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Abstract

The purpose of the research process was to assess the state of knowledge on the use of Industry
4.0 postulates in the context of Engineer 4.0 and Manager 4.0 competencies in family firms,
identify research gaps and outline future research directions. We conducted a systematic
literature review of 21 articles from the Scopus database that relate to the topic of Industry
4.0 and Engineer 4.0 and Manager 4.0 in family firms. To identify the state of the art, keyword
co-occurrence analysis using VosViewer software was used as an analytical tool. We identified
the most influential journals and subject areas. The study allowed us to identify consistent
clusters that show a wide variety of topics in the discussion of the mentioned topic. The results
showed a wide dispersion of research interests and the lack of a single, in-depth or dominant
research area dealing with the phenomenon worldwide. We recommend further research on
family businesses and Industry 4.0. In addition, the lack of comparative research on family and
non-family businesses should be addressed. Contribution and added value: Our systematic
literature review systematizes the existing literature on Industry 4.0 in family firms, isolates
key research interests, identifies future research directions and provides important insights for

researchers.
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Introduction

The fourth industrial revolution, also known as In-
dustry 4.0 — is having a significant impact on the
functioning of companies, including family businesses.
With the development of industry, there are changes
in the area of technology, which, supported by the
right skills and competencies of employees, provide
the opportunity to fully exploit its potential (Nosal-
ska, Gracel, 2019). The introduction of technological
innovation is a key element in maintaining a competi-
tive advantage in an evolving economic environment
(Kazancoglu et al., 2021). It is important to understand
that family businesses adapt to change differently than
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other corporations. The business transformation can
be considered both in negative and positive ways. This
is predicated on the fact that in family businesses, the
component most sensitive to the introduction of change
is the family. The reason for this is its particular attach-
ment to stability, which is dependent on the business
performance of the company. Its resistance is caused
by the fear of an unfavourable outcome of transfor-
mations (Wigcek-Janka, 2013, p. 123). On the other
hand, the use of family values and traditions in com-
bination with a smooth succession can lead to the
creation of a unique organisational culture that pro-
motes innovation and the development of employees’
competencies, thus ensuring the company’s stability
and growth (Mienkowski, 2022).

The general objective of the publication is to present
the place of family firms in the literature related to
engineering competencies used in Industry 4.0. The
specific objective of the study is to present a biblio-
metric analysis using scientific publications from the
Scopus database that combine Industry 4.0, family
firms, and engineering competencies and skills.
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Literature review

When investigating the topic at hand, researchers
identify significant divergences in both theoretical and
practical areas. These differences manifest themselves
both in the empirical data and in the concepts used
to describe these data, such as concepts related to
governance, family firms, boards, innovation or busi-
ness models (Cucculelli et al., 2022; Cucculelli and
Peruzzi, 2020; Lopez-Gonzalez et al., 2019). Despite
the growing interest in the topic under discussion, it
is necessary to continue research in this area. Further
analysis of issues related to innovation, Industry 4.0
technologies and family businesses is recommended
(Kazancoglu et al., 2021; Judit and Zsuzsanna, 2022;
Wang and Li, 2023). There is a need for continued
research in this area to better understand how these
factors affect the functioning of family firms and the
potential benefits and challenges of adapting Industry
4.0 technologies in this context.

Industry 4.0 is a set of advanced strategies and tech-
nologies associated with the next phase of industrial
development. It is characterised by the intensive use
of modern digital technologies and the automation
of production processes. Industry 4.0 practices are set
by principles of ethical behaviour and environmental
management (Kazancoglu et al., 2021; Wiecek-Janka
et al., 2023).

In contrast, the concept of family business is related
to the management, control, or ownership of one or
more families. The family or families have an important
influence on growth, personnel policy, investment, and
innovation (Cucculelli and Peruzzi, 2020).

The study uses bibliometric and scientometric anal-
ysis in the area of family firms’ use of engineering
competencies specific to Industry 4.0 (Kazancoglu et
al., 2021). The authors’ interest in the presented issue
is relevant for possible future research. This research
can be used to further enhance and develop knowledge
in the field and to identify areas that require more de-
tailed analysis and research exploration. Bibliometric
analysis is a research technique used to analyse scien-
tific literature, scientific articles, journals or scientific
publications. Bibliometric analysis of the topic in ques-
tion allows the progress of research to be examined. It
introduces the possibility of identifying key research
trends and the evolution of the field of science, which
can make a valuable contribution to knowledge de-
velopment (Judit and Zsuzsanna, 2022). Furthermore,
such analysis can support decision-making processes
(Cucculelli and Peruzzi 2020) and the shaping of re-
search priorities in the context of further research.
Scientometric analysis is an important tool in science

Volume 15 @ Number 1 e March 2024

management, focusing on monitoring scientific develop-
ment (Judit and Zsuzsanna, 2022; Wang and Li, 2023)
and assessing the outflow of science on the economy
and society (Lopez-Gonzélez et al., 2019).

The Scopus database includes hundreds of informa-
tion fields that vary according to the type of record
and the type of information contained. This makes
it possible to carry out in-depth analyses of articles in
a given scientific field. In Scopus, it is possible to find
metadata such as the title and authors of an article,
abstracts, key words, source and year of publication,
number of citations, indexes of publishing journals,
language, and type of document or bibliographic
references. This metadata allows researchers, scholars,
and specialists in various fields to efficiently search,
analyse, and evaluate scientific publications and
research literature in Scopus. The data provided allow
the identification of co-authorship patterns between
researchers’ articles and to perform demographic
analysis (Pini, 2019). Specifically, they allow for the
assessment and understanding of relationships between
different countries participating in scientific collabora-
tions and between scientific institutions or universities.

In the proposed literature review, we aim to verify
whether the research carried out globally addresses
the Industry 4.0 topic in the context of the engineer
4.0 and manager 4.0 competencies possessed and used
in family firms and whether they coincide with those
presented above. Furthermore, we will verify whether
the findings presented in the global literature have
been confirmed in research on Industry 4.0 in family
businesses worldwide.

This will allow us to answer the following research
questions:

RQ1: What are the most relevant research topics for
the development towards Industry 4.0 in family firms?

RQ2: What links can be considered key to the de-
velopment of this topic in research, considering: topic,
authors, institutions, and countries.

RQ3: What research will be conducted in the future
to add to the knowledge on this topic?

Research methodology

We conducted a systematic review of the litera-
ture complemented by bibliometric indicators. The
use of both methods to analyse new areas of research
provides a solid basis for identifying key aspects of the
topic and speculating on new perspectives (Rialti et al.,
2019). A systematic review of the literature provides
qualitative insight into the topic and enhances aca-
demic discussion. Bibliometric analysis, in turn, identi-
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fies and recognises potentially “hidden patterns” during
the literature review process (Benavides-Velasco et al.,
2013; Kraus et al., 2022). Our review aimed to estab-
lish a framework for new findings on the competencies
of engineer 4.0 and manager 4.0 in family businesses
and to link them to previous research (Wiecek-Janka,
et al., 2023).

Initially, a preliminary literature search revealed
that to date no literature studies have been published
on the development of engineering 4.0 and manage-
ment 4.0 competencies in family firms. We developed
a protocol that defined the parameters of the data
search. We decided to use a database-based approach,
which is most commonly used in management research
(Hiebl, 2021). The search was carried out using the
Scopus database. This database provides access to
the highest quality publications (Caputo et al., 2019;
Raghuram et al., 2019), which ensures compliance with
standards and norms.

In order to develop the publication database,
keywords had to be defined, a database selected,
a database searched, and publication search filters
applied. All selected articles met the basic require-
ments of theoretical and methodological rigour (Anessi-
Pessina et al., 2016). This approach eliminates biases
or omissions that may occur when considering specific
journals (Lopez-Fernandez et al., 2016) and allows for
replication of conducted study.

The selection of keywords consisted of identifying
synonyms of terms or related terms and their plural
for the following three areas: Industry 4.0, engineering
competence, and family businesses. Thus, for “Industry
4.0” — “industrial revolution”, for “engineering compe-
tence” — “engineering competence”, “engineering skills”
and “engineer”, “engineers”, “engineering”, for “family
business — “family companies”, “family business”, “fam-
ily businesses”, “family enterprises”, “family businesses”,
“family management”.

Table 1 provides a systematic overview of the search
conditions, filtering, and the selected database.

The first step was to define keywords related to the
area of study and to link them with relationships using
“or” and “and” connectors. The appropriate combina-
tion of keywords made it possible to exclude publica-
tions that could relate to separate areas: engineering
competence, industry, and family businesses. This re-
sulted in 150 publications.

The second step was to determine the year of publica-
tion. The agreed time frame is between 2011 and 2023
due to the presence of the term Industry 4.0 in the key-
words, which was first used at the international Hannover
Messe in 2011. This resulted in 105 publications.

The third step was to define the document type as
“article”, which excluded conference papers, conference
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Table 1
Systematic overview of the search conditions process

“Industry 4.0” or “Engineering
competence” or “Engineering skills” or
“Engineer” or “Engineering skill” or
“Engineering” or “Engineers” or “Industrial
revolution” and “Family business”.
or
“Industry 4.0” or “Engineering
competence” or “Engineering skills” or
“Engineer” or “Engineering skill” or
“Engineering” or “Engineers” or “Industrial
revolution” and “Family businesses”.
or
“Industry 4.0” or “Engineering
competence” or “Engineering skills” or
“Engineer” or “Engineering skill” or
“Engineering” or “Engineers” or “Industrial
revolution” and “Family firm”.
or
“Industry 4.0” or “Engineering
competence” or “Engineering skills” or
“Engineer” or “Engineering skill” or
“Engineering” or “Engineers” or “Industrial
revolution” and “family firms”.
or
“Industry 4.0” or “Engineering
competence” or “Engineering skills” or
“Engineer” or “Engineering skill” or
“Engineering” or “Engineers” or “Industrial
revolution” and “Family enterprise”.
or
“Industry 4.0” or “Engineering
competence” or “Engineering skills” or
“Engineer” or “Engineering skill” or
“Engineering” or “Engineers” or “Industrial
revolution” and “Family enterprises”.
or
“Industry 4.0” or “Engineering
competence” or “Engineering skills” or
“Engineer” or “Engineering skill” or
“Engineering” or “Engineers” or “Industrial
revolution” and “Family management”.

Keywords

Document

Type Article

Publication

final
stage

Year of pub-

.. 2011-2023
lication

Language English

Database Scopus
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reviews, reviews, retracted publications, preliminary
articles, short surveys, book chapters, and books from
the search. The reason for using such a restriction is to
make the articles easily accessible, which ensures that
the categories of data used are standardised and that
the study is carried out efficiently using bibliometric
analysis. This resulted in 41 publications.

The fourth step was to define the stage of publication
as “final”. This filter excluded unfinished articles from
the search. This resulted in 40 publications.

The fifth step was to select articles written in English
so that their content could be read. This resulted in
34 publications.

In the sixth step, we identified and evaluate studies.
The search method for the selected articles followed
a systematic review process (Pukall & Calabr, 2014;
Goel & Jones 111, 2016; Hernandez-Linares & Lopez-
Fernandez, 2018; Fries et al., 2021). Regarding the
language of publication, according to SLR best prac-
tices, only articles written in English were selected.
The final step was to discard articles incompatible
with the area of interest of the study, which was done
by qualitative analysis of the title, abstract, and con-
tent. Articles with historical themes and referring to
events before 2011 were excluded. This resulted in 21
publications (Figure 1).

Data synthesis is one of the most important stages
of the study, as it requires analysis and comparison
of the existing literature rather than a simple summary
(Jones and Gatrell, 2014). As suggested by the author
Kraus et al. (2022), the focus should be on concepts
rather than authors. For this reason, the use of biblio-
metric analysis, in particular cooccurrence analysis. All
articles in each cluster were analysed by the authors in
order to identify their distinctive contribution to the
description of the formation and development of engi-
neer 4.0 and manager 4.0 competencies in operating
family businesses.

Results and Discussion

The analysis conducted allows us to conclude that
articles on the concepts of Industry 4.0, Engineer
4.0 and Manager 4.0 were published between 2012
and 2022. There has been a noticeable increase in
the number of articles in recent years, with the
fewest articles published in the first years covered by
the analysis and the most in 2022 (Figure 2). This
increase indicates that the topic has become more
popular in the past three years. To our knowledge, the

Previous studies Identification of new studies via databases

= o .

2 Stud}es 1nclu<.ied mn, Records identified Records removed before
'§ previous version of from screening;

9.5 Teview (.n=0.) ) Scopus (n=150) Years of publication
_qc) Previous reVICV.V in this (2011-2023) removed
= scope was not isolated (n=45)

_’
v
Record screened (n=105) Record excluded

o0 Rcecords not articles
)

£ o (n=65)

3

-

Records assessed for Record§ excluded not
eligibility (n=40) in English (n=6)
- New studies included Record excluded. .
3 in review (n=34) Unrelated to family firms
= _yUnrelated to Industry 4.0
é’ v (n=13)
Total studies included
in review (n=21)
L 5

Fig. 1. Schema of article selection
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analysis shows that research on the competences used
in the Industry 4.0 concept, especially the distinction
between the competencies of an engineer 4.0 and
a manager 4.0, is a topic of research worldwide.
The inclusion in this study of the combination
of the Industry 4.0, Engineer 4.0 and Manager 4.0
competence area with the management of family
businesses follows a similar trajectory, but occurs on
a smaller scale (not included in the figure).

6000
5565
5000
4000
3000
2000

1000

0

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Fig. 2. The number of scientific articles relating to Industry
4.0 by year

To gain a better understanding of the themes of the
selected 21 publications, a co-occurrence analysis
of keywords was conducted to graphically represent
the links between them (Domanska et al., 2023). The
semantic maps generated denote clusters that group
strongly related keywords, which were distinguished by
colours. The co-occurrence of keywords is represented
by linking them. The strength of the link is reflected by
the distance of occurrence of the nodes from each other.
The size of the node visualises the frequency of occur-
rence of the keyword in the selected publications.

Figures 3 and 4 show the generated semantic maps,
where the minimum number of occurrences of a key-
word was set to 1. All the keywords that occur are
shown on the map.
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The largest nodes are seen with the keywords family
business, industry 4.0 and family firms. This is due
to the highest number of occurrences in the selected
publications and the greatest strength of connections
to other keywords, as shown in Table 2.

Table 2
Keyword counts
Keywords occurrences | total link strength
family business. 8 72
industry 4.0 6 63
family firms 6 58

The cluster with the most used keywords is the pur-
ple cluster, with 15 results. The purple cluster mainly
focusses on Industry 4.0, which is a keyword in arti-
cles that address issues such as employees, skills and
digital work transformation (Grencikova et al., 2020),
emergency, environmental sustainability, prefabricated
components in reinforced eps (Sferra, 2017) and servi-
tization, networked innovation, push-pull strategies
(Dressler & Paunovic, 2021).

The keywords family business and industry 4.0 are
very much related to the visible red cluster in the bot-
tom left corner containing 24 results, which deals with
elements related to the fourth industrial revolution,
running a company, its impact on the environment, as
discussed by Kazancoglu, Sezer, Ozkan-Ozen, Mangla,
Kumar (2021).

Closely related to family business is the small yellow
cluster, consisting of four elements addressing the chal-
lenges of running a family business, namely challenges
of family business, entry of next generation, conflict,
and growth strategies (Panda et al., 2020).

comelation
business

family businesses
small and mediliin-sized enterpr

businesa financing corporaiggeeernance

engineering

indusstrglife cy<les

lifegycle

entrepréneurship

bicgeghnology
family dfterprise
Temon i

Fig. 3. Keyword association network
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Fig. 4. Temporal graph of the keyword network

The green cluster contains 10 keywords and represents
elements related to family firms that revolve around
issues related to the approach to running a business,
entrepreneurial skills, operating strategy (Truant et al.,
2019), entrepreneurial attitude and character of young
people (Judit & Zsuzsanna, 2022) and entrepreneurship
or risk management (George et al., 2022).

Directly related to the green and purple cluster is
the blue cluster (18 results), which centres around key-
words derived from the Cucculelli, Dileo, and Pini (2022)
publication, namely business model, public institution,
manufacturing industry, manufacturing industries.

The most important keyword in the dark green cluster
comprising 19 outcomes is corporate social responsibility,
which is combined with industrial engineering, gover-
nance (Lopez-Gonzalez et al., 2019) or philanthropy
(Campopiano et al., 2019). This cluster also incorpo-
rates key words such as Buddhism, karma, Thailand, as
evidenced by research on Buddhist approaches to corpo-
rate social responsibility conducted with a small family
business from Thailand (Chou, et al., 2016).

Strongly related to industrial engineering is the
brown cluster, which contains 12 keywords. It tar-
gets quality standards and environmental impacts by
using keywords such as iso certifications, quality prac-
tices, environmental values and environmental issues
(Sanchez-Medina et al., 2017).

The keyword family businesses appears in the
turquoise cluster, where it is found among keywords
such as manufacturing (Pini, 2019) or small and
medium-sized enterprises (Xiang et al., 2021). The
most strongly related keywords in the cluster are those
related to England, Manchester, Liverpool, and house-
hold structure (Barker & Ishizu, 2012).

The pale blue cluster, which includes nine outcomes
and further discusses elements related to the function-
ing of business internationally such as diversification of
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export territory, export, internationalisation, support
of export, which are not related to the topic under
study (Petri et al., 2019), is linked to the English
issues.

The next keyword defining family businesses, family
enterprise, is found in the orange cluster, touching on
industrial revolution and artificial intelligence (Wang
& Li, 2023), which are strongly associated with the
fourth industrial revolution. It also includes keywords
such as economic, management style, and company
performance (Wang & Li, 2023).

The yellow cluster of 18 keywords, which is strongly
related to the orange cluster, focuses on topics related
to development and life cycles: biotechnology, different
stages, development stages (Shi et al., 2014) linked to
the issues of family firms, industry life-cycle, ownership
(Cucculelli & Peruzzi, 2020).

Strongly related to the engineering keyword pink
cluster, which contains 12 results and refers to a pub-
lication by Cumming, Meoli, and Vismara (2019) on
a study of the funding model of family businesses
through crowdfunding platforms.

The pale red cluster (11 results) contains the key-
words China, fintech, small and medium-sized enter-
prises (SMEs), state-owned enterprises (SOEs) mainly
related to the article by Xiang, Zhang, Worthington
(2021), which focusses on state-owned enterprises, fam-
ily firms and firms under financial constraint in China,
which relates to the topic under study.

Figure 4 shows a map related to publication time,
showing the trend of keywords in publications between
2014 and 2022. A colour gradient from dark blue to
yellow was used, where the darkest colour represents
older publications, and the lightest colour represents
the most recent publications. Keywords associated
with the largest nodes were the most popular between
2018 and 2020.
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The elements of the turquoise and yellow clusters
are the darkest on the map with the timeline. The
oldest listed publications on the generated map are
characterised by strong connections between keywords.

Keywords used in recent publications appear in the
orange, dark blue, and light green clusters. It is also
worth noting two clusters associated with relatively
new articles published in 2021, the red cluster and
the pale blue cluster. As can be seen, over the years,
publications related to family businesses and Industry
4.0 have started to focus on increasingly general issues
related to the way the business is run, the impact of dig-
italisation, and entrepreneurship as a skill. The first
publications surveyed covered narrow topics related to
a very specific area of family businesses. Subsequent
years covered topics related to family businesses, small
and medium enterprises, or business in a general sense.
Between 2018 and 2020, topics included challenges
of family business, family firms, engineering, industry
life cycles, corporate social responsibility, indicating
the link between industry 4.0 and family firms, and the
increasing longevity of such firms. More recent publica-
tions have addressed issues important to the operation
of a business, such as financing, economy, business
model, company management, and entrepreneurship,
indicating that publications are increasingly focusing
on the skills needed to manage a business.

The co-authorship analysis is based on the 54 au-
thors shown on the map (Figure 5). The map is divided
into 19 clusters. The lack of interaction between the
clusters of researchers working on the topic of family
firms signals a lack of world-class collaboration be-
tween different research centres. This indicates simul-
taneous research conducted independently by different
institutions that do not share knowledge, which trans-
lates into a limited number of available publications
in the field. The co-authorship analysis was based
on the three largest clusters (Figure 5), as there is
a perception that these clusters represent central and
relevant entities in the context of the area under study.
This method allows for a focus on the most impor-
tant links between authors and a better understanding
of mainstream research.

It can be noted that the largest of the clusters consists
of 5 authors. This indicates a collaboration between
them and an exploration of the topic under discussion.
They focus on issues related to the words automation,
business development, or decision making (Kazancoglu
et al., 2021). These are areas of critical importance in
today’s dynamic business environment. It is linked to
effective management or expansion into new markets.

Kazancoglu et al. (2021) has focused his research on
areas related to sustainable quality management, oper-
ations management, and green logistics. In his research
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Fig. 5. Bibliometric map of co-authorship in publications on family firms 2014-2022
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publications, Yesim Deniz ‘Ozkan ‘Ozen (Kazancoglu
et al., 2021) looks in detail at issues related to sus-
tainable supply chains, logistics centres, or operational
management. Sezer (Kazancoglu et al., 2021), on the
other hand, focused on research in sustainable purchas-
ing, two-way sourcing, and reverse logistics. Kumar
(Kazancoglu et al., 2021) also conducted research on
supply chain disruption, focussing on similar issues.
In the area of business intelligence and supply chain
management, Mangla (Kazancoglu et al., 2021) con-
ducted research. The collaboration of these authors
resulted in the article Industry 4.0 impacts on responsi-
ble environmental and social management in the family
business, the topic of which focuses on the impact of
technological innovations of Industry 4.0 on environ-
mental and social management as a family business.
The results show that this development contributes to
improving corporate social responsibility and environ-
mental management systems. It is worth mentioning
that the results of this collaboration may prove useful
in analysing environmental sustainability for family
businesses.

The second largest collaborative authors were Cam-
popiano, De Massis, Rinaldi, Sciascia (2019). They
were created on the themes of industrial engineering
and corporate social responsibility. This approach is
particularly relevant as it brings together two key as-
pects of today’s business and industrial world. It gives
a holistic approach to business that takes into account
both profit and social objectives, which is increasingly
expected in today’s society and business.

An Italian-Swiss collaboration (Campopiano et al.,
2019) resulted in the article Family and non-family
women on the board of directors: Effects on Corporate
Citizenship Behaviour in Family-Controlled Fashion
Firms, Based on the Topic of Women’s Engagement in
Family Firms Positively Influencing Corporate Social
Responsibility. Campopiano (2019) based her research
publications on the themes of innovation, social en-
trepreneurship, and mergers and acquisitions. Rinaldi
(Campopiano et al., 2019) also addressed similar issues,
focussing on innovation, sustainability, and industrial
symbiosis. Different topics related to corporate social
responsibility, innovation, or global reporting initia-
tives were addressed by Sciascia (Campopiano et al.,
2019). In contrast, De Massis’s academic work was
based on issues of open innovation, corporate gover-
nance, and companies.

The analysis of the third largest collaboration points
to the themes of business model, family management,
or product design. Authors Cucculelli, Dileo, Peruzzi,
and Pini (2022) focused on an area of unique impor-
tance and impact on the functioning of companies and
their success.
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Cucculelli’s (2022) research papers were created by
focussing on competitiveness, business model innova-
tion, and family businesses, which together allowed
him to produce more than 50 articles. Dileo (Cucculelli
et al., 2022), like the earlier author, was based on the
topics of innovation and family businesses, but also
described the issues of ethnic businesses, small and
medium enterprises, and self-employment. In addition
to the topics mentioned above, Peruzzi (Cucculelli et
al., 2021) examined the topic of credit and credit ra-
tioning in detail. Pini (Cucculelli et al., 2022), on the
other hand, focused his research work on supply chain
disruptions, eco-innovation, and family businesses.

An Ttalian collaboration resulted in an article that
considered the impact of company ownership on innova-
tion during the product life cycle. The final conclusion
was that family management favours risk avoidance
(Cucculelli & Peruzzi, 2020). However, 2 years later,
the likelihood of innovation in the business model
of family firms toward Industry 4.0 was considered,
while the results showed a negative impact on the
adoption of Industry 4.0 business models only in the
context of family ownership (Cucculelli et al., 2022).

Figure 6 shows a hit map showing the time trend
of the emergence of author collaborations between 2011
and 2023. The first collaborations were undertaken
by Barker and Ishizu (2012). Focussing on a topic
related to correlation and business, business models,
family management, or product design. Focussing on
a research area with a major revolution in today’s
business and scientific environment. A paper based
on the Li, Wang (2023) collaboration was recently
published. The themes of the publication were based
on the importance of artificial intelligence as a tool to
support the acquisition of economic advantage in the
context of family businesses.

It should be noted that the highest number of au-
thor collaborations took shape between 2019 and 2020.
During that period, the topic became increasingly pop-
ular, as demonstrated by the increase in the number
of publications compared to previous years.

In summary, the authors who collaborated mainly
focus on issues related to family businesses, the devel-
opment of employee competences, and the qualities
of a leader. However, the number of these authors is
limited because the topic discussed is not very popular
in academic research.

The publications studied amount to 21 articles pub-
lished between 2011 and 2023. However, 17 citations
from these publications were analysed in detail.

The first of these appeared in the international jour-
nal Business History (Barker & Ishizu, 2012). It was
quoted 15 times in the years analysed. As the blue
cluster shows, they wrote about business models and
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Fig. 6. Time graph of the co-authored network

family businesses. The most recent publication (Cuc-
culelli et al., 2022) that was cited is published in “The
Journal of Technology Transfer” and focusses on the
issue of action mechanisms and family-owned business
(orange cluster, Figure 2).

The most influential article was published in October
2019 and has been cited 98 times to date (Cumming,
Meoli, and Vismara, 2019). Focussing on the topic
of corporate governance and engineering (pink cluster,
Figure 2). The second article in terms of citations was
published in February 2019 in the Journal of Cleaner
Production (Lépez-Gonzélez et al., 2019), focusing on
the topic of industry life cycles and its maturation
(yellow cluster, Figure 2). The citations are numbered
46 times. The third result in terms of citations is shap-
ing up 42 times (Campopiano et al., 2019). Published
in March 2019, this article was based on issues related
to Industry 4.0.

Published articles have been cited a total of 355
times. There are also 4 papers representing 19% of the
total that have never been cited. It is worth mentioning
that the majority of articles are not cited to a signifi-
cant extent, but achieve results that range from 1-7
times (Fig. 7).

Demographic analysis shows that 17 countries have
published at least one article related to Industry 4.0
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and family businesses. Italy is one of the main leaders,
as publications originating from this country represent
more than 20% of the total, and the number of citations
is at the highest level of all countries at 186.

Figure 8 shows the network of co-authorship between
countries. Of the 17 countries, there remain 9 coun-
tries with a link between them, which are the largest
group that forms a network of links. These countries
are divided into 3 clusters: red (containing the citation
leader and the most influential country), green, and blue
(Tab. 3). Between one of the main leaders, Italy, there
are links with Germany, the United Kingdom, Belgium,
the United States, and Australia. These links imply an
international collaboration between the authors, who
not only focus on the situation of family businesses in
Europe, but also seek information in far-flung corners
of the world. Australia cooperates with China, which, in
turn, cooperates with Malaysia. Similarly, co-authorship
is taking shape in the United States collaborating with
the Old Continent and Taiwan.

The first publication related to the topic was pro-
duced in Malaysia in 2014, and is also the only pub-
lication originating from that country that has never
been cited. This was followed by one publication in
Taiwan and three in the UK in 2016. In mid-2017,
two publications were published in the United States.
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Table 3
Description of the contents of the clusters shown in Figure 8

Cluster 1 — red

Cluster 2-green

Cluster 3 — blue

Belgium Australia Taiwan
Germany China United States
Ttaly Malaysia

United Kingdom

No publication was published in 2018. The year 2019
was fruitful in publications related to the topic. Bel-
gium produced one publication and Italy, the most
influential country, produced seven publications. In
addition, three publications were published in China.
In 2020, Germany and Australia each produced two
publications related to the theme, they are the latest
publications compared to other countries and years
of analysis (Figure 9).
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The published documents analysed are related to
50 institutions, among which 6 participated in mu-
tual cooperation. These are presented in Table 4. The
analysis of cooperation between institutions indicates
a relatively low level of cooperation in the context
of the topic under discussion.

The phenomenon is characterised by limited ex-
change of information between research units and a low
degree of interaction. Limited collaboration can be the
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Table 4
Cooperating institutions
Institutions

Witten InsFitute ' ' Free University LIUC Universita Larvlcast.er Bocconi

for Family IULM University, | of Bozen-Bolzano University . . .

. . . Cattaneo, University, Milan,
Business, Berlin, Milan, Italy and Lancaster Cattaneo. Ttal Management Ital

Germany University ’ Y School Y

result of lack of access to resources or ignorance of the
topic. Institutions may focus on their own research
and distinctions, which may inhibit collaboration.

It should be emphasised that the research topic in
question is relatively new and has not been fully ex-
plored by scientific research units. Continued research
to better understand the phenomenon will influence the
development and increase the number of collaborations
between institutions within the new research area.

Discussion

The fourth industrial revolution involves major
changes that companies must undergo in order to
adapt to an intensely evolving market. The emergence
of new technologies and solutions brings with it new
challenges. One of them is to educate the workforce
with the set of skills needed to run a company in
the digital age. The bibliographic analysis carried out
presents publications from the last 12 years that show
how family businesses are dealing with such a chal-
lenge and what engineer 4.0 competencies are used in
running them.

The results of the bibliometric study carried out
show the link between family business and industry
4.0 in the selected publications (Figure 2). Divided into
13 clusters, the semantic map shows the topics in which
family business and industry 4.0 are linked. It turns
out that during the study period, the topics of the
publications changed from narrow issues to broader
considerations. Older publications addressed issues
such as the succession of small family businesses dur-
ing the early industrial revolution in the UK (Barker
& Ishizu, 2021) and about the Buddhist application
of corporate social responsibility (Chou, Chang, Han,
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2016). With the proliferation of Industry 4.0, more and
more publications directly linked engineering issues to
family businesses. Such a trend can be seen throughout
the period under study. Grenc¢ikova, Kordos, Berkovi¢
(2020) write about the impact of the industrial revolu-
tion on jobs in Slovakia, also considering the impact
on family firms. Dressler and Paunovic (2021) explore
strategies for implementing digital grape harvesting
technology in small and medium-sized family vine-
yards. The last three years, on the other hand, have
seen the most publications related to entrepreneurship,
business knowledge, automation, and technological ad-
vances. The impact of the fourth industrial revolution
on management in family firms has been written about
by Kazancoglu, Sezer, Ozkan-Ozen, Mangla, and Ku-
mar (2021). In their publication, Panda, Gupta, and
Sethi (2020) address the challenges of the second gen-
eration entering the enterprise. Cucculelli, Dileo, Pini
(2022) write about the changes in the business model
of family firms within Industry 4.0. This means that
issues related to the impact of the fourth industrial
revolution on family firms are popular and increasingly
being considered.

When analysing the publications surveyed, there
is a trend related to considering the competencies
needed to work in a fast-paced technological enter-
prise. Such issues have been written about by, among
others, Judith and Zsuzsanna (2022) considering en-
trepreneurship among students and George, Dhaigude
and Padhi (2022) who examined decision-making skills,
risk recognition and the ability to assess excellent value
based on a case overview. However, despite addressing
the topic and exploring the desirable competencies
of employees in family businesses during Industry 4.0,
none of the publications exhaust the topic and analyse
the whole issue.
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The co-authorship analysis was performed and in-
dicates little collaboration between the authors. As
noted in the analysis performed, the number of co-
author collaborations increased 2 years 2019-202, in-
dicating an increase in the popularity of topics related
to family businesses and Industry 4.0. An increase in
co-authorship could influence the possibility of data
extraction, e.g. between institutions or countries, and
the expansion of knowledge in the topic under study.

The Scopus database used in the study for the se-
lected keywords, i.e. industry 4.0 and family businesses,
and the selected time constraint (2011-2023) finds 105
articles. This shows that issues arising from the impact
of the fourth industrial revolution on family businesses
are being researched and considered in publications.
The bibliometric analysis conducted indicates a re-
search gap in considerations related to the desirable
competencies of engineer 4.0 in family businesses.

Summary

versity of Bozen-'Bolzano and Lancaster University;
LIUC Universita Cattaneo, Italy; Lancaster Univer-
sity Management School; Bocconi University, Milan,
Italy. In the survey carried out, Italy showed the most
links with other countries in terms of co-authorship (5
countries).

Therefore, it should be recognised that the research
area is a developmental one and it is worthwhile to
continue scientometric analysis with extension to other
scientific databases, e.g. WEB of Science, Ebsco, and
then to carry out qualitative primary research that can
help explore the relevance of the development of the
4.0 and 4.0 competencies in the context of family
entrepreneurship.

It is certainly difficult to assess the state-of-the-art in
the area under study, as some items are not represented
in our sample. However, the above shortcomings do
not significantly affect the quality of our study.
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