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Background and Purpose: The aim of the study is to develop a conceptual key competency model for smart facto-
ries in production processes, focused on the automotive industry, as innovation and continuous development in this 
industry are at the forefront and represent the key to its long-term success.
Methodology: For the purpose of the research, we used a semi-structured interview as a method of data collection. 
Participants were segmented into three homogeneous groups, which are industry experts, university professors 
and secondary education teachers, and government experts. In order to analyse the qualitative data, we used the 
method of content analysis.
Results: Based on the analysis of the data collected by structured interviews, we identified the key competencies 
that workers in smart factories in the automotive industry will need. The key competencies are technical skills, ICT 
skills, innovation and creativity, openness to learning, ability to accept and adapt to change, and various soft skills.
Conclusion: Our research provides insights for managers working in organisations that are transformed by Industry 
4.0. For instance, human resource managers can use our results to study what competencies potential candidates 
need to perform well on the job, particularly in regards to planning future job profiles in regards related to production 
processes. Moreover, they can design competency models in a way that is coherent with the trends of Industry 4.0. 
Educational policy makers should design curricula that develop mentioned competencies. In the future, the results 
presented here can be compared and contrasted with findings obtained by applying other empirical methods.
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1 Introduction

Recent technological developments, such as sensors, cyber 
systems, the Internet of Things and smart networks, will 
affect every area of our lives. This development is called 
the “fourth industrial revolution” (Gilchrist, 2016), also 
known as “Industrie 4.0” or “Industry 4.0”, “smart man-
ufacturing”, “industrial internet” or “integrated industry” 
(Hofmann & Rüsch, 2017). Germany was the first to use 
the phrase in 2011 and referred to it as a high-tech strat-
egy for industry (Mosconi, 2014; Prifti et al., 2017) and 

the Internet of Things (IoT), Internet of Services (IoS), 
cyber-physical systems, blockchain technologies, big data 
and hyperconnectivity (Hitpass & Astudillo, 2019).

An important aspect of Industry 4.0 is robotics, which 
incorporates mechatronics and computing systems, where-
by machines can process data and communicate with 
other machines or humans, through a wireless network 
known as the Internet of Things (IoT) (Nader, Jameela, & 
Jawhar, 2008; Roblek, Meško, & Krapež, 2016). For this 
reason, many companies have connected several kinds of 
“smart” sensors with different digital devices (Arsenijević 
et al., 2019).  These machines will both generate and col-
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lect data, which with the addition of artificial intelligence 
could mean that humans will no longer be needed to car-
ry out repetitive and simple tasks. This would be due to 
machines being able to carry out all of these tasks more 
efficiently (Rifkin, 1995; Kane et al., 2015; Hungerland et 
al., 2015; World Economic Forum, 2018).

Industry 4.0 has already revolutionized the supply 
chain, among other things, as real-time sensing and trans-
fer of data, combined with the computational capabilities 
of machine learning algorithms. This has enabled advanced 
planning and scheduling of cyber-physical systems (CPS), 
as well as customer relationship management (CRM) and 
enterprise resource planning (ERP) systems (Govindan et 
al., 2018; Lai et al., 2018). These smart upgrades to the 
supply chain have already shown positive results in re-
gards to tracking commodity flow, monitoring data con-
cerning warehouse and store inventories, gathering data 
about orders for items, delivery reliability and customer 
satisfaction (Brettel et al., 2014; Kache et al., 2015). Tech-
nologies will not only be used for working with machinery, 
but will also be used for integrated product and service 
offerings focused on customer satisfaction (Lee, Kao, & 
Yang, 2014, Lee et al., 2015).

Industry 4.0 will have significant impact on our work-
ing environments (Bagnoli et al., 2019) by transforming 
manufacturing, sales, maintenance work and the process 
of purchasing from an organisation. This will occur be-
cause of the implementation of smart manufacturing and 
maintenance systems with high levels of  integration and 
automation with different automation solutions such as Ro-
botic Process Automation (Šimek & Šperka, 2019).Smart 
systems will also be present in various kinds of business 
processes that are not directly related to manufacturing 
(Kompetenzaufbau, 2016). This will have far-reaching im-
plications for the creation of business value, business mod-
els, further services, and the organisation of work (Kager-
mann et al., 2013; Bertoncel et al., 2018). Consequently, 
employees will face work processes and business models 
that have been reshaped, as well as new technologies for 
day-to-day tasks (Kompetenzaufbau, 2019). The model of 
work organisation will be transformed by the disruptive 
nature of emerging technologies and changed structures 
for communication and collaboration (Zinn, 2015).

The Industry 4.0 market will grow from 66.67 billion 
USD in 2016 to 152.31 billion USD or even as much as 
214 billion USD in 2022; by 2030, it has been predicted 
to grow to as high a value as 1 trillion USD (MarketsAn-
dResearch, 2017; Wood, 2018). If the predicted exponen-
tial growth turns out to be accurate, then the number of 
required personnel in the industry will increase, driving 
the need for HR professionals, managers, and other deci-
sion-makers. In order to attract such experts, human re-
sources professionals should be well versed in the termi-
nology of Industry 4.0 and methods for finding the perfect 
candidates for the new jobs.

Because of the aforementioned fast-paced technologi-
cal changes occurring in industry, many educational pro-
grams and workers will not provide the necessary compe-
tencies required for the upcoming needs. That will force 
production organisations to increase flexibility, efficiency 
and quality (Zhang et al., 2017), as well as the creation of 
new employee structures, qualifications, and competencies 
(Kane et al., 2015; Macurova et al., 2017). For this reason, 
we have raised the following research questions:

RQ1: According to the interpretation of the partici-
pants of the study, what is the expected change in the com-
petencies that will be needed in the production processes 
at the automotive smart factory in the future (by 2030)?

RQ2: What key competencies do employees need to 
develop for the successful introduction of smart factories 
in the automotive industry?

It is important to know and understand new compe-
tencies of employees introduced by the concept of Indus-
try 4.0. This is especially true for the automotive industry, 
which is among the most prominent sectors of Industry 
4.0. As part of the qualitative research, we focused on 
identifying the key competencies of employees in pro-
duction processes, which will play a key role in bridging 
the gap between existing (established) production process 
management concepts and a new paradigm for managing 
high technology processes, within the framework of Indus-
try 4.0. Technological developments and other changes in 
the environment bring about crucial changes in this field 
as well and play a key role in the progress (Enke et al., 
2018). Prioritizing the transformation of classic factories 
into smart factories is to determine the new competencies 
of employees.

The aim of this study was also the development of a 
conceptual model of key competencies in production pro-
cesses, which will enable a more efficient and effective 
introduction of changes in the field of human resources in 
smart factories in the automotive industry.

2 Literature review

Numerous research disciplines, including psychology, 
education, organisational management, human resources, 
and information systems, have examined the concept of 
competencies (Prifti et al., 2017), in an environment of 
knowledge economy (Ženko et al., 2017). The first defi-
nition of competency was given by McClelland (1973), 
who defined it as “a personal characteristic or set of habits 
leading to more effective or better performance”. A defini-
tion of competency that is more comprehensive and more 
frequently used was formulated by Spencer and Spencer 
(1993, 9): “competency is an underlying characteristic 
of an individual that is causally related to criterion-ref-
erenced effective and/or superior performance in a job or 
situation”.

Competency studies are mostly following one of three 
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approaches that were developed independently (Le Deist 
& Winterton, 2005). The behavioural approach focuses 
on attributes that go beyond cognitive abilities, such as 
self-awareness, self-regulation, and social skills (McClel-
land, 1973; Boyatzis, 1982). This approach argues that 
competencies are essentially behavioural, unlike person-
ality or intelligence, and that they can be learned through 
education and development. The functional approach 
focuses on competencies as requirements for successful 
completion of the task by limiting the competency man-
date to the skills and knowledge required to perform the 
task (Frank, 1991;). An integrated/multidimensional ap-
proach describes competencies as a collection of specific 
competencies that the individual needs and the organisa-
tional skills required at the organisation level to achieve 
the desired results (Straka, 2004).

Competencies can be defined as the sum of knowl-
edge, skills, and experience that a person can use in the 
event of a new or unexpected situation (Kauffeld, 2016). It 
is situation-dependent behaviour, seen in the moment and 
by the response of an individual through his social context 
(Kauffeld, 2016). The most important is that competencies 
are variable and that they allow an employee to contribute 
actively to the new and complex tasks, for example, in the 
didactic concept in higher education systems (Kauffeld, 
2006; Erpenbeck & Von Rosenstiel, 2007). Daily (work-
ing) life competencies are needed to search for solutions 
in unprecedented situations autonomously. In terms of 
work, competencies can be divided into four main catego-
ries: professional competencies (e.g., knowledge of pro-
cesses), methodological competencies (e.g., techniques 
for structuring themselves), and social competencies (e.g., 
socially relevant behaviour in interactions) and personal 
competencies (e.g., strategies for self-control, e.g., self-re-
flection) (Erpenbeck & Von Rosenstiel, 2007).

Key competencies are competencies that are import-
ant for an individual in different areas of life (Rychen & 
Salganik, 2003). These competencies are not domain-spe-
cific, but they represent a broader context of a set of skills, 
understanding, knowledge and personal characteristics 
that have been proved important (Barth et al., 2007; Kotz-
ab et al., 2018). Key competencies largely extend respon-
sibility to enable continuous learning of other specific 
competencies (Leoni, 2012).

Competencies play an important role in the devel-
opment of appropriate skills, understanding, knowledge, 
and personal characteristics, which allow the employee to 
achieve the desired results. To adapt to rapid changes and 
increased need for creativity, the competencies that indi-
viduals acquire through traditional education are no lon-
ger sufficient. For this reason, the need to determine the 
key competencies of employees is necessary. There are 
quite a few reasons for studying key competencies. As an 
example, Boštjančič (2011, 25) states that, by determining 
key competencies, it is possible to formulate criteria for 
individual jobs, which fully reflect the actual skill needs 

of the job. This can be done by determining the compe-
tencies required for particular jobs, as well as facilitating 
the recognition of individual characteristics of personnel 
and their impact on work efficiency and performance. In 
addition, managers in production organisations can more 
easily manage the risks that occur during the transition, if 
they recognize the necessary competencies of staff at the 
factories of the future in sufficient time (Kremer, 2014).

Some researchers have identified competencies that 
will be relevant in the future. Some of the findings are list-
ed below. According to Prifti et al. (2017), 68 competen-
cies are important for Industry 4.0: deciding and initiating 
action, leading and supervising, working with people, ad-
hering to principles and values, relating and networking, 
persuading and influencing, presenting and communicat-
ing information, writing and reporting, applying expertise 
and technology, analysing, learning and researching, cre-
ating and innovating, formulating strategies and concepts,  
planning and organizing, delivering results and meeting 
customer expectations, following instructions and pro-
cedures, adapting and responding to change, persuading 
and influencing, achieving personal work goals and objec-
tives, and entrepreneurial and commercial thinking. Ac-
cording to Erol et al. (2016), competencies of the future 
are lifelong dedication to learning, social, personal, de-
cision-making and leadership competencies that involve 
complex interaction within a society as a whole, individu-
al groups within that society and the work environment, as 
well as competencies that allow for a critical perspective 
on technological progress and research. Other competen-
cies include a thorough understanding of the software and 
hardware components of upcoming and existing technolo-
gy, in regards to manufacturing and other practical appli-
cations, as well as an ability to use this understanding in 
practice, for example, practical experience using various 
machine-learning algorithms (Erol et al., 2016). Hecklau 
et al. (2017) published another research with an overview 
and analysis of twelve studies of employees’ competen-
cies needed for Industry 4.0. They found out that the most 
critical competencies are communication and cooperation 
(especially working in business ecosystems on virtual 
platforms), coding competence (IT competence), complex 
problem solving, process understanding, interdisciplinary 
competence, and creativity.

Modern business conditions pose challenges for em-
ployees, as they are constantly pressured to improve work 
performance and work results. Due to constant changes in 
the market and in the environment, competency profiles 
are quickly outdated, resulting in a need for a partial or 
full revision of a competency model.

The competency model consists of the desired compe-
tencies for a specific task and may include a description 
of individual competencies (Markus, Cooper-Thomas, & 
Allpress, 2005). These lists may contain different levels 
of detail and describe the relationship between competen-
cies.
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Many competency models have been developed over 
the years. For example, Erpenbeck and Rosenstiel (2007) 
offer a model with the separation of competencies into 
four categories: personal, social/interpersonal, fact-relat-
ed, and domain competencies. Nippa and Egeling (2009) 
use the second classification by separating competencies 
into the meta, domain, method, and social competencies.

A competency model, according to CEB Inc. (as it has 
been formally known SHL) company’s universal com-
petency framework (CEB SHL UCF), offers a universal 
framework of competencies and is based on a variety of 
competitive approaches from research and practice. It of-
fers a behavioural approach to modelling competencies 
by focusing on an individual and taking into account the 
competencies of a behavioural nature, which means that 
an individual can learn and accept them and is not based 
on personality. As a framework, it provides a structure 
and overview of competencies by integrating them into 
descriptive categories. This framework can be used to de-
velop competency models that represent a descriptive and 
simplified view of competencies as a specific phenome-
non that needs to be analysed. SHL UCF is widely used 
in practice, and many companies use it to describe their 
competency models for specific jobs and it is composed of 
three hierarchical levels: the “Big Eight”, the dimension 
of competencies and competency constraints (Prifti et al., 
2017).

Pecina and Sladek (2017) find that one of the criti-
cal issues to be considered within Industry 4.0 and smart 
factories is the analysis of workers’ competencies. Simi-
larly, Imran and Kantola (2019) consider it crucial to de-
termine the competencies for new job profiles at factories. 
Thus far, the technical aspect of development has been 
discussed in the subject of Industry 4.0, as well as smart 
factories, and the field of management and “soft factors” 
is very. This aspect is neglected primarily in the field of 
scientific research, but is increasingly dealt with in reports 
by leading consultants, such as McKinsey, Deloitte, Ac-
centure, and the Boston Consulting Group (Vacek, 2016).

The research is focused on understanding and explor-
ing the key competencies in Industry 4.0. After the review 
of research literature, key competencies for Industry 4.0 
were perceived as a rather unexplored area and worthy 
of in-depth scientific analysis. Research on this topic is 
scarce and is based mainly on secondary sources, while 
empirical research is rare.

3 Methodology

The research uses qualitative methods to inquire about the 
perceived relevant competencies of Industry 4.0 job pro-
files, specifically within the automotive sector. The pur-
pose of this research is not to measure phenomenon oc-
curring at automotive smart factories or to replicate results 
or generalize them. Instead, the purpose is that of social 

constructivism, where ‘social constructions’ are seen as 
power relations, marginalized groups, understandings, in-
terpretations and meanings, among other things, are at the 
core of such research. Creswell (2007), and Caelli, Ray 
and Mill (2003) talk more in-depth about the differences 
of ontological and epistemological assumptions when talk-
ing about the similarities and differences of qualitative and 
quantitative research. Creswell (2007) also presents five 
main traditions, from case studies to grounded theories. 

The automotive industry is one of the largest and most 
important industry in the world. Bilas, Franc and Arbanas 
(2013) mention that on an economic scale, according to 
OICA (French: Organisation internationale des construc-
teurs d’automobiles), the automotive industry could be 
considered the world’s sixth largest economy. Innovative 
technological development and advanced technologies 
are key in the automotive industry’s success and ability 
to be able to provide approximately one in nine jobs in 
developed countries, while also being one of the largest 
employers worldwide. The automotive market is becom-
ing increasingly global, whereby changes throughout the 
world, regardless of the country of origin, are dictating new 
guidelines, rates of operation and supply chains (Erenda et 
al., 2018). The automotive industry in Slovenia contribut-
ed 10 percent of GDP and employs more than 24,000 peo-
ple. Most robots in the industry are used in South Korea, 
especially in the automotive industry. Slovenia is one of 
the countries with a high share of robots in the automotive 
industry since last year, notes the International Society for 
Robotics (IFR) (Slovenska avtomobilska industrija vedno 
bolj robotizirana, 2019).

3.1 Sample

To achieve the goal of creating a conceptual model of 
key competencies, related to production processes in the 
Slovenian automotive industry, several interviews with 
experts were conducted. The research was carried out us-
ing the semi-structured interview method. To enhance the 
credibility of the qualitative interview method, data source 
triangulation was used, which enables a more comprehen-
sive (broader) view of the problem under study (Vogrinc, 
2008). This was done by including industry experts, uni-
versity professors, and government experts.

As it is usually the case for exploratory studies, the 
sampling procedures lead to purposive or quota samples. 
In the case of this study, a purposive sample was designed, 
meaning that the research problems have been explored 
from the perspective of three key groups: policymakers, 
industry representatives and experts (university profes-
sors). These groups were identified as ‘the most knowl-
edgeable yet diverse informants’ (Merriam, 2002)’ who 
can provide in-depth insight into the research problem. 
These representatives/participants know about the topic 
the most. The first group was selected from the member-
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ship of ACS. Management at the ACS was asked which 
out of the 80 companies was most active and advanced 
factories in its field. We also added an additional criterion, 
where we looked for companies larger than 10 employees, 
because processes and business models differ because of 
the size of the company. For the selection of the partici-
pants in the second group, we looked at Cobiss data base to 
identify Slovenian researchers/professors who write on the 
topic. Perhaps the easiest selection was for a group of pol-
icymakers – people from the ministries etc., as we asked 
different ministries for the names and contacts of persons 
who are in charge of Industry 4.0 in a direct or indirect 
way. The general criterion for selection was; they need to 
be the most recognized people in their area.

Participants were segmented into three homogeneous 
groups (Galletta, 2013), which are:
• Industry experts (six participants) are senior execu-

tives involved in the projects of transforming tradi-
tional factories into smart factories. These executive 
must be employed at a large Slovenian manufacturing 
organisations, whose main activity is the automotive 
industry. In addition, they must be members of the 
Slovenian Automotive Cluster (ACS) and operate ac-
cording to the Industry 4.0 paradigm. 

• University professors and secondary education teach-
ers, whose research and teaching is focused on the 
competencies and Industry 4.0 in general (within the 
framework of smart factories). The second group of 
participants in the study was composed of six experts. 
Three of them were from the business faculties from 
different universities in Slovenia and three of them 
from higher education institutions. 

• Government experts employed at the Ministry of 
Economic Development and Technology, Ministry 
of Science, Education and Sports and the Ministry of 
Infrastructure. Three policy makers participated in the 
research and comprised the group of ‘Governement 
experts’.

3.2 Method of data collection

For the purpose of the research, we used a semi-structured 
interview as a method of data collection. Interviewees 
explained the purpose and course of the research. Par-
ticipants were asked about their perception of expected 

change in the competencies that will be needed in the pro-
duction processes, and key competencies that will be need-
ed by employees for the successful introduction of smart 
factories in the automotive industry.  We recorded the in-
terviews, made transcripts later, and further processed by 
content analysis. Interview lasted on average 45 minutes.

3.3 Data analysis 

In order to analyse the qualitative data collected by in-
depth interviews, we used the method of content analysis, 
which is a well-established, empirically based method that 
allows the structuring of the qualitative data (in our ex-
ample, the text of the transcripts of interviews of the par-
ticipants of the research). The method of content analysis 
is a research method, more precisely an empirically based 
method, which is used mostly in social sciences (Neuen-
dorf, 2016).

4 Result and discussion

The content analysis was started with the reduction or the 
regulation of data. Reduction levels were followed by the 
organisation and processing of data, which was an organ-
ised process of discovering the meaning of the text by 
selecting and combining data (terms and categories) that 
enabled conclusions and their presentation with the final 
phase (Lamut & Macur, 2012). The data were coded by 
two researchers independently. In case that their coding 
was substantially different, a third researcher was involved 
in order to resolve disputes and hence increase inter- reli-
ability of coding. Assigned codes are presented in Table 1. 

Based on the experts’ answers, it is possible to con-
clude that existing competencies will be upgraded with 
new knowledge, and will be developed in a wider and 
complex manner. Highly skilled workers will be needed, 
who will master increasingly complex tasks. New com-
petencies will be focused more on the creativity and soft 
skills and a stronger accent to the integration of various 
skills and areas of expertise will be provided.

A structured analysis presented in Table 2 was con-
ducted, in order to collect data needed to answer the sec-
ond research question (RQ2). The aim was to identify the 
key competencies needed by employees for the successful 
operation of smart factories in the automotive industry. 
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Table 1: Participants’ opinions on changes in future competencies.

Number Selected quotations Assigned code/ category
Quotation 1 “Existing competencies will be upgraded with knowledge of ex-

isting and new technologies and competencies related to auto-
mation, data capture, and processing of these”

existing competencies will be upgraded

Quotation 2 »Competencies will develop to become more complex and wider, 
with emphasis on combining technical and communication 
sciences. The creativity and the ability to exploit the high 
potential of available technologies, the ability to critically look 
at workable applications and find ideas for improvement will 
also be challenging the leadership of highly educated, specialist 
researchers, which will need to be combined into an effective 
team with organisational skills and leadership skills, including 
specialists in a particular field.”

creativity and soft skills

Quotation 3 “Workers will have to master information technology, use mod-
ern devices, and decide independently and quickly. The demand 
will be for highly skilled workers who will master increasingly 
complex tasks. The need for workers for simple work will be 
reduced. It will also be important to master databases since 
we will have access to ever-increasing amounts of data. The 
needs for social skills, communication, leadership, coordina-
tion, creativity, and control of emotional intelligence will be 
emphasized.”

integration of various skills and areas of 
expertise

Quotation 4 “...that you are capable of learning and upgrade skills.” existing competencies will be upgraded
Quotation 5 “Employees will have to be able to solve complex tasks and 

upgrade their knowledge.”
existing competencies will be upgraded

Quotation 6 “More flexibility, ability to innovate and be creative will be 
needed in the future.”

creativity and soft skills

Quotation 7 “The competencies of the future will differ from today’s com-
petencies, and more emphasis will be placed on the innovation 
and creativity, people will need to have more knowledge and be 
able to be trained continuously and acquire new knowledge.”

creativity and soft skills

Quotation 8 “... because technology basically does not think, definitely cre-
ativity of employees will be important.”

creativity and soft skills

Quotation 9 “In any case, we should not ignore the fact that Industry 5.0 will 
come to life by 2030, but it will be different from Industry 4.0. 
This industry introduces the so-called participating robots into 
production processes. These are robots that will be technolog-
ically capable of working with people in production processes. 
So it will be a so called communication with the machine.”

communication with the machine

Quotation 10 “The competencies of the future are unlikely to be much dif-
ferent from the competencies that are desirable now, but the 
knowledge will change - something will be outdated, and a lot 
will be new knowledge. And the fact that we are still learning 
precisely certain knowledge in schools is bad - they should have 
been taught to think, create, innovate, polemise ... These are 
the competencies of the present and will be the competencies 
of the future.”

creativity and soft skills

Quotation 11 “Basic competencies will include flexibility, open thinking of 
employees, specialization in certain technical fields, and readi-
ness to innovate ...”

creativity and soft skills

Quotation 12 “In addition to a high level of technical knowledge, teamwork 
competencies will be needed, rapid problem solving, respon-
siveness and adaptation to change will be in high demand, 
which, in my opinion, will be even more intense...”

creativity and soft skills
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Table 2: Key competencies identified by industry experts, university professors, and government experts.

Group of experts / Sector Key competencies

Ministry expert / Government Flexibility, openness

Ministry expert / Government Openness, programming
Ministry expert / Government Technical skills
Chamber of commerce / Government I am sure that an important profession in the automotive industry 

will become an engineer of the mechatronics car. These will be 
experts who will know about mechanical engineering, electronics, 
information technology, computer science, etc.

University professor / Education Cooperation with robots

University professor / Education Openness to learning (this is a very important characteristic) and 
paying attention to the signals from the environment

University professor / Education Technology literacy
Secondary school professor / Education In particular, competencies in the field of ICT, digital technologies, 

as well as coordination, management and monitoring of processes.

Secondary school professor / Education However, if I go back to the competencies to be developed, this is 
communication because of ICT technology, is moving or changing, 
and then the knowledge of foreign languages, the ability to solve 
problems, critical and analytical thinking, etc. is very important.

Automotive industry expert / Private In particular, competencies in ICT, digital technologies, as well as 
coordination, management and monitoring of processes

Automotive industry expert / Private Openness to change, multilingualism, technological competencies, 
knowledge of ICT technologies, use and sharing of technological 
devices, soft skills (leadership, motivation, understanding, etc.).

Automotive industry expert / Private They are all critical. The “mind” of the factory and its smartness 
alone do not guarantee competitiveness.

Automotive industry expert / Private Technical knowledge

Automotive industry expert / Private Ability to accept and adapt to changes

The key competencies mentioned by the ministry par-
ticipants of the study are technical skills, which include 
various technical knowledge, such as knowledge of ICT 
technologies, mechanical engineering, electronics, and 
computer science (such as programming), openness to 
changes, flexibility, curiosity, critical and analytical think-
ing, and multilingualism. The Chamber of commerce ex-
pert believes that within the automotive industry knowl-
edge of mechatronics, i.e., knowledge of mechanical 
engineering, electronics, information technology, comput-
er science will be key to becoming a mechatronic expert 
for car development. In addition, the government repre-
sentatives believe that ICT skills will be needed in the 
upcoming fourth industrial revolution. This is reflected in 
the fact that that there will be an increase in machine op-
erators, software maintenance, and hardware maintenance 
jobs in the future, all of which require programming and 

technical skills (Lorenz et al., 2015; Hecklau et al., 2016). 
While a decrease will be seen in repetitive, routine, and 
physically demanding jobs, in contrast, skill sets related 
to innovation and creativity, requiring flexibility and 
openness, such as openness to receiving a higher level of 
education, flexible responses, openness and flexibility in 
problem-solving, as well as openness to complexity, will 
increasingly be needed (Lorenz et al., 2015; Hecklau et 
al., 2016). This is also reflected in the answers we received 
from secondary education experts.

The educational organisations representatives believe 
that openness to learning is essential. In addition, they be-
lieve that cooperation with robots and technological liter-
acy will be a key competency. This makes sense, as smart 
manufacturing will include the continuous information 
flow and exchange between humans and machines (C2M), 
while at other times with machine to machine communi-

Source: Authors work
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cation (M2M) (Cooper & James, 2009; Greengard, 2015; 
Roblek et al., 2016). Experts in secondary education also 
concur those such competencies in ICT and digital tech-
nologies will be needed. These attitudes are also shared 
by the experts from the private sector. The management 
and monitoring of cyber-physical systems (ICT and digital 
technologies, i.e., the systems connecting real and virtu-
al environments, which includes the use of the Internet of 
things) will play a critical role in a key competency pro-
files.

The private sector representatives also added that the 
ability to accept and adapt to change would be impor-
tant. Segal (2018) states that some argue that the future 
will not be so much about jobs being lost or gained, so 
much as it will about the restructuring of jobs; employees 
will need to adapt to new technology, such as they have 
had to in the previous industrial revolutions. For those that 
cannot adapt to these changes, policies will need to be put 
in place so that those individuals can live decent lives. For 
those that believe that the pace of big data analysis and 
associated technologies is growing too quickly, policies 
can also help slow things down, in order to ease the stress, 
which will be encountered when the workforce will need 
to adapt to these new digital technologies.

Finally, various soft skills were mentioned by the 
private sector experts, who believes that skills other than 
technical will be important, as smart technology alone 
does not guarantee competitiveness. Some of the soft skills 
that were stated by the interviewees include multilingual-
ism, leadership, motivation and understanding, and envi-
ronmental awareness.

Based on the research results, we have developed a 
key competency model (Figure 1), which includes various 
sets of skills and personal characteristics. Two groups of 
competencies are identified: operational knowledge and 
personality characteristics. Operational knowledge is fos-
tered by technical literacy, ICT literacy, innovation and 
creativity. On the other hand, personality characteristics 
relevant in Industry 4.0 environment are soft skills, open-
ness to learning, and flexibility and adaptation to change. 
Key competencies were developed by experts from three 
sectors: the government, the education sector and the pri-
vate sector. Education sector experts proposed two groups 
of competencies: openness to learning, and innovation and 
creativity. Government experts proposed three groups of 
skills: innovation and creativity, ICT literacy, and techni-
cal literacy. Private sector experts proposed two groups of 
skills: soft skills and flexibility / adaptation to change.

These results indicate that government experts are 
mostly oriented towards the improvement of productivity 
by the new technologies; education experts are mostly ori-
ented towards new knowledge that could lead to creativity 
and innovation of services and products; and finally, the 
private sector experts are focused mostly on the character-
istics that fosters workers’ effectiveness, such as soft skills, 
and adaptation to change. 

It is crucial for organisations to formulate an appro-
priate strategy to support their planning in relation to the 
upcoming development of Industry 4.0 (Ivanov et al., 
2016). Strategic design requires an exhaustive strategic 
plan from organisations to visualize the steps towards a 
digital production organisation – a smart factory (Sarvari 
et al., 2018). Planning is an essential component of cre-
ating and delivering strategy and innovation in several 
organisations; therefore, in order to ensure success in the 
digital transformation process within Industry 4.0, a stra-
tegic transformation plan is indispensable (Vogel-Heuser 
& Hess, 2016). Understanding the specific features of the 
transition to Industry 4.0 in the field of HR competencies 
is a prerequisite for the development of a strategic plan.

5 Conclusion

This research is an exploratory study into future compe-
tencies. There is no abundance of publications on this top-
ic in relation to smart factories in the automotive industry, 
and the field, to our knowledge, has not been explored in 
Slovenia. Here we study the automotive industry, because 
it is a global industry, affected by a large number of com-
petitive manufacturers striving to develop smart factories. 
To study the case, we chose the automotive industry in 
Slovenia. It is known that the countries with the greatest 
potential in Industry 4.0 (Germany, Singapore, South Ko-
rea and Japan) (Liu, 2019) also have a high degree of mod-
ernization in the manufacturing industry, but Slovenia, in 
the context of smart manufacturing research, is a Europe-

Figure 1: Conceptual key competency model
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an Union Member State with high industrial potential. It 
is economically tied to countries from the aforementioned 
group, with Germany at the head (Industry 4.0 and Europe 
2017). This means that as a direct partner it participates in 
the development of Industry 4.0, as there are no borders 
to the business process model; companies (production or-
ganisations) tend to have branches, production and other 
organisational units outside the country of the holder of 
the production organisation. Slovenia has the advantage 
that, due to its high levels of education and technological 
advancement, it is highly represented in the automotive 
industry, which is far advanced in implementation of the 
Industry 4.0 philosophy. The Slovenian manufacturing or-
ganisations in the automotive industry, which were also 
included in our research, are the first to announce invest-
ments in the construction of their smart factories or are the 
winners of numerous awards for innovation.

Results of our study can be utilized by different stake-
holders, i. e. top managers, HR professionals and second-
ary and higher education institutions policy makers. They 
could provide strategic managers in the manufacturing 
sector research a new strategic approach to introducing 
personnel changes needed for Industry 4.0 organisations.

A conceptual competencies model could provide hu-
man resource strategic managers with information about 
experts’ opinions of future competencies needed to adapt 
to changes in production processes at manufacturing or-
ganisations. Educational policy makers should design cur-
ricula that develop competencies such as ICT literacy, and 
to cover activities that are needed to develop soft skills 
like innovation, creativity, openness to learning, and flex-
ibility and adaptation to change.

The limitation of the study is not so much an issue of 
methodology, but has more to do with human bias. For ex-
ample, qualitative data are collected with interviews with 
humans and analysed by humans, which can lead to differ-
ent interpretations of the same data. As such a qualitative 
study is inherently biased from an analytical perspective, 
since it does not possess ways of quantitatively measuring 
and interpreting the data, however at the same time it does 
provide us with a rich source of information that cannot be 
attained with quantitative methods. Nonetheless, the study 
could have benefited from using more than one method-
ology, for example, a Delphi study could have been con-
ducted with experts from the field of Industry 4.0 and 
smart manufacturing, in order to reduce bias of our study.

We believe that future studies will make comparisons 
and eventually measure, for example, the impact of spe-
cific competencies on productivity, innovation etc. in 4.0 
industry. Yet, the first identification of perceived future job 
profiles and competencies needs to be done. For Slove-
nia, this empirical study sheds light on what 4.0 industry 
needs.
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Konceptualni model ključnih kompetenc v proizvodnih procesih pametnih tovarn 

Ozadnje in namen: Namen raziskave je oblikovati konceptualni model ključnih kompetenc v proizvodnih procesih 
pametnih tovarn. V raziskavi smo se osredotočili na proučevanje avtomobilske industrije, saj sta inovativnost in ne-
nehni razvoj v tej industriji v ospredju in predstavljata ključ dolgoročne uspešnosti panoge.
Metodologija: Podatke smo zbrali s pomočjo metode polstrukturiranega intervjuja. Vzorec udeležencev raziskave 
je namenski, vključeval je tri homogene skupine strokovnjakov, to so poznavalci teme iz industrije, izobraževanja in 
ministrstev. Za analizo kvalitativnih podatkov smo uporabili metodo analize vsebine.
Rezultati: Na podlagi analize podatkov smo opredelili ključne kompetence, ki jih bodo delavci v proizvodnih proce-
sih pametnih tovarn avtomobilske industrije potrebovali. Ključne kompetence so tehnične znanja in spretnosti, IKT 
znanja, inovativnost in ustvarjalnost, odprtost za učenje ter sposobnost sprejemanja in prilagajanja spremembam.
Zaključek: Rezultati naše raziskave nudijo vpogled za managerje, ki delajo v organizacijah, na katere močno vpliva-
jo spremembe, ki jih prinaša Industrija 4.0. Strokovnjaki na kadrovskem področju lahko pridobijo koristne informacije 
za načrtovanje bodočih delovnih mest v proizvodnih procesih glede kompetenc, ki jih bodo zaposleni potrebovali za 
svoje delo. Poleg tega lahko oblikujejo kompetenčne modele na način, ki je skladen s trendi Industrije 4.0. Oblikovalci 
izobraževalne politike bi morali oblikovati učne načrte, ki razvijajo omenjene kompetence. Za nadaljnja raziskovanja 
predlagamo, da se predstavljene rezultate primerja z ugotovitvami, pridobljenimi z drugimi empiričnimi metodami.

Ključne besede: kompetence, konceptualni model ključnih kompetenc, pametna tovarna, Industrija 4.0, avtomobil-
ska industrija


