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ABSTRACT

This paper provides an insight into the global state of Lean Industry 4.0 (LI4) with over 1,000 industry
responses. The approach employs a rigorous qualitative open-response survey. Our findings indicate
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that there was no unified industry perspective of LI4 terminology. The evolution of 14 is taking a simi-

lar path to Lean and making the same mistakes by not focusing on leadership, engagement, compe-
tencies, and behaviours. Past academic research has perhaps over-emphasised the environment and
supply chain. The benefits of LI4 application are largely in terms of efficiency, cost reduction, learning
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and engagement. This work contributes by highlighting research avenues: why a piecemeal approach
has been taken by industry to LI4, why LI4 has not been more widespread, and more detailed studies
around contingent factors). It also provides industry with lessons on how to implement LI4 and the
mistakes to avoid such as seeing implementation as a purely technical exercise.

1. Introduction

The linkage between Lean and Industry 4.0 (LI4) has become
well-established (Ejsmont et al. 2020; Moraes, Carvalho, and
Sampaio 2023). It is widely cited that this improves organisa-
tional and financial performance (Tortorella and Fettermann
2018; Guerrero, Mula, and Tormo 2023). Most of the literature

suggests a synergistic effect (Buer et al. 2021) with the tools
and process focus of Lean combined with the technology
focus of Industry 4.0 (14). Ciano et al. (2021, 1387) suggest that
Lean’s ‘high streamlined process orientation with defined tasks
and times, its standardisation of work and places, and its
emphasis on visual control and transparency facilitate the
implementation of the Industry 4.0 information sharing and
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automation’. It has been argued that a focus on Lean alone is
not sufficient (Salvadorinho and Teixeira 2020) and neither is a
sole focus on the technologies of Industry 4.0 (Breque, De Nul,
and Petridis 2021; Tortorella et al. 2023a).

Various challenges have been identified for industry,
including: whether Industry 4.0 is beneficial to an existing
Lean organisation (Bittencourt, Alves, and Leao 2021); what
the enablers (Machado et al. 2021) and barriers to integra-
tion are (Stentoft and Rajkumar 2020); how too measure
maturity (Kolla, Minufekr, and Plapper 2019) and develop
roadmaps (Solheim and Powell 2020); and whether the
approach is more applicable in certain industries (Danese,
Mocellin, and Romano 2021), developed/developing coun-
tries (Pagliosa, Tortorella, and Ferreira 2019), or size of com-
panies (Agostini and Nosella 2019).

Much of the past research has focused on the techno-
logical aspects of LI4 (Moraes, Carvalho, and Sampaio 2023)
and has shown the linkage of Lean tools and 14 technologies
(Pagliosa, Tortorella, and Ferreira 2019; Rajab, Afy-Shararah,
and Salonitis 2022). The practical evidence of the integration
of Lean and Industry 4.0 (e.g. the merging between kanban sys-
tems and Enterprise Resource Planning, or the combination
between preventive maintenance techniques with wireless sen-
sors and Internet-of-Things) are quite often private-owned solu-
tions that need to be tailored to specific company needs
(Kolberg, Knobloch, and Ziihlke 2017), lacking generalisation to
broader industry contexts. Commonly adopted research meth-
ods have encompassed localised quantitative surveys (Ghaithan
et al. 2021; Pagliosa, Tortorella, and Ferreira 2019) and literature
reviews (Nedjwa, Bertrand, and Boudemagh 2022; Moraes,
Carvalho, and Sampaio 2023). The research community is also
highly concentrated in a few countries (Ejsmont et al. 2020),
with Hines et al. (2023) reporting that half of the top 300
researchers come from 6 countries (Italy, India, UK, USA,
Portugal, Germany). There are, however, significant gaps in the
literature, especially in terms of empirical research taking a
more socio-technical perspective (Ejsmont et al. 2020; Hines
et al. 2023; Lima et al. 2023).

This paper seeks to address these gaps and provide a glo-
bal industry perspective on the current state and future
directions of LI4 based on an in-depth, open-question, quali-
tative survey administered by a worldwide team of 33 aca-
demic researchers and 6 partner organisations. This
unparalleled access yielded 1,030 usable responses from 6
continents and 66 countries.

After this introduction, a literature review focuses on the
major gaps in the field, followed by a methodology section
explaining and justifying our approach, a description of the
research stages, their standards and validation steps, as well as
how various research concerns were addressed. Subsequently,
we provide our findings, discuss them, and offer a set of obser-
vations. Finally, we provide a set of conclusions and future
research opportunities.

2. Literature review

This literature review seeks less to establish what literature
exists and more to examine what does not exist to an

appropriate breadth or depth. The literature is both recent
and plentiful, with over 200 publications in the last five years
(Alsadi et al. 2023) and several summaries (Moraes, Carvalho,
and Sampaio 2023). It is overwhelmingly positive about the
relationship between Lean and 14, with a primary focus on
the technological tie-up between Lean tools and 14 technolo-
gies (Nunez-Merino et al. 2020; Lucantoni et al. 2022;
Moraes, Carvalho, and Sampaio 2023). This is mainly due to
the dominance of researchers from an engineering back-
ground (Ejsmont et al. 2020; Pagliosa, Tortorella, and Ferreira
2019). Lean is frequently presented as the foundation for 14,
or that 14 enhances Lean’s effectiveness (Rosin et al. 2020).

There have been frequent calls for future research. One of
the most comprehensive frameworks for this is provided by
Hines et al. (2023), devised from a survey with the top 300
academics in the field and which we use here to explore the
research gaps. We will therefore summarise those gaps in
the literature as our purpose is to provide a global industry
perspective on the current state and future directions of L4
based on those gaps.

The term ‘Lean Industry 4.0 (LI4)', or, to a lesser degree,
‘Lean 4.0’, is favoured by academics. Hines et al. (2023) iden-
tify the need to follow the views of people in industry as
current knowledge is limited in geographical coverage
(Tortorella, Giglio, and van Dun 2019; Buer et al. 2021;
Tortorella et al. 2023b) making generalisation hazardous. This
call for more evidence from industry is widely echoed in the
literature (Horvath and Szabd 2019; Pagliosa, Tortorella, and
Ferreira 2019; Alsadi et al. 2023).

The specific gaps identified by Hines et al. (2023) are sum-
marised in Table 1. The first area is conceptual/empirical
research covering areas such as the causal relationship
between LI4 and an understanding of the real issues within
industry and case studies. Several studies have looked at
causality with Lean, invariably seen as a precursor of Ll4.
These have either been based on literature reviews (Buer,
Strandhagen, and Chan 2018; Pagliosa, Tortorella, and
Ferreira 2019) or close geography-focused quantitative sur-
veys (Tortorella and Fettermann 2018). The real issues in
industry have been studied by a few authors: Stentoft and
Rajkumar (2020) in a Danish survey; Chiarini and Kumar
(2020b) in the Italian cases; Machado et al. (2021) in an
expert panel approach; Al Balkhy, Sweis, and Lafhaj (2021) in
a Jordanian survey; Singh and Jha (2021) conceptually; and
Oliveira-Dias et al. (2023) in the Spanish supply chain. What
is lacking is the type of widespread qualitative geographical
study provided by this work.

The second area concerns people within LI4. Currently,
research is quite limited, with people often portrayed as
static recipients of new technologies (Nahavandi 2019;
Bittencourt, Alves, and Leao 2021), with only a few studies
focusing on areas such as the role of the employee (Romero,
Stahre, and Taisch 2020), leadership (Tortorella et al. 2018),
and human resources (Kumar 2018). There have also been
some wider studies such as the van Dun and Kumar (2023)
review of social enablers, and Tortorella et al. (2023b) study
of organisational culture and 14. What is lacking is a more
thorough review of the role of people at different levels of



Table 1. Research gaps identified in LI4 (adapted from Hines et al. 2023).
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L14: Past, Present, Future Gap Area

Specific Gap

Support for Gap

Conceptual/Empirical

Human

Enablers, Barriers, Roadmap, Maturity

Supply Chain, Sustainability, Resilience

Contingency

Competencies, Training, Education

Readiness, Inputs, Results

Implications for Policy Makers

Causal Relationship between Lean and Industry 4.0
and whether there is a best way.

Practical research on the real issues of working
with Lean Industry 4.0.

Case study research, including which combination
of tools and technologies should be applied in
which order, insights into the ‘chicken and egg’
paradox, and comparative cases.

Human impact and involvement.

Understanding the role of the employee and
leader.
Enablers of Lean Industry 4.0.

Barriers to Lean Industry 4.0.

Implementation roadmap.
Maturity assessment.

Understanding customer perspectives and
collaboration.

Industry 4.0 and sustainability and circular
economy.
Industry 4.0 and resilience.

Contingency around firm size, industry,
development of economy, organisational
culture, single vs. multiple sites, and outside of
manufacturing.

How to identify new competencies; what they are;
and how they might be developed.

How ready are organisations to undertake Lean
Industry 4.0?
What inputs are required?

Triple bottom line results of implementation.

Implications for policy makers such as security,
ethical, and support services in promoting Lean

(Buer, Strandhagen, and Chan 2018; Tortorella and
Fettermann 2018; Ejsmont et al. 2020; Pagliosa,
Tortorella, and Ferreira 2019)

(Tortorella and Fettermann 2018; Pagliosa, Tortorella,
and Ferreira 2019)

(Tortorella, Giglio, and van Dun 2019; Ciano et al.,
2021)

(Nahavandi 2019; Romero et al. 2020, Bittencourt,
Alves, and Leao 2021; Breque, De Nul, and Petridis
2021)

(Kumar 2018; Romero et al. 2020; Tortorella et al.
2018; da Silva et al. 2022; van Dun & Kumar 2023)

(Stentoft and Rajkumar 2020; Macias-Aguayo et al.
2022)

(Ghobakhloo and Fathi 2019; Haddud and Khare 2020;
Salvadorinho and Teixeira 2020; Macias-Aguayo
et al. 2022)

(Kolla, Minufekr, and Plapper 2019; Sassanelli et al.
2020; Nedjwa, Bertrand, and Boudemagh 2022)

(Kolla, Minufekr, and Plapper 2019; Sassanelli et al.
2020; Nedjwa, Bertrand, and Boudemagh 2022)

(Danese, Mocellin, and Romano 2021; Reyes, Mula,
and Diaz-Madronero 2023; Choudary et al. 2022;
Filho et al. 2022)

(Kamble, Gunasekaran, and Dhone 2020; John,
Sampayo, and Pecas 2021)

(Belhadi et al. 2021; Velarde, Kefalikis, and Hines
2024)

(Agostini and Nosella 2019; Ciano et al., 2019; Kolla,
Minufekr, and Plapper 2019; Ejsmont et al., 2020;
Kipper et al., 2020; Reinhardt, Oliveira, and Ring
2020; Pagliosa, Tortorella, and Ferreira 2019; Yang
et al. 2023)

(Ansari, Erol, and Sihn 2018; Buer et al., 2018; Ciano
et al, 2021; Maisiri et al., 2021; Hines and Netland
2023)

(McDermott et al. 2023; Qureshi et al., 2023)

(Stentoft and Rajkumar 2020; Macias-Aguayo et al.,
2022)

(Cattaneo et al. 2017; Pamornmast et al., 2019;
Ganjavi & Fazlollahtabar, 2023; Filho et al. 2022)

(Breque, De Nul, and Petridis 2021; Larrea & Garcia,
2021)

Industry 4.0.

the organisation, which departments are driving LI4, what
the people-related enablers are, as well as the people-related
inhibitors and benefits area, and how these compare in
importance to other factors.

The third area encompasses the wider enablers and bar-
riers, and whether companies have existing maturity assess-
ments and roadmaps. There have been several studies on
enablers and inhibitors, as recently summarised by Guerrero,
Mula, and Tormo (2023). Many of these earlier papers point
to single enablers or barriers (Horvath and Szabé 2019). The
most cited enablers in the literature (Guerero et al. 2023)
were: coordination and collaboration among supply chain
members; big data and analytics; cloud computing; cobots
and automated guided vehicles (AGV); and waste recovery,
reduction, and pollution monitoring. The most cited barriers
were a lack of understanding of the importance of 14 at top
management levels, poor team and cross-functional manage-
ment, ineffective employee training, and a lack of govern-
ment policy framework/support.

Whilst there are many published examples of maturity
assessments (Chiera et al. 2021) and roadmaps (Tiamaz et al.
2019) in Lean, there are fewer examples of maturity assess-
ments (Hajoary, Balachandra, and Garza-Reyes 2024) and road-
maps (Gajo 2023) in 4. Even more scarce are maturity
assessments (Pagliosa, Tortorella, and Ferreira 2020) and road-
maps (Solheim and Powell 2020) in LI4.

The fourth area is supply chain, sustainability, and resili-
ence. There are some existing works in the supply chain area:
Danese, Mocellin, and Romano (2021), in the wine industry; a
conceptual work by Reyes, Mula, and Diaz-Madronero (2023)
in sustainability with the John, Sampayo, and Pecas (2021)
study of drivers and design principles; and Kamble,
Gunasekaran, and Dhone (2020) work into Indian manufactur-
ing, as well as links between these two areas (Khanzode,
Sarma, and Goswami 2023; Filho et al. 2022). There are also
rare works linking resilience to LI4 (Belhadi et al. 2021). There
seems to be a gap in LI4 in understanding the customer per-
spective on supply chain, sustainability, and resilience.
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The fifth area pertains to contingency, as many texts
imply a standard approach (Szasz et al. 2020). However,
some suggest a more contingent approach (Netland 2016;
Szasz et al. 2020), including the impact of company size
(Agostini and Nosella 2019; Kolla, Minufekr, and Plapper
2019), the economic development level of the host country
(Ciano et al. 2019; Pagliosa, Tortorella, and Ferreira 2019),
region of the world (Kipper et al. 2020; Ejsmont et al. 2020),
size of firm (Kolla, Minufekr, and Plapper 2019; McDermott
et al. 2023) and industry type (Reinhardt, Oliveira, and Ring
2020; Yang et al. 2023). All these areas lack a wide-ranging,
detailed, systematic review.

The sixth area suggested by Hines et al. (2023) is in the
knowledge on the competencies required for LI4 at each
level of the organisation. Adoption requires expertise in a
range of new or combined competencies (Ansari, Erol, and
Sihn 2018), including hard and soft skills (Buer, Strandhagen,
and Chan 2018). However, there is a lack of understanding
of what they are, at which levels they should be applied,
who should lead this competency development, and what
outside support is required (Maisiri, Van Dyk, and Coetzee
2021).

The seventh area is around readiness, inputs, and results.
There is a lack of understanding about how ready firms are
to undertake this journey, although a few recent texts have
started addressing this area in micro-small organisations
(McDermott et al. 2023) and supply chains (Farwa Quereshi
et al. 2023; Duarte and Mc Dermott 2024). There is also
some ambiguity about what inputs are required (Stentoft
and Rajkumar 2020; Guerrero, Mula, and Tormo 2023) and
what implementation results might be expected, although
there seems to be considerable academic interest in the
achievement of a triple bottom line (Cattaneo et al. 2017;
Filho et al. 2022).

The last of the Hines et al. (2023) gaps is related to the
implications for policymakers. This area has received little
attention, partly because this type of research is done by the
regional planning/studies community, which, except for
Larrea and Garcia (2021), has been slow to address this gap.
Even recent work in the area still typically addresses Lean
(Maslyuk and Medvedeva 2023), 14 (Saharan and Pathak
2023; Senna, Roca, and Barros 2023), and Industry 5.0
(Breque, De Nul, and Petridis 2021) separately.

Overall, most empirical studies have so far failed to pro-
vide global qualitative perspectives and how their studies
provide unique insights. In addition, these studies approach
LI4 either from a narrow or superficial perspective, lacking
depth or breadth in their analyses. There is a clear need for
a more joined-up perspective on LI4 to support industry and
the organisations/enterprises of the future. This research gap
has motivated the conduction of our work.

3. Methodology

We wished for an unprecedented level of depth and breadth
in our research. Hence, we rejected traditional approaches of
qualitative interviews like case studies, which provide depth
but not breadth (Maxwell 2013), as well as quantitative

surveys which afford breadth but limited depth (Tortorella,
Giglio, and van Dun 2019). We used a qualitative approach
that saw the world in terms of people, situations, events,
and processes, rather than as a set of variables as in quanti-
tative research (Maxwell 2013). We also sought to identify
any unanticipated phenomenon and generate grounded the-
ories about them (Glaser and Strauss 1967). We additionally
aimed to explore causal explanations for what we found.

We chose a qualitative survey, an approach ‘which priori-
tise(s) qualitative research values and harness(es) the rich
potential of qualitative data... (and has)... much to offer’
(Braun et al. 2021, 641). It allows for clear, comprehensive
responses, including unforeseen answers (Creswell 2014), a
diversity of responses from a large geographical population,
and deep insights into the research topic (Braun et al. 2021,
641). Due to the labour-intensive nature of coding and ana-
lysis, the approach typically involves few questions (4-10)
and sample sizes are small (20-99), with very few over 100
(Braun et al. 2021). In our case, we set the ambition of a very
detailed survey with 26 mostly open-ended questions (42
including sub-questions), and a very wide coverage with pur-
posive, non-probability sampling that targeted individuals/
organisations that we perceived would be able to contribute
based on their knowledge/experience of LI4 (Appendix A).
The questionnaire followed the approach of Hines et al.
(2023) in terms of collecting information about the back-
ground of participants, their past orientation (such as
whether they applied Lean before, after or with Industry 4.0),
their present (such as the terminology they use for Ll4) and
the future (such as who do you think should provide support
to you). The detailed questions were designed to address
the detailed gaps we showed in Table 1. We believe that is
provided an holistic approach to the topic.

We consider this to be a wide-angle lens approach
(Toerein and Wilkinson 2004; Aznar-Mas, Huerta, and Marin-
Garcia 2023) that provides the potential to capture a diver-
sity of perspectives, experiences, and sense-making (Braun
et al. 2021). A summary of the qualitative interview, quantita-
tive survey, and our qualitative survey approach is provided
(Table 2). This table was developed by one of the authors
and revised and validated following a review by the other
authors.

The questionnaire was sent to individuals known to the
authors with a purposeful sampling as discussed below. It
was circulated electronically using Google Forms which
allowed for download and aggregation of the results using
an excel spreadsheet.

The approach taken is not without limitations. The main
one is that it provides only a relatively high-level view of
industry views which might be complemented with more
detailed research such as interviews or case studies
(Cresswell 2014). It was done at a single point in time and
hence could be repeated at a later stage to give a dynamic
perspective (Tripathi and Shanker 2024). Additionally, bias in
qualitative research is common, and may occur due to
researchers or participants. Researcher bias may happen if
researchers unknowingly interpret data to meet their hypoth-
eses or include only data that they think are relevant.
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Table 2. Comparison of qualitative interviews, quantitative surveys, qualitative surveys.

Criteria Qualitative Interviews

Quantitative Surveys Qualitative Surveys (our approach)

Depth of questioning (number of
questions)

Breadth of questioning (geography,
industry, size of firm)

Medium/High depending on design

Low

Time High (for participant and researcher)
Cost High
Anonymity Not possible

Flexibility of questioning Low to High depending on whether
questions are structured, semi-
structured or unstructured.

Flexibility of response Low as at fixed time

Problematic
Can be problematic depending on
skill of researcher

Social Desirability
Leading Questions

Low Medium/High

Medium/High depending on survey High
size

Low (for participant and researcher) Low for participant but more time
intensive to code/analyse than
quantitative surveys

Low

Anonymous unless the participant
wished to disclose email.

Low as questions are structured

Low
Possible

Low as questions are structured

High as completed in participant’s
own time and may allow for
several sittings giving refection
time

Low concern

Low concern

High as completed in participant’s
own time and allowed several
sittings giving refection time

Low concern
Low concern

Participant bias derives from responses to questions based
on what participants think are the right answers or what are
socially acceptable rather than what they really feel (Galdas
2017). To mitigate these forms of bias, we undertook several
measures. First, we framed open-ended questions to prevent
participants from simply agreeing or disagreeing. We also
assured that different questions were worded differently and
that they were engaging throughout the interview. Second,
we considered all the obtained data, and analysed it with a
clear and unbiased mindset (Petticrew et al. 2008).

3.1. Authorship

Due to the ambition of the research, it was necessary to
build a strong interdisciplinary core team of 6 researchers
and supplement this with a wider team of 27 researchers
and 6 partner organisations across 5 continents. The role of
the core team was to frame the research, recruit the wider
team and partners, develop the questionnaire, pilot it, send
it out en masse, analyse the data, synthesise the information,
and draft the paper. The role of the wider team was to pro-
vide local language translation of the questionnaire, send
the questionnaire out, and, most critically, review and revise
drafts for important intellectual content. The questionnaire
was sent out to a purposive sample, a common approach in
qualitative research (Cresswell 2014) being people known to
the research team. This approach was chosen as it allowed
us to make the most out of limited resources and ensure a
large sample. As the team all had an interest in Lean and
Industry 4.0 it is likely that the respondents are from more
advanced firms in one or both of these areas. They also
agreed on the choice of journal. Together with the core
team, they approved the final version and agreed to be
accountable for the paper’s accuracy and integrity. In line
with authorship principles outlined by Taylor & Francis
(2023), this has allowed us to include members of both the
core and wider teams as named authors. Six additional part-
ners were used to widen our research access but were not
credited with co-authorship.

3.2. Research stages

To demonstrate the research stages and the rigour involved,
we have developed a protocol, extracted data, and synthes-
ised the resulting information (Tranfield et al. 2003;
Macpherson and Holt 2007). This is illustrated by a four-fields
map (Koura 1988) as this provides a holistic, beginning-to-
end perspective explaining the process in a clear, simple,
graphic style (Dimancescu 1992). With the addition of a fifth
field for a validation check, it allows for replicability
(Lundmark, Protzko, and Weissenbilder 2023). Table 3 sum-
marises the nine-stage research approach, including the
standard and validation checks adopted for each stage, with
dark shading for the leading role and light shading for the
support role (a copy of the coding book is available from the
corresponding author).

Our novel approach was not without its limitations nor
concerns, which are summarised in Table 4 using a 3C
approach (Francis 2002) together with the causes of the con-
cerns and the countermeasures we adopted. It is also worth
mentioning that our analyses were mainly one-dimensional.
No linkages between topics were investigated. Although this
categorisation allows a better understanding of the investi-
gated phenomenon, it may restrict the depth of the analysis.

4, Findings and discussion
4.1. Respondent sample

We received 1,030 usable responses from 66 countries across
6 continents, with the geographical split illustrated in Figure
1. An initial open-coding approach was adopted for the data
whereby two members of the research team independently
pilot-coded the survey responses. As is common with open-
ended qualitative survey questions, a widely dispersed range
of responses was interpreted resulting in a large number of
codes attributed to responses to some questions. The coders
then discussed the codes generated and created a further
refined coding scheme that grouped codes into a 5-point
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Table 3. Research stages, roles, standards, validation checks.

Stage #

Stage
Description

1

Understand key gaps
in Lean Industry
4.0 literature

Recruit Wider
Research Team
and Partners

Develop
Questionnaire and
Survey Letter and
Ethics Protocol

Translate
Questionnaire and
Survey Letter

Pilot Questionnaire

Send Questionnaire
& Responses
Received

Data Analysis

Synthesise
Information

Write up and Review

Core
Team (6)

Ethics
Committee

Wider
Team (27)

Partners (6)

Standards

Validation Check

Summary of views of
87 key researches

Extensive literature search
one core author

A group capable of
accessing a global
sample of 1000+ usable
responses

Saturation coverage
possible in survey
responses by geography
(6 continents and at
least 50 countries),
industry (30 sectors),
company size (5% in
each of four bands) and
type (20%+ in each of
3 types)

One core team member
developed
comprehensive user
friendly questionnaire in
plain English with
survey letter and ethics
protocol developed by
3 core authors

Questionnaire and survey
approach is ethical

Translate into user friendly
key languages where
English was less widely
spoken to be able to
reach target survey size

Survey piloted using
Google Forms in
November/December
2022 with 41 responses

Survey requests sent
seeking anonymous
response in Google
Forms (unless recipient
wanted to receive a
copy of the results or
be involved in future
research)

Coding book developed by
one of the core team
with typically 10-15
codes (min. 3 max. 36)

Coding undertaken by
another member of
core team in order to
ensure internal coding
consistency with codes
slightly modified (with
typically 10-30 codes,
min. 3 max. 116)

Information synthesised
into excel spreadsheet,
tables and figures

Write up at top journal
standard

Hines et al. 2023 paper
published in Quality
Management Journal

Literature search checked
for gaps by core team

Research/Partner from 18
countries (5 continents)
with 1030 usable
responses received

Responses from 6
continents and 66
countries, 42 sectors (+
other), 5%+ in 4
defined size bands and
8% in each company
type group

Checked, amended and
validated by other core
team

Checked by other core
team and through 2
iterative rounds in
ethics committee in
lead author’s University

Google translation in
French, German, Italian,
Portuguese, Spanish
and Turkish checked for
usability by native
speakers in Core/Wider
Team

Checked whether
respondents could
understand survey (and
language) and respond
in usable way in 10
countries across 3
continents (all usable)

Checked whether
respondents completed
in a usable form (1030
out of 1042 usable)

Checked, amended and
validated by other
members of the core
team

Revised coding
approached checked for
logic, consistency and
rigour by coding book
author

Information reviewed by
core team for logic,
consistency and rigour
as well as usability

Checked accuracy/integrity,
revised and approved
by core and wider team




Table 4. Limitations of research: Concern, cause, countermeasure (3 C).
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Concern

Cause

Countermeasure

Complexity of managing very large team size

Low flexibility of questioning

Too rigid

Length of questionnaire (26 questions including

sub-questions requiring 42 responses)

Very large data set
Safeguarding

To gain a very wide survey coverage

Questions fixed in advance

Inability to ask supplementary questions

Seeking depth of understanding

Depth and breadth of research
Large number of participants and large data set
developed and stored

Strict project management protocol was
established using excel spreadsheet and
frequent email communications.

Pilot with 19 responses to adjust wording (for
interpretation), format (for ease of use) and
questions (for probing depth and clarity of
responses).

Pilot to identify and include any further potential
questions, resulting in a long survey.

A wide research team is accessing a large sample
population. Highly topical subject and offering
respondents a copy of the findings to
encourage participation and completion.

Extensive labour-intensive coding and analysis.

Safe guarding mechanisms developed by
researchers, cleared in two iterations through

Access to under-represented groups
industries/countries

Hard to reach potential respondents in some

lead researcher’s university research ethics
review board and shared with participants.

A large group of researchers (33) across 16
countries collaborated in this work together
with 7 partner organisations. Responses were
received from 66 countries, although no
responses were received from low-income
countries.

coding scale that enabled the data to be analysed and pre-
sented in a more meaningful manner.

The income level distribution of the country of the
respondents (Hamadeh et al. 2022) was: 81% from high-
income countries; 12% from upper-middle-income; 7% from
lower-middle-income countries; and none from low-income
countries. There was a wide range of industries represented,
with 3% from primary industries; 75% from secondary indus-
tries; and 22% from tertiary industries. The site-size split of
respondents was 54% from large enterprises (250+ employ-
ees); 23% from medium (50-249); 14% from small (10-49);
and 8% from micro (1-9). Most of the respondents were from
multinational organisations (51%), with 21% having multiple
sites in one country and 28% having a single site.

We believe that this spread makes it the most compre-
hensive and representative survey in terms of geography
(Tortorella and Fettermann 2018), development level (Rosin
et al. 2020), company type (Buer, Strandhagen, and Chan
2018), organisational size (Kolla, Minufekr, and Plapper 2019),
and number of locations (McKie et al. 2021).

4.2. Current position

There has been some debate among academics about what
LI4 should be called, with the majority view being ‘Lean
Industry 4.0 (LI4)" or ‘Lean 4.0’ (Hines et al. 2023). However,
our survey suggests there is far less consensus in industry,
with LI4 and Lean 4.0 favoured by less than a quarter of
respondents (Table 5). Around the same percentage refers to
the topic either as Lean or Industry 4.0 (4.0 & 14.0) and there
is a far longer list of terms with many not giving it a name
(8%), or using internal terminology or specific tools from LI4.
This would suggest a greater separation in industry between
Lean and Industry 4.0, contradicting the popular conjoint
viewpoint (Buer et al. 2021; Ejsmont et al. 2020; Tortorella
et al. 2023a).

This leads us to consider whether 14 follows Lean or not.
We asked which started first or whether they started simul-
taneously, finding that 72% of firms started Lean before 14,
with 11% starting 14 first, and 17% at around the same time.
This demonstrates a chronology of application but not, in
our opinion, anything about causality as widely suggested in
the literature (Rosin et al. 2020; Powell, Morgan, and Howe
2021). The reason for this finding is that Lean started earlier
starting around 1990 whereas Industry 4.0 was not widely
implemented until the last few years. Hence, the majority of
firms had some type of lean before Industry 4.0 (Tortorella,
Giglio, and van Dun 2019). However, as 11% of our sample
are implementing Industry 4.0 first causality cannot be
conferred.

Our findings around chronology are supported by our
questioning about the application of Lean and I4, with Lean
consistently applied 5-15% more widely in specific parts of
the organisation than 14 (Figure 2). The ordering of the roll-
out across different departments appears to follow a similar
path, with manufacturing/operations areas first, then ware-
house/internal logistics, followed by office/support functions,
supply chain/suppliers, and product development. This sup-
ports the literature regarding the starting point typically
being in manufacturing/operations with a subsequent
spreading to other functions (Kumar 2018; Tortorella et al.
2021). It does not, however, lend support to industry having
a high level of focus on the wider supply chain as widely
implied in the literature (Danese, Mocellin, and Romano
2021; Choudhary et al. 2022; Filho et al. 2022; Reyes, Mula,
and Diaz-Madronero 2023) and questions whether there is a
practical gap to be filled.

Hines et al. (2023) found that the academic study of LI4
was dominated by researchers from an engineering back-
ground. Our research sought to gauge the focus of Lean and
14 in industry (Table 6). Over half of the respondents (51%)
indicated that Lean was run by a Lean (or similar) function;
30% that it was part of one department (most often
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Figure 1. Geographical spread of responses (n = 1,030).

production or quality); 8% that it was run by management;
and 7% that it had no official name.

In contrast, 14 activity was most often (37%) managed by
a specific department (typically production); included within
the Lean (or Lean synonym) function (24%); within an 14 (or
synonym) function (13%); has no official name (13%); or is
run by management (10%). Only in 1% of cases was there a
specifically named LI4 (or synonym) function. This would
suggest that Lean is well established as the de facto
improvement approach in most organisations and that it is
moving towards incorporating 14 technologies. The reverse
of this does happen, but it is relatively rare and even more
rare is the fully integrated LI4 widely discussed in academia.

In our survey, we sought to gauge the organisation’s
maturity in both Lean (Figure 3) and 14 (Figure 4). For that,

Table 5. Terminology used for lean industry 4.0 (academia data from Hines
et al. 2023).

Terminology for Lean Industry 4.0

Industry %  Academia %

Lean Industry 4.0 17% 34%
Industry 4.0 1% 8%
Lean 9% 2%
No preference/no suggestion/don’t know 8% 0%
Lean 4.0 7% 20%
Combination of terms ‘Lean’ and ‘Digital’ 6% 10%
Combination of terms ‘Lean’ and ‘Manufacturing’ 4% 6%
4.0/14.0 3% 2%
Continuous Improvement 3% 0%
Company Own Name/Toyota Production System 2% 0%
Specific Industry 4.0 Technology 2% 0%
Factory of the Future/Smart Manufacturing 2% 2%
Operational Excellence 2% 1%
Keep Lean and Industry 4.0 separate 1% 1%
Specific Lean Tool (e.g. 5S, JIT, VSM, A3) 1% 0%
Lean Industry 1% 1%
Common Sense 0% 0%
Other Terms 19% 11%
Total 100% 100%

we adopted existing frameworks that represented the socio-
technical nature of Lean (Chiera et al. 2021) and the techno-
logical perspective of 14 (Tortorella et al. 2023a). In the
Chiera et al. (2021) Lean case, the technology dimension was
removed leaving nine dimensions for Lean together with the
nine 14 clusters suggested by Tortorella et al. (2023a). In both
cases, a coding score was assigned to each of these with
dimensions ranging from ‘1’ to ‘5, where 1 was none, 2 early
stage (just started or focusing on one or two areas), 3 partial
(adopted in some areas, e.g. manufacturing, but not been
fully adopted), 4 high (adopted across all areas at a good
level), and 5 advanced (adopted across all areas at a very
high level). It should be noted that, as these two maturity
frameworks are independent, it would be hazardous to com-
pare the absolute scores between the Lean scores and the 14
scores. However, the comparison within each set, and the
relative scores between the two sets, are valid.

The average ratings for Lean (Figure 3) ranged from 2.96
for ‘the company employs continuous flow processing’ to
4.20 for ‘the company is flexible in dealing with customers’,
with a total average score of 3.46. The mode score for each
of the Lean factors was 4, affirming that all aspects of Lean
were typically well-established and coherent, as suggested
by Chiera et al. (2021).

In the case of 14 (Figure 4), the lowest average was 1.78
for the use of collaborative robots, and the highest was 2.66
for the application of cloud computing, with a total average
score of 2.16. The mode ranges considerably for the different
technologies, with no usage (1) highest for 3D printing, aug-
mented reality/simulation, collaborative robots, and machine/
deep learning; early stages (2) for the internet of things, big
data, and wireless sensors; partial (3) for remote control/
monitoring; and high (4) for cloud computing. This suggests
that the use of the various technologies is piecemeal. It
therefore raises the question as to whether 14 is as coherent
an approach in industry as commonly supposed in the aca-
demic literature (Tortorella et al. 2023a; Moraes, Carvalho,
and Sampaio 2023), and, indeed, whether the 14 revolution
has widely taken hold yet, let alone integrated with Lean.
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Figure 2. Application of lean and industry 4.0.

Table 6. Responsibility for lean and industry 4.0.

Responsibility for: Lean Industry 4.0
Totals and Percentages: Total %  Total %
Lean Terminology (Operational Excellence, 527 51% 249  24%

Continuous Improvement, Lean, Process
Improvement, Business Excellence, or
Company Specific Lean Terminology)

Industry 4.0 Terminology (Digital/Smart/ 16 2% 137
Automation/Industrialisation/4.0/Advanced
Manufacturing)

Lean Industry 4.0 Terminology (Variant of Lean 5 0% 14 1%
and Industry 4.0)

13%

Specific Department 310 30% 385 37%

e Production/Operations/S&0P/Manufacturing/ 154 15% 150 15%
Construction/Industrial

e Quality 52 5% 39 4%

e Engineering/Advanced Engineering/ 22 2% 40 4%
Manufacturing Engineering

e Supply Chain 20 2% 14 1%

e R&D/Technical/Innovation/Product 1 1% 27 3%
Development/Design & Development

e Technical/Technology 1 1% 20 2%

e [T/Computing/Computer/Computer Science/ 4 0% 42 4%
Informatics

e Other 36 3% 53 5%

Other

e Management 81 8% 102 10%

e Everybody 21 2% 10 1%

e No Programme/No Name/Confidential 70 7% 133 13%

Total 1030 100% 1030 100%

We can surmise from Figures 3 and 4 that the majority of
the firms are implementing lean and certain technologies of
Industry 4.0. The interpretation of the following tables should
therefore be taken within this context, although for the sake
of consistency we will continue to use the terminology Lean
Industry 4.0.

The industry views on the use of LI4 maturity assessments
and roadmaps are informative, with 43% of respondents
claiming to have a maturity assessment and 50% an imple-
mentation roadmap. These figures are surprisingly high bear-
ing in mind the discussion above. We would suggest that
these maturity assessments and roadmaps are more likely to

be internal approaches or tools from consultancy firms that
probably do not cover the holistic view of LI4 we present.
Clearly, more detailed research is required, a point made by
Kolla, Minufekr, and Plapper (2019), Sassanelli, Rossi, and
Terzi (2020), and Nedjwa, Bertrand, and Boudemagh (2022).

We investigated the main reasons why the respondents’
organisations wished to pursue LI4 (Table 7a), and what they
had found the benefits to be (Table 7b). In these, and the
following tables, the respondents’ answers have been clus-
tered according to logical groups following a discussion
within the core team in line with our coding book. These
were deemed to be the most sensible choices for clustering
by the team based on their experience.

The academic literature in this area is often confined to
single cases or literature reviews with unquantified results.
The reasons given in the literature for starting are varied,
often with a strong focus on growing competition and cus-
tomer requirements (Horvath and Szabd 2019; Stentoft and
Rajkumar 2020), although cost reduction and a lack of quali-
fied workers is mentioned, more often by consultancies or
development agencies (OECD 2017). The most frequently
reported benefits are flexibility of production, productivity,
reduced inventory, quality, reliability, and cost reduction
(Alsadi et al. 2023).

In our survey, the main reason reported for starting (13%)
was to improve efficiency/productivity/optimisation, and this
was also the main reported benefit (17%). In addition, the
other main reasons for starting were also internal business
reasons such as competitiveness, cost reduction, continuous
improvement, and process improvement. We found that cus-
tomer and market reasons were much less frequently men-
tioned, as were issues concerning employees with wider
social and environmental reasons receiving few mentions.
We can conclude that organisations are largely implementing
LI4 for internal reasons, with only indirect benefits to cus-
tomers. This follows the earlier pattern of Lean in the 1990s
where internal efficiency concerns predominated over
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Table 7a. Reasons for starting the LI4 journey.
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Customer/ Employee Society
Market Related Related Not
Reasons for Starting # Internal Business Reasons Reasons Reasons Reasons  Started Unsure  None %
Efficiency/Productivity/Optimisation 116 13%
To Be Up To Date/The Future 85 9%
Competitive/Competitive Advantage 80 9%
Cost/Waste Reduction 55 6%
Continuous Improvement 50 6%
Process/System Improvement/Flow 43 5%
Market Demand 39 4%
Survival 34 4%
Strategy 29 3%
Customer Requirement/Value 29 3%
Other Reasons 258 29%
Not Started 77 9%
None 0 0%
Total 895 679 47 1" 77 13 0 100%
Percentage 100% 76% 8% 5% 1% 9% 1% 0% 100%
Table 7b. Resulting benefits of the LI4 journey.
Customer/  Employee Society
Market Related  Related

Resulting Benefits #  Internal Business Reasons Reasons Reasons Reasons Not Started Unsure None %
Efficiency/Productivity/Optimisation 150 17%
Cost/Waste Reduction 104 12%
Real Time Data Availability/Reliability 97 1%
Faster/Time 56 6%
Learning/Development/Coaching/Unlocking Potential 38 [ ] 4%
Process/System Improvement/Flow 37 4%
Control/Stability/Lower Variation 30 3%
Continuous Improvement 29 3%
Engagement/Involvement/Empowerment/Autonomy ~ 28 [ ] 3%
Quality 25 3%
Other Benefits 313 35%
Not Started 38 4%
None " Bl %
Total 956 745 29 118 2 38 13 11 100%
Percentage 100% 78% 3% 12% 0% 4% 1% 1% 100%

commercial effectiveness. In many cases, it took firms a long
time to learn that, in fact, both are needed simultaneously
(Hines et al. 2008).

The benefits received largely follow a similar pattern, with
internal benefits predominating such as efficiency, caused by
factors including reduced waste, faster changeovers, and
fewer breakdowns. However, almost twice as many people
report cost reduction as the largest benefit than those seeing
it as the largest reason for starting. It is noticeable that data
availability is seen as a major benefit, although it was not a
major reason for starting. Employee-related areas such as
learning, development, involvement, and engagement come
out much more strongly as a benefit.

These findings indicate that, in variance with the literature,
the industrial perspective about direct customer needs driving
LI4 may have been overstated (Cimini et al. 2017), and internal
reasons (Stentoft and Rajkumar 2020) and the desire to stay
up-to-date (PWC 2016) understated. Employee-related issues
also seem to have been underplayed in the literature, espe-
cially in terms of the benefits for employees, an area that has
only recently been addressed (Molino, Cortese, and Ghislieri
2020; Salvadorinho and Teixeira 2023). It also questions the
prominence given in the literature to environmental concerns
and the wider supply chain (Filho et al. 2022).

The biggest challenges are concerned with gaining know-
ledge and building a strategy cluster (26%), as might be

expected with a new approach for organisations such as 14 or
LI4 (Table 8a). The most frequently cited challenge (9%) is
cost and budget creation. This links to the second-, fourth-,
and sixth-ranked challenges of gaining leadership buy-in (5%),
knowledge (3%), and developing a strategy (3%). The second
cluster of challenges concerns implementation (24%), which
might be more apparent to those a little way into their jour-
ney. The other barriers include change management (4%) and
leadership involvement (3%). The third major cluster is around
cultural enablers (24%), with specific areas of culture (3%),
mindset (3%), and competency (2%) all making the top 10.
These areas might be apparent at any time in the journey,
whereas data collection/analysis (2%) - the only other chal-
lenge in the top ten — is more likely to be a concern once Ll4
has started. It is noticeable that there was no major focus on
sustaining the change, although this is often cited in the Lean
literature as very important (Hines et al. 2008).

The relatively early stage of 14 might explain this for most
companies. We should note that, although it was possible to
identify the top 10 challenges, the responses were very
widely dispersed, with 61% falling outside of the top 10 with
a wide range of other factors such as quality, flexibility, and
customer satisfaction. The full data set is available from the
corresponding author for this and other answers for any
reader who wishes to review the full set of individual
answers.
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Table 8a. Biggest challenges in implementing LI4.

Gaining
Knowledge & Cultural Ongoing Internal/ Sustaining Not

Biggest Challenges #  Building Strategy  Implementation  Enablers ~ Use  External Drivers the Change Planning Started Unsure %
Budget/Cost 79 9%
Buy In Leadership/Sites 47 5%
Change Management 37 4%
Knowledge 30 3%
Culture 28 [ 3%
Strategy for Lean/Digital/ 28 3%

Technology/Data
Leadership Involvement 27 3%
Mindset 24 3%
Competency 23 2%
Data Collection/Redundancy/ 23 2%

Analysis/Management/

Usage
Other Reasons 568 61%
Not Started 12 1%
Total 926 241 226 226 27 78 45 41 12 27 100%
Percentage 100% 26% 24% 24% 3% 8% 5% 4% 1% 3%  100%
Table 8b. Most important enablers in implementing LI4.

Change Internal  Outside Not

Most Important Enabler # People Technology Management Lean Influence Influence Supplier Started Unsure %
Training/Digital Skills/Learning 59 6%

Education/Skills/Experience
Attitude/Mindset 58 6%
Senior Management 40 4%
Employees 37 4%
People Involvement/Commitment 37 4%
Technology (Access/Adoption/Optimisation) 35 4%
Change Management 32 3%
Data (Meaningful/Collection/Accuracy/ 32 3%

Fast Analysis)
Lean Foundation 25 [ ] 3%
Management Commitment 25 3%
Other Reasons 533 56%
Not Started 36 4%
Total 949 440 160 129 71 58 22 5 36 27 100%
Percentage 100%  46% 17% 14% 7% 6% 2% 1% 4% 3% 100%

These findings concur with the literature that the major
barriers concern cost (Ghobakhloo and Fathi 2019; Macias-
Aguayo et al. 2022), buy-in (Macias-Aguayo et al. 2022; van
Dun and Kumar 2023), knowledge (Haddud and Khare 2020;
Guerrero, Mula, and Tormo 2023), culture and mindset
(Salvadorinho and Teixeira 2020; van Dun and Kumar 2023),
and change management (Salvadorinho and Teixeira 2020;
Macias-Aguayo et al. 2022 Guerrero, Mula, and Tormo 2023).
However, low support was demonstrated for other factors in
the literature, such as state support (McDermott et al. 2023),
wrong equipment/solution (McDermott et al. 2023; Guerrero,
Mula, and Tormo 2023), technological incompatibility
(Macias-Aguayo et al. 2022), training (Guerrero, Mula, and
Tormo 2023), and problem-solving (Saabye, Kristensen, and
Waehrens 2022). We would however suggest that the major
challenges change at different implementation stages, some-
thing that has not been discussed in the literature.

Our respondents identified primary enablers that fall into
three major clusters: people (46%), technology (17%), and
change management (14%) (Table 8b). The top five enablers
were all in the people area, namely: training (6%), attitude/
mindset (6%), senior management (4%), employees (4%), and
people involvement/commitment (4%). These human factors
have received little attention in the literature, except for Hong,

Zhang, and Ding (2018), Ivanov et al. (2021), and Pessot et al.
(2020), who all stress the importance of knowledge acquisition/
training. Again, there was a wide range of individual factors
with 56% falling outside of the top ten, including areas such as
the availability of budgets, having a coherent strategy, manage-
ment support, and appropriate culture.

The second cluster was technology, with access to tech-
nology, its adoption and optimisation (4%), and data collec-
tion/analysis (3%) identified as the most important areas.
This finding is widely supported in the literature (Horvath
and Szab6 2019; Rajut and Singh 2019; Ivanov et al. 2021;
McDermott et al. 2023).

The third cluster was change management, an area that,
except for Komkowski et al. (2023), seems almost unmen-
tioned in the literature. The fourth enabler area is about
Lean (7%), with 3% suggesting a Lean foundation. Bearing in
mind the importance that ‘Lean first then digitise’ is given in
the literature (Rosin et al. 2020; Powell, Morgan, and Howe
2021), this is a surprisingly low percentage.

The literature does provide a wide range of other factors
that are not supported by our findings, including coordin-
ation and collaboration among supply chain members
(Hong, Zhang, and Ding 2018; Pessot et al. 2020); cloud com-
puting (Chiarini, Belvedere, and Grando 2020a); cobots and



Table 9a. Most important senior management roles in LlI4.
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Not
Most Important Role of Senior Management # Leadership Strategy Management  Implementation ~ None  Started  Unsure %
Leadership Support 81 1%
Strategy (Direction/Objectives/Priorities) 45 6%
Budget Approval 35 5%
Communications (Constant/Consistent) 32 4%
Understanding/Benchmarking LI4 & Role 27 4%
Promotion/Advocacy/Believing/Ownership 27 4%
Sponsorship/Championing 25 3%
Leading by Example 24 3%
Training/Learning 22 3%
Buy-In/Commitment (and Other Senior Staff) 21 3%
Other Reasons 416 54%
Not Started 10 1%
None 6 1%
Total 771 448 101 121 65 6 10 20 100%
Percentage 100% 58% 13% 16% 8% 1% 1% 3% 100%
Table 9b. Most important front-line management roles in LI4.
Most Important Role of Front-Line Management # Leadership Implementation Management  Strategy  Not Started  Unsure %
Training/Learning 56 7%
Implementing 54 7%
Data Collection/Robustness/Analysis/Management 37 5%
Engaging/Motivate/Empowering Others 34 4%
Process/Value Stream Management/Improvement 29 4%
Adoption of Technology 28 4%
Understanding/Benchmarking LI4 & Role 27 3%
Leadership Support 25 3%
Promotion/Advocacy/Believing/Ownership 24 3%
Problem Solving 21 3%
Other Reasons 432 55%
Not Started 16 2%
Total 783 383 201 126 45 16 12 100%
Percentage 100% 49% 26% 16% 6% 2% 2% 100%
Table 9c. Most important front-line worker roles in LI4.
Most Important Role of Front-Line Workers # Leadership Implementation Management Strategy ~ Not Started  Unsure %
Implementing 92 12%
Training/Learning 83 1%
Data Collection/Robustness/Analysis/Management 54 7%
Open to Learn/Think/Change/Take Responsibility 41 5%
Create/Maintaining/Apply Standards 36 5%
Understanding/Benchmarking LI4 & Role 35 5%
Day Job 34 4%
Continuous Improvement 32 4%
Generate Ideas 28 4%
Problem Solving 27 3%
Other Reasons 292 38%
Not Started 23 3%
Total 777 332 253 124 33 23 12 100%
Percentage 100% 43% 33% 16% 4% 3% 2% 100%

AGV (Chiarini, Belvedere, and Grando 2020a; Ivanov et al.
2021); and waste recovery, reduction, and pollution monitor-
ing (Hong, Zhang, and Ding 2018; Rajput and Singh 2019).
These are either specific technologies or the environmental
and supply chain aspects mentioned above that researchers
might be interested in, but they are not seen as major ena-
blers by industry.

The most important roles of different people in LI4 man-
agement have received little attention in the literature
(Moraes, Carvalho, and Sampaio 2023; van Dun and Kumar
2023), especially at lower organisational levels. We have
sought to address this gap by inquiring about the main role
of senior management, front-line leaders, and front-line
workers (Table 9a-c). In different ways, the leadership cluster

was the most important at each of these levels, with scores
of 58%, 49%, and 43% respectively.

At the senior level, this area covered 8 of the top 10 fac-
tors, including: leadership support (11%); constant and con-
sistent communication (4%); understanding what LI4 is and
their role, for instance through benchmarking (4%), believing
in LI4 and promoting it (4%), being a champion (3%), leading
by example (3%), learning and/or training others (3%), and
being committed (3%).

At the front-line leader level, the leadership role (5/10 top
factors) is more in terms of learning and/or training others
(7%), engaging others (4%), understanding what LI4 is and
their role (3%), leadership support (3%), and believing in LI4
and promoting it (3%).
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At the front-line worker level (3/10 factors), the leadership

5% $353588888858 . . it !
== role is about: learning and/or training others (11%), being
open to change and taking responsibility (5%) and under-
g o standing what LI4 is and their role, for instance, through
£ ©n benchmarking (5%).
Hence, the leadership role varies by level, with a role
. more around understanding, advocacy, and championing at
‘25%’ m 8 senior levels; training and engaging at the front-line man-
N ager level; and learning and taking responsibility at the
front-line worker level. Similarly, Alieva and Powell (2023)
. § stressed the importance of top management leadership, mid-
g ey dle management involvement, and employee education.
Sg These types of senior leadership roles and front-line worker
roles have been proposed by Komkowski et al. (2023).
- Similarly, Sony and Naik (2019) stressed the importance of
é top management involvement and commitment, and van
S NS Dun and Kumar (2023) suggested transformation leadership
§ with socio-emotional capabilities and sensitivity to individual
differences as being very important to achieve employee
o acceptance. Romero, Stahre, and Taisch (2020) noted the
é‘? g need for smart workers, and the role of enhancing workers’
& skills and being able to undertake several tasks was stressed
by Cimini, Lagorio, and Gaiardelli (2023).
= We identified senior management strategy (13%), primar-
“é,% w0 ily around direction, objectives and priorities (6%), as a
’6" g =2 second cluster, as well as management (16%), primarily
2 around budget approval (5%), as a third cluster. Strategy
played a smaller part at the lower two levels.
- e Implementation was far more important, with 26% and 33%
3 2% of the total score. At the front-line manager level, this
involved hands-on implementation (7%), data collection and
- management (5%), managing processes (4%), and the adop-
£y e tion of new technologies (4%); whereas at the front-line
%E P worker level, it involved hands-on implementation (12%),
g = data collection and management (7%), the day job (4%), con-
tinuous improvement (4%), generating ideas (4%), and
- problem-solving (3%).
é’ -8 A third management cluster was identified at the front-
_gf e ] line manager (16%) and front-line worker (16%) levels. This
e was more focused on managing the problem-solving for the
managers (3%), and creating, managing, or applying stand-
g o ards for workers (5%).
3 =2 We found a wide distribution of other factors at each
level. At the senior level, we found Gemba follow-up,
- involvement and coaching. At the front-line manager level,
=22 JRARNLIRRINR °§ these included coaching, sponsorship, and openness to learn;
with commitment, engagement and culture also important
3 = at the front-line worker level.
% E é Linked to the roles are people’'s new competencies
g %g (Table 10). There was a surprisingly low percentage within
S < s 8 the Lean (14%) and 14 (14%) areas, as well as LI4 (1%). Data
5 555 -8 management was the only purely technical competency
<3 }33 E _E £ §§ £ § identified in the top ten (5%). This contrasts with the 14 lit-
'E . | 2% ; ;é é%’; ‘g_.g erature which stresses the need for hard industrial engineer-
2 § =588 53 £3 % < 5 £ - . ing skills (Maisiri, Van Dyk, and Coetzee 2021). We found that
o E% E’E géé fﬁééécﬁ?% § behaviours and mindset (33%), people (13%), and change
2 g g g 3 3% § s 2 g E—g_.g 3258 management (12%) were more strongly advocated, thus sup-
Cl=SI88 £8525a88582R¢8 porting the thinking that soft skills and people should be at




the centre of an LI4 transformation (Agostinho and Baldo
2021). The highest-ranking competencies in these areas were
learning (5%), flexibility (4%), and open-mindedness (4%).
This supports the emerging literature that focuses on the
need for employee adaptability (Sony and Naik 2019), mak-
ing them open to change (Salvadorinho and Teixeira 2023),
and self-leadership or distributed leadership (Schultz 2021).
We conclude that industry has a greater need for changes in
social rather than technical skills, a finding increasingly seen
with Lean competencies (Walsh, Harrington, and Hines 2020).

Our last area of enquiry concerned industry requirements
for outside support (Table 11). Two of the clusters, namely
awareness raising and knowledge (10%), and explaining bene-
fits, business case, and Return on Investment (3%), are required
at the start of the journey. Six of the clusters might be needed
at any point of the journey (training and education (17%), case
studies and other research (7%), grants for pilots and imple-
mentation (6%), other general support (5%), benchmarking
exemplar sites (4%), and advice on trends and providers (4%)).
Two clusters are more likely to be needed during implementa-
tion (experience sharing between companies (10%) and imple-
mentation support (8%)). These findings regarding government
support, education, and sharing best practices, largely concur
with the local study in the West of Ireland by McDermott et al.
(2023), although not their high-identified need for grants
explained by their sample being only small/micro enterprises.

The main providers identified for each area of support are
shown in Table 11. The most important providers are gov-
ernment bodies at all levels (22%), consultants (18%), univer-
sities/academies (17%), technology providers (12%), and
industry/professional bodies (11%). This finding contradicts
the SME case research by Larrea and Estensoro (2021) which
stressed the importance of local development agencies and
vocational training centres. It does however support the
Ansari, Erol, and Sihn (2018), Cannas et al. (2020), and Erol
et al. (2022) propositions of the role of universities/academ-
ies/technology centres. Our results show that many previous
studies tended to focus on one element of the support
required rather than taking a more independent study of the
holistic needs of industry.

In summary, looking at how the factors interact, we can
see that organisations most frequently started a Lean journey
and have found some of the techniques within Industry 4.0
as useful and have employed them for specific needs rather
than adopting Industry 4.0 in toto. They have sought to be
competitive and efficient whilst staying up to date. In gen-
eral they have achieved efficiency gains as well as saving
time largely through better data availability. There have also
been gains in terms of learning and engagement. In terms of
the future, the change management and human factors are
most important particularly for those who have taken a tech-
nology first approach.

5. Summary observations

Our research enabled us to take both a wide-angle and deep
look at the views of industry about LI4, leading us to
develop 10 key observations.
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Observation 1: Whilst the academic community has widely
gravitated towards the use of Lean Industry 4.0 (LI4) or Lean
4.0, industry uses a far more wide-ranging terminology.

Observation 2: We have found clear evidence that, in most
cases, 14 follows Lean, and that its evolution follows a similar
functional evolution. We have not found evidence that
industry widely views the former as dependent on the latter.

Observation 3: There are several areas where the academic
community has widely called for further research but without
widespread interest within industry, including the application
of LI4 into the customer perspective, supply chain, sustain-
ability, and resilience.

Observation 4: Despite the widespread academic interest
in linking Lean and 4, this link appears to have only been
taken up in a few organisations, with the digital tools either
just being added to the Lean toolkit or the two areas being
largely managed by different teams. It appears that the
age of a truly integrated LI4 has not arrived for most
organisations.

Observation 5: Most of the surveyed organisations had a
high application of the different Lean aspects, and thus we
can conclude that Lean is mature. The 14 application was
more piecemeal, and indeed many organisations with tech-
nologies were perhaps not even aware they were applying
14. It appears that 14, and LI4, are not yet seen as a unified
approach.

Observation 6: The people aspect in LI4 has been more
pronounced than expected in terms of the reasons for doing
it, its benefits, and its challenges. Indeed, more than half of
the enabler responses were related to people or change
management. This trend follows the earlier evolution of
Lean.

Observations 7: The most important role of people at all
levels is around leadership, with this role varying by level:
being more around understanding, advocacy, and champion-
ing at senior levels; more around training and engaging at
front-line manager level; and more around learning and tak-
ing responsibility at front-line worker level.

Observation 8: The industrial perspective is that change
management is very important in terms of challenges and
enablers.

Observation 9: The most important competencies were
related to behaviours and mindset (37%), ability to learn
(13%), and ability to manage change (8%). This reinforced
our observations about the importance of people and
change management. Overall, industry has a greater need
for changes in social rather than technical skills.

Observation 10: The need of industry for outside support
changed depending on the starting point and stage of evo-
lution, with governmental agencies, consultancies, and uni-
versities/academies seen as the most useful providers.

6. Conclusions

The wide-angled lens plus depth of this research provides us
with the most detailed global study yet of industry views of
Ll4. However, the work complements and contrasts with the
earlier study by Hines et al. (2023) and previous studies
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Table 11. Most important external requirements & identified support providers for LI4 implementation.

Providers

Industry/
University/ Technology Professional

Academia

Outside Help

Corporate/

Training
Companies

Company Technology

Other
Companies Networks

Needs Government

Number of
Help Needs

Most Important External

Requirements

Customers Schools

Group

Centres

Bodies

Providers

Body Consultants

3%

(%)

1%

5% 1% 1% 0% 0% 1% 1% 0% 0%

3%

17%

140

Training and Education from

Short Course to Degrees
Awareness Raising and Knowledge

0%
0%
0%
0%

0%
0%
0%
0%

0%
0%
0%
0%

0%
0%
0%
0%

0%
0%
0%
0%

0%
1%
0%
1%

0%
2%
0%
0%

1%
2%
1%
1%

1%
1%
1%
1%

2%
1%
1%
2%

1%
1%
3%
2%

10% 2%
10%

8%
7%

87

1%
2%

80

Experience Sharing between Companies

Implementation Support

1%

59

Case Studies, Use Cases and Other

Research with Success/Failure Stories
Grants for Pilots and Implementation

Other General Support

0%
0%
0%
0%
0%

0%
0%
0%
0%
0%

0%
0%
0%
0%
0%

0%
0%
0%
0%
0%

0%
0%
0%
0%
0%

0%
0%
1%
0%
0%

0%
0%
1%
0%
0%

0%
0%
0%
1%
0%

0%
1%
0%
0%
0%

0%
0%
0%
1%
0%

0%
0%
1%
1%
1%

4%
3%
0%
2%
0%

6%
5%
4%
4%
3%

34

Benchmarking Exemplar Sites

Advice on Trends, Providers

28

Explain Benefits, Business Case &

Return on Investment

Other

0%
1%

0% 1%
1%

2%

0%
2%

1% 1% 1%
4% 3%

7%

5% 4% 5% 3%
17% 12% 1%

18%

3%
22%

26%
100%

213

830

Total

which often focus on one element to explain phenomena
rather than the complexity shown here. Contrasts also
include the widespread technical viewpoint of the subject
and the 14 reliance on Lean. It also confirms that LI4, and
indeed 14, are still in their infancy in industry, although Lean
is much more holistically applied. We conclude that a truly
integrated LI4 has not arrived for most organisations.

There is, however, substantial academic interest in this
linkage (Alsadi et al. 2023), raising questions as to whether:
a) we are repeating our own marketing message; b) we are
predicting the future; and/or c) why there is not more indus-
try integration between Lean and 4.

Our work has major implications for academia and industry.
For academia, we have highlighted areas where there is little
call for further research (such as the application of LI4 into the
customer perspective, supply chain, sustainability, and resili-
ence) and areas which are fertile for further investigation. Some
of this might involve a more detailed analysis of our dataset
and specific areas such as enablers and challenges as well as
the role of management. In addition, more contingent analysis
can be carried out such as variations by industry, geography,
and firm size, as well as correlations within and between Lean
and 14 application and maturity stages, thus helping establish
viable evolutionary roadmaps and maturity assessments.
Additionally, new methodologies or research designs, such as
field experiments or design science research, could be utilised
in future studies to help address the gaps identified.

Other research that we would recommend include: 1) why 14
has been adopted in a piecemeal way and is not being viewed
by industry as a unified approach; 2) why the application of LI4
in industry has not been more widespread; 3) the fact that indus-
try is making the same mistakes it did with Lean by not suffi-
ciently focusing on the role of people, competencies, and change
management within LI4; and 4) the support structures required
for firms in implementing LI4; and 5) further more in-depth study
of the whole subject area through case studies or longitudinal
research to complement the qualitative survey findings.

The implications for industry include the fact the key learn-
ing from Lean implementation around leadership, people, learn-
ing, and change management apply equally or more to Ll4.
Hence, those in industry would be well advised to review their
past learnings from their own and others’ Lean applications.
There is much more potential within LI4 than is currently being
exploited, and there is a clear need to avoid |4 being seen
merely as a technological trend applied by engineers or com-
puter scientists. The most important areas to focus on are lead-
ership, mindset and behaviour with people, ability to learn, and
change management competencies. Further, future studies
could outline a simple, actionable framework for how organisa-
tions can better integrate Ll4.

We have also identified that the key needs of industry vary
according to organisations’ starting point and stage of imple-
mentation and that they might seek to address such needs
through self-help networks or by working with outside pro-
viders such as government agencies, consultancies, or univer-
sities/academies. Our results will also help external providers
focus their support for industry. If all these entities can



successfully work together, perhaps the age of L4 can be
arrived at in a more widespread way, and in the very near
future.
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Appendix A. Survey instrument
Background
1. In which country do you primarily work?

2. What industry are you in?
3. How many people are employed at your organisation?

a. 09

b. 10-49
c.  50-249
d. 250+

4.  Does your organisation have:
a. Asingle site?
b.  More than one site in your country?
c.  Sites in more than one country?

Past

1. What department do you work in within your organisation?
Operations/Manufacturing
Engineering/Maintenance
Supply Chain/Purchasing/Logistics
IT/ICT/Digitisation
Lean or equivalent
Other (please specify)
2. Did you:
Start to apply Lean BEFORE Industry 4.0?
Start to apply Lean AFTER Industry 4.0?
Apply Lean and Industry 4.0 AROUND THE SAME TIME?

Present

1. The most frequently used term for this topic is Lean Industry 4.0,
although several other terms have been proposed. What term do
you prefer to use?

2. How do you define Lean Industry 4.0 (or your preferred terminology)?

3. Where has Lean been applied in your organisation?

Manufacturing
Warehouse/Internal Logistics
Supply Chain/Suppliers
Product Development
Office/Support Functions

4, What is the name of the team, organisation or department
PRIMARILY responsible for promoting Lean in your company?

5a.  What word or a short phrase would you use to describe your com-
pany in terms of your adoption of all stakeholders (customer,
employees, company owners) are taken into account in decision
making?
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5b.

5c.

5d.

Se.

5f.

5g.

5h.

5i.

8a.

8b.

8c.

8d.

8e.

8f.

What word or a short phrase would you use to describe your com-
pany in terms of whether there is a focus on transformational
leadership, a focus on people and their learning?

What word or a short phrase would you use to describe your com-
pany in terms of whether the company is flexible in dealing with
customers?

What word or a short phrase would you use to describe your com-
pany in terms of whether the company takes advantage of prod-
uct modularity and/or late product configuration?

What word or a short phrase would you use to describe your com-
pany in terms of whether the company employs continuous flow
processing?

What word or a short phrase would you use to describe your com-
pany in terms of whether products are produced on a pull basis?
What word or a short phrase would you use to describe your com-
pany in terms of whether the company takes into account the
needs of all stakeholders (customer, employees, company owners)
when designing its systems and processes?

What word or a short phrase would you use to describe your com-
pany in terms of whether the company operates in a transparent
way with employees and outside interested parties?
What word or a short phrase would you use to describe your com-
pany in terms of whether continuous improvement is embedded as
a central part of the company'’s culture?

Where has Industry 4.0 been applied in your organisation?
Manufacturing

Warehouse/Internal Logistics

Supply Chain/Suppliers

Product Development

Office

What is the name of the team, organisation or department
PRIMARILY responsible for promoting Industry 4.0 in your
company?

What word or a short phrase would you use to describe your com-
pany in terms of your adoption of Internet of Things?

What word or a short phrase would you use to describe your com-
pany in terms of your adoption of Big Data?

What word or a short phrase would you use to describe your com-
pany in terms of your adoption of Cloud Computing?

What word or a short phrase would you use to describe your com-
pany in terms of your adoption of Wireless Sensors?

What word or a short phrase would you use to describe your com-
pany in terms of your adoption of 3D Printing?

What word or a short phrase would you use to describe your
company in terms of your adoption of Augmented Reality/
Simulation?

8g. What word or a short phrase would you use to describe your com-
pany in terms of your adoption of Collaborative Robots?

8h. What word or a short phrase would you use to describe your com-
pany in terms of your adoption of Machine/Deep Learning?

8i.  What word or a short phrase would you use to describe your com-
pany in terms of your adoption of Remote Control/Monitoring?

9. Why did you start your Lean Industry 4.0 journey?

10. What have you found are the three most important benefits of
applying Lean industry 4.0?

11.  What have you found to be the most important enablers to make
Lean Industry 4.0 work well?

12. What is the most important activity of senior staff in your company
in applying Lean Industry 4.0?

13.  What is the most important activity of front-line managers (first
level) in applying Lean Industry 4.0?

14.  What is the most important activity of front line (direct) workers in
applying Lean Industry 4.0?

15. Do you have a roadmap for your implementation of Lean
Industry 4.0?

16. Do you use a maturity assessment for your Lean Industry 4.0
journey?

17.  What is the most important skill or competency in successfully
applying Lean Industry 4.0?

Future

1.

What is the most important challenge you are facing with Lean
Industry 4.0?

2. What is the most important thing that could be done by outside
organisations to help you as a business with the implementation of
Lean Industry 4.0?

3. Who do you think should provide this support for you?

Next steps

If you would like to receive a copy of the final paper, please tick this
box (please provide company email below)

If you are happy to take part in future research, please tick this box
(please provide company email below)

Please provide your company email if you have ticked one or more of
the above:

[INSERT COMPANY EMAIL ADDRESS]

Thank you for completing our survey. Your time is much appreciated.
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