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concerning the technological advancement level of manufacturing companies operating in
the agricultural machinery sector. It is about identifying what adaptation projects in the
context of the fourth generation industry era should be undertaken by the Polish man-
ufacturers operating in the agricultural machinery sector. The achievement of the main
objective required formulation and implementation of partial objectives, which, according
to the authors, include: C(1) – defining the Industry 4.0 axiom merit; C(2) – using the
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one hand essential from the perspective of the model 4.0, and on the other hand those that
may demonstrate the maturity in the domain of the adopted desiderata; C(3) – compilation
of the research model, in the form of an assessment sheet, being a resultant of literature
studies and research conducted among deliberately selected domain experts; C(4) – based
on the selected indicators, the technological advancement level recognition of the studied
companies; specification of a technological gap (questioning among experts).
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Introduction (Starting point)

The considerations conducted by the authors of
this work are moving towards the era of the fourth
generation [1]. They result in a comparative analysis
of old and new desiderata and the emergence of a new
holistic paradigm, taking into account the building
of electronic business activity channels [2], i.e. the
virtual dimension of conducting business activity as-
sociated with the networking of key (often strategic)
business areas.

The manufacture management processes in their
current shape will be significantly changed. The en-
tire industry transformation to the digital model 4.0
will be a significant change from the perspective of

the organisation and processes. Unlike previous in-
dustrial revolutions, the current one is progressing
at a much faster pace. This is due to the fact that
each new technology gives rise to a newer, even more
efficient one.

The main objective of this study was to obtain
objective information on the maturity of enterprises
from the perspective of the implementation stage of
the idea of Industry 4.0. The research was conducted
among Polish producers of the agricultural machine-
ry sector. Its implementation related to 4 specific ob-
jectives covering the following issues:

1) defining the merits of the Industry 4.0 axiom
(characteristics and etymology);
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2) nomination of areas that, on the one hand, are
important from the point of view of Industry 4.0,
and on the other hand that may determine the
maturity of companies in the domain of accept-
ed desiderata (reconstruction and interpretation
of literature);

3) compilation of the research model, in the form of
an assessment sheet, being a resultant of literature
studies and research implemented among deliber-
ately selected experts;

4) recognition of the technological advancement level
of the surveyed enterprises; specification of the gap
(indication among selected manufacturing compa-
nies).
In order to conduct the study, secondary sources

were analysed, i.e. scientific and non-scientific liter-
ature (including strategic documents) regarding In-
dustry 4.0 and related issues. In addition, statistical
analyses were carried out based on data obtained as
part of the study. In order to implement research
problems, a brainstorming (author’s method 335)
was carried out with representatives of manufactur-
ing enterprises (including the sector), followed by in-
dividual in-depth interviews and CAWI among se-
lected enterprises whose head offices are located in
Poland.

The results of the research are presented in this
research paper within individual chapters. As a result
of the research, satisfactory results were obtained,
which gave the opportunity to indicate constructive
conclusions and recommendations.

Material and methodology of testing

Research questions and hypotheses

Based on a widespread discussion that has recent-
ly been taking place in the environment of agricul-
ture machinery manufacturers, once again the ques-
tion arises about the stage of Industry 4.0 imple-
mentation. Nevertheless, the analysis of the litera-
ture on the subject showed that so far only par-
tial research on the direction of adaptation activi-
ties in the context of the fourth generation indus-
try era has been conducted [3]. This inference was
based mainly on literature or empirical research con-
ducted at enterprises from other sectors of the econ-
omy [4]. To date, no comprehensive, analysed re-
search, either in Poland or abroad, has been car-
ried out at a large number of manufacturing com-
panies operating in the agricultural machinery sec-
tor.

Aiming to fill the existing knowledge gap, a series
of studies was conducted, the subject of which was
an attempt to model the implementation assessment

method of selected Industry 4.0 desiderata. In-depth
studies in the area of the problem outlined above,
own observations of economic practice and conduct-
ed empirical research have led to the formulation of
specific questions, the solution of which was the an-
swer to the main problem:

• What is the level of technological advancement of
manufacturing companies operating in the Polish
agricultural machinery sector?

• Which of the listed management concepts have
been put in place by the surveyed manufacturers?

• Which management support tools, in the context
of the idea of industry 4.0, are applied by the sur-
veyed enterprises?

• What level of domain knowledge do the surveyed
companies represent?

• Are the surveyed companies oriented towards rela-
tions and ecology?

The formulated questions and belief on the exis-
tence of economic demand for results of application
nature, on the one hand, were the main inspiration
to undertake the research, while, on the other, they
became the starting point for formulating the below
presumptions:

P1: The surveyed manufacturers demonstrate a high
level of domain knowledge and the ability to im-
plement selected management concepts.

P2: The research model resulting from the expert
discussion reflects the directions of actions that
should be undertaken by the surveyed enterprises
in the context of Industry 4.0. (research coinci-
dence).

P3: More and more companies organise a business
model, in which the reference point is the Indus-
try 4.0 concept.

P4: The process of transforming enterprises into
a model based on digital technologies is relatively
low.

Research implementation scheme

In order to learn the views of representatives of
production companies of the Polish agricultural ma-
chinery sector on Industry 4.0 and technology, as well
as their needs and challenges, a market survey was
conducted which covered micro, small, medium and
large production companies.

The research was conducted in September-
December 2019. In the first stage of the study con-
stituting the preparatory study (A0), the authors
used the literature study (A1) and expert study
(A2) methods. The preparatory study conditioned
the conduct of the main study (B0). The research
scheme is illustrated in Fig. 1.
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Fig. 1. Research implementation scheme
(own development).

Formulation of the research model [A0]

Applying the method of reconstruction and inter-
pretation of available research and the literature on
the subject (among others: [1, 2, 5–21]) supported by
the authors’ observations, a catalogue of desiderata
related to the idea of Industry 4.0 was drawn up1.
In the next stage, a team of 7 experts (Table 1) was
appointed who worked on ideas and solutions.

Table 1
List of experts (own development).

Expert Speciality [%]

Owners of enterprises
operating

in the agricultural
machinery
sector [7]

Organisation
and management;

owner’s supervision
42.86

Manager
– Marshal’s Office

of the Greater Poland
Voivodeship [5]

Industry 4.0
– active participation

in creating
implementation conditions

14.29

University
representative [6]

Industry 4.0 idea 28.57

Manager [5] Digital technologies 14.29

The expert discussion [22, 23] was based on the
authors’ original ‘335 method’. Within 5 minutes,
each person had the opportunity to write 3 desider-
ata determining the maturity of enterprises in the
context of the Industry 4.0 idea. Then, after 3 min-
utes they gave the sheet to the subsequent person
who added his/her observations. After next 5 min-
utes, the sheet went to the hands of another person.
Therefore, after 3 rounds, a group of 7 experts gen-
erated 63 variables. After the end of the session, the
assessment of the obtained results was summed up.
The authors of the study wrote down all the listed
proposals, grouped similar ideas, which in perspec-
tive allowed them to determine the final list, in which

53 variables referring to six areas of enterprise ma-
turity were distinguished (Table 2).

Table 2

Assessment space (own development).

Item AREA ACRONYM

1 Digital technologies Tech. 4.0

2 Management concepts M Conc.

3 Integration tools 4.0 Integ.

4 Domain knowledge 4.0 Knowl.

5 Ecological competence Eco conc.

6 Relations 4.0 4.0 Relat.

Constructive thinking, expressed by the ability to
apply knowledge in a practical manner, was adopt-
ed as the basic criterion for selecting an expert. An
equally important feature characterizing an expert
is his/her creativity, i.e. the expert’s ability to solve
creative tasks and act independently (conformity).

The study involved 3 owners (42.86%), 2 man-
agers (28.57%) and 2 university representatives
(28.57%). The age of the respondents was between
40 and 74 (including 42.86% of those surveyed in
the 40-50 age range, 14.29% in the 50-60 age range;
42.86% of the surveyed persons being over 60). The
group of people with higher education (71.43%) pre-
dominated among the respondents; the other experts
had secondary (14.29%) and vocational (14.29%) ed-
ucation.

The conducted research helped to generate areas
for the next study. They provided interesting infor-
mation on the language that “industry experts” use
to describe the phenomena constituting the subject
matter of the research. The authors believe this al-
lowed to avoid mistakes at the level of constructing
questions and to adapt the language to the poten-
tial respondents. This research significantly made it
much easier for researchers to approach the ‘natural
world’, which greatly helped to appropriately car-
ry out the quantitative research while ensuring full
understanding of the tested phenomena among po-
tential respondents.

According to the assumption, the proposed de-
veloped model is to be a versatile and useful tool
for assessing the company’s maturity level, as well
as to constitute a significant instrument for strate-
gic planning. As a result, the companies can make
self-assessment and determine which Industry 4.0 el-
ements may be of immediate benefit, and which have
more long-term application.

1Bibliographic knowledge accumulated for the purposes of this research includes the following three thematic resources
(frameworks): innovation management, strategic management and production engineering.

94 Volume 11 • Number 4 • December 2020



Management and Production Engineering Review

Basic study

The basic research was carried out on a sample
of 71 enterprises representing Poland’s agricultural
machinery sector. The respondents were selected in
a targeted manner based on the criterion of man-
agerial maturity perceived from the perspective of 8
desiderata. Maturity expresses the expert’s level of
qualification in a given field. It was determined on
the basis of an expert’s creative analysis, knowledge
of the field, and understanding of problems. Expert
maturity was assessed on the basis of the competence
coefficient, which expressed the dependence of the
informativity coefficient [Ki] (knowledge of the given
issue) and argumentation coefficient [KA]. The own-
ers or managers were qualified for the research who:
1) Are involved in the implementation of the com-

pany’s strategic goals;
2) Can and are initiators of changes;
3) Constantly raise their own knowledge seeking op-

portunities to improve the organization;
4) Positively approach new experiences and

changes, treating them as an opportunity for
improvement;

5) Are happy to communicate and share knowledge
with other employees;

6) Eagerly undertake innovative activities;
7) Implement their own ideas to improve work,

without fear of failure;
8) Understand the impact of their own work on the

quality and results of the company.
The implementation of research with the partici-

pation of experts seems appropriate, especially in re-
lation to those research areas that require advanced
professionalisation (the authors consider recognition
of the idea of Industry 4.0 as such an area). It should
be emphasized that the area of research, specified in
this paper, required those who take actions to have
appropriate expertise (a randomly selected respon-
dent may be deprived of it); especially since it con-
cerns primarily problems in the field of professional
activity. The application of expert interviews seems
appropriate and desirable, bringing specific cogni-
tive benefits and organizing the research process in
a friendly and attractive way for the respondents
themselves, which, from a ‘qualitative’ point of view,
was also important.

The diagnosis was made among experts rep-
resenting: micro (8.45%), small (29.58%), medium
(50.70%) and large (11.27%) manufacturing compa-
nies operating in the agricultural machinery sector
(Fig. 2). Manufacturers of tractors, harvesters, trail-
ers, tilling sets, seed drills, silos, forklifts and oth-
er various agricultural equipment took part in the
study.

Fig. 2. Size of surveyed enterprises

A group of people between 41 and 50 years old
(36.62%) dominated among the respondents; only
2.82% were respondents in the age group up to 30
years old, 21.13% of the respondents were between
31 and 40 years old, 26.76% were from 51 to 60 years
old, 12.68% were over 60. The detailed research re-
sults are shown in Table 3.

Table 3
Characteristics of the studied population by age

(N = 71).

Age bracket
Experts

Number [%]

Up to 30 years N = 2 2.82

31 to 40 N = 15 21.13

41 to 50 N = 26 36.62

51 to 60 N = 19 26.76

over 60 N = 9 12.68

In total N = 71 100.00

Among the respondents, the group of persons
with higher education clearly dominated (59.15%);
25.35% had secondary education, 15.49% had voca-
tional education. Detailed characteristics are shown
in Table 4.

Table 4
Characteristics of the studied population by education

(N = 71).

Age bracket
Experts

Number [%]

Vocational N = 11 15.49

Secondary N = 18 25.35

Higher N = 42 59.15

In total N = 71 100.00

Within the conducted research, an attempt was
made to interpret the results and conduct a thor-
ough analysis based on the respondents’ declarations.
A key stage was a description of the obtained data
and its interpretation as highlighted in the further
part of this publication.

Results of own research

Industry 4.0, i.e. basing industrial processes on
advanced data processing systems, automation, the
Internet of Things and intelligent technologies, is
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a concept that is often invoked in the context of spe-
cific business needs. It is also a response to staffing
problems and trends in the field of customization.

The maturity assessment of the Industry 4.0 lev-
el realization is quite difficult, however, an attempt
to conduct it was taken in the study. Adjustment,
in this respect, is one of the key factors determining
the capability of enterprises to maintain their abil-
ity to compete. Changes in the environment force
changes in the organization of production, which in
turn determines changes in resources, processes and
products under the so-called target productivity. It
is not a surprise, therefore, that the agenda of the
debate on the effective implementation of the idea
of Industry 4.0 is becoming more and more the is-
sue of assessing partial activities. Observed trends in
management create grounds for concluding that in
the second decade of the 21st century the interest
in new technologies, knowledge, tools, concepts and
ecological competences determining this idea will in-
crease significantly in both the theory and practice
of management.

In the context of the above, research was under-
taken in which information was obtained, implying
an answer to questions about the level of maturity
of Polish enterprises of the agricultural machinery
sector in the activation of the idea of Industry 4.0.
To conduct the assessment, a five-point scale was
adopted to describe the maturity level of individu-
al descriptors corresponding to the selected areas of
Industry 4.0. (5 – high level of maturity, 1 – low).
The test results are presented in Tables 3 to 8.

Industry 4.0 maturity is perceived as a highly
implemented set of features. Some should be select-
ed since they are relevant to the idea of Industry
4.0. These features are treated as assessment criteria
(descriptors). Eleven characteristics have been dis-
tinguished in the context of assessing the level of
maturity in the field of technology 4.0 (Table 5).

Table 5
Maturity level in terms of Technology 4.0 [Tech. 4.0].

Item Desiderata Average

1 Production automation 4.56

2 Production robotisation 4.14

3 Mobile technologies 4.35

4 Big Data 3.69

5 Internet of Things 3.37

6 Cloud Computing 3.93

7 3D printing 3.48

8 Nanotechnology 2.86

9 Micro and nanoelectrics 2.80

10 Machine learning 3.04

11 Virtual reality VR/AR 3.13

The conducted analysis indicates that the tech-
nology within Industry 4.0 that is significantly used
by the surveyed enterprises, is production robotisa-
tion (average rating 4.14; 46.5% indications for 5
points). Among the respondents, we can find com-
panies that have undergone full automation (aver-
age rating 4.56; 64.8% of indications for a rating
of 5 points). By assumption, automation in logistics
or in production is advisable in the case of prod-
uct repeatability. The majority of Polish enterprises
of the agricultural machinery sector do not mass-
produce, but offer their products only on request.
This fact does not eliminate the manufacturers’ use
of solutions compatible with industry 4.0. In addi-
tion, changes carried out in companies that lead to
the automation of production are sometimes forced
by health and safety regulations or employee pro-
tection regulations (in the case of a life-threatening
environment). Adapting to the current situation on
the labour market, as well as the above-mentioned
environmental regulations and EU standards have
brought about a situation in that the owners of com-
panies have thought about replacing the work of
many people with one robot or machine.

Indeed, mobile technologies are used (average rat-
ing 4.35; 50.7% of indications for a 5 point rating)
and Cloud Computing (average rating 3.93; 35.2%
of the indications for a 5 point rating). The sur-
veyed enterprises apply 3D printing to a moderate
extent (average grade 3.48; 21.1% of indications for
a 5 point rating), as well as VR and AR technologies
(average rating of 3.13; 11.3% of indications for a 5
point rating). Nonetheless, the modern form of pre-
senting products (designs of parts or subassemblies)
in the form of both 3D printed mock-up models, as
well as immersive VR visualisations and interactive
visualisations is an increasingly common solution.

Among the key technologies that contribute to
the activation of the concept of Industry 4.0 is the
analysis of large data sets – Big Data. However, there
is a demand for the limited ability of enterprises to
collect, store and analyse a huge amount of data,
the analysis of which is used to identify inefficien-
cies and production bottlenecks, optimize production
and maximize its quality, save energy and improve
service and device diagnostics (average rating 3.69;
22.5% of indications for the assessment of 5 points).
In the context of Industry 4.0, the collection and
comprehensive assessment of data from many differ-
ent sources – production equipment and systems, as
well as enterprise and customer management systems
– will become a standard aimed at supporting real-
time decision-making, which should be taken into ac-
count by the surveyed manufacturers.
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The implementation of the Internet of Things
(IoT) concept based on the idea of communication
between devices (M2M – machine to machine) is pos-
tulated to a limited extent. Although it creates the
possibility of communication, collection and process-
ing of data and their exchange by these devices via
a computer network without human intervention, the
level of its use is relatively low (average rating 3.37;
21.1% of indications for a rating of 5 points).

In spite of the fact that the manufacturers have
sufficient computing power, have the right amount
of data and knowledge about modelling calculations,
they are not fully aware of how much artificial in-
telligence, including machine learning, entered the
business, especially in the perspective of Industry 4.0
(average rating 3, 04; 12.7% of indications for the as-
sessment of 5 points).

Nanotechnology is still a poorly known area,
which is one of the main obstacles to its develop-
ment. Knowledge about nanotechnology, as a factor
determining the development of technological poten-
tial, is very limited among the surveyed companies,
and entrepreneurs often evaluate phenomena using
generalisations. In the opinion of the authors of the
study, company representatives exhibit rather gen-
eral knowledge; have clear difficulties in identifying
specific nanotechnology names specific to the sector
being investigated (average score 2.86; 5.6% of the in-
dications for 5 point score). According to the authors,
this is a matter of proper marketing and a ques-
tion about the price of the product and whether
nanotechnology-based products will increase sales.
In addition, the question arises: Will the addition-
al costs associated with the implementation of nan-
otechnology be ever acceptable? Despite the knowl-
edge deficit, it is high time to accelerate the develop-
ment of nanotechnology in Poland, especially in view
of the idea of Industry 4.0.

Despite the fact that Industry 4.0 promotes
micro- and nanoelectronics as the key technologies
for the development of traditional industry, in the
assessment of the surveyed enterprises, very limited
activity in this area is noticed (average rating 2.80;
7.0% of indications for the assessment of 5 points).

In order to ensure sustained growth of 4.0 tech-
nology in Polish enterprises of the agricultural ma-
chinery sector in the medium term, it is recommend-
ed to create a broad program promoting cooperation
between business and scientific entities in the field
of artificial intelligence. Such a program should be
realized by taking into account the ‘open innovation’
model, as a result of which enterprises will not re-
ly solely on their own data and the results of their
own research and development work, but instead use

external sources of innovation and cooperate exten-
sively with other entities, as well as with the sphere
of research and development. In the short term per-
spective, it is recommended to take educational mea-
sures on a ’learning by doing’ basis, in the medium
term, it is recommended to take measures enabling
Polish enterprises to avoid the equivalent of a ’medi-
um development trap’ in the data-based economy,
while in the long term, the emphasis ought to be
placed on building permanent global dominance of
domestic enterprises in selected specialisations.

Modern 4.0 enterprises are required to be able
to take advantage of market opportunities, which on
the one hand necessitates the prior implementation
of a lean enterprise model, and on the other hand,
compels the use of selected concepts and manage-
ment methods. In this area, research was undertak-
en, the main purpose of which was an attempt to an-
swer the question referred to the level of maturity of
Polish manufacturers of the agricultural machinery
sector in the area of utilizing modern management
concepts. The research results are shown in Table 6.

Table 6
Maturity level in the field of applied management concepts

[M Conc.].

Item Desiderata Average

12 LM (Lean management) 4.56

13 FL/AG (Agility and Flexibility) 4.55

14 TQM (Total Quality Management) 4.54

15 BEN (Benchmarking) 4.46

16 CI (Continuous Improvement) 4.37

17 CE (Concurrent Engineering) 4.38

18 SCP (Supply-Chain Partnering) 4.49

19 OC (Outsourcing) 4.46

20 TBW (Team-Based Working) 4.30

21 TPM (Total Productive Maintenance) 4.35

22 JIT (Just in Time) 4.45

23 BPR (Business Process Reengineering) 4.30

An expression of the prevailing belief that coun-
teracting waste is one of the possibilities to increase
the efficiency of an enterprise’s operation is the im-
plementation of the Lean management concept (av-
erage rating 4.56; 59.2% of indications for a rating of
5 points). The entire industry transformation to 4.0
model is also a significant change from the point of
view of organisations and processes that will under-
go important modifications in their current shape.
The currently observed management trends create
premises to conclude that the interest in individual
Lean management tools will continue to increase.
The constant pressure on cost reduction means that
effective supply chain management becomes one of
the priorities of enterprise management. In the con-

Volume 11 • Number 4 • December 2020 97



Management and Production Engineering Review

text of Industry 4.0, it is emphasised that the impor-
tance of relationships with customers, suppliers and
employees is rising. The conducted research proce-
dure is an important knowledge base that authorises
the authors to state that the SCP concept is highly
realized by the surveyed enterprises (average rating
4.49; 54.9% of indications for a rating of 5 points).

The key issue for Industry 4.0 is the constant
search for new opportunities to reduce costs. One
way, applied by the surveyed companies, is to move
from traditional sequential simulation of production
processes to the use of concurrent engineering (av-
erage rating 4.38; 47.9% of indications for a rating
of 5 points). Instead of looking for their own solu-
tions, which is usually a long and costly process, the
surveyed companies try to use the experience of oth-
ers; while the idea of Industry 4.0, as in the case
of the respondents, assumes creative imitation (aver-
age rating 4.46; 53.5% of indications for a rating of
5 points).

In the context of the idea of Industry 4.0, there is
a growing demand for an enterprise model that flexi-
bly adapts to constant and turbulent changes occur-
ring in the environment, and is able to function in
chaos. It should be even more emphasised that the
surveyed enterprises are characterized by sensitivity
and the ability to quickly identify opportunities and
use them for their own development (average rating
4.55; 60.6% of indications for a rating of 5 points).

The premise of Industry 4.0 is the tendency to
delegate tasks that can be abandoned so that the
manufacturer could focus on key activities. The OC
concept is to a great extent implemented by these
surveyed enterprises, which isolate the areas of sec-
ondary or ancillary activity from the company’s op-
erations processes and transfer them for activation
to external entities (average score 4.46; 50.7% of the
indications for 5 point score).

In order to reduce work in progress and the level
of inventories in the entire production and warehouse
process, as well as the costs associated with its imple-
mentation, enterprises willingly use the Just in Time
concept (average rating 4.45; 49.3% of indications for
a rating of 5 points). Thanks to such a system, the
warehouse inventory of both the raw material and
the finished product is kept at the minimum level,
hence the compatibility of the JIT concept with the
idea of Industry 4.0.

Manufacturers pay special attention to meeting
the assumptions of the TQM concept, which pro-
vides solutions that fit the idea of Industry 4.0 (ave-
rage rating 4.54; 56.3% of indications for a rating of
5 points). Among the surveyed enterprises, it is easy
to notice the systematic engagement in the produc-
tion system improvement (average rating 4.37; 49.3%

of indications for a rating of 5 points). Employees
enacting minor improvements every day make that
the organization itself is improving and is faster in
acquiring competences, hence, implying that it is ef-
fectively functioning in the conditions set out by the
era of Industry 4.0. In such enterprises, teams are
formed, consisting of a small group of people with
complementary skills who are engaged in achieving
a common goal, using jointly set performance stan-
dards, for which they are responsible for each other
(average rating 4.30; 43.7% of indications for a rating
of 5 points).

The idea of Industry 4.0 assumes taking actions
that involve the safety of machines, operation and
the environment – that is everything that affects the
well-being of employees. The maturity of enterprises
in this area expresses the use of appropriate quali-
ty tools and conducting technical analyses related to
the operation of individual machine elements, which
are responsible for potential errors affecting the fi-
nal product (average rating 4.35; 46.5% of indica-
tions for a rating of 5 points). The Idea of Industry
4.0 requires focus on processes, monitoring the ba-
sic assumptions of processes implemented so far, as
well as the need to integrate process redesign based
on a business strategy adopted by the company. It
should be emphasised that the surveyed enterprises
eagerly use the BPR concept (average rating 4.30;
45.1% of indications for a rating of 5 points), which
represents their maturity within the mentioned as-
sessment space.

Twelve descriptions were selected when evaluat-
ing the level of maturity in the field of tools used by
enterprises (Table 7).

In the era of Industry 4.0, attention is drawn to
the need to transfer the entire function of manag-
ing the manufacturing process to specialised devices;
usually computers. That is why it is so important for
companies to effectively utilize IT tools enabling inte-
grated product design (average rating 4.25; 40.80% of
indications for a rating of 5 points). Attention is paid
to the relatively high level of implementation of the
module for dynamic management of the production
progress path with the customer’s order (average rat-
ing 4.07; 35.2% of indications for a rating of 5 points).

As part of the assumptions related to the idea
of Industry 4.0, the need to implement integrat-
ed tools supporting analyses in the field of produc-
tion controlling is pointed out. In response to the
mentioned postulate, the surveyed companies declare
that they have tools that enable analysing and bud-
geting of production costs; budget performance anal-
ysis, budget deviation analysis or investment prof-
itability analysis (average rating 4.17; 39.4% of indi-
cations for a rating of 5 points).
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Table 7
Maturity level in the scope of applied tools [4.0 Integ.].

Item Desiderata Average

24 Module for dynamic management of the production progress path
with the customer’s order

4.07

25 IT tools enabling integrated product design 4.25

26 Module supporting analyses in the field of production controlling 4.17

27 Dynamic product base management tools 4.24

28 Implementation of systems for automatic handling of product defects 4.07

29 Module for dynamic processing and management with material flow 4.11

30 Application of ERP system calculation algorithms 4.08

31 Tools supporting production instrumentation management 3.75

32 Integration of the purchasing platform with supplier systems and logistics services 3.90

33 Module providing the option of electronic exchange of documents 4.06

34 Tools supporting electronic customer service (elements of transaction marketing) 4.23

35 Introduction of solutions within the sales platform enabling integration
with the production department

3.90

The problem of managing a huge amount of prod-
uct information in a structured manner and the pos-
sibility of its transparent presentation pose signifi-
cant challenges in the context of the era of indus-
try 4.0. The potential for savings and streamlining
the purchasing, production and sales processes is vi-
tal, it opens the way for enterprises to put in place
a software platform for managing product and cata-
logue information (average rating 4.24; 43.7% of in-
dications for a rating of 5 points).

In the era of industry 4.0, planning activities and
responding to irregularities are of particular impor-
tance to ensure the maximum availability at minimal
costs. This forces enterprises to perform much more
in-depth data analyses than the available warehouse
programs allow. The need to realize modules for cen-
tralisation and automation of inventory management
is also taken into consideration (average rating 4.11;
35.2% of indications for a rating of 5 points).

The key tool for business management at the
stage of company 4.0 is the ERP system. Research
shows that the use of computational algorithms is
a strategic business decision for companies (average
rating 4.08; 35.2% of indications for a rating of 5
points). Part of this plan, in case of some enterprises,
is the utilization of applications enabling production
instrumentation management (average rating 3.75;
25.4% of indications for a rating of 5 points). In the
face of the fourth generation industry, the necessity
to gradually implement applications that provide the
possibility of integration with the computer systems
of shipping companies is also highlighted. Increas-
ingly, among the surveyed companies, the possession
of tools supporting the generation of printouts ac-
cording to specific templates, generation of indivi-

dual shipment markings for each forwarder, or auto-
matic settlement of collected amounts is also noted
(average rating 3.90; 32.4% of indications for a rating
of 5 points).

Moreover, relevant from the point of view of In-
dustry 4.0 is the multi-directional communication
and information flow, including correlation of data
from correspondence with data from systems. It is
therefore reasonable to put in place a module that
creates the possibility of electronic exchange of doc-
uments between contractors according to the EDI
standard (Electronic Data Interchange), which is
the case for the surveyed enterprises (average rating
4.06; 35.2% of indications for a rating of 5 points).
High maturity can also be noticed in the activation
of transaction marketing postulates, which is man-
ifested in the systematic introduction of tools sup-
porting electronic customer service (average rating
4.23; 43.7% of indications for a rating of 5 points),
including (to a slightly smaller extent) focus on
handling product exchanges, returns or complaints
(average rating 4.07; 33.8% of indications for a rating
of 5 points).

In order to guarantee a uniform state of infor-
mation across the enterprise, the database should be
synchronized with partial resources in other systems.
Therefore, it is important to introduce comprehen-
sive and, open to integration, sales platforms (orders,
statistics panels, analytical panels, control panels)
enabling integration with the production department
(average rating 4.01; 38.0% of indications for a rating
of 5 points).

When assessing the level of maturity in the field
of “Knowledge 4.0” desiderata, the following ten vari-
ables were distinguished (Table 8).
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Table 8
Maturity level in the field of “Knowledge 4.0” desiderata [4.0 Knowl.].

Item Desiderata Average

36 Level of competences held by employees (including technological competences) 4.18

37 Presence of innovative knowledge workers in the enterprise 4.17

38 Employees’ responsibility for taken decisions 4.24

39 Matching contractors to the held manufacturing system 4.18

40 Activities aimed at increasing employee satisfaction with their work 4.31

41 Cooperation with science parks and universities 4.11

42 Employee training 4.13

43 Skills to transfer knowledge to other employees 4.21

44 Multitasking 4.17

45 Orientation towards research and development 4.06

The contemporary employee is a person who does
his/her job very well, has relevant knowledge and
skills and is able to properly use them in changing
situations (average rating 4.18; 43.7% of indications
for a rating of 5 points). High expectations regard-
ing knowledge, skills, attitudes, abilities and predis-
positions addressed to employees are reflected in the
significant number of innovations they propose (av-
erage rating 4.17; 40.8% of indications for a rating
of 5 points). In the course of the conducted research,
attention was paid to the high level of employee re-
sponsibility for decisions (average rating 4.24; 39.4%
of indications for a rating of 5 points).

The research results confirmed the authors’ be-
lief that cooperation between universities and sci-
ence parks with enterprises, however justified for the
creation and development of innovations based on
scientific ideas, is not realized at the highest pos-
sible level, and requires improvement (average rat-
ing 4.11; 31.0% of indications for 5 points). Observa-
tions and interviews conducted by the authors pre-
dispose them to the view that some entrepreneurs
(in the activities of science parks and universities)
perceive the threat of reducing the role and par-
ticipation of the enterprise in transforming the re-
sults of scientific research into technological innova-
tions.

An important determinant of Industry 4.0 is, and
enacted at a good level, training policy (average rat-
ing 4.13; 33.8% of indications for a rating of 5 points).
From this perspective, the motives for knowledge-
sharing behaviour are equally important. They are
currently complex, ranging from altruism, trust, reci-
procity rules, to the desire to build self-image as an
expert and specialist (average rating 4.21; 46.5% of
indications for a rating of 5 points).

‘Multi-positioning’ of employees (average score
4.17; 36.6% of indications for a rating of 5 points),
which translates into a high level of adaptation of
contractors to the production process (average rat-
ing 4.18; 36.6% of all indications for the assessment
of 5 points) and a focus on conducting research and
development works (average rating of 4.06; 32.4% of
indications for the assessment of 5 points) is consid-
ered to be the determinant of the maturity level of
enterprises.

The ecological competences of enterprises are
nowadays an important element of building prop-
er interactions with the environment; they cover a
complex and diverse range of issues and are built in
many different areas. They are complex relationships
of collective learning skills and therefore were used
in the context of assessing the level of maturity in
the field of Industry 4.0 desiderata (Table 9).

Table 9
Maturity level in the field of “Ecological competences” desiderata [Eco conc.].

Item Desiderata Average

46 Development strategy including eco-innovation in the corporate objectives bundle 3.89

47 Multi-directional information flow in areas related to eco-innovation 3.92

48 Orientation towards the future 4.25

49 Ecodesign 3.99

50 Efficiency of resource management throughout the entire life cycle 4.27
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Ecological competences allow for the creation of
an ecological quality strategy. It is a company devel-
opment strategy combining elements of quality and
ecology in the form of ecological quality. It should
be a strategy based mainly on the value of ecologi-
cal technologies or products. An element of ecologi-
cal competence is the ability to introduce ecological
quality requirements into individual stages of strate-
gy construction; from the company’s mission, strate-
gic analysis, through the selection of the strategic op-
tion, to strategy implementation and strategic con-
trolling.

The development strategy of the surveyed enter-
prises, for the most part, includes the inclusion of
eco-innovation in a bundle of enterprise goals (aver-
age rating 3.89; 31.0% of indications for a rating of
5 points). There is a growing flow of information in
areas related to eco-innovation (average rating 3.92;
31.0% of indications for a rating of 5 points).

The subject of eco-design or the inclusion of
thinking in decision-making processes with the per-
spective of the entire product life cycle is relatively
new in economic practice. It does not mean that this
concept is not used by the surveyed enterprises (av-
erage rating 3.99; 35.2% of indications for a rating of
5 points). This is due to the very concept of life-cycle
category thinking, which is one of the fundamental
assumptions of this strategy.

In the era of Industry 4.0, particular focus is paid
to environmental criteria, which should be included
both at the stage of selection of raw materials and
materials used for production, as well as the produc-
tion processes themselves (sustainable production).
Products should be designed in such a way so that
they could be suitable for recycling or reuse, making
waste management easier and less costly.

The surveyed enterprises improve their own pro-
cesses, exert influence on suppliers and other market
entities with whom they come into contact at vari-
ous stages of the life cycle of their products. They
are characterized by resource management efficiency
throughout the entire life cycle (average rating 4.27;
45.1% of indications for a rating of 5 points). By car-
ing for and monitoring environmental impact, they
implement the idea of thinking in terms of the life cy-
cle in their strategy and decision-making processes,
hence one can speak of their maturity in the context
of Industry 4.0.

What distinguishes the industrial revolution 4.0
is customer centricity. Using the tools offered by In-
dustry 4.0 will not only improve the quality of the
product, speed of its delivery, but, above all, will al-
low for the better adaptation of the product to cus-
tomer needs. Although current activities are highly
focused on deepening or building relationships with
customers and suppliers (average rating 4.48; 54.9%
of indications for a rating of 5 points), this approach
will further strengthen the customer-supplier rela-
tionship (Table 10).

Awareness of the employee’s needs and building
a full relationship with them is the key to 4.0 com-
pany success. A modern relationship is one in which
the employer is aware of the multidimensional needs
of the employee, and therefore is able to take care
of his/her financial situation, emotional well-being,
relationships at work, atmosphere, and broadly un-
derstood organisational culture.

The conducted interviews convince the authors
that the surveyed companies offer a friendly work-
place, where employees can achieve their goals, and
at the same time are appreciated and motivated (av-
erage rating 4.44; 53.5% of indications for a rating
of 5 points). From the perspective of the surveyed
companies, it is imperative to build a long-term re-
lationship with the employee, thanks to which the
staff turnover is relatively low.

The era of digital technology has contributed to
the enrichment of discussions on human-machine re-
lations. It is assumed that to establish meaningful
human-robot relationships, it is necessary to use gen-
erally accepted social mechanisms. One of their key
elements is empathy, which is often seen as the foun-
dation of social relations, necessary for their proper
course. In the context of the above, it was established
that as a result of the relatively poor ‘personality’
of robots, the assessed persons cannot be empathic
towards them (average rating 3.65; 25.4% of indica-
tions for a rating of 5 points). Despite the efforts of
scientists, the creation of an emotionally intelligent
machine is currently far from perfect. Undoubtedly,
however, exploring the topic of the relationship be-
tween the machine and man can be considered one
of the most interesting challenges in the context of
the idea of Industry 4.0.

Table 10
Maturity level in the field of “Relations 4.0” [4.0 Relat.].

Item Desiderata Average

51 Activities aimed at deepening or building relations with customers and suppliers 4.48

52 Activities aimed at deepening or building relations with employees 4.44

53 Empathy in the human-machine relation 3.65
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Conclusions

The Idea of Industry 4.0, most comprehensively
of all business development models, applies to the
area of the economy. Thus, it is de facto a special
direction of the country’s economic development.

With reference to the above considerations, sever-
al trends should be highlighted, the impact of which
on the development of enterprises and the entire
economy will be a key issue.

Thus, the purpose of the deliberations undertak-
en in this research paper was to obtain information
on the stage of activation of the idea of Industry 4.0
among Polish manufacturers of the agricultural ma-
chinery sector. Its implementation is related to 4 spe-
cific objectives that were fully achieved. The study
defines the merits of the Industry 4.0 axiom, which
subsequently allowed nominating the areas that are
vital, on the one hand, from the point of view of In-
dustry 4.0, and, on the other hand, determine the
maturity of companies in the domain of accepted
desiderata. In the course of the conducted investi-
gation, a research model was compiled that implied
recognition of the level of technological sophistica-
tion of the surveyed enterprises and the specificity
of the gap (indication among selected manufacturing
companies).

The gathered research material enabled to draw
conclusions of a general and cognitive nature. The
presumptions adopted in the paper were fully con-
firmed by the theoretical and empirical arguments
carried out (Table 11).

The Idea of Industry 4.0, most comprehensive-
ly of all business development models, applies to the
area of digitisation. Nowadays, we are no longer talk-
ing about the digitisation of simple services and indi-
vidual tasks, but about the digitisation of the entire
production process and intellectual work. Therefore,
digitisation cannot take place in an insular manner,
but must be a thoughtful process of building a dig-
ital platform enterprise (State as a Platform). This
requires defining a new approach to data that be-

come a production resource creating value. They can
be used in various ways; to optimise processes, teach
artificial intelligence algorithms, or extract new in-
formation (Data Mining). It is thus recommended to
better prepare companies and employees for emerg-
ing challenges in order to maximise profits resulting
from digital progress.

Another macro trend is the construction of a cir-
cular economy. The increasing environmental pres-
sure and shrinking of natural resources will force
closing the circulation of raw materials and reusing
resources previously treated as waste. This is a seri-
ous challenge and requires a number of adjustments
on the part of the surveyed enterprises. For compa-
nies, it is also a technological challenge, as the circu-
lar economy will need new materials and new design
methods.

An important point on the development map of
the surveyed enterprises will be satisfying the chal-
lenges associated with low-carbon production. It is
the task of enterprises to take appropriate measures
in order to increase the efficiency in creating new
management models.

Bioeconomy seems to be the last predicted ele-
ment of the great revolution in the world economy.
On the one hand, it will concern traditional sectors,
which will increasingly use raw materials and mate-
rials of natural, in particular vegetable, origin. On
the other hand, it means the rapid development of
biotechnology and its applications in new production
areas; in this respect, in the opinion of the surveyed
enterprises, a significant gap is emerging, and it un-
doubtedly needs to be filled.

In spite of the awareness of the great development
challenges arising from macro trends and the success-
ful adaptation of enterprises to concept 4.0, there
are still a number of delays and internal conditions
that require state intervention. This is especially so
in that many of them are associated with the oc-
currence of development barriers resulting from the
existing institutional and legal environment.

Table 11
Presumptions testing results.

P Content Test

P1: The surveyed manufacturers demonstrate a high level of domain knowledge and the ability
to implement selected management concepts.

√

P2: The research model resulting from the expert discussion reflects the directions of actions that
should be undertaken by the surveyed enterprises in the context of Industry 4.0. (research
coincidence).

√

P3: More and more companies organise a business model, in which the reference point is the
Industry 4.0 concept.

√

P4: The process of transforming enterprises into a model based on digital technologies – compared
to other spaces – is relatively low.

√
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