure might need realignment.
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Table 2. Change management activities included in the reviewed models.

Change Management
Activities

Kurt Lewin’s
Change

Management Model

Kotter’s 8 Step
Change Model

GE’s Change
Acceleration Process

(CAP)

Prosci 3-Phase Change
Management Process

Define a strong leadership • 1 • •

Generate the awareness of
the need for change • • •

Define a clear vision
andstrategy • • • •

Communicate the vision
and strategy • • • •

Define a change
management team • •

Identify short-term goals
and test the change in pilot

projects
• •

Identify and manage
resistance to change • • • •

Train people •
Monitor change • •

Celebrate the successes and
implementcorrective

actions
• •

Consolidate the change • • •
1 The dots indicate the activities included in each model.

3. Research Design

To identify the existing DTMs, we conducted a systematic literature review (SLR), an
approach that Tranfield et al. [22,23] suggest as also suitable in the field of management
research. Systematic literature review is a replicable, scientific and transparent research ap-
proach that seeks to minimize bias and allows the summarizing of all existing information
about a phenomenon in a thorough and unbiased manner [22]. Guidance for conducting
an SLR, given in Denyer and Tranfield’s work [22], encompasses five steps:

1. Question formulation
2. Locating studies
3. Study selection and evaluation
4. Analysis and synthesis
5. Reporting (and use) of the results.

The question that this review intends to address is the following: what are the existing
digital transformation models, methods and guidelines to support an organization in the
process of digital transformation for the I4.0 transition? Once the review question was
defined, an investigation of the citation database Scopus was conducted, at the end of
January 2021. A first set of keywords (‘digital transformation’, ‘industry 4.0′, ‘digitaliza-
tion’, ‘smart factory’, ‘smart manufactur*’) was identified to cover the specific domain
of investigation; a first research query was obtained by combining these keywords with
other terms (‘change management’, ‘organizational change’, ‘change process’, ‘change
model’); the research query, obtained by applying the appropriate Boolean operators, was
used to search into the sections titles/abstracts/keywords of documents included in the
Scopus database. A total number of 254 results were retrieved. After a preliminary analysis
of the papers, other research terms (roadmap, framework, guide, guideline, approach,
model, stage, phase, methodology, process, transition, strategy, journey) were identified; a
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second research string, obtained through the conjunction of these terms with the first set of
keywords with the AND operator, was applied to the sections title and keywords of the
documents included in the Scopus database and 3135 results were retrieved. All searches
conducted were limited to documents written in English. The complete research queries
applied to the Scopus database are reported in Table 3.

Table 3. Search queries for data collection.

Search Query Research String Records

1

TITLE-ABS-KEY (“digital transformation” OR “Industry 4.0” OR digitalization OR “smart
factory” OR “smart manufactur*”) AND TITLE-ABS-KEY (“change management” OR
“organizational change” OR “change process” OR “change model”) AND (LIMIT-TO
(LANGUAGE, “English”))

254

2

((TITLE (“digital transformation” OR “Industry 4.0” OR digitalization OR “smart factory”
OR “smart manufactur*”) AND TITLE (roadmap OR framework OR guide OR guideline
OR approach OR model OR stage OR phase OR methodology OR process OR transition
OR strategy OR journey)) OR
(AUTHKEY (“digital transformation” OR “Industry 4.0” OR digitalization OR “smart
factory” OR “smart manufactur*”) AND AUTHKEY (roadmap OR framework OR guide
OR guideline OR approach OR model OR stage OR phase OR methodology OR process
OR transition OR strategy OR journey))) AND (LIMIT-TO (LANGUAGE, “English”))
AND (EXCLUDE (SUBJAREA, “phys”) OR EXCLUDE
(SUBJAREA, “eart”) OR EXCLUDE (SUBJAREA, “arts”) OR EXCLUDE (SUBJAREA,
“psyc”) OR EXCLUDE(SUBJAREA, “phar”) OR EXCLUDE (SUBJAREA, “heal”) OR
EXCLUDE (SUBJAREA, “immu”) OR EXCLUDE (SUBJAREA, “nurs”) OR EXCLUDE
(SUBJAREA, “neur”) OR EXCLUDE (SUBJAREA, “dent”) OR EXCLUDE (SUBJAREA,
“vete”))

3135

The symbol * indicates any combination of characters.

All studies collected were recorded in a single Excel database. A data-cleaning oper-
ation was conducted to identify overlaps between results retrieved from the two search
queries applied to Scopus: 83 duplicated documents were identified, so reducing the
number of documents to 3306. A first screening of the retrieved studies was based on
document type to exclude those studies that are categorized as books or book chapters,
so only peer-reviewed articles and conference papers were considered in the subsequent
phases of the review process. Selection criteria were defined to appraise the relevance of
each study and exclude the ones that did not address the review question. Inclusion and
exclusion criteria were formulated and applied; the first screening allowed us to exclude
those publications that only dealt with the technological aspects of I4.0 (e.g., development
of specific applications) and/or in which the topic of I4.0 was adopted to contextualize
other themes. A second screening was conducted on abstracts to identify those studies
that focused on digital transformation. A total of 183 documents fit these criteria. Ten
of them were excluded because their full text was not available. Finally, the full text of
the retrieved studies was examined to exclude those that did not present a change model,
steps, methodologies or processes to support organizations’ digital transformation.

Further research was conducted focusing on grey literature, namely not academic
publications retrievable outside of academic databases.

Consulting firms are engaged in supporting companies in the digital transformation
and generally provide reports and publication on their websites; thus, the websites of major
consulting firms were investigated to detect any contribution, white paper or technical
report that provides guidelines for managing the transition toward I4.0. Eight additional
contributions were retrieved and included in the literature analysis.

The review process, inclusion and exclusion criteria are shown in Figure 1.
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Literature review results were analysed and discussed. First, an analysis of themes
addressed in the academic literature dealing with digital transformation in the paradigm
of I4.0 was conducted; then the retrieved DTMs were analysed and compared to pin-
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point their main features, as well as their differences and similarities, based on the
following dimensions:

• Phases
• Tools and methods suggested to support the transformation
• Involved stakeholders
• Focus (types of organization for which the model is suitable)
• Theoretical approach (methodology adopted to develop the model)
• Development (activities carried out to develop the model)
• Test (real context, if any, where the model was tested)

Finally, the retrieved DTMs were analysed under the lens of change management. To
do so, the activities listed in Table 2 were first contextualized to the case of a specific change
initiative, i.e., digital transformation for I4.0 transition. The DTMs were then examined
and compared based on the contextualized list of activities.

Based on this, the shortcomings and weaknesses of existing DTMs were identified.
Also, suggestions to support organizations that intend to undertake a digital transformation
initiative are provided.

4. Literature Review: Analysis and Results

In this section the main findings of the systematic literature review are presented.
First, a temporal distribution and a thematic analysis of the academic studies dealing with
digital transformation in the paradigm of I4.0 is presented; then, all the existing DTMs,
both those retrieved in the academic literature and those developed by consulting firms,
are described.

4.1. Literature Analysis

An analysis of the retrieved studies that dealt with the theme of digital transformation
for the I4.0 transition was conducted. As shown in Figure 1, a total of 183 studies that
addressed the topic were retrieved and then analysed. Figure 2, which displays the
distribution of these studies over time, reveals that scholars’ attention has dramatically
increased in the last years. A slight majority of these documents (53%) were indeed
published as conference papers, whereas the number of journal articles, which supposedly
report the results of more mature studies, is lower.
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The analysis reveals that scholars addressed the issue of digital transformation from
different perspectives. A map of the co-occurrence of keywords extracted from the retrieved
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studies was developed by using VOSviewer, a software tool for constructing and visual-
izing bibliometric networks that also offers text-mining functionality. The map (Figure 3)
shows the most frequent keywords that appeared in the literature and highlights the most
investigated themes in the domain of digital transformation in the paradigm of I4.0.
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Scholars primarily focused on digital maturity assessment; many of them studied
the issue of digital readiness of organizations and provided methods and tools to assess
states of digital maturity and the readiness for the digital transformation. For example,
many studies reported the development of maturity models to assess the digital maturity
of manufacturing companies [24–28]; among them, many focused on small and medium
enterprises [29,30]; IT companies [31,32] and agriculture companies [33,34] or on specific
areas, such as logistics [35,36]. In other studies, models that enable companies to assess their
digital capabilities were developed [37,38]. Critical reviews [39–43] of existing I4.0 maturity
model were also carried out. Other studies aimed to assist manufacturing companies
in the complex issue of I4.0 technology selection: decision-making frameworks [44,45]
and project-portfolio management models [46] were developed for this purpose. Factors
enabling a successful digital transformation were also investigated: some studies argue
that leadership assumes a crucial role in the paradigm shift towards I4.0 and investigated
leadership characteristics and skills [47,48].

The analysis of the literature review results also reveals a scarcity of contributions
dealing with the overall process of digital transformation and providing complete and
structured models to support organizations in the transition towards the I4.0 paradigm [10].

4.2. Digital Transformation Models

The systematic review process depicted in Figure 1 allowed the identification of a total
of 13 contributions that fit the review question. Such models, eight of which from grey
literature and the remaining ten from academic literature, are described below.

Erol et al. [49] suggest a three-stage model, namely (1) envision; (2) enable; (3) enact, for
the I4.0 transformation. Such a model is essentially a guiding framework for I4.0 vision
and strategy building; it was built upon the concept of co-innovation and strategic road
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mapping, and it is the result of a series of workshops that the authors conducted with
the Austrian government, associations, and leading industrial companies. The model was
adopted as a guiding framework for raising awareness of the I4.0 vision in the Austrian
industrial sector to guide some companies in their first steps towards digitalization. As to
the stages, the goal of the first stage (envision) is to develop a tailored I4.0 vision that takes
into account peculiarities of the company and its environment; to do so, a participative
approach is suggested: the company’s stakeholders, primarily the top and middle man-
agement, should be involved; to facilitate the building of the vision and raise awareness
of the urgency of moving towards digitalization, external experts should also be invited
to present relevant best practices. To develop the vision, it is suggested to leverage on
co-innovation so meaning that the company must involve all relevant business partners,
suppliers and customers. Within the second stage (enable), the company should transform
the long-term I4.0 vision into a more concrete business model and develop strategies for a
successful implementation; to facilitate the strategy development, road mapping is sug-
gested as a technique for visualization and structuring strategies; finally, in the last stage
(enact) strategies are transformed into real projects.

Partially revising the extant literature, Schallmo et al. [50] developed a roadmap for
digital transformation for the I4.0 transition that consists of the following five phases:

1. Digital reality. The company’s existing business model is sketched along with a value-
added analysis related to stakeholders and a survey of customer requirements. This
provides an understanding of the digital reality in different areas of the company

2. Digital ambition. Objectives with regards to digital transformation are defined
3. Digital potential. Best practices and enablers for the digital transformation are established
4. Digital fit. Options for the design of the digital business model are evaluated to

determine digital fit with the existing business model
5. Digital implementation. Finalization and implementation of the digital business model;

this phase also includes the design of a digital customer experience and digital value-
creation network that describe integration with partners. In addition, resources and
capabilities are also identified in this phase.

The authors applied the first phase of their model to a digital transformation project
carried on the elevator technology division of a German industry group.

Issa et al. [51] developed a framework to guide manufacturing organizations in the
implementation of I4.0. This framework was built on a literature review and then empiri-
cally validated through a case study in a German manufacturing company. The proposed
steps for the development of a I4.0 roadmap are the follows: (1) task-force set-up; (2)
digitalization assessment; (3) focus definition; (4) use-case idea generation; (5) use-case
impact estimation and (6) use-case selection. By following these steps, manufacturing orga-
nizations are able to create an individual I4.0 roadmap that helps them define a focus for
their digitalization activities consistent with their maturity level; the framework envisages
the definition of a task force as organizational entity composed by internal stakeholders
responsible for operations and external experts of digitalization and I4.0; different tools,
like decision matrices, workshops with employees and classification matrices are also
suggested to be adopted at each step.

A “Digital Lean Transformation Framework” was proposed by Romero et al. [52] with
the aim of providing a practical approach, at the strategic level, to achieve a successful
digital transformation aligned with the lean thinking philosophy. The framework was
developed based on previous studies on the lean approach and digital transformation
and a case study in a manufacturing company was conducted to validate the framework.
The “Digital Lean Transformation Framework” involves five management pillars (namely
“digital strategic management”, “processes re-engineering management”, “digital technol-
ogy management”, “change people management”, and “digital risk management”) which
incorporate lean practices and tools. Digital strategic management is the fundamental
pillar of the framework; an effective digital strategy should: (a) provide a long-term digital
vision as an inspirational goal for the digital-transformation journey; (b) involve a digital
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maturity assessment to break-down the digital vision into targets and identify the internal
areas of improvement, including the needed resources and capabilities to implement the
digital strategy; (c) evaluate the digital maturity level against the digital vision to articulate
goals for each business process to be re-engineered so as to support the digital strategy;
(d) select the right technologies and working methods so that the new technology can
enable people to do their work according to the new or re-engineered process and create
a sustainable competitive advantage; (e) specify how resources will be deployed and the
organization will be structured to achieve its digital strategy. Lean tools are suggested
to be used in developing a digital strategy. This framework also envisages the creation
and development of a digital culture, i.e., a set of values and behaviours, at the personal
and organisational levels, driving new digitally enabled ways of thinking, working and
interacting with the customer, employees and business units, and with new digital tools.
Obeya Room, a lean tool allowing teams to carry out daily meetings with employees to
discuss continuous improvements and change enabled by digital technologies, is proposed
as a means to support the creation of digital culture.

To lead the digital transformation in the context of I4.0, the so-called agile change
management model has been suggested by Le Grand et al. [53]. To develop the model,
the authors administered a survey to professionals that had already experienced business
changes. The aim was understanding to what extent the greater involvement of people
can help in a change project. The proposed model—wherein agile stands for people’s
involvement in the change project—consists of three phases, the define, experiment, and
anchor phases. The first phase (define) should be carried out before the launch of the digital
transformation process and it is a diagnostic phase, in which the context of change and the
actors involved in the change are defined. Some tools, such us the cartography of change,
the cartography of actors and the Change Readiness Questionnaire, are suggested to be
adopted in this phase. The experiment phase is at the heart of the agile change model and is
organized around two cycles, the workshop cycle and the control cycle, to be performed in
parallel and interdependently. The former includes participatory workshops that allow
stakeholders to become aware of the need for change so as to involve them in designing
the change as well as formative cycles, namely training programs for the people that will
be affected by the change. The latter cycle consists in carrying out, at different intervals,
measures of change in progress, by surveying individuals who are the beneficiaries of
change. Finally, the anchor phase provides a global vision, on a five-year perspective, of the
projects carried out, in progress and to come, as well as an analysis of organization’s ability
to change. A transformation dashboard and business change-assessment grids are tools
suggested for this phase. The model has been validated in a retrospective real case (bank
digital transformation) and by interviewing experts.

Based on the inputs gathered from experts of digital technologies and business trans-
formation in manufacturing firms, a conceptual model to guide firms to systematically
develop action plans for digitalization has been developed by Ng et al. [54]. Their method-
ology encompasses five stages, whose inputs and outputs have been clearly defined: (1)
the assessment of the current business model; (2) the design of the digital business model;
(3) the assessment of the current digital capabilities; (4) the identification of future digital
capabilities; (5) the development of the action plan. The first two stages of the model are
sequential, whereas the third step can be performed independently. Stage 2’s and Stage 4′s
outputs are inputs for the final stage.

Rautenbach et al. [55] made use of a literature review and interviews with experts
to derive a digital transformation conceptual model aimed at aiding organizations in
the digital transformation process. Their conceptual model consists of two phases: the
first includes two sub-phases: phase 1.1 deals with the evaluation of the organization’s
current value creation process, and phase 1.2, in which the organisation is assessed on in
a variety of areas to create a digital profile. Creating a digital profile means conducting
an internal and external evaluation of the organization; to do so, three assessments—i.e.,
a digital capability maturity assessment, a transformation-challenges assessment and a
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market assessment—are carried out. The value creation profile and the digital profile of the
organization derived in phase 1 are used as inputs for phase 2, whose results are integrated
to guide the organization in creating value leveraging the digital dimension.

Pessl et al. [56] suggest a model to make companies analyse their individual maturity
levels, identify their own targets and develop a specific action plan to implement the I4.0
strategy. The model was developed in collaboration with a renowned Austrian industrial
company. First, to generate awareness on the importance of I4.0 within the company,
a kick-off workshop is held; a collection of I4.0 use cases is presented to demonstrate
the benefits of the use of new technologies. In this phase, a SWOT analysis can be also
conducted to pinpoint opportunities and threats of I4.0 (external view) as well as strengths
and weaknesses (internal view). The second step of the model deals with ascertaining
the company’s status and existing I4.0 competences: this assessment is conducted for
each function (purchasing, production, intralogistics, sales and human). In the third
step, a target state for each function is defined. Based on the defined targets, in step
four concrete measures to determine the difference between the current and the target
maturity level are derived, documented and evaluated. In step five, the defined targets
and measures are selected and transferred to a balanced scorecard; finally, concrete I4.0
implementation projects are defined and connected with budgets. The model advises
starting with pilot projects of digitalization and to incorporate the gained experiences into
subsequent digitalization projects.

Leone et al. [57] suggest a methodological framework to assist SMEs that do not have
management processes and/or resources capable of systematically identifying innovation
gaps and transforming them into I4.0 integration projects. The methodology envisages
three stages: (1) I4.0 maturity assessment, (2) process as-is analysis and (3) I4.0 roadmap
design. In the first stage, questionnaires or interviews to representatives of the company
departments are administered to assess the maturity of the company with respect to five
main areas influencing the I4.0 transition, i.e., strategy, processes, technologies, products
and services and people; in this stage, a strategic vision is defined, as well. In the second
stage, a formalization of the as-is situation is carried out with the support of managers and
operators; to this end, for each process considered, mapping the fundamental elements
(activities, input and output, digital data, and technological infrastructure) is carried out.
In the third stage, a I4.0 roadmap that identifies and prioritize specific I4.0 projects is
developed. In this last stage, workshops with the main internal stakeholders are organized
to discuss problems associated with each activity (pain) and related desired improvements
(gain); both pains and gains are used as starting points for the identification of a list of
innovation projects. At this point, a decision support tool based on the analytical hierarchy
process (AHP) is applied to guide decision makers in prioritizing the most relevant projects.
The prioritized projects are identified, and a roadmap is developed and integrated with the
strategic vision. The activities envisaged in this third stage should be iterative, with the
aim of integrating a continuous improvement approach into the process, so as to extend
the digitalization to all the company’s processes. This methodology was applied in a
pharmaceutical company as a method to create a preliminary analysis of needs in term
of digitalization.

Butt [58] derives an integrated business-process management framework (IBPM)
based on narrative literature review. The framework, rooted in the tradition of BPM, is
proposed as a method that can be used to support manufacturing organizations’ journey
towards I4.0. The framework includes the following phases:

1. Process Identification. An IBPM team is defined, comprising senior management mem-
bers, process owners, process analysts and system engineers from each department of
the organization. In addition, the expectations of internal (employees) and external
stakeholders (customers) are detected by means of tools such as organizational charts,
SWOT analysis, stakeholder maps, context diagrams and business-case diagrams.
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2. Process Discovery. Business processes to be improved and reengineered are identified;
process maps (e.g., in BPMN language) and value-stream maps help the IBPM team
to understand the “as-is situation” and assess the workflows and their shortcomings.

3. Process Analysis. As-is processes are analysed, and performance indicators defined.
4. Process Redesign. The goal of this phase is to identify changes to address the issues

identified in the previous stages. Changes can be implemented by either redesigning
and improving the existing processes or designing new processes. Simulation tools
(e.g., Petri Net, Monte Carlo simulations) are extremely useful in this phase. The
output of this phase is a list of to-be alternatives, which should be then discussed and
prioritized to identify the optimal option; a Pugh matrix is suggested as a tool for
ranking the multidimensional options and identifying the optimal one.

5. Streamlining Business Processes. Once the to-be processes are defined, it is vital to
streamline other business processes; indeed, as an effect of to-be processes, there
could be changes in the interdependencies between business processes.

6. Risk Management. The IBPM team analyses and identifies risks that may occur when
digital technologies are introduced in the processes. A risk assessment can be con-
ducted through brainstorming sessions and by developing a risk register, which
quantifies the probabilities and impacts of each.

7. Skill-Gap Analysis. The IBPM team conducts a skill-gap analysis to assess the workforce
with respect to existing and required skills.

8. Change Management. The IBPM team designs a change management strategy to gradu-
ally change the mindset of the workforce and senior management and to instil the idea
that there is no end to change. To do so, the team can choose a change management
model (e.g., ADKAR model, Lewin’s change management model, Kotter’s change
management model).

9. Cost–Benefit Analysis. The IBPM team conducts a cost–benefit analysis based on
the to-be processes developed in Phase 4 through simulation models. The team
needs to consider every single benefit that can result from employing I4.0-enabling
technologies, convert these benefits into monetary values and judge them against the
associated costs. A structured method (Phillips’ ROI methodology) is suggested to
support this activity.

10. Process Validation and Implementation. Before moving to full-scale implementation, the
to-be processes should be validated; thus, the team should plan and conduct a pilot
run; it can help to minimize failure risks, identifying additional improvement; after
piloting, a full-scale implementation is realized.

11. Process Monitoring and Control. Once the to-be business process is running, the on-
going activity of process monitoring and control should be carried out to continuously
improve business processes. A lean six-sigma approach is suggested to manage
this phase.

As to the analysis of grey literature, eight main contributions were retrieved: the
selected documents were published in between 2014 and 2021 by the major consulting
firms globally engaged in digital transformation projects.

Capgemini Consulting [59], based on its experience in digital transformation projects,
recommends manufacturing companies to embark on a six-step journey towards I4.0:

1. Conduct a digital maturity assessment. The starting point for the journey towards I4.0 is
a deep understanding of the status of digitization in the organization.

2. Identify opportunities and threats in I4.0 environment. Once organizations have a clear
perspective on their digital maturity, they need to explore the corporate environment
for opportunities and threats triggered by the fourth industrial revolution; an explo-
ration of altering customers’ demand, opportunities provided by digitalization, and
how competitive dynamics are evolving should be the focus of this step.

3. Define I4.0 vision and strategy. Based on previous analyses, companies must develop a
clear vision for their own place in the next industrial era. The vision should provide
a comprehensive view on how the company aims to do business in the future. The
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vision defines short- and long-term objectives that the company intends to achieve
through digital transformation and provides the basis for deriving a strategy to
become a digitalized manufacturing company.

4. Prioritize the transformation domains. Depending on the required level of integration
with existing core business processes and systems, some domains will be easier to
transform than others. So, organization should prioritize the transformation domains
and identify the digitalization initiative to undertake; a prioritization matrix also
helps in identifying quick wins on the path towards I4.0.

5. Derive the roadmap towards I4.0. Based on the digitization initiatives identified in the
previous phase and the priority given to each of them, a roadmap towards I4.0 is
generated. The roadmap contains details of transformation phases and helps to make
tangible the journey towards digital transformation.

6. Implement and sustain the change. Concrete actions must be adopted for the implemen-
tation of the digital roadmap to improve the level of digitization of the organization
and integrate digitalization into the culture of the organization.

In all the steps, the leadership has an essential role in driving the digital transformation.
Accenture [60] provides customer-focused actions (i.e., actions that keep the customer

experience at the centre) to undertake a digital transformation journey:

1. Broaden the definition of digital. Companies must infuse digital experiences into every
aspect of the business, creating an enterprise-wide digital ecosystem that includes
people, processes, and technologies.

2. Discover how in love customers really are. Companies must adopt benchmarking prac-
tices based on customer-focused metrics that allow understanding how customers
feel about the company, how well customers are satisfied and how well customer
experience is managed.

3. Build momentum from the top. Digital transformation must start at the top of the
organization. Additionally, all top management levels must be committed and work
in a highly collaborative manner toward shared goals.

4. Teach the power of digital. As in many organizations, digital expertise is held by a select
few people, it is imperative that digital knowledge becomes embedded throughout
the organization; to this aim, digital training programs are suggested.

5. Encourage digital accountability. Companies can set digital key performance indi-
cators for personnel in all areas of the organization and reward high performers
with incentives.

6. Commit to never being satisfied. Companies should adopt an entrepreneurial spirit to
identify new opportunities to digitally innovate the business.

7. Invest beyond the here-and-now. Digital gains are not necessarily immediate. Companies
must pursue digital transformation as part of a lasting vision for change, making
long-term investments rather than focusing only on point solutions that promise an
immediate payoff.

Kearney provides Integral 2.0 [61], an approach designed to address the key challenges
faced during a digital transformation initiative. The approach comprises six building blocks
to drive transformation across an organization. It is anchored in two, clear imperatives:
being digital and doing digital:

1. Being digital:

a. Success definition: vision and digital targets are determined to set up the direction
of the digitalization program

b. Digital domain structure: high-potential business domains to digitalize are identified
c. Digital upskilling: improve the digital competences of the workforce by adopting

experiential learning

2. Doing digital:

a. Innovation engine: implementation of a portfolio of digital innovations for each
domain, crowdsourced from the whole organization
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b. Execution engine: implementation of digital factories to test digital solutions and
rapidly execute and scale them

c. Scaling engine: set-up of a control tower, a governance body that oversees the
full transformation program, proactively removes obstacles and helps scale
innovations across the organization.

Based on hundreds of transformation projects with leading industrial companies,
PricewaterhouseCoopers (PwC) defined the “Blueprint for Digital Success” [62], which
includes six practical steps to lead companies’ digital transformations:

1. Map out I4.0 strategy. The I4.0 strategy will shape every step to be taken in the path
towards becoming a fully digital enterprise; so, it is important to take enough time
to clearly define it. First, the company must evaluate its digital maturity level to
understand strengths and weaknesses to work on; PwC provide a tool (PwC maturity
model) that helps to speed up this process. In this phase, clear and strong leadership
from top management is critical to convince all stakeholders of the need for change.

2. Create initial pilot projects. Identifying pilot projects and implementing them is a good
way to overcome the initial challenges of digital transformation; in this phase cross-
functional teams must be set up; pilot teams completely dedicated to pilot projects will
be able to pragmatically design changes to compensate for standards or infrastructure
that don’t yet exist. To do so, companies should consider collaboration with digital
leaders outside the organization (e.g., start-ups and universities) to accelerate digital
innovation. Evidence from early successes should be useful for a wider rollout of
digital transformation.

3. Define the capabilities needed. Building on the lessons learned in pilot projects, the
company has to map in detail the capabilities needed to enable new digital business
models; the success of I4.0 initiatives depends on digital skills and knowledge that the
company is able to recruit or train. So, the company should introduce new figures, like
data scientists, user-interface designers or digital innovation managers, by recruiting
new employees or training existing ones to put digitization into place.

4. Become a virtuoso in data analytics. Defining and developing an effective data analytics
strategy that allows identifying and gathering the right data, deploying it for the right
purposes and effectively analysing it is critical to I4.0 decision making.

5. Transform into a digital enterprise. Creating a digital culture and a truly digital envi-
ronment is possible only if organization’s leadership places digital transformation
among the top priorities of its agenda.

6. Actively plan an ecosystem approach. An effective improvement of the company’s
performance takes place when the organization integrates digital technologies along
the entire value chain so as to obtain data and information on consumers’ needs, but,
also, to exchange data with partners and suppliers.

The Boston Consulting Group also provides guidelines to help manufacturers develop
their digital transformation initiatives. According to their guidelines, the main steps
are [63]:

1. Understand the value of making the change. Management should gain an in-depth
understanding of how to leverage on I4.0 to improve operations and create value. To
obtain a variety of perspectives on I4.0 and evaluate potential from different angles, it
is essential to reach out to a broad set of experts.

2. Assess the current state of systems and operations. To understand the starting point and
business needs, the company should assess its current systems and identify pain
points in its operations; the BCG I4.0 health-check tool helps in highlighting areas for
improvement and suggests specific use-cases useful in managing the digital transition.

3. Define a roadmap and vision. The company can use the assessment results to create a
strategic roadmap for I4.0. The roadmap should set out the transformation’s priorities
with respect to the technologies and use-cases to implement. Initiatives to implement
use-cases should be sequenced so that the company can pursue “no regrets” moves
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that unlock value rapidly, thereby generating momentum and funds to support the
overall journey. The resource requirements for each stage should also be identified. It
is critical to avoid independent initiatives scattered throughout the company, without
a clear vision and coordination from the top.

4. Improve existing processes. Existing processes typically offer the best opportunities for
capturing rapid value through the deployment of I4.0 technologies. The deployment
should occur in three phases:

a. Conduct proof-of-concept pilots. A company should use proof-of-concept pilots to
test a set of technologies in specific processes. By analysing the pilots’ results
and benefits, a manufacturer can validate the business case for full-scale imple-
mentation and identify the requirements for managing the new technologies.

b. Create a reference factory. Before rolling out a set of technologies in all facilities,
a company should evaluate the potential overall impact by implementing the
set across the end-to-end processes of one factory. Alternatively, a company
may create reference processes, implementing a set of technologies in specific
processes.

c. Roll out the new technologies. Applying the knowledge gained from the pilots and
a reference factory or reference processes, a company should roll out the set of
technologies to all facilities, integrating it with existing systems and processes.

5. Expand capabilities along the value chain. Beyond improving internal processes, a
company should explore opportunities to use I4.0 to better integrate its operations
with those of customers and suppliers. Integrating operations along the value chain is
a higher level of maturity and assures significant benefits in terms of better planning
and production management, supply-chain transparency and inventory optimization.

Based on digital transformation efforts and experiences already conducted in the insur-
ance industry, McKinsey developed ten guiding principles of digital transformation dedi-
cated to insurance companies [64]; these principles are embedded into a three-step model:

1. Defining value. To set a digital transformation on the right course a company must
place it at the core of its agenda and must reflect on the magnitude of that undertaking;
top management must grasp the fundamental importance of its commitment, must
be willing to make significant investments and to set clear and ambitious targets.

a. Secure senior management commitment. A digital transformation initiative must
have a strong commitment from the senior management, who must define a
digital vision; the vision and the objective of the digital transformation initiative
must be communicated. Also, it must be clarified that digital transformation is
an unquestionable priority

b. Set clear and ambitious targets. Digital investments must be linked to clear and
ambitious targets. This is a signal of the magnitude of what digital technology
can deliver. Without targets, people could find the change difficult to accept;
setting clear targets at the outset prevents back-sliding when the digital ini-
tiative is going on and it imposes discipline on the process of deciding which
initiatives to pursue for maximum impact. Targets are needed for each source
of value creation—cost savings, revenues, improved performance of agents and
the satisfaction of employees and customers—and for new ways of working
and the new capabilities required

c. Secure investments. Digital transformation requires significant investment. Com-
panies will need to allocate investment both to improve the current business
and to build new businesses as the insurance model evolves.

2. Launch and acceleration. When a digital transformation initiative is launched, to ensure
that early efforts build momentum, companies should carefully consider the projects
to start with. Also, the necessary resources should be provided to those projects.
Prerequisites include a launch team, considerations of organizational structure and
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the nurturing of a digital culture. Otherwise, the initiatives fail to take off and the old
ways of doing business return:

a. Start with lighthouse projects. To win early support, companies should start with
projects that offer the potential for significant rewards with manageable risk; to
this end, digitalization pilot projects are suggested (e.g., customer services and
claims processes).

b. Appoint a launch team. Companies should appoint a launch team, often led by a
chief digital officer (CDO) to coordinate the transformation, decide the sequence
of the transformation, ensure the appropriate technology and skills and monitor
progress against targets. The launch team should include designers to contem-
plate customers’ unmet needs and inform the creation of experiences, products
and services; data scientists; scrum masters to facilitate agile development and
developers who can work in the modern IT environment. McKinsey suggests a
way to build an effective launch team, namely, to start by hiring a renowned
expert to serve as an anchor hire that will help attract others.

c. Organize to promote new, agile ways of working. To undertake a successful digital
transformation, a new organizational structure should be implemented; it is
suggested to create a digital unit separated from the rest of the organization.
This digital unit may promote new ways of working that are essential for digital
success and attract and retain specialists, while offering them freedom from
incumbents’ organizational constraints. However, the digital unit must be then
reintegrated at some stage, and that becomes more difficult as time passes.

d. Nurture a digital culture. Insurance companies should start to create a digital
culture; this means that the new ways of working and thinking—fast, collabo-
rative, empowered—which will be the default mode of a digitally transformed
company needs to take hold across the organization.

3. Scaling up. After an initial phase of digital transformation (generally 18 months),
companies should have a certain number of digital projects running and be starting
to capture value; this is the time to supercharge the transformation. Key activities to
perform in this phase are:

a. Sequence initiatives for quick returns. Identify a good sequence of initiatives to
scale fast: initiatives that are strategically important, are paid back quickly and
which reduce complexity are those to prioritize.

b. Build capabilities. Close attention will need to be paid to building more capabili-
ties; the right digital capabilities should be recruited and hired; a huge internal
training effort will be needed as well. It will be important to help all employees
rethink the way they work

c. Adopt a new operating model. To reap the full rewards of a transformation,
eventually an entirely new operating model will be required; whatever orga-
nizational structure a company chooses initially, it must be redesigned for the
transformation to succeed.

Based on the experience generated by the collaborations with several high-tech and
industrial companies supported in their digital transformation journeys, Deloitte [65]
proposed a digital industrial transformation framework based on four core aspects: strategy,
business model, capabilities and operating model. Articulating the digital transformation
strategy should be the first step carried out. It clarifies the transformational programs,
as well as the company’s decisions on how to adapt its business model, capabilities and
operating model. The digital transformation strategy—which Deloitte also calls the digital
north star—is a compelling statement that should clearly express the long-term vision,
short- and medium-term objectives and also the meaning of digital transformation for
customers. Formulated and communicated to stakeholders, the digital strategy ensures that
all stakeholders clearly understand the aspiration, intended outcomes and rationale for the
transformation; it also makes employees—which could have difficultly internalizing the
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motivations for digital change—more motivated and engaged in the digital transformation
journey. To launch and manage the transformation, the framework also suggests defining
a transformation team—which could be a separate, cross-functional team, aligned to a
specific line of business or embedded within existing teams—to drive the change and
achieve the desired outcomes. After articulating the transformation north star, defining
the business model is the next step. The market and the segments in which the company
wants to play must be chosen, products or services to be offer and the ways those offerings
might be monetized must also be defined. To successful operate a digital transformation,
company must align the operating model with the digital strategy. This means that the top
management must revise the company’s operating model (i.e., how value is created, and
by whom, within the company). So, in moving forward with a digital transformation, the
company must identify the set of capabilities required to meet the enterprise’s strategic
digital ambitions. Company must articulate a map of capabilities to determine skills
requirements and talent to acquire, but also to set performance metrics and to identify
partnership opportunities. Once leaders have established the capability map, the next
step is sourcing capabilities; companies typically have four sources for them: developing,
transforming or maturing capabilities internally; acquiring them through targeted hires;
partnering to access capabilities; or outsourcing capabilities so as to have them delivered
as a service.

Recently, McKinsey proposed a six-building-block model to help industrial companies
implement a successful end-to-end transformation that goes far beyond simple technology
upgrades [66]. The six building blocks of the digital transformation are:

1. Creating a business-led technology road map. Company leaders must first develop a
digital vision of the organization; also, they must define a clear digital strategy and a
new value proposition for their company. Defining a digital strategy means consider-
ing new engagement, transaction and fulfilment rules (e.g., which customers will be
engaged in direct online transactions, and which will be engaged through distribu-
tors); also, a solid digital strategy should consider pricing issues. When developing a
digital roadmap, the industrial companies should consider the strategic implications
for the incumbent business, including disruptions to any offline distribution channels
as digital sales grow.

2. Developing and up-skilling talent. Before implementing their road maps, companies
must identify the key roles necessary for a digital organization. They should first
evaluate their talent needs and identify gaps by looking at both immediate and long-
term needs. They should then determine if they can fill any spaces by upskilling
employees or recruiting externally; in the first case, digital-learning programs to
increase knowledge and capabilities across the organization should be provided.

3. Adopting an agile delivery methodology. Company must also create an environment that
makes it possible to test new approaches or technologies quickly and then iteratively
make improvements based on customer feedback; digital campaigns to rapidly test
the digital strategy and make revisions based on insights gleaned from the field
are suggested.

4. Shifting to a modern technology environment. New digital technologies are the foun-
dation of any digital transformation. Companies must create a new technological
environment that covers areas including commerce backbone services, front ends and
integration architecture.

5. Focus on data-management enrichment. Companies must improve data management
because, without robust, data-driven insights, they may have problems in the identifi-
cation of priority actions and in finding synergies across business lines.

6. Driving the adoption and scaling of digital initiatives. While digital pilots may produce
solid returns, companies must implement programs across the entire organization
to drive real impact. Scale-up will require new enterprise-wide business processes
with focus on changes that must occur in three categories of business processes,
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namely, product, service and order fulfilment, commercial strategy and execution and
customer services and transactions.

5. Digital Transformation Models and Change Management

In this Section we first analyse and compare the retrieved DTMs based on the di-
mensions of analysis discussed in Section 3, namely phases, tools and methods, involved
stakeholders, focus, theoretical approach, development and testing. Then we investigate
the DMTs under the lens of change management literature.

5.1. Comparison of DTMs

The digital transformation models, both retrieved from the academic literature and
provided by consulting firms, are schematically described in Table 4. Most DTMs are
focused on manufacturing companies. Only one model [64] is focused on other industries,
in particular in insurance.

Consulting firms’ DTMs are developed based on the experiences of real digital trans-
formation projects. Most models (6/10) proposed in the academic literature were developed
by revising/based on extant studies or by distilling experience from workshops or surveys
conducted with experts of digital technologies and business transformation. However,
most of them were tested in real contexts, namely applied to manage companies’ digital
transformation initiatives.

Only three DTMs—i.e., Erol et al. [49], Romero et al. [52] and Butt [58]—explicitly men-
tion the theoretical approach used to develop them, which are, respectively, co-innovation
and strategic road mapping, the lean thinking philosophy and business process management.

Many DTMs retrieved from the academic literature recommend the involvement of
stakeholders in the different phases of digital transformation process; in particular, it is
suggested to involve employees and management, as internal stakeholders, and external
experts of digitalization, customers and business partners, as external ones. However, most
consulting firms’ models do not explicitly discuss such an aspect. Only the Accenture’s
DTM explicitly refers to customers as the main stakeholders around which to build the
digital transformation.

The analysis also shows that many DTMs address digital transformation only at the
strategic level (more attention is devoted to the definition of I4.0 strategy and roadmap),
whereas the implementation and consolidation steps are often neglected. However, the
BCG’s and PwC’s DTMs suggest expanding digital capabilities along the value chain in
the last phase of the model, so as to obtain a higher level of digital maturity.

Several tools and methods to support the proposed phases are reported in most DTMs.
For instance, tools like surveys, questionnaires and interviews are suggested in the initial
phases of DTMs to appraise the company’s digital maturity; consulting firms’ DTMs,
provided by PwC and BCG, also suggest valid tools to conduct company’s digital maturity
assessment; process flow charts, business model canvases and value stream maps are used
in several DTMs to describe the company’s current situation; workshops and brainstorming
sessions support the definition phase of digitalization goals; classification matrices, the
AHP method and decision matrices are suggested in some DTMs to identify and prioritize
digitalization projects.
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Table 4. Overview of DTMs.

Authors Description/Phases Tools and Methods Involved Stakeholders Focus Theoretical Approach Development Test

Erol et al. (2016) [49]
envision

understanding I4.0
basics

definition of company
specific I4.0 vision

company stakeholders
(top management,

middle management,
business partners,

suppliers and
customers), external

experts

manufacturing
companies

co-innovation and
strategic road mapping

workshops conducted
with Austrian
government,

associations and
leading industrial

companies

several Austrian
industrial companies

enable

roadmapping of I4.0
strategies Identification
of internal and external

success factor

strategic roadmap

enact
preparation of
transformation

proposal of I4.0 projects

Schallmo et al. (2017)
[50]

digital reality surveys
internal stakeholders,
customers, business

partners manufacturing
companies

- literature review
technology division of

a German industry
groupdigital ambition

digital potential

digital implementation

Issa et al. [51]

task force set-up

manufacturing
companies

- literature review
German manufacturing

companydigitalization assessment interviews and
questionnaires

task force members
(internal responsible for

operations) and
external I4.0 experts

focus definition decision matrix

use-case idea generation workshops and
brainstorming sessions

staff-level and
employees

use-case impact estimation classification matrix

use-case selection
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Table 4. Cont.

Authors Description/Phases Tools and Methods Involved Stakeholders Focus Theoretical
Approach Development Test

Romero et al. (2019)
[52]

digital strategic management lean tool (Hoshin Kanri)

customers, employees,
expert collaborators

(i.e., external
consultants,

universities) and
technology partners

manufacturing
companies

lean thinking
philosophy literature review

building materials
company

processes re-engineering management

design
thinking
sessions

lean tool (value-stream mapping)

digital technology management lean start-up methodology

change people management lean tool (Obeya Room)

digital risk management

lean tools (five whys and Ishikawa
fishbone diagram, A3 sheet management
for risk evaluation, PDCA cycle for risk

treatment)

Le Grand and
Deneckere (2019) [53]

define phase

cartography of change (questionnaire tool
that allows to identify areas of change)

cartography of actors (characterization of
actors involved in the change by type,

number, location, role, importance degree
and risk level)

change readiness (questionnaire tools that
allows to evaluate people’s acceptance or

refusal of change)

all stakeholders
affected by the digital

change
- agile change

management

survey
administrated to

professionals with
experience in

business changes

bank digital
transformation

project

experiment phase

workshop cycle
(participatory and

formative)

workshops and brainstorming session
training programs (individual or

collective)

control cycle

surveys about the progress of change
(through discussions on a company’s

social network or through
inter-views/questionnaires)

anchor phase
transformation dashboardbusiness change

assessment grid (a matrix for assess the
organization’s ability to change)

Ng et al., (2019) [54]

assessment of current business model business model
canvas

- manufacturing
companies

-

workshop with
experts of digital
technologies and

business
transformation in

manufacturing
firms

-design of digital business model digital value-drivers matrix

assessment of current digital capabilities digital capabilities maturity models

identification of future digital capabilities -

development of action plan
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Table 4. Cont.

Authors Description/Phases Tools and Methods Involved Stakeholders Focus Theoretical
Approach Development Test

Rautenbach et al. (2019)
[55]

value creation
assessment -

- - -
literature review

and experts’
interviews

-
digital organization

profile

digital capability
maturity assessment -

transformation
challenges assessment -

market assessment -

assessment integration -

Pessl et al. (2020) [56]

analysis start workshop workshops
SWOT analysis

management,
employees, external

experts
manufacturing

companies
- -

Austrian
manufacturing

company
I4.0 maturity
assessment capability maturity models

targets define the target state workshops interdisciplinary expert
teams

define and evaluate
measures brainstorming, morphological analysis

realization
prepare decisions balanced Scorecard

define projects -

Leone et al. (2020) [57]

I4.0 maturity
assessment questionnaires or interviews representatives of the

company departments
SME

manufacturing
companies

- literature review
pharmaceutical

companyprocess AS-IS analysis flow charts managers and
operators

I4.0 roadmap design

company flow
assessment workshop and design thinking approach

main internal
stakeholdersproject definition and

evaluation analytical hierarchy process (AHP)

roadmap elaboration Roadmap

overall project review
and balancing
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Table 4. Cont.

Authors Description/Phases Tools and Methods Involved Stakeholders Focus Theoretical
Approach Development Test

Butt (2020) [58]

process identification

stakeholder map
SWOT

analysis
organizational chart

context
diagram

business use-case diagram
internal (employees)

and external
(customers)
stakeholders

manufacturing
companies

business process
management literature review -process discovery process flow chart

value-stream map

process analysis key performance indicators

process redesign simulation tools
Pugh matrix

streamlining business processes -

risk management brainstorming
risk register

skill gap analysis -

change management
ADKAR model, Lewin’s change

management model, Kotter’s change
management model

cost–benefit analysis Phillips ROI Methodology

process validation and implementation

process monitoring and control lean six-sigma approach

Capgemini’s six-step
journey towards

Industry 4.0. (2014) [59]

conduct a digital maturity assessment

manufacturing
companies

-

experience in
digital

transformation
projects

not explicitly
indicated

identify the opportunities and threats in I4.0
environment

-define I4.0 vision and strategy

prioritize digital transformation domain

derive the roadmap towards I4.0

implement and sustain the change

Accenture’s digital
transformation journey

(2014) [60]

broaden the definition of digital

customers - -

experience in
digital

transformation
projects

not explicitly
indicated

discover how in love customers really are

build momentum from the top

teach the power of digital

encourage digital accountability

commit to never being satisfied

invest beyond the here and now
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Table 4. Cont.

Authors Description/Phases Tools and Methods Involved Stakeholders Focus Theoretical
Approach Development Test

Kearney’s Integral 2.0
[61]

success definition

- - -

experience in
digital

transformation
projects

not explicitly
indicated

digital domain structure

digital upskilling

innovation engine

execution engine

scaling engine

PwC’s Blueprint for
Digital Success (2016)

[62]

map out I4.0 strategy PwC maturity model

- manufacturing
companies

-

experience in
digital

transformation
projects

not explicitly
indicated

create initial pilot project

define capabilities

become a virtuoso in data analytics

transform into a digital enterprise

plan an ecosystem approach

BCG’s main steps of
Industry 4.0

transformation (2017)
[63]

understand the value of making the change

- manufacturing
companies

-

experience in
digital

transformation
projects

not explicitly
indicated

assess the current state of systems and operations I4.0 health check tool

define a vision and a roadmap

improve existing processes

expand capabilities along the value chain

McKinsey’s roadmap
for a digital

transformation (2017)
[64]

defining value

secure senior
management

- - insurance
companies

-

experience in
digital

transformation
projects

not explicitly
indicated

set clear and ambitious
targets

secure investments

launch and acceleration

start with lighthouse
projects

appoint a launch team

organize to promote
new agile way of

working

nurture a digital culture

scaling up

sequence initiative for
quick returns

build capabilities

adopt a new operating
model
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Table 4. Cont.

Authors Description/Phases Tools and Methods Involved Stakeholders Focus Theoretical
Approach Development Test

Deloitte digital
industrial

transformation
framework [65]

strategy

- - manufacturing
companies

-

experience in
digital

transformation
projects

not explicitly
indicatedbusiness model

capabilities

operating model

McKinsey’s six
building block of

digital transformation
(2021) [66]

creating a business-led technology road map

- - manufacturing
companies

-

experience in
digital

transformation
projects

not explicitly
indicated

developing and upskilling talent

adopting an agile delivery methodology

shifting to a modern technology environment

focusing on data management and enrichment

driving the adoption and scaling of digital
initiatives
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5.2. DTMs under the Lens of Change Management

As already mentioned, we used change management as methodological lens to analyse
the DTMs. To do so, we first contextualized the change management activities listed in
Table 2 to the case of a specific change, i.e., the one associated to digital transformation
for I4.0 transition (Table 5). In this way, we are able to investigate whether and to what
extent DTMs take into account the lessons learnt in the field of change management. The
list is also useful to compare the phases proposed in the different DTMs. As the phases
are quite diverse—at least by considering the way they are named—without such a list the
comparison would have been harder.

Table 5. List of digital transformation activities based on change management approach.

Change Management Activities Digital Transformation Activities

define a strong leadership define a strong leadership

generate awareness on the need for change

analyse I4.0 environment to identify
opportunities and threats

conduct a digital maturity assessment

generate awareness on the need for I4.0
transition

define a clear change vision and strategy define a clear vision, a strategy and a roadmap
for the I.0 transition

communicate change vision and strategy communicate the vision, strategy and roadmap
for the I4.0 transition

define a change management team define an I4.0 change management team

identify short-term goals and pilot projects to
test the change

identify short terms goals and pilot projects of
digitalization

identify and manage resistance to change identify and manage resistance to change

train people define digital capabilities and skills

train and/or recruit people

collect and analyse feedbacks and monitor
change

collect and analyse feedbacks and monitor
the digital transformation process

celebrate success and implement corrective
actions

celebrate success and implement corrective
actions

consolidate the change consolidate the change

In the comparison of the existing DTMs under the lens of change management, we
considered only the change management activities that each model explicitly includes.
Results of the comparison are reported in Table 6 (for the DTMs retrieved from grey
literature) and Table 7 (for the DTMs retrieved from academic literature).
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Table 6. Comparison of consulting firms’ DTMs under the lens of change management.

Digital
Transformation

Activities

Capgemini’s
Six-Step
Journey
towards

Industry 4.0

Accenture’s
Digital Trans-

formation
Journey

Kearney’s
Integral 2.0

PwC’s
Blueprint for

Digital
Success

BCG’s Main
Steps of

Industry 4.0
Transforma-

tion

McKinsey’s
Roadmap for

a Digital
Transforma-

tion

Deloitte Digi-
talIndustrial
Transforma-

tion
Framework

McKinsey’s
Six Building

Block of
Digital Trans-

formation

Define a
strong

leadership
• 1 • • • • •

Analyse I4.0
environment

to identify
opportunities

and threats

• •

Conduct a
digital

maturity
assessment

• • •

Generate
awareness on
the need for

I4.0 transition

Define a clear
vision, a

strategy and a
roadmap for

the I4.0
transition

• • • • • • •

Communicate
the vision,

strategy and
roadmap for

the I4.0
transition

• • • •

Define a I4.0
change

management
team

•
•

(only for pilot
project)

• •

Identify short
terms goals

and
pilot projects

of
digitalization

• • • • • •

Identify and
manage

resistance to
change

Define digital
capabilities
and skills

• • • •

Train and/or
recruit people • • • • • •

Collect and
analyse

feedbacks and
monitor the
digital trans-

formation
process

•

Celebrate
success and
implement
corrective

actions

•

Consolidate
the change • •

1 The dots indicate the activities included in each model.



Sustainability 2021, 13, 12941 30 of 40

Table 7. Comparison of DTMs retrieved from the academic literature under the lens of change management.

Digital
Transformation

Activities

Erol et al. (2016)
[49]

Schallmo et al.
(2017) [50]

Issa et al. (2018)
[51]

Romero et al.
(2019) [52]

Le Grand and
Deneckere (2019)

[53]

Ng et al., (2019)
[54]

Rautenbach et al.
(2019) [55]

Pessl et al. (2020)
[56]

Leone et al. (2020)
[57] Butt (2020) [58]

Define a strong
leadership

Analyse I4.0
environment to

identify
opportunities and

threats

• 1

(enact)

•
(digital

potential)

•
(digital risk

management)

•
(market

assessment)

•
(analysis

phase-start
workshop)

•
(risk management

Conduct a digital
maturity

assessment

•
(digital reality)

•
(digitalization
assessment)

•
(digital strategic

management)

•
(define

phase-change
readiness)

•
(assessment of

current business
model)

•
(value creation

assessment)

•
(analysis

phase-I4.0
maturity

assessment)

•
(I4.0 maturity
assessment)

Generate
awareness on the

need for I4.0
transition

•
(experiment

phase-workshop
cycle)

•
(analysis

phase-start
workshop)

Define a clear
vision, a strategy

and a roadmap for
the I4.0 transition

•
(envision)

•
(digital ambition)

•
(digital strategic

management)

•
(anchor phase)

•
(target phase)

Communicate the
vision, strategy

and roadmap for
the I4.0 transition

•
(enable)

•
(anchor phase)

•
(development of

action plan)

•
(I4.0 roadmap
elaboration)

Define a I4.0
change

management team

•
(taskforce set up)

•
(IBPM team)

Identify short
terms goals and
pilot projects of
digitalization

•
(use case idea

generation)

•
(realization

phase-define
projects)

•
(project definition)

Identify and
manageresistance

to change
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Table 7. Cont.

Digital
Transformation

Activities

Erol et al. (2016)
[49]

Schallmo et al.
(2017) [50]

Issa et al. (2018)
[51]

Romero et al.
(2019) [52]

Le Grand and
Deneckere (2019)

[53]

Ng et al., (2019)
[54]

Rautenbach et al.
(2019) [55]

Pessl et al. (2020)
[56]

Leone et al. (2020)
[57] Butt (2020) [58]

Define digital
capabilities and

skills

•
(digital

implementation)

•
(digital strategic

management)

•
(assessment of
current digital

capabilities and
identification of

future ones)

•
(digital capability

maturity
assessment)

•
(skills gap
analysis)

Train and/or
recruit people

•
(experiment

phase-workshops
and formative

cycle)

Collect and
analyse feedbacks
and monitor the

digital
transformation

process

•
(experiment

phase—control
cycle)

•
(process

monitoring and
control)

Celebrate success
and implement

corrective actions

Consolidate the
change

1 The dots indicate the activities included in each model.
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Most DTMs provided by consulting firms highlight the importance of leadership to
drive a digital transformation initiative; although this aspect is a key features of change
management, it is not mentioned in any of DTMs retrieved from the academic literature.

Most DTMs, especially those provided by scholars, involve the activity “conducting
a digital maturity assessment” as a central initial activity. This activity is also included
in the DTMs developed by Capgemini, PwC and BCG. Also, the activity “analysis of I4.0
environment to identify opportunities and threats” is included in many DTMs; however,
only two DTMs explicitly envisage the activity “generate awareness on the need for the
I4.0 transition”. Such an activity consists in sharing, with all stakeholders, the results of the
conducted digital maturity assessment, as well as the best practices of digitalization and
the opportunities derived from the digital transformation.

Most DTMs include an activity of definition of the vision and strategy towards I4.0
as well as the development of a digital roadmap to be communicated to all members of
the organization.

From an organizational perspective, the DTMs provided by Issa et al. [51] and Butt [58]
are the only academic models that envisage the creation of an ad-hoc task force to organize
and manage the digital transformation initiative. Such an activity is considered relevant in
the change management literature. Among the DTMs developed by consulting firms, PwC
suggests the setting-up of a team dedicated to managing pilot projects only; also the DTMs
developed by Kearney [61], McKinsey [64] and Deloitte [65] envisage the creation of a team
dedicated to managing the digital transformation journey; in particular, the McKinsey
model [64] also defines the experts (e.g., designers, data scientists, scrum masters and
developers) that the launch team should include to lead the digital transformation in the
insurance sector. The Deloitte DTM [65] suggests creating cross-functional transformation
teams to manage the transformation.

Only a few DTMs retrieved from the academic literature propose conducting pilot
projects [51,56,57]. Pilot projects are useful for testing digital solutions in specific contexts
before the full-scale implementation of digital solution. Most consulting firms’ DTMs
propose such a step. Among them, McKinsey’s DTMs [64,66] also suggest adopting an
agile methodology to implement digital solutions to create an environment that makes
faster testing new technologies and, then, to iteratively make improvements based on
feedbacks and insights gleaned from the field. The development of pilot projects and the
identification of short-terms goals is a key aspect of change management, as it is considered
a way to test the change before the wider rollout of the change, as well as to motivate
people more reluctant to change. Some consulting firms (e.g., the BCG’s DTM [63] and the
McKinsey’s DTM [64]) suggest the creation of digital units, namely digital divisions—often
separated from the rest of the organization—where the digital solutions and the new ways
of working are tested to evaluate their potential impacts before scaling up.

A specific step to analyse and define digital skills and capabilities is included in many
consulting firms’ DTMs, namely the PwC [62], Deloitte [65] and McKinsey [64,66] DTMs:
these models highlight the essential role of digital skills in a successful digital transfor-
mation. They recommend that companies assess and map the digital capabilities needed
to enable digital transformation and also suggest methods to create and acquire those
capabilities that are not internally available; to this end, PwC’s [62] and McKinsey’s [64,66]
DTMs suggest employee upskilling through dedicated digital training programs, as well as
external recruitment to hire others’ capabilities; Deloitte [65], beside the methods suggested
by McKinsey and PwC, suggests the creation of partnership and recruitment as-a-service to
access the needed capabilities. Some DTMs retrieved from the academic literature mention
such an aspect, but they essentially focus on the assessment of digital capabilities needed
to implement a digital transformation, without suggesting any activity to overcome the
digital gap. Only Le Grand et al. [53] suggest training programs to provide employees with
the digital skills needed to successfully implement a digital transformation.
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The monitoring of change—which includes the collection of feedback from people
involved in the change, the identification of gaps and problems and the implementa-
tion of corrective actions—is a key activity, in change management, to avoid failure.
Le Grand et al. [53] include a step of monitoring change and suggest surveying individuals
who are the beneficiaries of change as a means of evaluating change in progress. Butt [58]
also envisages an activity of monitoring change and suggests adopting a lean six-sigma ap-
proach. Only the model proposed by Accenture envisages such an aspect, since it suggests
setting digital key performance indicators for personnel in all areas of the organization
to monitor their digital performance. Most retrieved DTMs retrieved do not include any
change-monitoring activities, despite change management literature’s considering it as
essential to understand how and to what extent an introduced change is improving the
organization’s performance and to eventually implement corrective actions. The lack of
activities devoted to the monitoring of change is one of the main limits of extant DTMs.

Another limitation of existing DTMs relates to the identification and management of
the resistance to change; for the success of the change initiative, it is crucial that involved
people accept the change. However, no DTM explicitly envisages activities devoted to
identifying the resistance to change that inevitably arises when a new digital technology is
introduced, nor provides any methods to address and manage it. Some consulting firms’
DTMs include the celebration and reward of achieved successes as a way to encourage the
acceptance of digital change; for instance, Accenture’s DTM [60] envisages the assessment
of specific key performance indicators and the rewarding of people who obtain better
digital performances; the McKinsey DTM [64] refers to rewarding the success obtained in
pilot projects.

Also, most DTMs do not include the activity “consolidate the change”; only a few
consulting firms’ DTMs envisage such an activity. In particular, the Capgemini DTM [59]
suggests concrete actions to implement the digital roadmap and to integrate the digital
change into the culture of the organization; Deloitte’s [65] and McKinsey’s [64] DTMs
indicate the definition of a new operating business model to translate digital strategy into
concrete action; that implies the definition of a completely new way of creating value, the
definition of market segments and new products or services to be offered and how those
offerings will be monetized. Other models (BCG’s [63] and McKinsey’s [66] DTMs) suggest
the creation of new digital business processes, as well as the digitalization of existing
ones, as a way to widely implement the digital change. The redesign and realignment of
organizational structure is also explicitly indicated by the McKinsey DTM [64] as being
critical to the successful implementation of digital transformation.

6. Discussion

Our study shows that the retrieved DTMs do not provide complete models to effec-
tively support managers and organizations in all the phases of the digital transformation
process. This confirms the results reported in [10]. Change management lessons are
considered to a limited extent; only a few DTMs include the key activities proposed by
change management models—e.g., “generate awareness on the need to change”, “define a
change management team”, “identify short-term goals and test the change in pilot projects”,
“identify and manage resistance to change”, “monitor change”, “celebrate success and
implement corrective actions”.

The retrieved DTMs mainly focus on companies working in the manufacturing in-
dustry; only the model proposed by McKinsey [64] explicitly focuses on the insurance
industry. Those developed in the academic context are mostly rooted in extant literature
and were tested in real manufacturing contexts. Those developed by consulting firms are
mostly derived from experience in real digital transformation projects and not based on
theoretical approaches.

Based on the change management literature and comparison between the DTMs, some
recommendations for overcoming DTMs’ limitations are here reported:
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• A well-designed digital transformation initiative requires a strong commitment by the
top management. Any initiative toward digital transformation must be undertaken
by the top management, who must deeply study how the competitive environment is
evolving, identify digital opportunities, threats and risks deriving from the introduc-
tion of digital technologies and clearly define how the organization intends to create
value in the era of I4.0. Such aspects are so far taken into consideration mostly in the
DTMs developed by consulting firms.

• To set up the goals of digital transformation, top management also must appraise the
digital maturity level of the organization. Digital maturity assessment is a crucial
activity in any digital transformation initiative, as it consists in determining the current
level of digitalization of the organization and its readiness to introduce changes. In
this phase, digital maturity-assessment models and tools [67–69] can be adopted;
they consist in filling-out questionnaires by which an organization measures digital
maturity indices. The results thereof highlight the areas and processes in which the
organization presents an advanced level of digital maturity, as well as those presenting
room for improvement; the digital maturity assessment makes the organization aware
of its own digital gaps and reveals needs and priorities of its digital transformation.
Workshops should be arranged to make the stakeholders aware of the need for digital
change, share with them the digital maturity assessment results and depict the benefits
stemming from the digital transformation.

• Top management also must clearly define a vision and a strategy for the transition
to I4.0. Defining a vision means identifying the goals to be achieved by the digital
transformation and envisioning what the organization wants to become; the digital
strategy defines how these goals will be achieved. A roadmap to clearly detail the
phases of the digital transformation initiative, as well as the time to implement each
phase, should be developed. Also, the I4.0 vision, strategy and roadmap must be
communicated and shared with all stakeholders involved in the digital transformation.
Such an aspect is considered crucial in the change management literature.

• From an organizational perspective, top management should appoint a transition team,
i.e., a task force, often temporary, having the clear and well-defined role of managing
the digital transformation initiatives. The transition team should be composed of
people from different functional areas and hierarchical levels, with a clear vision of
the current organization’s business processes.

• Another important recommendation concerns the definition and implementation of
pilot projects. The transition team should identify selected processes to be digitalized,
so as to test digital technologies before a wider rollout of such digital solutions,
and to identify possible operational problems. Moreover, early successes effectively
show the benefits of digital technologies and promote a willingness to change within
the organization.

• The identification of resistance to change should also be included in a well-designed
DTM; the transition team should identify resistance to change that may arise in
the digital transformation and define a resistance-management plan to prevent and
mitigate it. This plan may include activities, such as training programs to provide
people with digital capabilities for operating in a new way, celebrating successes
obtained in pilot projects and involving all people affected by the change—especially
those more reluctant to change—and try to understand the reasons.

• The transition team must also operate to solve the capability gap that generally arises
in the implementation of a digital transformation initiative. To address such a gap is
often one of the main challenges in the transition of organizations towards the I4.0
paradigm. Some capabilities may be already available in the organization, others may
be externally acquired or obtained via training initiatives. As mentioned, training
is an essential activity to provide people with skills and competences in operating
with new technologies and working methods, while avoiding resistance to change.
Organizations often may struggle to obtain staff with the right skills; thus, they may
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need to build competences in-house. This might seem a daunting challenge, yet it
offers a significant opportunity: giving people the opportunity to develop their own
skills is also a powerful way of attracting and retaining talent [70].

• A monitoring phase should also be included. By questionnaires, interviews, or period-
ical surveys, feedbacks from people involved in the change should be collected and
assessed, in view of understanding to what extent the introduction of digital technolo-
gies is improving processes’ performances. By leveraging on possible critical issues
and inefficiencies emerged in this phase, corrective actions must be implemented to
avoid failure of the initiative. Successes must also be celebrated.

• A DTM should also include activities to consolidate the change, namely, to make the
digital change an integral part of the organization’s culture; the definition of a new
digital business model, as well as the digitalization of exiting business processes and
the definition of new digital processes, are activities suggested in implementing the
digital change. Measures to realign the organizational structure to the new situation
are indeed necessary.

Finally, we also suggest adopting a participatory and human-centric approach in
managing a complex I4.0 transition. This means that the actors involved and affected
by the change must be an active part in the definition and implementation of the digital
transformation initiative. As mentioned, for example, by Checkland [71], the involved
actors are essential in making “feasible and desirable” changes. Such a recommendation is
coherent with the wider literature on sustainability, which is a key concept of the vision
of future industry named “Industry 5.0” [72,73]. According to the European Commission,
which has recently proposed it to complement and extend the I4.0 paradigm [72], industry
has the power to achieve societal goals and provide prosperity by respecting the planet
and placing the wellbeing of workers at the core of production processes [73]. The I5.0
vision is characterized by a shift of focus from a technology-driven approach to progress
to a thoroughly human-centric one, in order to develop sustainable and resilient industry.
Under such an approach, any technological transformation should be designed and man-
aged according to human needs rather than being based on purely technical and economic
perspectives. The paradigmatic transition characterizing I5.0 should be considered by
DTMs aimed at supporting those organizations that want to successfully implement a
digital transformation. All the activities we discussed and proposed for inclusion in a DTM
for the transition towards the I4.0 paradigm are also valid for a DTM aimed at supporting
companies’ transition towards I5.0. Additional considerations are, however, needed. First,
top management should clearly define a digital vision and strategy that, besides defining
the goals to be achieved through digitalization from a technical and economic perspective,
should also define environmental and social goals that the digital transformation intends
to achieve. Additionally, a DTM for the transition toward I5.0 should be consistent with the
human-centric approach inherent to I5.0. The participatory approach we suggest advances
upon this direction. The change management approach alone could not be sufficient;
change management, indeed, introduces changes in the organization and ensures that
people adapt to such changes and that they accept them as they are; some activities, such
as the communication of digital vision and strategy to people affected by the change, the
celebration of achieved successes and the purely digital upskilling of employees, aim at
managing the effects of a transition on the people involved, encouraging the acceptance of
change, and mitigating the emergence of resistance to change. This aspect represents, in
our view, the main gap in the change management literature. The adoption of a participa-
tory approach allows companies to overcome such a limitation and makes the DTM also
coherent with the model proposed by I5.0. Adopting a participatory and human-centric
approach means that the digital transformation must be carried out through with the active
involvement of all the actors affected by the digital change in all the phases of the digital
transformation process, from the definition of digital vision and strategy to the digital
redesign of business processes. A participatory approach facilitates the identification of
changes that are feasible and desirable from the perspectives of the actors affected by
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the change, thereby preventing resistance to change and reducing the change initiative’s
risk of failure. Furthermore, the education and training of people involved in the digi-
tal transition may play a fundamental role in enabling them to successfully design and
implement the digital change. To this aim, training programs should not deal only with
digital skills (e.g., digital literacy, artificial intelligence, data analytics, cybersecurity [73])
but also with more transversal capabilities and skills, such as those related to creative
problem solving, entrepreneurial capabilities, team working, effective communication and
complexity management.

7. Conclusions

Companies are increasingly aware that, to compete in the new paradigm of I4.0, they
must face the challenge of digital transformation [4,5]. However, the academic literature
discusses the topic mainly with respect to technological aspects, whereas few studies have
provided complete models for managing the business digital transformation [9,10]. Besides
the contribution by academia, guidelines to manage the I4.0 transition have been developed
by some consulting firms to support organizations involved in the digital transformation.

This paper investigated whether and to what extent extant digital transformation
models (DTMs) consider the lessons learnt in the field of change management, a well-
known approach that allows organizations to successful manage any change initiative. To
achieve such a goal, a systematic review of the literature was conducted. All retrieved
DTMs were analysed under the lens of the change management literature.

Based on the research in this field and thanks to a comparison of the models there
found, the limitations of existing DTMs were identified. Extant DTMs mainly address the
digital transformation of manufacturing companies. Some DTMs included only the phases
of I4.0 vision and strategy definition; other models included digital maturity assessments,
as well as the implementation of pilot digitalization projects to test such change; no extant
DTM included all the phases of the digital transformation process. Extant DTMs are
not able to effectively support managers and companies in the digital transformation
process, as they do not cover all the phases of the digital transformation process; generally,
they mainly focus on the I4.0 definitions of vision, strategy and roadmaps, whereas little
attention is devoted to the implementation and consolidation of digital change. Also, only
few DTMs included the key activities proposed by change management models. Some
recommendations, namely strong leadership, the identification of digital opportunities and
threats, digital maturity assessments, defining and communicating I4.0 vision, strategy
and roadmaps, the creation of a transition team, the implementation of pilot projects and
the celebration of successes, the analysis of resistances and the creation of a resistance
management plan, training, monitoring and consolidation stages, were, then, provided.
Finally, we suggested participative approaches be considered within DTMs. Only in this
way will the transition to I4.0 paradigm be both feasible for the organization and desirable
to all the actors affected by the digital transformation.

This study contributes to improving the existing theoretical knowledge of methods
and frameworks guiding organizations in their transitions towards I4.0. From an academic
perspective, it contributes to identify limits of existing approaches and stress certain aspects
that must be considered to addressing them, thereby suggesting future paths of investiga-
tion. From a managerial perspective, this study is useful for organizations interested in
undertaking a digital transformation initiative; specifically, it may guide in their choice of
DTM to adopt, and provide companies with suggestions useful in successfully managing a
digital transformation initiative.
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