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Abstract

Purpose – Industry 4.0 and Lean Production are a successful match in terms of performance improvement.
While we understand the combined potential, there is still poor understanding of how companies should
embrace digital transformation to make it successful and sustainable, and the role that lean plays in it. In this
paper, we investigate how manufacturing companies embark upon digital transformation and how being lean
might affect it.
Design/methodology/approach –We conducted multiple case studies with 19 manufacturing companies.
We identified two clusters of companies according to their Lean maturity, and we assessed digital
transformation patterns by analyzing insights coming both from cases and from the literature. Integrating
cross-case analysis results, we developed a framework that shows two different digital transformation patterns
according to companies’ commitment to Lean.
Findings – Our findings first and foremost show the significant role of lean in driving digital transformation.
We identify two patterns, namely Sustaining digital transformation pattern, characterized by the pervasive
role of lean culture with small and horizontal digital changes, involvement of people and willingness to
maintain continuous process improvement, and Disruptive digital transformation pattern, characterized by
few and large digital steps that imply a disruptive and radical change in the company system.
Practical implications – Empirical evidence supports the relevance of the proposed model and its
practical usefulness. It can be used to design digital transformation, prepare properly the introduction of
Industry 4.0 through a lean approach, and plan the future desired state, identifying the Industry 4.0
technologies that should be implemented.
Originality/value – It is widely recognized that the relationship between Industry 4.0 and lean is
significant and positive, yet little evidence was presented to back that. We aim at bringing this debate
forward by providing initial empirical evidence of the significant role that lean has on digital
transformation, showing how lean drives the digital transformation pattern of companies.

Keywords Digital transformation, Lean, Industry 4.0

Paper type Research paper

1. Introduction
Industry 4.0 (I4.0) is increasingly in the spotlight of researchers, economic policymakers and
manufacturers (Brennan et al., 2015; Frank et al., 2019; Rossini et al., 2019b). It is built upon
inter-connected machines, intelligent systems and products, inter-related solutions within a
company (Koh et al., 2019; Sanders et al., 2017; Tortorella and Fettermann, 2018) and
enhanced human-machine interaction (Liao et al., 2017; Sanders et al., 2016). I4.0 involves
integrated digital technologies implementation, which facilitates monitoring and controlling
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of physical devices, sensors, information and communication technologies, and Industrial
Internet of Things applications (Lasi et al., 2014; Quezada et al., 2017). The set and the
sequence of I4.0 technologies implementations define the digital transformation of a company
(Culot et al., 2020). Despite a growing number of research contributions on the I4.0 topic
(Benitez et al., 2020; Frank et al., 2019; Tortorella et al., 2019), companies are struggling with
understanding how digital transformation should occur (Erol et al., 2016; Sanders et al., 2016,
2017). The risk companies are facing is to start an ineffective digital transformation that is not
built upon their characteristics but only driven by the I4.0 hype. This risk becomes even
greater if we consider that several countries such as Brazil, India, Mexico and Italy launched
governmental initiatives to incentivize companies toward digital transformation (Forbes
India, 2020; National Confederation of Industry, 2016; Mexican Ministry of Economy, 2016).
To benefit from the aforementioned governmental incentives, companies may take random
initiatives without really considering their characteristics and needs. The absence of proper
guidelines or patternsmakes thus the success of companies’ digital transformation uncertain.

Scientific literature highlights that the companies adopting Lean Production (LP) are a
fertile environment for successful digital transformation (Rossini et al., 2019b; Tortorella et al.,
2019) and that LP is an enabler for digital transformation through directing I4.0 technologies
toward its tools and practices (Ghobakhloo and Fathi, 2020; Pagliosa et al., 2019). While the
discussion about integration between I4.0 and LP system received growing attention among
practitioners and academicians (Buer et al., 2018; Rossini et al., 2019b), researches are mainly
focused either on specific technologies or performance improvement achieved by single
digital technology implementation (Gillani et al., 2020; Wagner et al., 2017). It is still unclear
whether and how the intrinsic characteristics of LP may influence a specific digital
transformation. Therefore, we seek to cover this research gap by responding to the following
research question:

RQ. Does being lean affect how companies are shaping their digital transformation?

Since the novelty of the topic, and the lack of empirical study on how companies embark upon
digital transformation, and on the role played by LP in it, we carry out exploratory case
studies. We analyzed 19 companies belonging to the manufacturing industry (Voss et al.,
2002), either highly committed to LP or poorly committed to LP, through the following four
areas: adopted I4.0 technologies, drivers for I4.0 investments, the magnitude of I4.0
investments, and people and I4.0. The scope is to unveil potential similarities or differences
among the two clusters of companies and to understand whether LP is a critical element for
digital transformation.

Our findings support the theoretical view of LP playing a strong role in driving digital
transformation. This research contributes to the conceptual debate of advancedmanufacturing
technology and operational excellence by providing initial empirical evidence of howLP and its
culture may affect companies’ digital transformation. Our findings also have direct managerial
implications since companies’ financial resources are often scarce, and their I4.0 technologies
implementation must be well-informed by studies like ours.

This paper is structured as follows: after the introduction, Section 2 provides the theoretical
background our paper is built on. Section 3 explains the case study research methods, while in
Section 4, we provide our main findings. In Section 5, we discuss the two resulting digital
transformation patterns, and eventually, in the final section, we conclude with the contribution
and limitations of our research, also providing avenues for future research.

2. Theoretical background
According to the scope of the research, we review the literature on the existing relationship
between I4.0 and LP. Researchers state that the implementation of both paradigms in a
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manufacturing company contributes to improving its operational performances (Kolberg and
Z€uhlke, 2015;Moeuf et al., 2018). Several studies suggest that combining I4.0 and LP increases
productivity (Sanders et al., 2016), flexibility (Kolberg and Z€uhlke, 2015), or reliability
(Wagner et al., 2017). More in general, Dombrowski and Richter (2018) state that LP practices
are positively associated with I4.0 technologies, and their concurrent implementation leads to
larger performance improvements.

The literature stresses more the support I4.0 has on LP (e.g. Kolberg and Z€uhlke, 2015;
Lugert et al., 2018; Rosin et al., 2020), rather than how LP may affect digital transformation
(e.g. Buer et al., 2018; Hambach et al., 2017). It addresses mostly the possibilities included in
the paradigm of I4.0 that serve in digitalizing LP practices (Chiarini et al., 2020). For example,
Sanders et al. (2016, 2017) conclude that most I4.0 technologies play a supportive role in
regard to LP practices by creating a theoretically based interdependence matrix. Similar
results have been achieved byWagner et al. (2017) and byMayr et al. (2018). In general terms,
there is consensus that I4.0 technologies, such as Industrial Internet of Things, Cloud
manufacturing, Industrial Analytics and Advanced automation, mostly improve LP
practices such as continuous flow, visual management, eyes for waste, in-station quality
control and kanban system (Rosin et al., 2020).

Digital transformation is delineated by the type and the sequence of I4.0 technologies
implemented, as well as in which area of the company (Culot et al., 2020). It is the key enabler
for competitive advantage in the I4.0 era (Buer et al., 2020), ensuring significant gains in
manufacturing goals from productivity to costs, quality and flexibility (Pessot et al., 2020).
These gains are much higher when adopting several technologies simultaneously instead of
just one technology (Alc�acer and Cruz-Machado, 2019). Rosin et al. (2020) identify four
capability levels for I4.0 technologies that “are incremental and are based on each previous
level”: Monitoring (monitor in real-time or quasi-real-time production, maintenance, safety
indicators), Control (based on data history, standard system behavior and expected
performance, algorithms can be used to detect abnormal situations), Optimization (set of
algorithms to optimize performances, recourses or efficiency), Autonomy (highest level of
capability to react optimally and in real-time to a change in need). In the context of operations,
Buer et al. (2020) focused on three main areas for the digital transformation and the
technologies characterizing them: shop floor, vertical and horizontal integration, and
organizational IT competence. The process of adopting I4.0 technologies in manufacturing
companies requires financial and organizational readiness. Regarding financial investments,
while not being challenging for large companies, SMEs are usually not early adopters mainly
“because of the fear of investing in the wrong technologies or adopting inapt practices”
(Mittal et al., 2018). On the other hand, organizations should be ready not only in terms of
skills sculpting (Matt et al., 2015) but also in terms of adapting to the evolution that
technologies will face continuously in the factory of the future (Pessot et al., 2020). Such
researchers do not connect the dots between the organizational culture of the company and
the process of digital transformation: Ghobakhloo and Fathi (2020) conducted a 5-year case
study on the digital transformation of a manufacturing company, describing it as
lean-digitized manufacturing. However, they follow the same stream of thought of most of
the literature that talks about digitalizing LP tools and practices and howwe can benefit from
improving the performances. To the best of the authors’ knowledge, the company’s culture
and its potential impact on digital transformation have been scarcely discussed.

LP is a culture on its own, and it is considered an enabler for I4.0; therefore, companies
should exploit it to create a proper foundation for their digital transformation (Davies et al.,
2017; Dombrowski and Richter, 2018; Prinz et al., 2018). The idea is that an effective digital
transformation will take place within a context with streamlined flows, standardized
processes and without wastes (Buer et al., 2018; Sony, 2018). Furthermore, a company that
already embraces LP is more likely to exploit I4.0 (Rossini et al., 2019a; Tortorella et al., 2019).

How to shape
digital

transformation

241



LP acts as a prerequisite for a successful digital transformation (Rossini et al., 2019a, b).
The discussion is still ongoing as a risk the company might face is to randomly embrace the
digital transformation that does not fit with its culture, which is being lean. Although there
are some attempts to provide insights about how being LPmay affect digital transformation,
we are still far away from closing the debate.

In this research, we strive to cover this gap, namely, to investigate how companies embark
upon digital transformation and whether being lean represents a contributing factor in
driving it. More in detail, we seek to understand whether and how LP plays a role in shaping
companies’ digital transformation. The scope is limited to manufacturing companies, being
the traditional context for lean. To this effect, we design a case study-based research in the
Italian manufacturing sector presented hereafter.

3. Case study method
In this section, we present our case study-based research (resumed in Figure 1). First, we will
describe the design of case studies and howwe select the sample companies. Then, we explain
their execution, as well as the analysis of data collected.

3.1 Research design and case selection
Due to the novelty of the topic and the lack of empirical proof in the scientific literature on how
companies shape their digital transformation and on whether, and in case how, LP plays a
role in that, we decided to further investigate using exploratory case studies, with the
company as the unit of analysis. Indeed, case study-based research is widely used in
operations management scope to generally develop and extend theory (Ketokivi and Choi,
2014; Netland and Ferdows, 2016; Voss et al., 2002) and to implement an inductive
methodology (Gioia et al., 2013). Moreover, according to Yin (2014), this method is suitable
when researchers need to consider several variables of interest andwhen new phenomena are
under analysis. For all these reasons, case study-based research particularly fits our goal.

To ensure homogeneity and content validity, we performed the initial selection to control
extraneous factors limiting the presence of differentiating factors (Eisenhardt, 1989).
Purposely, we focused on companies working with low-volume and high-variety portfolios
within one single country (Italy) and belonging only to the manufacturing industry
(producers of machinery and metal products). This choice is in line with other studies within
operations management scope (e.g. Cagliano et al., 2019): indeed, country legislation and
policies, as well as industry and production strategies, may affect both LP and digital
transformation choices.

We adopted a funnel logic to select the sample of companies to be included in our study.
Our starting database included 85 different companies, which were already involved in past
research (reference omitted for peer review), and are compliant with the aforementioned
characteristics and knowledgeable of the two paradigms. First, we contacted them via email
for their willingness to be involved in the study, and 19 companies responded positively,
equal to 22.3% of the starting dataset. To assess the LP level of these companies, we asked
them to self-evaluate their LP maturity level through the assessment developed by Shah and
Ward (2007). The self-assessment consisted of a survey of 41 questions (Shah and Ward,
2007) provided via email, where companies were required to evaluate through a 5-point Likert
scale the extent of LP practices implementation within their belonging company.

To unveil the presence of different levels of LP maturity, we performed a two-step cluster
analysis using R software (Rossini et al., 2019b; Tortorella and Fettermann, 2018). Companies
grouped within each cluster should indeed show similar features in terms of lean level
implementation to the ones belonging to the same cluster and different characteristics from
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Figure 1.
Research methodology

How to shape
digital

transformation

243



the ones belonging to other clusters (Rencher and William, 2012). We implemented Ward’s
method with both Euclidean and Manhattan distances to compute the optimal number of
clusters (k), double-checking results also with Elbow and the Silhouette methods.
The resulted k is two. Then, we used the K-means clustering method to properly group
our 19 companies within clusters, assessing the consistency and homogeneity of them
through the Cohesion index and Silhouette coefficient. The results enabled the identification
of the presence of two polar clusters of companies. We decided to include all 19 companies
within our final sample and conduct two embedded case studies, specifically one per each
polar cluster.

One cluster (Cluster A) includes 10 companies that register a high level of implementation
of LP practices. These companies show a strategic commitment to LP and an extensive
implementation of practices. The other cluster (Cluster B) includes nine companies, with a low
level of implementation of LP practices. These companies lack a commitment to LP and apply
its practices poorly.

3.2 Execution
Consistent with the use of multiple data collection in case study based research, data are
collected through multiple sources: secondary data as official documents, direct observation
and semi-structured interviews with reference people (Bryman, 2012). To guarantee the
reliability of the cases, we sought specific expertise in respondents for every company:
experts were required to be involved in both LP and digital transformation projects.
We targeted one person per company, holding titles such as managers, head of operations, or
Kaizen Promotion Officer, as shown in Table 1.

The interview protocol, available in Appendix, is structured into five macro areas: (1)
background of the interviewee and the company, (2) decision process on I4.0, (3) I4.0
technologies adopted, (4) rationale behind I4.0 investments, (5) relationship between I4.0
and LP. Two-round interviews were carried out with each expert on-site by at least two

Case Company

Industrial sector
(M 5 Machinery;
MP 5 Metal products) Size (mlnV) Interviewee role

A 1 MP 236.2 Production Manager
A 13 M 186 Manufacturing Manager
A 15 M 136.1 Production and Maintenance Manager
A 12 MP 104.9 Value Stream Coach
A 14 M 86.2 Lean Manager
A 17 M 83.7 Plant Manager
A 5 M 83.2 Supply Chain and Production Manager
A 4 M 77.7 Chief Operating Officer
A 2 M 60.9 Chief Executive Officer
A 8 M 22.4 Kaizen Promotion Officer
B 7 M 818.5 Chief Operating Officer
B 10 MP 242 Operational Excellence Manager
B 16 M 209.2 Production Manager
B 18 M 143.5 Production Manager
B 3 M 127.7 Operational Excellence Manager
B 19 M 112.4 Supply Chain Manager
B 11 M 64.2 Production Manager
B 9 M 51.8 Production Manager
B 6 MP 5.4 Planning and Scheduling Manager

Table 1.
Respondents’ profiles
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researchers and following the interview protocol. Interviews were recorded integrally and
then transcribed for further analysis. In semi-structured interviews, conversations
revolve around a set of topics identified in the agenda and may also touch not
predetermined issues (Adams, 2015). This allows us to have enough flexibility to explore
the respondent’s opinions about complex and interrelated issues, particularly relevant for
the final purpose of the study. The first round lasted between 60 and 90 min. To cope with
the low depth of cases and to prevent it from undermining the internal validity of the
study, all data gathered were then integrated and compared with a second-round
interview with the same expert, lasted around 60 min, information coming from direct
observation during sites visits, secondary sources as companies publications.
This procedure allows to further triangulate information from different sources and to
gain “between method triangulation” (Jick, 1979). At last, after conducting the interviews
and the analysis, findings regarding their case were critiqued with the experts to increase
the interpretation validity.

3.3 Data analysis
Contents were coded independently by three different researchers to reduce potential bias
that could influence the validity and significance of our results. We followed a mixed
approach for coding activity with the final aim to develop a list of broader themes, categories
and concepts and to create linkages between them. We used both the deductive approach,
defining codes a priori based on scientific literature and the inductive approach, where codes
emerge inductively from empirical data as significant themes (Campbell et al., 2013).
Through an iterative process of comparison and understanding among the researchers, the
relevant codes were detected, and they are available in the following table.

Furthermore, to guarantee the validity and reliability of our study, we strictly considered
construct validity, internal and external validity and reliability as metrics (Yin, 2014).
Construct validity is ensured by the use of multiple sources of data collected. In detail,
secondary sources, company publications, direct observation and two-rounds interviews
with experts were considered. Regarding internal validity, we acted on proper analysis and
explanation of the relationships between variables and the final outcome. External validity
considers the boundaries within which the obtained results can be generalized, and in this
study, it is guaranteed by the use of the replication logic. Eventually, repeatability of the
study, defined as reliability, is prosecuted by the rigorous use of case study protocol and by
the development of a case study database. This database includes all information and data
collected during the research in the form of field notes, case study documents and tabular
materials.

For the scope of this research, data analysis is done in two stages: a within-case analysis
and a cross-case analysis (Eisenhardt, 1989). The within-case analysis allows us to pinpoint a
specific digital transformation pattern for each of the two clusters. In the second stage, cross-
case analysis is performed to detect and examine diversities and similarities between the
digital transformation patterns of the two clusters, to enhance the generalizability of the
conclusions (see Table 2). Table 3 summarizes cases and behaviors of the two clusters, as well
as of 19 companies along the four different areas studied.

Eventually, we depicted a framework of two different digital transformation patterns
resulting from our case studies. For increasing the framework validity and generalizability,
results were discussedwith experts not included in the sample andwithmore than 10 years of
experience in operations management (Roy et al., 2011). They stressed how this framework is
useful for companies to understand a phenomenon that is still blurry and characterized by a
high degree of uncertainty. Nevertheless, we believe that by showcasing the two patterns
framework, a company might reflect on the strategic choice of digital investments.
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4. Research results
Across the 19 companies, it emerges that companies are generally well aware of the various
I4.0 technologies and that many implementations are already underway in their respective
organizations. In this section, we outline the main findings that emerged from the case
studies, by triangulating and merging information from two-round interviews, direct
observation and companies’ publications. The following Table 3 summarizes the results
gathered from the 19 companies along the four different areas studied. More details will be
provided in the following subsections.

4.1 Adopted Industry 4.0 technologies
I4.0 is a technology-driven paradigm where various and diverse technological applications
are included (Benitez et al., 2020; Ivanov et al., 2018; Osterrieder et al., 2020).

Cluster A companies are mostly focused on the implementation of Industrial Internet of
Things and Industrial Analytics, which are the mainstay of I4.0. Only a few companies are
instead using other technologies, such as Advanced Human–Machine Interface or Cloud

Variables Definition Source

Adopted I4.0
technologies

Adopted Industry 4.0
technologies

Industrial Internet of Things, Industrial
Analytics, Advanced Human–Machine
Interface, Cloud Manufacturing, Additive
Manufacturing, Advanced Automation
(Tortorella and Fettermann, 2018)

Tortorella and
Fetterman (2018)

Industry 4.0
technologies maturity

Monitoring, Control, Optimization,
Autonomy

Fettermann et al.
(2018)

Drivers for I4.0
investments

Industry 4.0
target areas

Processing, Assembly, Logistics and
Product development

Slack et al. (2013)

Industry 4.0
investment drivers

Increasing production capacity, Outdated
machinery substitution, Governmental
incentives, Improving waste detection, and
Enhancing data availability

Within case

Expected Industry 4.0
performance
improvement

Productivity (Parham, 2002), Efficiency
(Lee and Johnson, 2013), Quality
(Chandrupatla, 2009), Time (Bayo-Moriones
and De-Cerio, 2002), Flexibility (Gerwin,
1987)

Within case

Slack et al. (2013)
Magnitude
of I4.0
investments

Industry 4.0
investments pay-back
time

Long pay-back time (higher than 3 years),
Medium pay-back time (ranging from 2 to 3
years), Short pay-back time (lower than 2
years), Not available

Within case

Industry 4.0 width
of intervention

Localized (small interventions areas) and
Extensive (wider interventions areas, e.g.
an entire production department or the
whole plant)

Within case

People and I4.0 Role and task
evolution

Substitution (replacement of operators),
Control (control of operations), No major
changes, Support (ease activities for
operators), Enhancement (operators
become in charge of making decisions and
performing basic problem-solving activities
on data)

Within case.
Marengo (2019);
Flores et al. (2020)

Competences
evolution

IT skills, Technical skills, Problem-solving,
Learning capacity, Responsibility,
Teamwork, No major changes

Motyl et al. (2017)

Table 2.
Codes definition

JMTM
32,9

246



C
lu
st
er

A
C
lu
st
er

B
In
d
u
st
ry

4
.0
te
ch
n
ol
og
ie
s
a
n
d
m
a
tu
ri
ty
le
ve
l

In
d
u
st
ri
al

in
te
rn
et
of

th
in
g
s

In
d
u
st
ri
al

an
al
y
ti
cs

A
d
v
an
ce
d

h
u
m
an
–

m
ac
h
in
e

in
te
rf
ac
e

C
lo
u
d

m
an
u
fa
ct
u
ri
n
g

A
d
d
it
iv
e

m
an
u
fa
ct
u
ri
n
g

A
d
v
an
ce
d

au
to
m
at
io
n

In
d
u
st
ri
al

in
te
rn
et
of

th
in
g
s

In
d
u
st
ri
al

an
al
y
ti
cs

A
d
v
an
ce
d

h
u
m
an
–

m
ac
h
in
e

in
te
rf
ac
e

C
lo
u
d

m
an
u
fa
ct
u
ri
n
g

A
d
d
it
iv
e

m
an
u
fa
ct
u
ri
n
g

A
d
v
an
ce
d

au
to
m
at
io
n

M
on
it
or
in
g

1;
17
;8
;5
;

12
1;
17
;8
;5
;1
2

8;
5

5
12

–
M
on
it
or
in
g

18
;7

18
;7

18
7

–
–

C
on
tr
ol

13
;1
4;
4

13
;1
4;
4

14
;4

4
–

14
C
on
tr
ol

3;
16
;1
0;

19
3;
10
;6

10
;1
9

6
–

10

O
p
ti
m
iz
at
io
n

15
15

–
–

–
–

O
p
ti
m
iz
at
io
n

11
;1
6

11
;1
6

–
–

11
11
;1
6

A
u
to
n
om

y
–

–
–

–
–

–
A
u
to
n
om

y
9

–
9

–
–

9

T
a
rg
et
ed

a
re
a
s
of

In
d
u
st
ry

4
.0
in
ve
st
m
en
ts

P
ro
ce
ss
in
g

A
ss
em

b
ly

L
og
is
ti
cs

P
ro
d
u
ct
d
ev
el
op
m
en
t

P
ro
ce
ss
in
g

A
ss
em

b
ly

L
og
is
ti
cs

P
ro
d
u
ct
d
ev
el
op
m
en
t

1;
5;
8;
12
;1
3;
14
;1
5

4;
5;
8;
14
;1
5;
16

1
4;
12

3;
6;
7;
9;
10
;1
1;
16
;1
8;
19

3;
11
;1
8

–
–

P
u
rp
os
e
a
n
d
ex
pe
ct
ed

pe
rf
or
m
a
n
ce

im
pr
ov
em

en
t
of

In
d
u
st
ry

4
.0
in
ve
st
m
en
ts

E
ff
ic
ie
n
cy

P
ro
d
u
ct
iv
it
y

T
im

e
S
er
v
ic
e

Q
u
al
it
y

F
le
x
ib
il
it
y

E
ff
ic
ie
n
cy

P
ro
d
u
ct
iv
it
y

T
im

e
S
er
v
ic
e

Q
u
al
it
y

F
le
x
ib
il
it
y

In
cr
ea
si
n
g

p
ro
d
u
ct
io
n

ca
p
ac
it
y

–
–

–
–

–
–

In
cr
ea
si
n
g

p
ro
d
u
ct
io
n

ca
p
ac
it
y

16
9;
16

–
–

9
–

O
u
td
at
ed

m
ac
h
in
er
y

su
b
st
it
u
ti
on

17
–

–
5

–
17

O
u
td
at
ed

m
ac
h
in
er
y

su
b
st
it
u
ti
on

16
;1
9

7;
16

–
19

19
–

G
ov
er
n
m
en
ta
l

in
ce
n
ti
v
es

–
–

–
–

–
–

G
ov
er
n
m
en
ta
l

in
ce
n
ti
v
es

11
;6
;1
9

9;
10
;6

–
19

9;
10
;1
9

–

Im
p
ro
v
in
g

w
as
te

d
et
ec
ti
on

13
;1
4;
17
;

15
;8

14
13
;1
2;
4

8;
5

1;
13
;1
4;
17
;8
;

5;
12
;4

17
;8
;1
2;
4

Im
p
ro
v
in
g

w
as
te

d
et
ec
ti
on

11
–

–
–

–
–

E
n
h
an
ci
n
g

d
at
a

av
ai
la
b
il
it
y

13
;1
5;
8

–
13
;4

8;
5

1;
13
;8
;5
;4

8;
4

E
n
h
an
ci
n
g

d
at
a

av
ai
la
b
il
it
y

18
;3
;1
6;
6;

19
3;
7;
16
;1
9;
6

–
19

18
;3
;1
0;
19

–

M
a
gn
it
u
d
e
of

In
d
u
st
ry

4
.0
In
ve
st
m
en
ts

L
oc
al
iz
ed

in
te
rv
en
ti
on
s

E
x
te
n
si
v
e
in
te
rv
en
ti
on
s

L
oc
al
iz
ed

in
te
rv
en
ti
on
s

E
x
te
n
si
v
e
in
te
rv
en
ti
on
s

L
on
g
p
ay
-b
ac
k

ti
m
e

–
–

L
on
g
p
ay
-b
ac
k

ti
m
e

–
9;
16
;1
9

M
ed
iu
m

p
ay
-

b
ac
k
ti
m
e

17
;5

–
M
ed
iu
m

p
ay
-

b
ac
k
ti
m
e

7;
19

3;
6

S
h
or
t
p
ay
-

b
ac
k
ti
m
e

1;
13
;1
4;
15

4
S
h
or
t
p
ay
-

b
ac
k
ti
m
e

–
–

N
ot

av
ai
la
b
le

8;
12

–
N
ot

av
ai
la
b
le

18
11

Table 3.
Research results

How to shape
digital

transformation

247



manufacturing. More in detail, according to the framework proposed by Fettermann et al.
(2018), Cluster A shows a general lack of maturity regarding I4.0 technologies
implementation. The high majority of companies belong to the Monitoring and Control
maturity level, having just recently launched their digital initiatives. As confirmed by the
literature, since the maturity process is an incremental one and each level is dependent on the
one preceding it, we will probably need some years to reach the higher maturity levels:
Optimization and Autonomy (Rosin et al., 2020).

Cluster B does not reveal a significant difference in the choice of technologies application
compared to Cluster A. Indeed, I4.0 technologies most in vogue here are still Industrial
Internet of Things and Industrial Analytics. However, we see a small number of companies
implementing both Advanced Human–Machine Interface and Advanced Automation.
Regarding the Fetterman et al. (2018) framework, companies belonging to Cluster B exhibit a
higher level of I4.0 maturity. Indeed, even if the majority of companies are still under the
Monitoring and Control phases, three reached the Optimization and Autonomy level.

The type of I4.0 technology adopted and the frequency of adoption are very similar
between the two clusters. Industrial Internet of Things and Industrial Analytics act as the
keystone of digital transformation being implemented by almost all companies in our sample
while Cloud Manufacturing, Additive Manufacturing or Advanced Automation are adopted
just in few cases, being less mature (Boer et al., 2017). Advanced Human–Machine Interface is
the most growing technology according to the quite high adoption rate among companies
under analysis. Indeed, the socio-technical transformation toward the smart factory will need
new design reference models according to new human-centric perspective; in this case,
monitoring the workers’ performances could provide useful data to improve the human-
machine interaction (Peruzzini et al., 2020). Also, for the I4.0 maturity, the two clusters behave
similarly, withmost companies showing a low I4.0 maturity level. Therefore, we can conclude
that the digital transformation patterns of the two clusters are not differential for what
regards either technologies adopted or I4.0 maturity.

4.2 Drivers for Industry 4.0 implementation
According to the coding analysis performed, there are three main areas related to the drivers
for I4.0 implementations: the targeted areas for implementation, the purpose of the
implementation and the expected performance improvement.

Cluster A presents most I.40 implementations within the assembly and processing
departments. Few implementations outside production departments are present, namely
Logistics and Product Development. On the other hand, Cluster B presents a strong focus on
I4.0 implementations within the processing department. Comparing the two clusters, most of
I4.0 implementations are within the production department boundaries, but it is noticeable
that Cluster A shows more investment outside the processing department. Moreover, Cluster
A implemented I4.0 technologies involving simultaneously at least two different areas,
showing the horizontal vein of I4.0 investments. It supports the part of operations
management literature that presents LP companies easier context for digital transformation
than NO-LP companies (Rossini et al., 2019b; Tortorella et al., 2019; Tortorella and
Fettermann, 2018) and highlights that the typical holistic view of LP drives I4.0
implementation for enhancing connections among different departments. The focus, for
now, ismajorly concentrated on the focal firm that is alignedwith the literature, but it is worth
mentioning that a new streamhas emerged investigating the possibility to extend throughout
the entire supply chain the implementation of Industry 4.0 (N�u~nez-Merino et al., 2020).

Regarding the purpose of implementation, Cluster A is characterized by the desire to have
higher availability of data and the possibility to tackle wastes. Thanks to I4.0 technologies
such as sensors and the Industrial Internet of Things, companies capture a very large amount
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of additional data. While some companies would record real-time information within the
production flows to ensure the process to be under control and to promptly communicatewith
their customers, other companies would monitor pivotal parameters such as the temperature
inside a piece ofmachinery or thewear of a tool to solve quality-related problems or to prevent
breakdowns. Differently, Cluster B has a more spread set of drivers, without a unique focus.
Whilemost of the companies belonging to Cluster B consider the higher availability of data as
the main driver as Cluster A, many others state that financial benefits led by governmental
incentives are the main reason to embark upon digital transformation. Furthermore, only a
few companies belonging to Cluster B exploit I4.0 technologies to improve their production
capacity to cope with an increase in demand volume.

Cluster A implementations are mainly driven by the possibility to enhance both data
gathering and data analysis, which are fundamental, and sometimes the bottleneck, activities
for continuous improvement initiatives. This is strictly related to LP, and I4.0 technologies
are here seen as a way to improve the operations system knowledge and increase the
potentialities of a continuous improvement circle. Although it does not have statistical
validity, it is noticeable that only Cluster B considers purposes such as Increasing production
capacity or governmental incentives. Especially for governmental incentives, all companies
belonging to Cluster A point out the fact that investment and implementation (already done
or scheduled) are mostly independent of governmental incentives, while they are essential to
some companies of Cluster B.

When we investigated whether the digital transformation is driven by specific
performance improvements and if we could detect meaningful differences between
clusters, we noted that companies usually aspire to more than one performance
improvement while implementing I4.0. Cluster B highlights a strong focus on improving
efficiency and productivity performance, since, citing Company 7, thanks to digitalization,
the same company and production process will generate greater output. On the other hand,
for example, Company 8 belonging to Cluster A remarks that digitalization will improve
flexibility, especially because operators will learn what happens behind their work, stressing
a general similarity with other companies belonging to Cluster A, as they undertake a digital
transformation also to improve quality, time and flexibility performance.

4.3 Magnitude of industry 4.0 investments
The magnitude of I4.0 investments refers to the extent of digital investments enabling the
digital transformation of a company.

Cluster A prioritizes investments that can be repaid in the short run, usually lower than 2
years, with almost all in favor of localized interventions, by targeting small portions of
the process. This is in line with LP, which encourages small and short projects to foster the
learning cycle. Company 15 underlines that the key to their successful digital transformation
can be seen in the step-by-step approach, where spread and wide changes are avoided to
reduce any problem. In contrast, Cluster B companies mostly pursue extensive interventions
with medium to long payback time. They tend to develop investment plans characterized by
large investments and a wide range of actions. Company 6, for example, is investing at the
same time in three different automatic lines and a semi-automatic warehouse. Their
interventions usually determine important effects on the whole organization and imply quite
longer repayment times compared to companies belonging to Cluster A.

As evident, the two clusters here show antipodal behaviors. While Cluster A is more
focused on small and localized digital interventions, Cluster B embraces amore breakthrough
vision of digitalization where interventions are extensive, and investments require greater
effort from the organization. Considering investment size as a proxy of the size of the change,
Cluster A presents a sequence of many small changes aimed at fostering the learning cycle
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and strengthening the digital capability of the company, while Cluster B prefers designing
few interventions to make a fast and radical digital transformation.

4.4 People and Industry 4.0
The two polar clusters registered a shared insight on demand for advanced IT skills in
operators; indeed, operators are required to run digitalized processes and to interact with
technological devices effectively (Peruzzini et al., 2020).

In Cluster A, I4.0 technologies support or even enhance operators’work performance: they
assist operators in data collection and data analysis. These gathered data will be available in
real-time to operators who are thus enabled to take decisions. According to Company 5, data
will empower operators in understanding how the machine works and to make a conscious
decision on how to solve problems and eventually improve production. In this cluster,
companies recommend important progress in operators regarding problem-solving
competencies, learning ability and responsibility. The role of operators results to be
enhanced thanks to higher process visibility, new responsibilities and the possibility to focus
on value-added activities. This paradigm shift surely requires a change in operators’
competencies that can only be reached with an appropriate approach to training and
qualification. On the opposite, Cluster B mainly promotes I4.0 technologies for controlling or
substitute operations. The involvement of people is not noticeable, although none of the
companies was planning any personnel layoffs. Company 9, for example, remarks that the
introduction of Advanced automation was aimed at guaranteeing production reliability,
which was not possible relying only on operators or human work.

Unlike Cluster A, Cluster B shows a misalignment with the literature when it comes to the
role of people in I4.0 and their importance. While Cluster B is decisively in favor of the
presence of technologies against operators, the literature clearly states that it is not about
substituting operators; it is about eliminating repetitive tasks done by them andmoving from
low-level skills to high-level skills (Marengo, 2019). It is argued that decreasing the number of
workers in the organizations leads eventually to loss of knowledge, as they can transform
data given by I4.0 technologies into knowledge with their cognitive abilities (Sousa and
Wilks, 2018). The difference in the perspectives of the two clustered could be highly linked to
their culture, hence the adoption of LP principles, which is centered on people, sculpting them
into decision-makers and involving them in continuous improvement projects. Such culture
eventually allows operators to actively participate in the digital transformation by exploiting
the offerings of I4.0 when it comes to real-time data visualization, for example, to help
operators in effective decision making (The 2019World Manufacturing Forum Report, 2019).

The differentiation between the two clusters can be mainly explained by the central role
that people have always represented in the LP, which characterizes Cluster A. Company 13
from Cluster A highlights that, since required manual tasks are nowadays much less than in
the past, operators need to have greater and completely different skills, especially in terms of
IT tools and mental elasticity.

5. Discussion
The main aim of our research is to investigate how companies embark upon digital
transformation and whether, and in case how, LP plays a role in driving it. According to the
previous section, we identified four main areas that uniquely characterize the two polar
clusters, leading us to represent two digital transformation patterns. Using terms coined in
the innovation area, we call them Sustaining digital transformation pattern, arising from
Cluster A, and Disruptive digital transformation pattern, arising from Cluster B. Table 4
summarises features of the two identified digital transformation patterns.
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Sustaining a digital transformation pattern is typical for companies that show high commitment
to LP. Sustaining a digital transformation pattern is characterized by the achievement and
consolidation of a series of small and incremental projects. This leads to a short or medium pay-
back time of I4.0 implementation projects and the opportunity, pair-budget conditions, to test
different technology types in different areas of the company.Here, digital transformationdoes not
occur only in the production department, but I4.0 implementations are also spread in other
departments. Furthermore, even if I4.0 implementations are small and localized, they have a
strong horizontal perspective: digital transformation involvesmore areas at the same time, and it
is aimed at improving connection and collaboration among them. The implementations of I4.0
technologies is thus not focused on automatizing operations but rather aims at gathering new
data and enhancing analysis system capability to tackle wastes. The underlying nature of these
applications determines the enhancement of operators. Indeed, I4.0 implementations are
leveraged to push people away fromnonvalue-added activities and to provide themwith relevant
data and room for taking decisions.

As an alternative, a Disruptive digital transformation pattern emerges from companies
poorly committed to LP. The Disruptive digital transformation pattern is characterized by a
few and large steps toward I4.0 that imply a disruptive and radical change in the company
system. Accordingly, this pattern is characterized by I4.0 technologies aimed at faster
operations with an increase in production capacity. Digital transformation means here
breakthrough projects, with greater investments organized in complex and integrated plans
with usually medium/long repayment times. In this context, governmental incentives play a
fundamental role in the launch of digital initiatives for achieving the necessary monetary
budget. Moreover, I4.0 implementations are vertical and focused on only a single department
per project, usually inside the Production department. The underlying thinking of I4.0
implementation is to have more advanced machines: those machines should embrace a larger
part of the working activities and should be more “intelligent” to take decisions
autonomously without human interference.

Apart from the I4.0 technologies adopted, the two digital transformation patterns are
strongly different. In line with the literature that showed a significant link between I4.0 and

Variables
Sustaining digital
transformation pattern

Disruptive digital
transformation pattern

Adopted I4.0
technologies

Adopted Industry 4.0
technologies

Not differential Not differential

Drivers for I4.0
investments

Industry 4.0 target
areas

Spread in all functions Focused on machinery and
production processes

Industry 4.0
implementation drivers

Vertical and horizontal
approach (improve
interdepartmental connections)

Mainly vertical approach
(single department focused)

Expected Industry 4.0
performance
improvement

Quality, time and flexibility Efficiency, productivity

Magnitude of
I4.0 investments

Industry 4.0
investments pay-back
time

Short payback time Medium-long payback time

Industry 4.0 width of
intervention

Many small and localized Few complex and extensive

People and I4.0 Role and task evolution Empowering operators,
increasing operators’
contribute and responsibility

Enhancing machines,
decreasing operator
responsibility on the process

Competences evolution Not differential Not differential

Table 4.
Digital transformation
patterns comparison
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LP (Marodin et al., 2019; Rossini et al., 2019b), Sustaining a digital transformation pattern is
strongly shaped by LP. Indeed, LP influences theway how I4.0 technologies are introduced in
companies operations systems: the smallness and shortness of a project reflect the LP of
having short-runs of system improvement, passing through pilot projects and then spreading
of the new standards to the other parts of the system (Ohno, 1988). Moreover, the horizontal
vein of digital transformation is a natural consequence of LP that incentivizes the holistic
view of the operations system (Piercy and Rich, 2015). The exploitation of I4.0 for enhancing
operators’ decisional capability, and so delegating the decisional process to a more operative
level, is perfectly aligned with the human-centric vision of LP systems (Womack et al., 1990;
Womack and Jones, 2003). On the other side, the Disruptive digital transformation pattern
presents features that appear far from the LP paradigm (e.g. big size and long breakthrough
project, implementation led by opportunistic context, very vertical approach). TheDisruptive
digital transformation pattern is a pathway in contrast with LP.

The framework in Figure 2 depicts the two digital transformation patterns emerging from
the study. The framework considers three main dimensions: LP implementation level, I4.0
implementation level and the extent to which digitalization pervades the company. The first
two dimensions are represented by the two axes: the higher the bullet position, the higher the
I4.0 implementation within the company; while the more the bullet is on the right of
the framework, the higher the company commitment to LP. The third dimension exploits the
colors of the bullets, where the darker the bullet color, the higher the degree of horizontality of
digitalization within the company (in terms of the number of departments or processes
involved in the digital transformation).

Arrows stand for the path a company may pursue to increase its digitalization level.
With Sustaining digital transformation pattern, companies look at I4.0 not only as an

opportunity for introducing new technologies but even as an opportunity for pushing their
LP mission further. Then, LP plays a strong role in driving the digital transformation of a
company. First, LP shapes the way I4.0 technologies are introduced in the operations system:
namely, small and incremental changes, strong involvement of people and horizontal
implementations. The several and incremental steps that compose Sustaining digital
transformation pattern are a series of learning cycles that the company develops. LP drives
digital transformation to make the integration of I4.0 technologies within the company easier
by giving the right time to stakeholders to understand their potentialities and find their way
to exploit them.At each cycle, the company understands better I4.0 technologies, consolidates
the knowledge and spreads it through other areas of the organization.

The insight of this framework is aligned with the past literature about the interplay of lean
and I4.0, but it adds an important step to our understanding of how the two paradigms interact
with each other. This study confirms and reinforces the positive relationship between lean and
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r y
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Lean Production

Sustaining Digital

Transformation

Disruptive Digital

Transformation

Figure 2.
Digital transformation
patterns
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I4.0 (Buer et al., 2020). Moreover, it enhances the literature that presents lean supporting I4.0
(Ciano et al., 2020) because the framework clearly defines how lean drives digital
transformation, how it configures and how it spreads I4.0 technologies through the factory.

6. Conclusions
While there is hype on I4.0 nowadays, it is surprising that a central question related to the
digital transformation is not adequately addressed yet. How companies embark upon digital
transformation patterns is still an open issue, as well as how being lean may affect it. Our
study is one of the first empirical studies to contribute to this nascent debate by
understanding the main patterns of digital transformation. Our main findings show that
companies with a strong commitment to LP shape their digital transformation patterns
differently compared to companies that are poorly committed to LP. A clear pattern that
guides the digital transformation is a critical success factor to transform opportunities from
I4.0 into a competitive advantage. Both practitioners and scholars need to know what to
expect. We name the two different digital transformation patterns as Sustaining digital
transformation pattern, where digitalization is made by small steps, and it involves the whole
company in a horizontal way, andDisruptive digital transformation pattern, where big digital
investments occur with a more vertical focus.

6.1 Theoretical contribution
Several experts declared that LP must be considered as a prerequisite or enabler for the
digital transformation (see, for example, Davies et al., 2017; Dombrowski and Richter, 2018;
Prinz et al., 2018), but this statement is still under discussion. Our study empirically
contributes to this debate, showing that I4.0 and LP cannot be considered as two independent
factors. Indeed, a company highly committed to LP shapes differently its digital
transformation pattern, which is characterized by features typical of lean.

Thanks to performed case studies, we postulate that LP directly influences I4.0
technologies implementation shaping a different digital transformation pattern. This could
explain the scientific literature stating that LP companies achieve better results in
digitalization than companies poorly committed with lean. Companies that are deeply
implementing LP and its culture are driving a different digital transformation pattern that
may lead to better performance, and thus, to a more successful I4.0 technology
implementation (Buer et al., 2018; Rossini et al., 2019a).

The final framework developed is a synthesis of the results coming from the two polar
clusters. It represents two different transformation patterns, namely Sustaining digital
transformation pattern and Disruptive digital transformation pattern. This framework can be
considered as a basis uponwhich future researchers of digital transformation can take their steps.
Nevertheless, the multiple case study method represents a novelty if we look at studies already
published on this topic: this researchalsobrings anewmethodologyapproach to this specific field
of investigation. Researchers highlighted that I4.0 technologies in an LP company contribute to
improving its operational performances, from productivity to quality to lead time reduction, at a
higher ratewith respect to applyingLPor I4.0 alone (Kamble et al., 2020;Moeuf et al., 2018; Rossini
et al., 2019b; Tortorella and Fettermann, 2018). Such greater improvements compared to
companies with no LP commitment may be imputable to the Sustaining digital transformation,
typical of LP companies and is strictly different from other types of companies.

6.2 Managerial contribution
This paper has extended the knowledge regarding the relationships between I4.0 and lean. By
starting from a robust empirical analysis, our findings provide indications for managers
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regarding how companies could embrace digital transformation. Thus, the digital
transformation represents for managers both a new opportunity for investment and
innovation and a challenge to remain competitive in the modern dynamic environment.
Unfortunately, up to date, there are still doubts and misconceptions around I4.0, and
companies struggle in successfully embarking upon digital transformation. Furthermore,
managers can use the framework and the associated results to benchmark themselves
against other companies with similar characteristics.

Our research indeed provides a useful framework for the successful implementation of I4.0
technologies, especially for manufacturing companies working within a low-volume wider
variety. However, some of the findings may be valuable also for similar companies based in
other industries. Managers should seek out approaching lean to increase the chances to have
a faster and more robust digital transformation. Companies can benefit from our framework
not only while evaluating their start-up investments in I4.0 but also when they have already
invested in such technologies and want to understand how to go further. Moreover, this
research adds an important piece of knowledge to practitioners to understandwith a practical
perspective the meaning of combining lean paradigm with the I4.0 technologies.

6.3 Limitations and future research
This research implies some limitations that should be highlighted both for clarity and as
input for future research on this topic.

The multiple case study research method entails a set of shortcomings. One of the main
concerns is related to the generalization of results. A future research opportunity is thus to
seek empirical validation of these results in a study with a larger sample. Moreover, while
defining the digital transformation pattern, we focus our attention on four main areas of
digital transformation. While we neglected on purpose other variables that can influence the
companies behavior, some of these could affect companies as external market conditions,
macroeconomic situations, or specific cost-benefit analyses. An attempt to reduce the impact
of this limitation was made by considering a set of companies as similar as possible, but
further studies are necessary for a better understanding of phenomena. Moreover, Industry
4.0 is still a novel and dynamic trend, with rapid developments and new solutions proposed.
Then, we see the value of follow-up studies to determine if the relationships investigated in
this study will change over time.

Furthermore, this research provides several starting points for future studies. First, the
same multiple case study can be replicated with a different set of companies, especially with
high-volume and low-variety companies, trying to detect possible differences between the
two panel of companies. A second possible replication can be performed with companies
based in a different country, for instance, in a developing country, since also, in this case,
relevant differences may emerge. As mentioned, the same study can also be enriched by
considering further characteristics of the companies behavior in terms of digital
transformation. Eventually, new research could consider a more disaggregated
categorization of I4.0 technologies that could lead to unveiling further differentiation
between companies’ digital transformation according to their LP maturity levels.

Further promising research should link the different interpretations of digital
transformation at the supply chain level and its link with lean. Beyond the single firm
boundaries, the influence of lean on the digital transformation of suppliers and customers
could be an important topic to investigate to exploit as much as possible I4.0 potentials. It is
expected that organizations will be strongly hit by these changes at all levels of the supply
chain.With the help of the researchers, factories could have a better understanding of how the
“digitalization” of their supply chain partners affects their position, their operations and the
way they manufacture.
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Topic Main question Possible follow-up question

I4.0
investment

How much did you invest in Industry 4.0
technologies? How much do you plan to
invest in the future?

What is the rationale behind that choice?

Did you exploit some government incentives?
If yes, which ones?

What are the achieved benefits?

Whatwas the role of incentives in investment
decisions?

Have incentives led to investments that you
would not have made otherwise? Have
incentives moved up investments?

What is the expected PBT of the investment? How was it evaluated?
What is the expected return of the
investment?

How was it evaluated?

What is the investment focus? What is its
allocation (hardware, software, people. . .)?

What are the reasons behind that
allocation?

I4.0
technologies

On which technologies have you already
invested? On which one have you planned to
invest in the future?

Why did you choose that technology over
the others?

What is the usage or application for the
introduced technologies?
In which sequence were the technologies
introduced?

Why? How that sequence will continue in
the future?

I.4.0 in the
company

Which is/are the area(s) targeted by the
investments (E.g. logistics, processing,
assembly, product development,
procurement . . .)?

Does the investment involve other entities
such as customers and suppliers?

What is the reason behind the investment
decision?

How did you identify the need for
introducing I4.0 technologies?

Which were the aimed results/benefits of the
investment?

How has the initial plan evolved? Other
benefits emerged? Are advantages higher
or lower than expected?

How has the implementation phase been
managed? Have some external consultants
been involved?

Which are the main complexities/
criticalities of the project?

What was the investment impact on people?
How did the work tasks change? Did you
introduce a training program?

Howdo you judge the impact of industry 4.0
on the employment level?

Lean and I4.0 What is the role played by Lean Production
practices in this transformation?

What results would you have achievedwith
a lower Lean maturity level?

How are you managing Lean and 4.0
transformations?

Are they sequential or simultaneous? Do
they have interactions?

Do Lean and Industry 4.0 transformations
follow the same logic or not?

Are they dependent or independent
phenomena?

How will Lean practices implementation
evolve in the future?

Why? Table A1.
Interview protocol
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