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Abstract: The Industry 4.0 paradigm represents the fourth industrial revolution, embodied by the
marriage between information and communication technologies and manufacturing. Assessment
campaigns are conducted to examine the status of deployment of that paradigm, mostly through
self-assessment questionnaires. Each campaign is typically limited in scope, involving just a group
of companies located in a few countries at most. Such limitation does not allow an overall view of
Industry 4.0’s diffusion. In this paper, we offer that panoramic view through a systematic literature
review. The number of papers devoted to Industry 4.0 assessment grows steadily. However, many
papers do not provide essential information about the assessment campaigns they report, e.g., not
detailing the number, type, or location of companies involved and the questionnaire employed. We
observe a large diffusion in Europe and Asia but not in the U.S., with the Top 5 countries being
Malaysia, Poland, Italy, Germany and Slovakia. The campaigns uniformly cover small, medium, and
large companies but not all industrial sectors. The choice of questionnaires is extremely varied, with
no standard emerging.

Keywords: industry 4.0; readiness models; maturity models

1. Introduction

Industry 4.0 is the popular name given to a set of innovations brought about by
the extensive use of smart industrial devices with built-in sensing and communication
capabilities that can be easily interconnected (see [1-3] for a brief introduction). Ample
descriptions of the genesis and development of Industry 4.0 can be found in [4-6]. Such
a massive deployment supports and is spurred at the same time by several technologies,
which include, e.g., adaptive robotics, big data analytics, cloud platforms, advanced net-
working technologies. In very few words, Industry 4.0 embodies the introduction of ICT
into manufacturing. Since it promises a shift of paradigm rather than just an increase in
efficiency, Industry 4.0 has been dubbed the 4th Industrial Revolution or 4IR for short.

Considerable efforts have been made to assess the level of deployment of Indus-
try 4.0. Such an assessment is relevant since it allows companies to understand where the
deployment lags behind and resources have to be spent to accelerate the transition.

A few attempts have been made to measure the state of that transition through socio-
economic and technological indicators available from official statistics [7-9]. In addition to
using open governmental data, an original approach has been taken in [10] also to consider
bibliometric and patent data as well as news stories. Due to the geographical-focussed
nature of the supporting data, all those studies provide results about regions or nations
rather than individual companies.

Instead, most authors have opted for a self-assessment approach, where each company
can assess its own level of deployment by compiling a questionnaire, which goes by the
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name of maturity model or readiness model'. Such tools have been extensively deployed
since the 1970s, becoming an important management tool to accompany the evolution of
companies both on a short and long term [11]. Several models have been proposed in
the literature, and some surveys have been devoted to listing and analysing them. The
number of identified maturity models varies from 10 in [12] to 15 in [13] and 30 in [14].
Sony and Naik have tried to identify the key elements that every maturity model should
incorporate [15].

Though a company could use a maturity model on its own and keep the results to
itself, several authors have attempted to assess the level of deployment of Industry 4.0 in
several companies at the same time by submitting the same questionnaire (model) to all of
them. Here we refer to those efforts as assessment campaigns.

The diffusion of maturity models can be considered as an indication of their usefulness.
The need to assess the readiness of companies to embrace Industry 4.0 arises from the
urgency of companies to introduce ICT into manufacturing processes and understand what
still needs to be done to accomplish that task. Companies would not be available to be
involved in those assessment campaigns if they did not deem it useful to help them in their
effort to deploy the Industry 4.0 paradigm. Hence, a large diffusion of maturity models (i.e.,
their creation and administration) implies that many companies consider them so useful
as to adopt them and take the time to fill the questionnaires research submit to them. We
can then consider the diffusion of maturity model as a straightforward indicator of their
usefulness. We can evaluate their diffusion by examining how much and where they have
been employed (as reported in the literature). Though several papers have reported the
results of an assessment campaign, no overall analysis has been made of those reports.
This is the research gap we intend to fill here. We wish to provide a panoramic view of the
assessment campaigns described in the scientific literature. The general research question
we are interested in is: What is the current status of Industry 4.0 maturity assessment campaigns?
We can instantiate that general question into the following specific research questions,
which address several aspects of those Industry 4.0 maturity assessment campaigns:

RQ1 What is the time trend of assessment campaigns?

RQ2 What are the preferred publication outlets?

RQ3 Which geographical areas are most concerned?

RQ4 What is the breadth of the assessment campaign?

RQ5 What are the sizes of companies involved?

RQ6 What are the industries where assessment campaigns have been conducted?
RQ7 Do assessment campaigns adopt standard questionnaires?

In this paper, we approach answering those RQs by carrying out a systematic literature
review (SLR). We describe the methodology in Section 2 and report the results of the SLR
in Section 3. In Section 4, we see what those results tell us about the RQs.

2. Method

As hinted in the Introduction, we have conducted a systematic literature review to
answer our RQs. We have adopted the well known PRISMA approach [16].

Our literature search has been carried out without limitations on the year of publi-
cation, including just fully published sources (i.e., excluding those made of the abstract
alone). We have limited our search to English publications, since English represents the
dominant language in the technical literature and considering papers in other languages
would have compelled us to properly define the terminology used in that language to
describe readiness/maturity models, let alone the difficulty of reading other languages.
Our bibliographic databases of choice have been Scopus and Web of Science (WoS). The
two databases still represent the primary reference for bibliographic analyses, in particular
for the fields of Natural Science and Engineering [17], which is where the theme of Industry
4.0 lies. Though the coverage of Web of Science is smaller than Scopus, their union provide
a comprehensive and authoritative view of what is published on a subject. The last search
date was 14 December 2021.
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We have employed the query (“industry 4.0” AND (“readiness” OR “maturity”)),
applying it to the title, the abstract, and the keywords. The term maturity was included since
it can be considered as a synonym of “readiness” for our purposes. Actually, “readiness”
would be more appropriate to a stage where companies may still not be ready to introduce
the Industry 4.0 paradigm. On the other hand, the term “maturity” seems more appropriate
to describe situations where that paradigm has already been introduced, and we wish to
examine the degree of adhesion of companies (and maybe its impact) [18]. However, the
information about the introduction of Industry 4.0 and its level of implementation (i.e.,
whether it is at an initial or advanced stage) must be provided by companies; it is the
purpose of the surveys we are reviewing here to extract that information. So, the terms
readiness and maturity may be more appropriately used after surveys have been carried
out and cannot be distinguished on solid grounds before the survey has started. For that
reason, we considered them as interchangeable words for our analysis.

3. Results

In this section, we report the results of our SLR by first describing the flow of informa-
tion through the different phases of our SLR and then answering the RQs.

3.1. The Dataset

The systematic literature search described in Section 2 has provided the results shown
in Figure 1. As can be seen, the initial collection was very generous. After removing
duplicated between Scopus and Web of Science, we were left with over seven hundred
papers. However, the analysis of their abstract led us to remove over six hundred. The
most frequent reasons for removal were the following:

*  mentioning only incidentally Industry 4.0;

*  dealing with Industry 4.0 and proposing readiness/maturity models but not applying them;

*  containing just proposals or surveys rather than fully administered ones.

* not reporting the results of surveys as administered through questionnaires but using
general economic indicators instead;

*  not concerning companies, but individuals or countries;

*  written in a language different from English;

[ Records identified on Scopus ] [ Records identified on WoS ]

(n = 668) (n = 336)
\ /

[ Records identified through database searching )
(n = 1004)
{ Y '
Records after removing duplicates
(n =761)
{ Y '
Records screened for relevance Records excluded
(n =105) (n = 656)
{ Y '
Records.mcluded n Records unavailable
qualitative analysis (n=20)
{ (n =85) ) _

Figure 1. Systematic search flowchart.
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The final slash on the number of papers examined in their entirety was due to some
papers not being available, in most cases because the contents were only available to a
restricted group or behind a paywall managed by a minor publishing company outside the
range of subscriptions available to us. However, among the unavailable papers, just four
had some citations, while the remaining sixteen had none; also, the number of citations of
the four cited papers was respectively seven, five, two, and one. We can safely conclude
that we did not lose a significant amount of information by not considering them.

3.2. Time Trend

We classified the papers resulting from the final count reported in Section 3.1 according
to the year of publication, which would allow us to answer RQ1.

In Figure 2, we see that there were no assessment campaigns reported before 2017.
In addition, the trend is clearly growing. Hence, assessment campaigns have not reached
their peak, and we can expect a widespread diffusion of maturity assessment efforts in the
near future.

40

30

20| - -

p 0§

2017 2018 2019 2020 2021

Frequency of papers [%]

Figure 2. Time trend of reported assessment campaigns.

3.3. Publication Outlet

Another issue, which answers RQ?2, is the publication outlet chosen to report the
results of the assessment campaigns. As commonly agreed, journals and conferences
exhibit complementary features, roughly summed up as permanence of record (a feature
typical of journals) vs speed of publication (a feature typical of conferences). Recently, the
picture is becoming more blurred, with conferences finding their long-standing place in
bibliographic databases and journals shortening their publication time.

However, in Figure 3, we see that the preferred outlets to report the result of the
readiness assessment campaigns are journals, with roughly a 60/40 distribution.

If we dissect that overall percentage over the years, we see in Figure 4 that journals
have been gaining ground over the years. While just one in four campaigns was reported
in a journal in 2017, journals have now become the largely dominant way to disseminate
the results of Industry 4.0 readiness assessment campaigns (77.4% so far in 2021).
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Figure 4. Distribution of publication outlets over time.

We can also identify the most influential papers by the number of citations. In Table 1,
we report the Top 10 papers by citations. We see that journal papers are the most cited
ones by far (eight out of ten). In addition, there are no recurring authors in the Top 10.
However, papers concerning the Czech Republic are particularly well-received, making up
three presences in the Top 10.
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Table 1. Top 10 papers by citations.

Paper No. of Citations Reference

Bibby, L., and Dehe, B. (2018). Defining and assessing indus- 99 [19]
try 4.0 maturity levels—case of the defence sector. Production
Planning and Control (J)

Basl, J. (2017). Pilot study of readiness of Czech companies to 59 [20]
implement the principles of Industry 4.0. Management and
Production Engineering Review (])

Stentoft, Jan, et al. (2019). Drivers and barriers for Industry 4.0 38 [21]
readiness and practice: a SME perspective with empirical evi-

dence. Proceedings of the 52nd Hawaii International Conference

on System Sciences (C)

Kohnovd, Lucia, Jan Papula, and Nikola Salajova (2019). Internal 29 [22]
factors supporting business and technological transformation in
the context of Industry 4.0. Business: Theory and Practice (])

Hamidi, Saidatul Rahah, et al. (2018). SMEs maturity model 28 [23]
assessment of IR4:0 digital transformation. International Confer-
ence on Kansei Engineering and Emotion Research (C)

Dutta, Gautam, et al. (2020). Digital transformation priorities 27 [24]
of India’s discrete manufacturing SMEs—-a conceptual study in

perspective of Industry 4.0. Competitiveness Review: An Inter-

national Business Journal (J)

Cimini, Chiara, et al. (2020). How do industry 4.0 technologies 23 [25]
influence organisational change? An empirical analysis of Italian
SMEs. Journal of Manufacturing Technology Management (J)

Vrchota, Jaroslav, and Martin Pech (2019). Readiness of enter- 20 [26]
prises in Czech Republic to implement industry 4.0: Index of
industry 4.0. Applied Sciences (J)

Vuksanovi¢ Herceg, Iva, et al. (2020). Challenges and driving 20 [27]
forces for industry 4.0 implementation. Sustainability (J)
Lin, Tzu-Chieh, Kung Jeng Wang, and Margaret L. Sheng (2020). 17 [28]

To assess smart manufacturing readiness by maturity model:
A case study on Taiwan enterprises. International Journal of
Computer Integrated Manufacturing (J)

3.4. Geographical Coverage

The size and variety of countries involved can be considered a measure of the deploy-
ment of Industry 4.0 assessment campaigns, which we assess with RQ3. Except for two
papers, where the participants in the survey were selected from all over the world, all the
papers included participants from a single country or a very few countries at most. In
Figure 5, we show the number of assessment campaigns reported for each country (for clar-
ity, we have shown just the countries with at least three campaigns). Notable absences from
that list are China, which is not shown but was the subject of one assessment campaign,
and Japan, for which no assessment campaigns have been reported. The Top 5 is made of
four European countries and a single country from Asia, as detailed in Table 2.
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Malaysia -

Poland -

Italy -

Germany

Slovakia

Czech Republic -
Turkey -
Austria
France

India -
Indonesia -
Serbia
Slovenia -
South Korea -
Sri Lanka -
USA |
Portugal -

UK [

No. of campaigns

Figure 5. Countries involved in assessment campaigns.

Table 2. Top 5 countries.

Country

References

Malaysia
Poland
Italy
Germany
Slovakia

[23,29-35]
[36-43]
[25,44-48]
[22,49-53]
[22,36,46,54,55]

If we take a look at the distribution by geographical region, this observation is con-
firmed since Europe and Asia account for 89.3% of the campaigns (see Figure 6). Europe
is where Industry 4.0 is assessed most (or, at least, where assessment campaigns are re-

ported most).

2.3%
3.6%
3.6%

Il Europe

O Asia

[0 Middle East

O North America
E South America
O Africa

1.2%

Figure 6. Distribution of campaigns by geographical area.
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The details are provided in Table 3.

Table 3. Papers reporting assessment campaigns by geographical area.

Continent No. of Papers References

Europe 46 [8,19-22,25-27,36-72]
Asia 29 [20,23,24,28-35,73-90]
Middle East 3 [91-93]

North America 3 [20,46,94]

South America 2 [53,95]

Africa 1 [96]

3.5. Assessment Campaign Breadth

In addition to the countries touched, another facet of coverage is the number of
companies involved, which we address with RQ4. We judge an assessment campaign more
informing as the number of companies grows.

In Table 4, we see that a fraction (slightly over 20%) did not mention the number of
companies taking the questionnaire. In addition, we see a roughly equal share of the pie
represented by campaigns with little statistical value, where the number of companies
involved is less than ten. A more detailed look reveals that 60% of the campaigns involving
less than ten companies actually concern a single company. On the other end of the
range, we observe a small fraction of papers (just over 5%) reporting massive assessment
campaigns. The Top10 of those massive reports is reported in Table 5. Though most of them
focus on a single country, those papers represent the few attempts to conduct a large-scale
assessment. The countries analysed are Slovakia, Poland, Malaysia, Turkey, Serbia, India,
the Czech Republic, and Denmark. With the notable exception of Denmark, all the other
countries appear in the Top list shown in Figure 5.

Table 4. Distribution of paper by number of respondents.

No. of Respondents %

unspecified 21.17 [20,22,23,38,45,49,50,52,56,58,66,72,73,75,76,84,97 98]

<10 24.7 [19,25,31,33,39,42,51,59,61,65,67,77,80,82,86,87,90,93,95,99,100]
>10 and <100 247 [24,28,32,34,37,41,43,44,46-48,53,55,59,68,70,71,83,85,92,96]
>100 and <500 23.53 [8,21,26,27,29,35,54,57,62-64,69,74,78,81,88,89,91,94,101]

>500 5.9 [36,40,53,60,79]

Table 5. Top 10 papers by respondents.

Paper No. of Respondents Reference

Werner-Lewandowska, Karolina and Kosacka-Olejnik, 2000 [40]
Monika (2019). Logistics 4.0 maturity in service industry:
Empirical research results. Procedia Manufacturing (J)

Snieska, Vytautas and Navickas, Valentinas and 787 [36]
Haviernikova, Katarina and Okreglicka, Malgorzata

and Gajda, Waldemar (2020). Technical, information and

innovation risks of industry 4.0 in small and medium-sized

enterprises—case of Slovakia and Poland. Management and

Production Engineering Review (])

Ratnasingam J., et al. (2020). Assessing the awareness and 778 [30]
readiness of the Malaysian furniture industry for Industry
4.0. Bioresources (J)
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Table 5. Cont.

Paper No. of Respondents Reference

Gergin, Zeynep et al. (2019). Comparative analysis of the 588 [79]
most industrialized cities in Turkey from the perspective of

Industry 4.0. Proceedings of the International Symposium

for Production Research 2019 (C)

Rakic, Slavko and Pavlovic, Marko and Marjanovic, Ugljesa 520 [60]
(2021). A Precondition of Sustainability: Industry 4.0 Readi-
ness. Sustainability (])

Virmani, Naveen and Salve, Urmi Ravindra (2021). Signifi- 471 [24]
cance of Human Factors and Ergonomics (HFE): Mediating

Its Role Between Industry 4.0 Implementation and Opera-

tional Excellence. IEEE Transactions on Engineering Man-

agement (J)

Sari, T and Giiles, HK and Yigitol, B. (2020). Awareness 427 [74]
and readiness of Industry 4.0: The case of Turkish manufac-

turing industry. Advances in Production Engineering and

Management (J)

Vrchota, Jaroslav, and Martin Pech (2019). Readiness of 314 [26]
enterprises in Czech Republic to implement industry 4.0:
Index of industry 4.0. Applied Sciences (J)

Ratnasingam, Jegatheswaran et al. (2019). Extent of automa- 312 [29]
tion and the readiness for industry 4.0 among Malaysian
furniture manufacturers. BioResources (J)

Stentoft, Jan and Jensen, Kent Wickstrem and Philipsen, 308 [21]
Kristian and Haug, Anders (2019). Drivers and barriers

for Industry 4.0 readiness and practice: a SME perspective

with empirical evidence. Proceedings of the 52nd Hawaii

International Conference on System Sciences (C)

3.6. Company Size

We are interested also in examining the size of the companies involved in the assess-
ment. We aim to see if Industry 4.0 is to be considered an innovation devoted to large
companies only or small- and medium-sized can benefit as well. This is the rationale
for RQS5.

Unfortunately, a significant portion of the papers do not provide information about
the size of the companies involved in the assessment: just 54.7% of them detail that size,
adopting a common terminology, which employs the following four size categories (small
and medium are often combined under the SME hat; hereafter by SME we mean papers
that cover both small and medium enterprises):

. micro;

e small;

e  medium;
* large.

However, despite the common terminology, those terms probably hide different
definitions and measurement methods (e.g., by the revenues or the number of employees).
The lack of a common definition is a long-standing issue, as highlighted in [102]. The
European Commission released a publication defining the sizes from micro to medium
in [103] by employing staff headcount, turnover, and balance sheet total.

In Table 6, we report the percentages of papers dealing with companies of specific size
categories as computed over the number of papers that do provide info about company
sizes. Unfortunately, the consistency of definitions remains unaddressed. Furthermore,
we employ the label only to denote those papers that deal with the size category only. The
results not tagged by that label refer to papers that also deal with other size categories.
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We see that the single most present category is that of medium enterprises, which
are included in nearly 90% of all campaigns (we remind that the percentages refer to the
number of campaigns for which company size data are reported). However, small and
large companies rank well with 80.9% and 66% respectively. Micro companies are instead
underrepresented, being present in just 17% of campaigns. Finally, just a handful of papers
(four, representing 8.5%) examine companies of all sizes.

Table 6. Papers’ coverage of company sizes.

Size Papers [%] References

micro only 0

micro 17.0 [36,40,44,49,64,68,74,79]

small only 2.1 [31]

small 80.9 [8,21,26,30,31,33-36,38,40,43,44,46,48,49,57,59-62,64,66,68,69,71,74,76,79,81,83,88,

89,91,92,94,96]
medium only 6.4 [25,67,93]

medium 894 [8,21,25,26,30,33-36,38,40,43,44,46,48,49,57 ,60-62,64,66-69,71,74,76,79,81,83,88,89,
91-94,96,99-101]

SME only 29.8 [21,33,46,61,62,66,71,81,83]

SME 76.6 [8,21,26,30,33-36,38,40,43,44,46,48,49,57,60-62,64,66,68,69,71,74,76,79,81,83,88,89,
91,92,94,96]

large only 6.4 [19,82,90]

large 66.0 [8,19,26,30,34,35,38,40,43,48,57,59,60,64,68,69,74,76,79,82,88-92,94,96,99-101]

all 85  [40,68,74,79]

3.7. Industries

We now come to RQ6: What are the industries where assessment campaigns have
been conducted?

In Figure 7, we see that just over 60% of the paper report the industry to which their
survey was applied. We would have expected a much more detailed indication.

General manufacturing

Unspecified

Specified
Figure 7. Distribution of papers by industry specification.

In addition, they do not appear to follow a standardized classification. Such a lack
of common terminology may cause difficulty since the reader may not recognize that pa-
pers apparently dealing with different industries are actually not. Unfortunately, different
approaches to industry classification schemes exist, from the North American Industry Clas-
sification System (NAICS) [104,105], mainly business-research oriented, to market-based
industry classification schemes like the Global Industry Classification? (GICS) [106] and the
Industry Classification Benchmark [107]. There are also classification schemes proposed by
inter-governmental institutions, such as the Statistical Classification of Economic Activities
in the European Community (NACE) by the European Union and the United Nations
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Standard Products and Services Code (UNSPSC). However, some standardized approach
is needed to avoid being misled by the growth of myriad different terms for the same thing.
In this paper, we have opted for the GICS since it appears closer to the terms employed in
the Industry 4.0 literature. A description of GICS is available in [107,108]. The GICS adopts
a hierarchical classification with four layers: Sectors (11), Industry Groups (24), Industries
(69), and Sub-Industries (158). We have employed the industry level whenever possible. In
some cases, it was not possible to go deeper than the Industry group level since the paper
did not provide more detailed information. To understand the distribution of industries
affected by assessment campaigns, we decided to stick with either the industry group or
the sector level to report results. Our choice is due partly to the lack of specification about
the industry, as mentioned above, and partly to the large number of industries that emerge
from the analysis (69), which would make the analysis quite fragmented.

Aside from two papers reporting an application of Industry 4.0 in the Public Admin-
istration, all the other papers fell into the classification proposed by the GICS. However,
of 24 industry groups, just 16 (i.e., two thirds) are involved. In addition, the distribution
is quite uneven. In Figure 8, we see that six groups account for more than three quarters.
They are Capital goods (which accounts for nearly a quarter by itself), Automobiles and
Components, Materials, Consumer Durables and Apparel, Commercial and Professional
Services, and Food, Beverage and Tobacco. On the other hand, we find several groups
with a tiny presence. We have gathered all the industry groups below 3% under the Others
label. They are Diversified Financials; Telecommunications services; Transportation; Banks;
Consumer Services; Energy; Pharmaceuticals, Biotechnology and Life; Retailing; Software
and Services.

@ Capital goods
19.16% .
O Automobiles and Components

O Materials

O Consumer Durables and Apparel

E Commercial and Professional Services

O Food, Beverage and Tobacco
O Health Care Equipment and Services
O Others
14.4%
3

719% 3%

11.98%

7.19%

Figure 8. Distribution of papers by industry group.

A similar non-uniform coverage applies to sectors. However, here nine out of eleven
sectors are represented, with Utilities and Real Estate being the only ones left out, as
reported in Figure 9. Consumer Discretionary has now the largest share, thanks to the con-
tribution of two industry groups (Automobiles and Components plus Consumer Durables
and Apparel) in the Top 5 of the industry groups. A close runner-up is Industrials, driven by
Capital goods plus Commercial and Professional Services. Each of those two sectors makes
roughly one-third of the overall pie. Materials are also a relevant player here. Similarly to
what we have done for industry groups, we have employed the label Others to group all
sectors below 3%, which are Communication Services, Energy and Information Technology.
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B Consumer Discretionary
O Industrials

[0 Materials

O Consumer Staples

[ Financials

O Health Care

O others

4.2%

4.19%

719% 4.19%

Figure 9. Distribution of papers by sector.

3.8. Questionnaires

As stated in the Introduction and Section 2, we have focused on investigations where
questionnaires are adopted as the analysis tool. We wish to observe whether the authors
have employed an established questionnaire or not. By established questionnaire, we mean
a questionnaire that has been put forward in the literature, fully defined (i.e., including the
full list of items), and given a name for future reference (which means that it is intended to
gain a wide diffusion).

Unfortunately, the overwhelming majority of papers do not specify the questionnaire
that has been adopted. The exact distribution can be seen in Figure 10.

Unspecified

Established

Figure 10. Distribution of papers by questionnaire.

Such a lack is truly undesirable since it does not allow external researchers to examine
the items employed to assess the level of maturity and employ the same questionnaire for
their analyses. There is a wide fragmentation in the list of papers (just 12 out of 85) that
specify the questionnaire model. With the notable exception of just four models (IMPULS
Industrie 4.0 Readiness Model, ACATECH Industrie 4.0 Maturity Index, Industry 4.0 by
VDMA, and Simmy 4.0), no model is employed in more than a single paper. The full list of
the models adopted is reported in Table 7.
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Table 7. Established models.

Model Adopting Papers Model Ref.
VDMA /IMPULS Industrie 4.0 Readiness Model [23,53,66,93] [109]
ACATECH Industrie 4.0 Maturity Index [56,66] [110]
SIMMI 4.0 [33,52] [111]
Singapore Smart Industry Readiness Index [28] [112]
Smart SME Technology Readiness Assessment (SSTRA) [61] [113]
Industry 4.0 Maturity Model [66] [114]
Maturity and Readiness Model for Industry 4.0 [66] [115]
Smartness Assessment Framework for Smart Factories [66] [116]
14.0 Maturity Assessment Framework [66] [98]
ConFIRM [31] [31]
PwC Maturity Model Industry [66] [117]

4. Discussion and Conclusions

The results reported in Section 3 allow us to answer all the RQs set in the Introduction.

The topic is alive and kicking since there is a clear and steadily growing trend of
publications (which represents the answer to RQ1). This trend is entirely consistent with
what was earlier observed in [118] by considering Google Trends results and the analysis
of the literature of Scopus and WoS concerning the general themes of Industry 4.0 and
4th Industrial Revolution. There is also a flight to archival publications since the balance
between conferences and journals is steadily shifting towards journals, which represent
nearly 60% of the overall volume of papers in 2021 (RQ2). The distribution of publication
outlets does not look to have been considered so far in other literature surveys on Industry
4.0 topics: it has been considered neither in [15], nor in [14,118].

There is a significant unevenness in the geographical distribution (RQ3). There are
many assessment campaigns in Europe and Asia (together, they make nearly 90% of the
campaigns), with Europe a strong leader (nearly 60%). Instead, the U.S. is way behind,
with just three campaigns. Of course, this may not reflect the actual diffusion of Industry
4.0 in the country since companies could be at an advanced stage of deployment without
their efforts being reported in the scientific literature. In addition, a large proportion of the
papers (over 40%) is of little or no statistical value since the sample size (i.e., the number of
companies taking the questionnaire) is either not reported or too low (below ten) (RQ4).
We can, however, conduct a comparison between the status of assessment campaigns
and the origins and development of Industry 4.0 projects around the world. Industry 4.0
originated in Germany, where it was included as one of the strategic projects in its high-tech
strategy [119]. Its leading role in the birth of the Industry 4.0 concept is consistent with its
presence in the Top 5 list of countries where assessment campaigns have been conducted.
However, if we take a broader look at Europe and the rest of the world, we find some
confirmations and discrepancies between different deployment indices. In Europe, the
classification proposed by Roland Berger in 2015 based on their own Industry 4.0 Readiness
Index placed six countries in the group of frontrunners [120]. Frontrunners exhibited a large
industrial base and modern, forward-looking business conditions and technologies. Those
countries were Switzerland, Germany, Ireland, Sweden, Finland, and Austria. Expect for
Germany, which we have already dealt with, none of them appeared in the Top 5 countries.
However, Switzerland, Sweden, and Austria are among the countries where assessment
campaigns have been reported. Our assessment campaigns survey results are partially
consistent with the expectations set in 2015 by Roland Berger’s classification. The more
recent look at Europe taken in [121] shows a large number of Industry 4.0 projects across
Europe, which confirms the leading role of that continent appearing from our survey. When
we move to Asia, the situation changes completely. Asia is the second most represented
continent in assessment campaigns. Several Industry 4.0 initiatives have been launched
throughout Asia, e.g., Made in China 2025 in China, Productivity 4.0 in Taiwan, I-Korea 4.0 in
South Korea, and Society 5.0 in Japan, as reported in [121]. While assessment campaigns
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are well present in South Korea (three are reported in our survey), Taiwan and China are
marginally represented (just one campaign each). While this may be justified for Taiwan,
due to its small size, the small presence of China is quite puzzling. In addition, Japan is
completely absent, and, again, this observation clashes with the industrial weight of that
country. We do not have a supported explanation for that. However, we can consider the
difficulties that an ambitious plan like Made in China 2025 is facing. Three critical factors
have been highlighted for the success of that plan in [122] that may be lacking in today’s
Chinese economy: manufacturing capabilities, investments in research and development,
and human capital. We can also postulate the reluctance of Chinese companies to expose
their level of deployment of Industry 4.0. As to Japan, again, we find critical factors in
the adoption of Industry 4.0 that could explain the lack of assessment campaigns. The
predominance of market-driven factors for the adoption of Industry 4.0 in Japan has been
considered in [123] as pushing towards a late adoption for small and medium enterprises
in particular. Finally, when we consider the USA, the number of reported assessment
campaigns is three, which may appear as somewhat less than what we would expect
of a great industrial power such as the USA. The ranking of the USA in other literature
surveys is undoubtedly higher than what we have observed here. They ranked second
in the analysis of key ingredients to assess Industry 4.0 readiness in [15] and ranked
equally second on Scopus in the analysis of the general literature on Industry 4.0 and the
4th Industrial revolution (but got a presence lower than 4% on WoS) in [118]. We also
notice that some efforts on Industry 4.0 may be labelled differently in the USA, where
the terminology Smart manufacturing was also adopted, as reported in [13,124]. We can
conclude that the general interest for Industry 4.0 in the USA finds a partial confirmation
in our survey, and assessment campaigns probably lag a bit behind.

When we come to the companies’ characteristics, we find out that there is no significant
difference between the companies’ size categories. Campaigns directed to assess the state
of the Industry 4.0 paradigm involve both small, medium, and large companies, with
micro ones being the only marginally concerned (RQ5). The slight dominance of small
and medium enterprises reflects the interest given in the literature to companies of that
size over micro and large ones, as shown in [13,125-128]. We can also observe a broad
coverage of industry groups and sectors, with Capital goods being the most represented
industry group (nearly a quarter of the papers considered) and Consumer Discretionary and
Industrials being the two most represented sectors (with roughly one-third of the papers
each) (RQ6). The diffusion of Industry 4.0 among industries has also been considered
in [118]. However, the classification adopted there does not follow an established standard,
making the comparison difficult. However, the distributions obtained in [118] and here
appear largely consistent, with the notable exception of the Education sector, which is
ranked first in [118] but largely absent in our survey. The surveys in [14,15] did not report
any industry-specific analysis.

An issue of concern is the lack of an agreed standard to test the readiness/maturity
of Industry 4.0 (RQ7). Most models have been adopted by their proposers only, with
just three models employed more than once. Without a standard, comparing the degree
of advancement of Industry 4.0 across any group (e.g., companies, industries, nations,
geographical areas) is impossible or quite difficult.

Summing up, our analysis shows that the current status of Industry 4.0 assessment
campaigns is not uniform, and there is room for improvement.

On the plus side, we can certainly be glad of the growing diffusion of assessment
campaigns, which represents a similar trend of the Industry 4.0 paradigm.

However, the paradigm concentrates on Europe and Asia, with the U.S.A. severely
underrepresented. In addition, several industry groups are marginally involved.

Another pro is the diffusion over all companies’ sizes. Industry 4.0 is shown to be
neither an SME nor a large company matter but to concern all companies irrespective of
their size.
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However, the way assessments are conducted and reported is quite lacking. Many
papers did not report crucial information (such as the number, size, and geographical
location of the companies involved). In addition, no standard questionnaire emerges (most
papers do not even provide information about the information eliciting method of their
choice), so campaigns are not comparable on level ground.

Among the limitations of our work, we can mention the need to explore some discrep-
ancies in the terminologies adopted for the same concepts in different parts of the world,
which could make our analysis more comprehensive. In addition, we did not delve into the
contents of the questionnaires, which have been largely found to be built ad hoc and may
hide differences in analysis quality (e.g., lacking any reliability criterion at all).

As indications for the future, we can highlight the need for better (and standard)
reporting practices. The use of ad hoc questionnaires rather than standard ones may make
results obtained in different countries challenging to compare. In addition, an issue deserv-
ing to be investigated concerns the reasons for the minimal diffusion of Industry 4.0 outside
Europe and Asia and in several industry groups. Our findings could spur researchers to
cover those geographical areas where assessment campaigns are largely absent (or at least
underreported), such as China, Japan, and the USA.
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Notes

1

We do not enter here into the possible distinction between the two terms. Readiness could refer to companies at an initial
development stage or even prior to the evolutionary path, while Maturity could refer to companies already at a possibly advanced
evolution stage. In the following, we consider the terms interchangeable and typically use the maturity model term. We come
back to the issue in more detail in Section 2.

GICS official site https:/ /www.msci.com/our-solutions/indexes/gics accessed on 7 March 2022.
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