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Abstract

Theoretical background: Industry 4.0 tools are an important element in achieving a competitive advan-
tage, especially among manufacturing companies. There are numerous studies regarding this idea’s level
of implementation in companies operating in Poland.

Purpose of the article: The aim of the article was to verify the hypothesis regarding the existence of barriers
and opportunities for implementing Industry 4.0 solutions among large manufacturing enterprises in Poland.
Research methods: The author presented the results of her own research carried out at the end of 2019
by means of the CATI method on 108 large manufacturing enterprises in Poland. She supplemented the
state of knowledge and verified it by analyzing secondary research — two reports from research conducted
in 2022 using the CAWI method.

Main findings: It was the basis for concluding that the results of the author’s study did not lose their sig-
nificance, and the analysis of the correlation between the results may support conscious decision-making
as to which areas interact with each other and in what way.
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Introduction

In order to remain competitive, Polish enterprises are often obliged to effect
development on the basis of guidelines and programmes present on the global mar-
ket. One such concept subject to consideration is Industry 4.0 (the Fourth Industrial
Revolution) introduced by the German government to improve the competitiveness
of German enterprises (Dr. Wieselhuber & Partner GmbH, 2015). This concept
features the following objectives (Podkarpackie Regionalne Obserwatorium Tery-
torialne, 2021):

1. Increasing the automation of manufacturing processes.

2. Creating the Internet of Things — an intelligent network of all machines in-
volved in the process, which will be mutually subject to the process of communication
as well as sharing information and making decisions.

3. Reducing human participation in the production process by bridging the gap
between physical and digital systems. A human is supposed to change from a doer
to a production process supervisor.

4. Transferring control of the entire production process from the control process
to each intelligent machine that makes its own decision and can be controlled locally.

5. Improving the use of data in a closed-loop system, i.e. using models that
improve performance on the basis of feedback from the process.

6. Increasing the customization of products to meet customer requirements.

It is noted that the development of the idea of Industry 4.0, despite the passage of
time, has been of continuous interest to both practitioners and researchers. Therefore,
there are numerous different studies regarding the development of this concept as
well as competencies which are needed to support its development. As part of this
article, it was decided to summarize the results of the original survey (in the fourth
quarter of 2019) based on the CATI method (r» = 108) and available reports from 2022
(EndresstHauser (n = 500) and APA Group report (n = 41)) carried out using the
CAWI method in the range of opportunities and limitations identified in enterprises
in Poland related to the implementation of the idea of Industry 4.0.

The aim was to answer the question whether there are factors that correlate with
each other and that may influence the existence of barriers and opportunities in the
implementation of Industry 4.0.

The ultra-fast digitization associated with the development of Industry 4.0 is
becoming a reality that affects Polish companies. According to the data from the
report Industry 4.0 Market by Technology and Geography — Global Forecast to
2026 (Markets and Markets, 2021), the value of the global Industry 4.0 market is
expected to increase by about USD 100 billion from USD 64.9 billion in 2021 to
USD 165.5 billion in 2026. Enterprises in Poland are looking for new development
opportunities — also by opening up to cooperation with universities through various
types of traineeship and internship programmes, dual studies or joint projects. Thanks
to it, they are coping better and better with the implementation of tools brought by
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the idea of Industry 4.0. (Endress+Hauser, 2022b). As the assumptions of this idea
indicate, one of the most important benefits in the application of the Industry 4.0
technology should be an increase in production efficiency while maintaining the
high quality of products created. Thanks to automating processes, using robots and
making decisions based on the most up-to-date and comprehensive data, one should
ultimately achieve faster, more efficient and agile operation, adapted to the changing
reality. In the context of the efficiency and improvement of processes, a variable loop
related to data collection seems to be important, enabling better risk management as
well as predictive maintenance — constant monitoring of machines allowing for early
detection of irregularities in work or the need for maintenance before a failure occurs
on the production line. Industry 4.0 (sometimes referred to in this context as Industry
5.0) also provides an opportunity for more sustainable production. According to the
data from the Deloitte report (2022) entitled Sustainable Actions Index: Consumers,
Employees, Citizens — CE Perspective. Growing Concerns about Global Warming, it
is noted that more than half of the respondents are consciously planning to influence
business with their consumer decisions to implement solutions that reduce the nega-
tive impact on the environment. An equally important issue shaping the decisions of
companies concerning Industry 4.0 are strict EU regulations which, among others,
oblige enterprises to achieve net zero emissions by 2050 at the latest.

A separate area constituting the competitive advantage of companies implement-
ing the idea of Industry 4.0 is offering products made to order placed by an individual
customer, and at the same time characterized by high quality and a price similar to
the price of a mass product. At the same time, research shows that 62% of customers
are willing to pay more for products that are personalized and tailored to their needs
and preferences (Ericsson Report, 2020). Also, regarding employment, it is noted
that in the current situation it is becoming increasingly difficult for companies that
do not keep abreast of the times to acquire experienced and qualified specialists,
which means they cannot develop their activities and compete on the global market
(APA Group, 2023).

Literature review

The concept of Industry 4.0 was created to improve the competitiveness of
German enterprises. It aims at accelerating the creation of smart factories based not
only on network cooperation with the use of information and communications tech-
nology for the needs of linking machines, processes, systems, products, customers
and suppliers, but also on offering customized products at the price of mass products
(Stasiuk-Piekarska & Mrugalska, 2020; Bembenek, 2017). One should not overlook
the role of employees, who instead of being a doer often start to act as a process
supervisor. This is made easier because they receive information at any time and
from any place (Stasiuk-Piekarska, 2020; Wyrwicka & Mrugalska, 2017). This
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idea defines a wide range of innovations in the areas of IT, production technology
and materials science affecting the implementation of the concept of Industry 4.0.
A particular role of the following is noted (Spath et al., 2015):

— flexibility of production processes,

— dealing with a large amount of data,

— enterprises’ ability to introduce innovations.

This issue can be further extended by the complexity of business management
and ensuring data security and the possibility of their proper reflection in the digital
reality. This fact determines the need for employees to carry out new tasks, which,
in turn, forces them to acquire different skills and competencies. It also expands the
scope and possibilities of production control, with particular emphasis on the use
of mobile devices and technologies. One can state that combining the virtual world
with the real world is an extension of the concept of the human-machine system
(Bendkowski, 2017).

Summing up, the most specific elements of the Fourth Industrial Revolution
are: artificial intelligence, intelligent sensors, device mobility, the ubiquity of the
Internet, the use of renewable energy sources or reduced cost of digital data storage
(Podkarpackie Regionalne Obserwatorium Terytorialne, 2021).

Methodology

The study used the CAWI method, which involves conducting a survey via
telephone calls using a computer-assisted method, e.g. using a software system
downloaded to a computer or mobile device (Survgo, n.d.). The advantages of the
adopted method include: the ability to reach a diverse group of respondents and the
speed of obtaining results that are easily subject to statistical analysis. The disad-
vantages of the adopted method may be: respondents’ reluctance to take surveys, as
well as their misunderstanding of the questions (Biostat, n.d.). The obtained results
were subjected to statistical analysis using the Statistica software. The research hy-
pothesis concerned the existence of opportunities and barriers in the implementation
of Industry 4.0 solutions in large enterprises in Poland.

At the turn of November and December 2019, a survey commissioned as part
of Young Staff supporting projects was carried out using the CATI survey method
on a group of 108 respondents. Large manufacturing enterprises (with more than
250 employees) located in Poland were selected for it.! The study employed the
diagnostic poll method. The research tool used was an own survey questionnaire.
Participation in the study was voluntary and anonymous. The questionnaire con-
tained both open-ended and closed-ended questions. Most of the respondents were
employed in organizations as specialists, managers or directors. This article presents

! More can be found here: (Stasiuk-Piekarska, 2020; Stasiuk-Piekarska & Mrugalska, 2020).
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the most important results that may be relevant in the assessment of opportunities

for development and barriers to the implementation of Industry 4.0.

Dependent variables determined by opinions — category-related variables de-
scribed in the 5-point Likert scale. Rank values were assigned to responses: 1 —
1 strongly disagree, 2 — I rather disagree, 3 — I have no opinion, 4 — I rather agree,
5 — I strongly agree. On this basis, the degree of agreement with the opinion was

determined on the scale of 1-5.

Discussion of results

In terms of competencies, the majority of the respondents claimed that they
strongly agreed (36.1%) or rather agreed (27.8%) with the statement that their or-
ganization? had the skills to program the process, define procedures and transfer the
entire initiative to machines. At the same time, over 50% of the respondents stated
that they strongly agreed that in their organization they were able to indicate pro-
cesses which could be carried out without human participation/supervision (24.1%
of the respondents rather agreed). The majority of the respondents believed that their
organization was rather ready or ready (28.7% of the indications, respectively) for

the analysis of big data sets.

In the area of supervision/regulations/intellectual protection, one notes that more
than 1/3 of the respondents strongly agreed that the idea of Industry 4.0 supports
environmental protection (and 28.7% of the respondents stated that they rather
agreed). At the same time, almost 1/3 of the respondents had no opinion regarding this
issue. Almost 40% of the respondents declared that their organization implemented

solutions related to cybersecurity.

At the same time, when examining statements concerning technology, almost
1/3 of the respondents did not have an opinion on having full database integration in
the value chain (and 30.6% stated that they rather agreed with the fact of having it).
What is particularly important in the area of Industry 4.0 implementation is the fact
that more than half of the respondents declared that their company had the ability to
control processes in real time, and over a quarter stated that it rather had such a pos-
sibility. At the same time, 47.2% of the respondents stated that they strongly agreed
that their organization was introducing the possibility of processing information in
real mode, but over 40% of the respondents did not know whether their company
was introducing the digitization and integration of vertical and horizontal value
chains. Approximately 18% of the respondents respectively were certain or rather
certain of such activities. In terms of introducing the digitization of products and
service offers, the majority of the respondents (28.7%) rather noticed such activities
in their organization, the next slightly smaller group (almost % of the respondents)

2 It is a certain mental shortcut used throughout the article.
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definitely confirmed the enterprise’s development in this area. At the same time,
over 70% of the respondents strongly noted the company’s focus on technological
development. In addition, in terms of activities related to the implementation of the
idea of Industry 4.0, almost 1/3 of the respondents (32.4%) rather agreed with the
statement regarding the assessment in the range of striving for the introduction of
autonomous machines, and slightly fewer people (30.6%) strongly agreed with it.
The last area studied in the area of technology was the assessment of the use of sim-
ulations in processes carried out in the enterprise. The majority of the respondents
(31.5%) strongly agreed with this statement.

When examining another element subject to redefinition in Industry 4.0, i.e.
products and two statements related to this area, the following opinions of the re-
spondents were established:

—more than 66% of the people strongly agreed that the organization should allow
a product to be customized to meet customer requirements,

— at the same time, almost 1/3 of the respondents rather noticed the introduction
of limitations on product variants.

Regarding human resource management, it was estimated that over 40% of com-
panies (42.6%) were ready for organizational changes, and almost 1/3 (30.6%) were
rather prepared for it. As for employees striving after acquiring new competencies,
more than half of the respondents declared that training courses in new technologies
for employees and increasing their competences in the area of process supervision
were definitely planned in their company.

Another area to be studied was leadership, in which the respondents expressed
their opinions on the following topics:

—readiness of the management to take risks related to organizational changes in
the enterprise — almost 77% of the respondents stated that they rather or completely
noticed such a phenomenon in their company,

— at the same time, 1/3 of the respondents did not know whether the company had
secured funds for the implementation of the automation process and the introduction
of new technologies, and almost 1/3 (31.5%) definitely confirmed the existence of
such a pool of resources.

The last of the surveyed topics was a study on the implementation of the strat-
egy of Industry 4.0, where over 60% of the respondents indicated the readiness of
the organization to constantly interact with customers and suppliers (in the range
of building supply networks) and the integration of business networks. At the same
time, as many as 37% of the respondents did not know whether the enterprise was
introducing the digitization of business models and customer access — slightly more
than ' of the respondents declared that this was rather the case. The above result
may indicate the lack of knowledge of the respondents — despite their initial selection
in the field of interest and dealing with the subject of Industry 4.0.

Since the afore-mentioned report from the author’s own research comes from
2019, it was decided to verify the information provided in the range of problems and
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opportunities for the development of enterprises based on the guidelines related to
Industry 4.0. Seeking the most up-to-date data, it was decided to refer to two reports
analyzing the situation of enterprises in Poland in the area of the implementation of
Industry 4.0. For this purpose, the afore-mentioned reports from 2022 were used.
The first one — the Endress+Hauser report in cooperation with Insight Lab entitled
Technologies, Services and Products Changing the Polish Industry and concerning
Industry 4.0 — was prepared on the basis of the results of surveys collected using
the CAWI method and supplemented with in-depth interviews. The research group
consisted of 500 respondents representing 500 representatives of the Polish industry.
The basic barriers in the implementation of Industry 4.0 solutions were the lack of the
effectiveness of activities carried out by the management (only 34% of the respon-
dents positively assessed the effectiveness of the management in the implementation
of Industry 4.0 solutions) and budgetary limitations (45% of the respondents’ indi-
cations) (Endress+Hauser, 2022a, 2022b). At the same time, it is worth mentioning
that on the basis of the data from the Future Industry Platform, the Digitization
Index of enterprises in Poland in 2021 was at the level of 2.4 points out of 4 points
possible. This is not a value that can be considered satisfactory. Yet, compared with
2020, where this indicator was 1.8, there has been a significant increase in value. At
the same time, 90% of the respondents declared that their organization participated
in digital transformation, and over 40% of the respondents indicated that their en-
terprises were at a fairly advanced level in the implementation of digital solutions.
In turn, 32% of the respondents believed that their companies were at the beginning
of transformation and 10% of the organizations were not interested in this issue at
all (Endress+Hauser, 2022a).

In the area of enterprise development, the main aspect increasing interest in the
implementation of Industry 4.0 solutions is the need for optimizing and introducing
improvements. The respondents listed the following: increasing the efficiency of
processes (74% of the indications), reducing or optimizing costs (68% of the in-
dications) and facilitating reporting (56% of the indications). At the same time, in
terms of barriers to implementation, the most important of them concern: budgetary
limitations (45% of the indications), employees’ reluctance to change (33% of the
indications), 27% of the indications concerned limitations in employee competen-
cies and IT security in the establishment and/or the need for protecting sensitive or
strategic information. At the same time, Y4 of the respondents pointed to the issue
of the complicated coordination of changes introduced in different departments,
and slightly more than 1/5 had difficulties in translating problems and needs into
digital solutions (23% of the indications) and insufficient knowledge about the most
favourable solutions for the company (21% of indications).

When examining the level of development of enterprises in Poland on the basis of
the results contained in the afore-mentioned Endress+Hauser report, almost 40% of the
respondents declared in their organizations the comprehensive or almost comprehensive
integration of data with digital tools and systems that make autonomous decisions both
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in the range of resource planning and production processes as well as planning sales
of finished products. At the same time, the respondents declared the highest degree
of automation in the area of the implementation of production processes (11% of the
indications for full automation, which does not require interference from employees,
and 38% of the indications for almost full automation in this area) as well as in the area
of the administration and management of the company (11% and 33% of the indica-
tions, respectively). When analyzing the individual results, one should consider what
the respondents understood by automation, e.g. in the area of business management.

The respondents also assessed: the effectiveness of the management in imple-
menting Industry 4.0 solutions (the lack of opinion on this subject in 37% of the
respondents is puzzling), training of employees in this area (as many as 56% of the
indications concerned serious objections to training) and the manner of cooperation
between teams within the implemented projects (40% of the respondents were of
the opinion that the teams’ activities were too dispersed).

The second of the reports — significantly different from the first survey on the
implementation of Industry 4.0 — is the State of Industry 4.0 in Poland study, which
was conducted in October and November 2022. The partner of the study was the
APA Group, hence in this article the report is called the APA Group report (2023).
This study was attended by respondents from the following groups: specialists in
managerial positions and C-level numbering 41 people — representatives of pro-
duction companies operating in Poland from the group of small, medium and large
companies (APA Group, 2023). One of the most important observations from this
document is the fact that although 1/3 of the respondents had heard of the idea of
Industry 4.0, they did not know what it was in practice, and as many as 34% of the
respondents did not deepen their competencies in this area. It is all the more import-
ant because nowadays we even talk about Industry 5.0, which additionally covers
the subject of sustainable development of the organization. Perhaps the size of the
enterprises from which the respondents came meant that despite the above results,
the respondents noted that the implementation of Industry 4.0 allowed to increase
the company’s competitiveness in the industry, and about 25% of the respondents
indicated that digital transformation was an activity that was a prerequisite for de-
velopment and survival on the market. In turn, one of the barriers was not only the
financial scope, but also the lack of knowledge in the field of introducing changes
and choosing technologies for implementation in the enterprise. The respondents
indicated automation, Big Data, analytics using artificial intelligence as well as cloud
computing as the most popular and most beneficial aspects.

When analyzing the respondents’ positions on the challenges related to the imple-
mentation of Industry 4.0, as many as half of the respondents declared the lack of clear
information regarding return on investment — both the conditions and time of return.
Almost as many respondents reported having difficulty in convincing decision-makers
to invest in innovation. At the same time, more than 1/3 of the respondents saw an
obstacle in the implementation of Industry 4.0 in the existing information noise — lack
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of knowledge in the area of technology selection as well as in the weak organizational
structure. More than % of the respondents complained about the excessive costs of
implementing new technologies as well as the unification with the lack of solutions
tailored to a specific company. Entering the path of implementing Industry 4.0 tools is
a major change and may involve very high costs. Some researchers and practitioners
point out that in the context of costs, the answer to the question should not be “if” but
“how much” — this may be crucial in the context of future profits. The respondents
declared that in the next two years their organizations were planning to spend 21-30%
of the total budget on innovation regarding investments in the area of Industry 4.0. This
is on average 10% more than they invested in the same activities in 2021. This may
be based on the results contained in the PwC report entitled Digital Factory Trans-
formation Survey, which indicated that only high expenditures on innovation lead to
equally high returns (investments at the level of 3% of annual revenues are the absolute
minimum allowing for quick results and return on investment). It is estimated that the
probability of success of organizations spending 3% on investment in innovation is

2.5 times higher than in the case of companies that invest less than 2%.

In the above-mentioned reports, it is noted that the issues related to incurring costs
as well as resistance regarding the scope of changes appear in every study. In turn,
when examining the development of the idea of Industry 4.0 and its implementation,
some kinds of two paths of development and declaration in this area can be observed.
This may be related to the selection of the group of respondents for the research.
However, the results allow to believe that the study conducted at the end of 2019 is
still valid, which makes it possible to continue drawing conclusions based on them.
Correlation analysis is all the more important because the search for relationships
can be the basis for further inference in terms of the impact of factors on each other
and could probably be used, for instance, in the methodology of network thinking.

The following are those that, after using the Spearman’s test with the Statistica
software package, were considered statistically significant (p < 0.05). This may be
an indication of which elements are worth exerting influence on in order to develop

the concept of Industry 4.0 in the organization.

In addition, when analyzing statistical significance, what can be considered sta-
tistically significant is the relationship between the size of the factory (the division
included a group of respondents according to the size of their organization: up to
499 people, 500-999 people, from 1,000 people) and the declaration of readiness
for analyzing Big Data. In addition, one confirmed the significance between the

declaration in the area of interest and implementation of Industry 4.0 and:
— focus on technological development (0.0100),
— striving to introduce autonomous machines (0.0141),

— the management being ready to take risks related to organizational changes in

the enterprise (0.0378),

—readiness to constantly interact with customers and suppliers (building supply

networks) — integration of business networks (0.0265).
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These analyses were carried out using the Mann—Whitney U test.

When examining the degree of correlation between the statements, statistically
significant associations were identified (according to the Spearman’s rank test, p <
0.05). All correlation values were positive, but correlations with a weak strength of
data interaction were deliberately omitted. This text indicates correlations with at least
an average relationship between the data (correlations with the value of min. 0.4).

One of such relationships was the relationship between the implementation of
cybersecurity solutions (supervision) and the introduction of the digitization and in-
tegration of vertical and horizontal value chains (technologies) — 0.421. Presumably,
enterprises implementing digitization consciously protect their resources from the
implementation of tools for the sake of cybersecurity. Another statement regarding
the relationship between supervision and technology is the correlation between
having full database integration in the value chain and introducing the possibility
of processing information in real mode (0.441). The strongest, although still me-
dium correlation in these two areas is the assessment of the relationship between
possessing the ability to control processes in real time and the introduction of the
ability to process information in real mode (0.537). The relatively small strength
of the relationship between these statements may be puzzling, because having
implemented real-mode information processing capabilities, organizations should
ultimately strive to have process control also in real time. The lack of such a rela-
tionship may constitute a significant waste of resources and the lack of conscious
decision-making based on facts, and thus proper risk management in the company’s
operations.

Other issues in which at least medium-strength relationships between the state-
ments were identified are the focus on global competition (implementation of the
Industry 4.0 strategy), and the ability to control processes in real time (supervision)
—0.508. This result may indicate that companies with real-time control are able to
react faster to the changing situation, or the desire to stay in the global competition
market forces them to constantly improve their production management and search
for areas where it can be done.

In turn, in the area of technology, the following relationships with medium
strength were identified:

— “it introduces information processing capabilities in real mode” from “it intro-
duces the digitization and integration of vertical and horizontal value chains” —0.445,

— “it introduces the digitization and integration of vertical and horizontal value
chains” from “it introduces the digitization of product and service offers” — 0.403.

Looking for further areas where there is at least a medium strong correlation, it
was calculated that in the issues related to the relationship between technology and
people: the statements “it is focused on technological development” from “it plans
training in new technologies for employees/increasing their competencies in the field
of process supervision” obtained the level of 0.410. It can be seen that when striving
after technological development, one often encounters a competency gap and one
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of the possibilities to reduce it is to invest in training and supporting employees in
acquiring new knowledge and new skills.

With regard to analyses in subsequent areas (technology with leadership), the
following relationship is noted: the focus on technological development is related to
having financial resources to implement the automation process and the implementa-
tion of new technologies — correlation at the level of 0.405. This relationship is most
likely based on a situation where enterprises wanting to develop themselves must have
necessary financial resources to implement new solutions. At the same time, being
focused on technological development, the organization is often able to acquire new,
additional funds or acquire new customers by offering competitive, modern products.

The next areas to be compared were technology with the implementation of
strategy 4.0. One identified correlations between the introduction of the capabilities
of processing information in real mode and the introduction of the digitization of
business models and customer access — 0.477 and the enterprise’s focus on global
competition — 0.445. In addition, the following relationships were established as
significant from the point of view of the correlation force adopted for the purposes
of this article:

— “it introduces the digitization and integration of vertical and horizontal value
chains” from “it introduces the digitization of business models and customer ac-
cess” —0.419,

— “it introduces information processing capabilities in real mode” from “it is
oriented towards global competition” — 0.445,

—“it introduces the digitization of product and service offers” from “it introduces
the digitization of business models and customer access” — 0.401,

—“it is oriented towards technological development” from “it is ready to constantly
interact with customers, with suppliers (building supply networks) — integration of busi-
ness networks” (0.515) and from “it is oriented towards global competition” (0.514).

Analyzing the area of issues defined as products and people, the following cor-
relations were obtained: “it allows to customize the product to meet customer needs”
from “it plans training in new technologies for employees/increasing their competen-
cies in the area of process supervision” —0.611. This result is the highest correlation
value in the analysis. There is a relationship between employees’ competencies and
their readiness to take over the role of a supervisor instead of a doer, and the possi-
bility of implementing customized production, oriented and launched on the order
of an individual customer.

Another relationship analyzed are statements such as: “it allows to customize the
product to customer needs” (product) and “it is oriented towards global competition”
(implementation of the Industry 4.0 strategy) — 0.428. As various studies indicate,
the focus on global competition should be related to the focus on a high degree of
customization of production in order to meet individual customer requirements.

One of the analyzed areas where, among others, medium correlation values were
identified were: people and leadership, where the following statements: “it is ready
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for organizational changes in the unit” and “the management is ready to take risks
related to organizational changes in the enterprise” obtained the value of 0.534. This
is an additional confirmation of the previously cited reports, in which one of the most
important barriers was the lack of readiness of the management to take risks and
actions in the area of implementing Industry 4.0 tools as well as the general lack of
readiness for changes among employees. It is leaders who should set the direction
of change and implement it in such a way as to consciously manage change while

building employee engagement.

In turn, when analyzing the relationship between people and the implementation of
the Industry 4.0 strategy, a correlation above 0.4 was obtained for the following state-
ments: “it is ready for organizational changes in the unit” and “it is ready for continuous
interaction with customers, with suppliers (creating supply networks) — integration of
business networks” (0.420). Building relationships with customers and suppliers in the
changing and dynamic world of business relations forces enterprises (entrepreneurs)
to be ready to respond to changes and adapt to them. As the recent situations related
to both the pandemic and the situation on the eastern border of Poland have shown,
companies must constantly adapt to changes on both the macroeconomic and micro-
economic scale. In addition, a relationship was identified between the statements related
to planning training in new technologies for employees/increasing their competencies
in supervising processes and focusing on global competition as a correlation with the
value of 0.402. Probably, companies striving to compete on the global market must
respond to emerging situations, also by training their employees and building their
competencies. At the same time, having qualified staff, they are able to offer their
customers better products that will translate into their competitive advantage.

In the following areas — leadership and implementation of the Industry 4.0 strat-
egy — the following correlations, important from the point of view of this analysis,

were determined:

— “the management is ready to take risks related to organizational changes in
the enterprise” and “it is ready to constantly interact with customers, with suppliers
(creating supply networks) — integration of business networks” —0.459. It is possible
that creating supply networks as well as continuous interaction with customers and
suppliers require the management to offer responses at the level of reorganizing the
company’s operations. In the APA Group report, one of the barriers was the weak
organizational culture and the reluctance of managers to make decisions regarding
changes, which only confirms the importance of this aspect and the importance of

such a link between the assessed statements;

— “it has financial resources to implement the automation process and intro-
duce new technologies” and “it is ready to constantly interact with customers and
suppliers (creating supply networks) — integration of business networks” — 0.427.
When analyzing the above relationship, it is noted, for example, that if you want
to implement new solutions in the area of creating supply networks or integrating

business networks, one should be set on incurring necessary costs.
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The last area in which correlations between the studied issues were identified
was the implementation of the Industry 4.0 strategy. Significant relationships in this
area were formed between readiness to constantly interact with customers, with
suppliers (creating supply networks) — integration of business networks and the
organization’s focus on global competition — a correlation with the value of 0.546.
In addition, a link was identified between the declaration regarding the introduction
of the digitization of business models and customer access and the focus on global

competition — a correlation equal to 0.443.

The above correlation analyses covered relationships of at least medium strength,
i.e. with the value of min. 0.4. Due to the relatively small sample, some results could
have different values. However, not only this affects the achieved values. The se-
lection of experts, as shown by the results of previous analyses of reports, may also
be relevant. At the same time, certain trends are noticed, which allows for drawing

conclusions in the studied issue.

Conclusions

On the basis of the conducted analyses, it can be noted that despite diverse survey
methods, various industries and years of conducting studies (end of 2019 and 2022),
the obtained results to some extent overlap. It can be assumed that this was influenced
by the pandemic and the war near the eastern border of Poland as well as the associated
(and not only) economic uncertainty and high inflation. On the one hand, the pandemic
forced an increase in the degree of digitization among companies and the use of online
tools, and on the other hand, it may have caused a decrease in interest in investments

and more conservative decision-making.

Summing up, financing innovation and an unspecified investment return period were
indicated as the basic barrier for all research. In addition, the negative attitude towards
changes, including the management, according to the declaration, is another problematic
element that hinders the development of the organization regarding the implementation
of Industry 4.0 tools. At the same time, it is worth being aware of the links between
elements that may support the implementation of this strategy. One of them is the cor-
relation between the focus on global competition and both financial and mental support
realized by the management, or consciously building a relationship based on exchange
and cooperation between the company and suppliers or the company and its customers.

As mentioned earlier, it is expected that the value of the global market related
to Industry 4.0 will increase significantly in the coming years. Hence, in order to
build a strong position on the global market for the exchange of goods and services,
enterprises located in Poland will have to implement new technologies and promote
openness to changes in their teams. These aspects, however, must be based on adequate
employee competencies and reorganization of their work, which can be a challenge

for enterprises also in the financial aspect.
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The article presents existing correlations and analyzes their possible connections,
indicating what may constitute a barrier and what may constitute an opportunity for

large manufacturing enterprises in Poland.

Acknowledgement

This article has been financed as part of the Statutory Research project carried
out at the Faculty of Engineering Management of Poznan University of Technology

(0811/SBAD/1056).

References

APA Group. (2023). Stan Przemystu 4.0 w Polsce. https://polskiprzemysl.com.pl/raporty/przemysl-40-

w-polsce/

Bembenek, B. (2017). Klastry przemystu 4.0 w zrownowazonej gospodarce opartej na wiedzy. Prace
Naukowe Uniwersytetu Ekonomicznego we Wroctawiu, 491. https://www.dbc.wroc.pl/Content/39466/

PDF/Bembenek Klastry Przemyslu 4 0 w_Zrownowazonej Gosp odarce 2017.pdf

Bendkowski, J. (2017). Zmiany w pracy produkcyjnej w perspektywie koncepcji ,,Przemyst 4.0”. Zeszyty Na-
ukowe Politechniki Slgskiej, seria: Organizacja I Zarzqdzanie, 112(1990), 21-33. http://yadda.icm.edu.
pl/baztech/element/bwmetal.element.baztech-02e3754a-33a3-4262-8691-7b2d31ae63b3.03.03.2023

Biostat. (n.d.). Badanie rynku. Zalety i wady metody badawczej CATI. https://www.badanie-rynku.com.pl/

blog/zalety-i-wady-metody-badawczej-cati

Deloitte. (2022). Sustainable Actions Index: Consumers, Employees, Citizens — CE Perspective. Growing
Concerns about Global Warming. https://www?2.deloitte.com/ce/en/pages/about-deloitte/articles/

sustainable-actions-index-consumers-employees-citizens.html

Dr. Wieselhuber & Partner GmbH, (2015). Geschdftsmodell-Innovation durch Industrie 4.0. Chancen
und Risiken fiir den Maschinen- und Anlagenbau. Fraunhofer-Institut fiir Produktionstechnik und
Automatisierung IPA. https://www.wieselhuber.de/migrate/attachments/Geschaeftsmodell_Industrie-

40-StudieWieselhuber.pdf

Endress+Hauser. (2022a). Raport branzowy ,, Technologie, ustugi i produkty zmieniajqgce polski przemyst”.
https://www.pl.endress.com/pl/endress-hauser-twoj-partner/nasze-kompetencje/badanie-przemyslu-ra-

port?wt_mc=paid-editorial.press-release.landing page.othr.raport 2022.pl.admedia

Endress+Hauser. (2022b). Technologie, ustugi i produkty zmieniajqce polski przemyst. https://przemysl-40.

pl/index.php/2022/10/23/stan-wdrazania-przemyslu-4-0-w-polsce-raport-eh-polska/

Ericsson. (2020). A Guide to Industry 4.0 Transformation with Private Cellular Technology. https://www.

ericsson.com/en/news/2020/11/connected-manufacturing-report

Markets and Markets. (2021). Industry 4.0 Market by Technology and Geography — Global Forecast to
2026. https://www.marketsandmarkets.com/Market-Reports/industry-4-market-102536746.html?gad
source=1&gclid=CjwKCAiASL2tBhBTEiwAdSxJX_NJGjCT2LgwDfkKXuN4yaKuQuMYAzIBck-

sOPfxh8CSb1JpwBeT9yxoCZI0QAVD BwWE

Podkarpackie Regionalne Obserwatorium Terytorialne. (2021). Gospodarka Wojewodztwa Podkarpackiego
wobec wyzwan Przemystu 4.0. Rzeszow. https://rsi.podkarpackie.pl/wp-content/uploads/2021/10/

Gospodarka-Przemysl-4.0.pdf



Pobrane z czasopisma Annales H - Oeconomia http://oeconomia.annales.umcs.pl
Data: 24/02/2026 06:48:35

INDUSTRY 4.0 - DEVELOPMENT AND LIMITATIONS IN LARGE MANUFACTURING... 161

Spath, D., Ganschar, O., Gerlach, S., Himmerle, M., Krause, T., & Schlund, S. (2015). Produktionsarbeit
der Zukunft — Industrie 4.0. Fraunhofer-Institut fiir Arbeitswirtschaft und Organisation IAO. https://
www.iao.fraunhofer.de/images/iao-news/produktionsarbeit-der-zukunft.pdf

Stasiuk-Piekarska, A.K., & Mrugalska, B. (2020). Mozliwosci wdrozenia Przemyshu 4.0 w obszarze tech-
nologii w polskich przedsigbiorstwach przemystowych. In R. Knosala (Ed.), Inzynieria zarzqdzania.
Cyfryzacja produkcji. Aktualnosci badawcze 2 (pp. 687-694). PWE.

Stasiuk-Piekarska, A.K. (2020). Human factor in Industry 4.0 — perception of competences of graduates and
employees. In P. Golinska-Dawson, K.-M. Tsai, & M. Kosacka-Olejnik (Eds.), Smart and Sustainable
Supply Chain and Logistics — Trends, Challenges, Methods and Best Practices (Vol. 1, pp. 257-265).
Springer. https://doi.org/10.1007/978-3-030-61947-3

Survgo. (n.d.). Co warto wiedzie¢ o badaniach CATI. https://www.survgo.com/blog/co-warto-wiedziec-
-o-badaniach-cati

Wyrwicka, M.K., & Mrugalska, B. (2017). “Industry 4.0” — towards opportunities and challenges of im-
plementation. In DEStech Transactions on Engineering and Technology Research. 24" International
Conference on Production Research (pp. 382-387). http://www.dpiproceedings.com/index.php/dtetr/
article/view/17640/17146


http://www.tcpdf.org

