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Abstract: Industry 4.0, largely equated with digital transformation, is a term referring
to the Fourth Industrial Revolution. It has been underway for many years, as the
concept was first formulated in Germany as early as 2011. The fourth wave of the
industrial revolution refers to the growing digitization and automation of the
manufacturing environment. These changes do not affect only the business sector but
also impact the functioning of public administration and nongovernmental
organizations. The topic of Industry 4.0 has received widespread attention in the
literature on the subject. However, a weakness of previous studies is their failure to
address the specific conditions of peripheral areas, which lag behind central areas in
socio-economic terms. This publication presents the results of a qualitative study
conducted using standardized interviews in selected counties of southeastern Poland.
As part of the empirical research, 65 interviews were conducted in four counties of the
Podkarpackie Voivodeship: Brzozéw, Sanok, Lesko, and Bieszczady. The respondents
represented three main types of entities: businesses, local government units (LGUs),
and the nongovernmental sector (NGOs), which ensured the triangulation of market,
administrative, and civic perspectives. The main objective of the study was to identify
the barriers and determinants of Industry 4.0 development in peripheral areas. The
empirical study indicated that, in the respondents’ opinion, the factors hindering the
development of Industry 4.0 were predominantly resource-related barriers (financial,
human resources, and skills) as well as resistance to change and poor infrastructure. In
contrast, the determinants of digital transformation include: digital infrastructure
(high-speed internet connections), cooperation and the role of local government,
competencies, and financial resources. Among the respondents, the level of knowledge
regarding the importance of digital transformation is high but varies. This article
presents the most characteristic and valuable statements from the respondents in their
full, original form.
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1 Introduction

Innovation processes in the economy have long been at the very
center of interest in economics and management sciences. There
are many publications in the academic literature addressing
interorganizational collaboration and innovation, including
business innovation (see, e.g., Pietruszka-Ortyl 2019; Aluchna et
a. 2013; Bratnicka 2014; Wallis 2016). This stems from the fact
that innovation and various dimensions of cooperation between
organizations are viewed as determinants of corporate efficiency
and as a driving force behind the economic and social
development of specific regions. Today, a particularly notable
manifestation of these processes is the Industry 4.0 concept
being implemented in the global economy, which is viewed in
many countries as a phenomenon capable of significantly
atering the economic landscape at the local, regional, and global
levels.

Groundbreaking technological changes have always transformed
the manner and structure of production processes and are
referred to in the literature as industrial revolutions (see more,
eg., Chalvantharan 2023; Eason et a. 1955; Moloi, Marwala
2020). The First Industrial Revolution began in the 18th century
and was associated with the invention of the steam engine (Lu
2017, pp. 1-10) - an economy based on agriculture and artisanal
production was replaced by mechanized production utilizing
water and steam power. The Second Industrial Revolution,
which took place at the turn of the 19th and 20th centuries, was
linked to the development of electricity, which enabled mass
production and increased the manufacturing efficiency of

enterprises; during this period, many management processes
designed to boost productivity also emerged, including through
the division of labor (Slusarczyk 2019, pp. 5-6). Both of these
revolutions led to increased prosperity among workers and
progressive urbanization. The Third Industrial Revolution, which
began in the late 1960s, resulted from advances in computers and
electronics, which alowed for even more extensive automation

and optimization of production processes based on
programmable logic control systems, leading to greater

efficiency and improved quality (Mller et al. 2018, pp. 2-17).

The next stage of change is the Fourth Industrial Revolution,
referred to as Industry 4.0. This concept was formulated in
Germany in 2011 as an attempt by the German government to
address the negative effects of the economic crisis - the term
Industry 4.0 first appeared in November 2011 in connection with
a government initiative regarding a high-tech strategy for 2020
(Slusarczyk 2019, p. 4). Currently, this term refers to the digital
transformation of the manufacturing process. There are many
definitions of this concept in the literature; one of them, by H.
Lasi, states that “Industry 4.0 describes the increasing
digitization and automation of the manufacturing environment,
as well as the creation of digital value chains to enable
communication between products, the environment, and business
partners’ (Lasi et al. 2014, pp. 239-242). This paradigm thus
encompasses digital manufacturing, networked communication,
computer technologies, and automation, as well as many other
areas of business activity (see also, e.g., Kieltyka, Charciarek
2019). At the core of the Industry 4.0 concept lies the
implementation of digital technologies and the automation of
manufacturing processes; the technologies used within this
framework include, among others: the Internet of Things (1oT),
Big Data, Artificial Intelligence, Robotic Process Automation,
Cloud Computing, Virtual Reality, and Additive Manufacturing
(see more: Kaczmar-Kolny, Pospiech 2023; Gajdzik, Grabowska
2018; Rozanowski 2007; Szajna et al. 2018).

However, before the concept of Industry 4.0 became firmly
established in the literature on the subject, many authors (see,
e.g., Moczydtowska 2023; Walicka, Czemiel-Grzybowska 2023;
Rzadkowski, Sidor-Rzadkowska 2024; Januszewska, Fetela
2024) began to formulate the principles of Industry 5.0 - an
evolution of Industry 4.0 that emphasizes the design of
innovative solutions and sustainable, crisis-resilient, people-
centered development. This raises the question of whether the
academic discussion regarding the Industry 4.0 concept in the
context of economic development and technological change is
till relevant, given that the Industry 5.0 concept is aready being
developed. In the authors' view, it remains relevant, especialy
with regard to peripheral areas characterized by a lower level of
socioeconomic  development, where “peripherdity” s
understood here as a state of lag relative to more developed
regions (see more: Idczak 2013; Demianiuk, Szymanska 2016;
Wilkin 2003; Feser, Malizia 1999). The Industry 4.0 concept not
only influences the development of the industrial sector but also
extends to the public and nongovernmental sectors.
Consequently, it is particularly important to identify the barriers
and determinants of digital transformation, especialy in areas
characterized by a lower level of socioeconomic development
than central regions.

2 Materialsand Methods

In order to identify barriers and determinants of digital
transformation within the framework of Industry 4.0 in
peripheral areas, standardized interviews were conducted in
2026 in selected counties of southeastern Poland. The research
was funded by the Ministry of Science and Higher Education
under the Science for Society Il program (grant no. NdS-
11/SP/0347/2024/01). As part of the empirica research, 65
interviews were conducted in four counties of the Podkarpackie
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Voivodeship: Brzozéw, Sanok, Lesko, and Bieszczady. Each
interview was conducted using a standardized questionnaire
consisting of eight demographic questions and ten open-ended
substantive questions. The respondents represented three main
types of entities - local government units (LGUs),
nongovernmental organizations (NGOs), and businesses—which
ensured the triangulation of administrative, civic, and market
perspectives. The analysis of respondents’ statements was
conducted using qualitative content analysis, supplemented with
quantitative elements. During the thematic coding process, at
least eight semantic categories were identified for each question.
Since respondents  often  addressed multiple  issues
simultaneously, a multiple-coding procedure was used, allowing
a single response to be assigned to several categories. The
resulting categories were then correlated with the respondents’
sociodemographic characteristics, treating the type of entity as
the main variable and gender, age, years of service, education,
job title, county, and type of municipality as supplementary
dimensions. The main objective of the research was to identify,
in the respondents opinion, the primary barriers and
determinants of the digital transformation of businesses, local
governments, and nongovernmental organizations in peripheral
areas. This article presents the most characteristic and valuable
statements made by the respondents in their full, origina
wording.

3 Results of the study

A total of 65 respondents participated in the study, which took
the form of standardized interviews. Understanding the structure
of the sample was a key factor in conducting in-depth qualitative
analyses (see Tab. 1).

Tab. 1: Sample structure by selected characteristics (type of
entity, respondent’ s age, position held, county)

TYPE OF ORGANIZATION RESPONDENT'S AGE

Percentage | Number Percentage| Number

Category (%) ") Category (%) )

Companies | 49.2% 32 Companies 49.2% 32

NGOs 30.8% 20 NGO 30.8% 20
Local
government 20.0% 13 JST 20.0% 13
units
Total 100.0% 65 Total 100.0% 65
COUNTY SEAT
Category Perz:;:;age Nu(rg)ber
Sanok 40.0% 26
Brzozéw 30.8% 20
Leski 21.5% 14
Bieszczady 7.7% 5
Total 100.0% 65

POSITION HELD

Category Per z:;:;age (lr:l)umber
Management / CEO 41.5% 27
Specialist / expert 38.5% 25
Administrative staff 13.8% 9
Other 6.2% 4
Total 100.0% 65

Source: Own study

The sample of 65 respondents consisted of relatively older,
professionally experienced individuals with a high level of
education and a clearly decision-making professional profile.
Men predominated in the sample - 60.0% (39 people) - while
women accounted for 40.0% (26 people). A ratio of
approximately 3:2 in favor of men is typical for studies
involving executives and company representatives in technical
and economic fields. However, the presence of women,
accounting for two-fifths of the sample, ensures a significant
diversity of perspectives. The largest group consisted of
respondents aged 40-49 (38.5%; 25 people), followed by those
aged 30-39 (26.2%; 17) and 50-59 (21.5%; 14). The youngest
group (up to age 29) accounted for 6.2% (4 people), while the
oldest (60 years and older) accounted for 7.7% (5 people). In
total, the 30-59 age group comprised 86.2% of the respondents,
indicating a strong concentration of the sample among
individuals with established professional standing and real
influence over organizational decisions. The respondents were
characterized by a high level of education; the vast majority held
a college degree-78.5% (51 people)-while 21.5% (14 people)
had a high school diploma, no respondents in the sample had a
primary, lower secondary, or basic vocational education. The
respondents had significant professional experience. The largest
group consisted of those with over 20 years of experience
(44.6%; 29 people). 20.0% (13) reported 11-15 years of
experience, and 185% (12) reported 16-20 years. Fewer
respondents had shorter work experience: 6-10 years (12.3%; 8)
and up to 5 years (4.6%; 3). In total, respondents with more than
16 years of work experience accounted for 63.1% of the sample,
which may indicate the sample's maturity and a longer
comparative perspective in assessing technological changes. In
terms of job roles, the sample was dominated by
executives/CEOs (41.5%; 27 people) and specialistdexperts
(38.5%; 25). Administrative staff accounted for 13.8% (9), and
the “Other” category accounted for 6.2% (4 people). The
combined share of decision-makers and experts was 80.0%,
indicating that the survey primarily included individuals with
high levels of subject-matter expertise and areal influence on the
direction of their organizations development. The largest
number of respondents represented entities from the Sanok
County (40.0%; 26 people) and the Brzozéw County (30.8%;
20). The Lesko County was represented by 21.5% (14), while
the smallest group came from the Bieszczady County (7.7%; 5).
The entities headquarters were most often located in urban
municipalities  (44.6%; 29), less frequently in rural
municipalities (29.2%; 19), and in urban-rural municipalities
(26.2%; 17). Although urban locations predominated, the
distribution is relatively balanced - entities from rural or urban-
rural areas together accounted for 55.4% of the sample, which
dlows for a comparative analysis of the conditions of
transformation in diverse spatial contexts. Businesses were the
most numerous (49.2%; 32 entities), followed by
nongovernmental  organizations (30.8%; 20) and local
government units (20.0%; 13). Nearly half of the sample came
from the business sector, which aligns with the study’ s economic
focus, the simultaneous inclusion of NGOs and local
government units ensures a triangulation of perspectives -
market, civic, and administrative.

An analysis of the structure of the respondent sample, based on
the dominant values for each of the characteristics studied, made
it possible to outline a synthetic profile of the most typical study
participant. This profile is a statistical generalization and does
not refer to any specific individual.

Tab. 2: Moda profile of a survey respondent

Characteristic Dominant value Per centage
Gender Male 60.0%
Characteristic Dominant value Per centage
Age 40-49 years 38.5%
Education college 78.5%
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Years of work experience Over 20 years 44.6%
Position held executive/ CEO 41.5%
Entity’s headquarters Sanok County 40.0%
Type of municipality urban municipality 44.6%
Entity type enterprise 49.2%

Source: Own study

Statistically, the typical survey participant is a man aged 40-49,
with a college degree, over 20 years of work experience, and
holding a managerial position at a company headquartered in an
urban municipality in Sanok County. This profile confirms that
the empirical data collected comes predominantly from
experienced, well-educated individuals in decision-making
positions - that is, respondents with high credibility in assessing
the conditions for the development of Industry 4.0.

One aspect of the study was to gather opinions on the barriers
and risks associated with digital transformation under the
“Industry 4.0" concept in the Brzozéw, Sanok, Lesko, and
Bieszczady counties, and to determine whether local barriers
differ from those at the national level.

According to the respondents, the most serious barrier turned out
to be financial constraints, costs, and a lack of capital (64.6% of
respondents) - cited by nearly two-thirds of respondents and
predominant across all three sectors. The next most frequently
cited barriers were: a shortage of qualified personnel (40.0%),
low digital literacy and awareness (36.9%), resistance to change
and caution regarding investment (30.8%), and poor digital
infrastructure (29.2%). These barriers are therefore primarily
resource-related - financial, human resources, competency, and
infrastructure - rather than technological in the narrow sense.

Tab. 3: Local barriers by type of entity (% of responses within
the sector; multiple coding)

vicinity, which prolongs and complicates the implementation
process. Compared to the national average, barriers related to
the region’s peripheral location and the lower visibility of local
companies in the eyes of major technology partners are felt more
acutely.

Respondent 1D 15 (male, 40-49 years old, specialist/expert,
company, Sanok County)

The most significant local barriers are: a shortage of specialists,
limited access to investment financing, a lower level of
digitization among SMEs, and limited collaboration between
academia and business. Compared to the national level, these
barriers are more pronounced, particularly in the areas of
human capital and infrastructure.

Respondent ID 56 (female, ages 40-49, specialist/expert,
company, Brzozéw County)

Although the financial barrier is a common factor, its context
varies by sector: in NGOs (70%), it is linked to unstable project
funding; in enterprises (66%), it is linked to SMES' investment
caution. Businesses were clearly distinguished by resistance to
change and investment caution (41% versus 15% in NGOs);
NGOs - by low digital literacy among their audiences and their
own staff (55%) and a lack of support and guidance (30%); and
local government units - by infrastructure and competency
issues.

During the interviews, respondents were also asked whether
local barriers differed from those at the national level. A
comparison with the national level yielded an almost unanimous
conclusion. More than half of the respondents did not directly
address the comparison; however, among the 29 who did, as
many as 28 (96.6%) considered local barriers to be different
from or more significant than nationa ones; only one person did
not perceive adifference. The prevailing interpretation is that the
region faces the same types of barriers as the rest of the country
but has fewer resources to compensate for them-its peripheral
location acts as an “amplifier.” A local government
representative captured this most comprehensively in systemic
terms:;

barriers related to competence, infrastructure, and finance;
organizational, institutional, cultural, and social barriers; legal
and regulatory barriers; information and communication
barriers; and demographic barriers. Yes-they are different,
though some of them are shared. The differences mainly concern
the scale, intensity, and nature of the problems

Local Gover nment .
Local barrier Units NGOs Enterprises
(n=13) (n=20) (n=32)
Financial
constraints and 54% 70% 66%
Shortage of o ) ,
qualified staff 38% 35% 4%
LO\;va\(illglrgjél ' 46% 55% 22%
chenge! cation 31% 15% 1%
Poor digital o ,
infrastructure 38% 30% 25%
Local Gover nment .
Local barrier Units NGOs Enterprises
(n=13) (n=20) (n=32)
Lack of support,
gui danclg, and 8% 20% 19%
supplier
’«pp 1]
Small scale of
operations 15% 15% 25%
(SMEs)

Source: Own study

The following statements provide the most insightful analysis of
barriers in the business sector.

In the local environment, one of the main barriers is the limited
financial resources of small and medium-sized enterprises that
operate as subcontractors in the automotive industry and are
cautious about making large technological investments. There is
also a noticeable lack of easy access to specialized consulting
firms and Industry 4.0 system integrators in the immediate

Respondent ID 14 (female, 40-49 years old, specialist/expert,
local gover nment entity, L eski County)

Based on the information presented, it can be concluded that the
barriers to the development of Industry 4.0 in the counties
studied are primarily resource-related - financia, human
resources, skills, and infrastructure - rather than strictly
technological. According to nearly al respondents who
commented on the comparison, these barriers do not differ in
nature from nationwide barriers, but rather in intendty: the
region’s peripheral location makes them more acutely felt and
more difficult to compensate for.

Another objective of the study was to identify the factors
determining the technological and organizational transformation
of enterprises in the four counties and to determine whether
these determinants differ from those at the national level.

Respondents view transformation primarily in pragmatic terms -
as a tool for streamlining day-to-day operations. However, the
direction of transformation (internal/external) is strongly sector-
specific:  enterprises focus their transformation amost
exclusively  inward  (optimization, monitoring), local
governments - outward, toward serving residents (e-services),
and non-governmental organizations - toward analytics,
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communication, and competencies. Cybersecurity as an
application appeared exclusively in businesses (13%) - in no
NGOs or local government units - which signals a gap in
awareness of digital risks in the public and social sectors. The
picture of intra-organizational integration of the production cycle
may be described by a specialist from the business sector, while
a statement from a respondent a a non-governmental
organization may indicate that this is a way to overcome
geographical barriers.

Technological and organizational transformation allows for
better integration of a designer’s work with production, quality
control, and logistics (...). The implementation of integrated
PLM and MES systems enables tracking of a part’s entire
lifecycle-from concept, through prototyping, to mass production
and service. Additionally, the use of numerical simulations and
digital twins helps reduce the number of costly physical tests and
shorten the time it takes to bring new solutions to market.

Respondent ID 15 (male, 40-49 years old, specialist/expert,
company, Sanok County)

In our case, solutions such as electronic health records, patient
management systems, telecounseling, and remote specialist
consultations are key. In Bieszczady County, distance is a real
problem, so teleservices can improve access to psychological
and therapeutic support. From an organizational standpoint,
this also means better team work planning and analysis of data
regarding residents’ needs.

Respondent 1D 20 (female, ages 40-49, executive/president,
nongover nmental organization, Bieszczady County)

The question about the beneficial aspects of the transformation
and the reasons behind them allowed us to distinguish between
what respondents want to implement and what they expect from
these implementations. The research indicated that there are
sector-specific differences in the types of expected benefits.
Businesses “judge’ the transformation based on quality and
costs; local governments - on the efficiency of services provided
to residents (e-services); and NGOs - on accessibility and reach.
The most striking contrast concerns the benefit of “greater reach
and accessibility”: 60% of NGOs cited it, while - significantly -
not a single business representative did. System integration
remains the common denominator across all sectors. The
following statement by a respondent illustrates this point.

The most beneficial tools are: digital communication and social
media tools, systems for managing events and participant
databases, analysis of audience data, and automation of
administrative processes. The primary benefits are improved
communication, a faster flow of information, and the ability to
better tailor offerings to the needs of the local community.

Respondent 1D 23 (female, 60 years or older, administrative
staff member, nongover nmental organization, L eski County)

According to the respondents, the most important factor
determining digital transformation is digital and technical
infrastructure - above all, access to high-speed Internet, the lack
of which is perceived as a fundamental constraint. Most factors
were described in terms of deficits. A clear pattern is the so-
called “loca government gap”: the factor of cooperation and
networks, strongly emphasized by businesses (41%) and
nongovernmental organizations (50%), was almost completely
overlooked by loca governments (8%). The entities that
naturally serve as coordinators of local networks are the least
likely to recognize this function as a determinant of the digital
transformation process. Sectoral profiles are distinct: local
governments emphasize infrastructure and competencies as key
factors, businesses highlight workforce availability and the
structure of the economy; and NGOs focus on collaboration and
social attitudes. The following statement offers the most

insghtful analysis of local conditions, linking the shortage of
skilled personnel to the region’s peripheral location.

In our local community, the availability of qualified technicians
and engineers is a key factor, which is not a given in peripheral
counties such as Sanok County due to the outflow of young
people to larger cities. Transportation infrastructure and stable
cooperation between automotive companies and local schools
and universities are also important (..). Compared to the
nationwide context, the limitations of market scale and the
smaller number of specialized entities  supporting
implementation are more pronounced here.

Respondent ID 15 (male, 40-49 years old, specialist/expert,
company, Sanok County)

In the respondents view, the region faces the same
transformation challenges as the rest of the country, but has
poorer infrastructure, fewer specialists, and limited access to
capital and research and development centers. The contrast
between the local and national levels is best illustrated by the
following statements from respondents.

Local: access to high-speed Internet, human resources (whether
there are specialists nearby), local service and training
companies, and the level of cooperation between local
government and businesses. Differences: At the national level,
there are support programs and larger R&D centers; locally,
access to these resources may be limited, so implementations
proceed more slowly and require local adaptation.

Respondent ID 16 (male, 50-59 years old, specialist/expert,
business, L eski County)

At the local level, access to infrastructure, the level of social
activity, and the ability of various entities to collaborate are key.
Compared to the national level, social and demographic factors-
such as an aging population and the migration of young people-
are more significant here.

Respondent ID 63 (female, ages 40-49, specialist/expert,
nongover nmental organization, Sanok County)

A synthesis of the statements made by individual respondents
leads to the concluson that the pace and success of
transformation in the region are determined primarily by
resource- and infrastructure-related factors, with high-speed
Internet taking precedence. These determinants are - in the
respondents’ assessment - identical to national factors but
available on a smaller scale; conversely, barriers and peripheral
location weaken the determinants of development. An analysis
of applications and benefits further reveals strong, sector-
specific “value maps’ of transformation: production-and-quality-
oriented in businesses, service-and-public-sector- oriented in
local government, and relationship-and-accessibility-oriented in
nongovernmental organizations. An ingitutional factor of
particular importance-and at the same time one of which local
governments are least aware - is cooperation and the networks
connecting individual entities from the business sector, public
administration, and the non-governmental sector.

The study also assessed the level of knowledge among local and
regional entrepreneurs, local government representatives, and
non-governmental organizations regarding the transformation
within the “Industry 4.0” concept, as well as the variation in this
knowledge across the surveyed groups.

Respondents' answers in this regard were notably detailed,
indicating familiarity with the “Industry 4.0” concept among the
surveyed group. The core of respondents’ answers in this area
consists of two nearly equivalent associations - digitalization and
automation/robotization - common to al sectors. More technical
elements (data, |oT/integration, optimization) were significantly
more common in the business sector, indicating a more
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systematic understanding of the concept there. It is aso
noteworthy that the topic of data was least frequently mentioned
in local government, and cybersecurity was entirely absent in
that sector. In addition to the content of the associations, the
study assessed the depth of understanding of the term “Industry
4.0." Most respondents demonstrated a general but correct
understanding; one-fifth demonstrated an in-depth, expert
understanding based on specific technologies; and only 12.3%
demonstrated a superficial or uncertain understanding. This
indicates a high, though varied in terms of depth, prevalence of
the Industry 4.0 concept in the region. The depth of
understanding is clearly linked to sociodemographic
characteristics. The most technicadl and comprehensive
definitions were provided by specialists and executives at
industrial companies - it was within this group that expert-level
understanding was concentrated. Non-governmental
organizations primarily equated Industry 4.0 with digitization,
less frequently referring to data or optimization; local
governments presented a balanced understanding, but placed the
least emphasis on data and cybersecurity. The following
statements by respondents serve as examples.

| associate Industry 4.0 with a strong integration of the physical
and digital worlds, in which machines, production lines, IT
systems, and people are integrated into a single network that
exchanges data in real time. This includes the use of advanced
CADI/CAE tools, PLM systems, 10T sensors, data analytics, and
artificial intelligence, which enable continuous process
optimization. In the automotive industry, this means, among
other things, the ability to design components using digital twins
and a close link between the design office and actual production.

Respondent ID 15 (male, 40-49 years old, specialist/expert,
company, Sanok County)

Connecting machines and systems via the Internet (loT),
automation, robotics. Data collection and analysis (reports,
charts) for better planning. Smart manufacturing: remotely
monitored machines, predictive maintenance. Overall: “a
factory that thinks and communicates,” meaning more data and
less manual labor.

Respondent ID 16 (male, 50-59 years old, specialist/expert,
company, L esko County)

A notable trend was the deliberate expansion of the concept
beyond the industrial sector. Representatives of the social sector
and local government adapted the concept to their own contexts -
culture, therapy, healthcare, and rural development - treating it
as a broad civilizationa process rather than solely a
manufacturing phenomenon. This demonstrates a functional
understanding rooted in the organization’s mission.

I understand Industry 4.0 as a stage in economic development
based on automation, robotization, the integration of IT systems,
and the use of real-time data. It also involves work at the
human-machine interface, the Internet of Things, data analysis,
and intelligent management support systems. For me, it is not
just industry in the manufacturing sense, but more broadly-a
transformation of the entire service delivery model.

Respondent ID 24 (female, 40-49 years old, executive/CEO,
nongover nmental organization, Leski County)

The level of knowledge about the “Industry 4.0” concept is high
among the surveyed population (correct or expert-level
understanding), but varies in depth and scope. There is a clear
digtinction between groups. the deepest, most technical
understanding is found among specialists and management staff
at industrial companies, as well as among individuals with
higher education; the social sector and local government tend to
understand the concept in a broader, functional sense - through
the lens of their own mission - and are less likely to delveintoits
technical core (data, integration, cybersecurity). The high, abeit

uneven, level of knowledge serves as a favorable starting point:
the barrier to transformation is not a lack of understanding of the
concept, but a shortage of resources to implement it.

4 Conclusion

The standardized interviews conducted allowed us to draw
several concluding insights and to identify barriers and
determinants of the development of the Industry 4.0 concept.
The empirica study indicated that the strongest factor
differentiating respondents’ opinions was the type of entity.
Each of the groups surveyed employs a different “map” of
transformation: businesses view it from a market- and
technology-oriented perspective (optimization, competition,
quality, engineering staff, dependence on systems);
nongovernmental organizations view it from a social and
relational perspective (funding, accessibility, digital exclusion,
social competencies, communication), and local governments -
in terms of public services (e-services, infrastructure,
environmental tasks, cybersecurity of residents' data). This
sector-specific logic proved stronger than any single individual
characteristic and recurred consistently in all respondents’
statements. Empirical research has shown that, in the
respondents’ opinion, the factors hindering the development of
Industry 4.0 were dominated by resource-related barriers -
financial, human resources, and competency-related -
complemented by resistance to change and poor infrastructure.
In the assessment of nearly all respondents, these barriers differ
from those at the national level not in type but in intensity: their
peripheral location exacerbates them. In contrast, the
determinants of digital transformation include: digital
infrastructure (with a focus on high-speed Internet), cooperation
and the role of local government, competencies, and financial
resources. Nearly 70% of all respondents believed that the local
conditions determining digital transformation in peripheral areas
are different (weaker) than national conditions. The level of
knowledge about the Industry 4.0 concept and digital
transformation is high; and nearly all respondents understood it
correctly and with expert-level knowledge; however, this
knowledge varies - the most advanced level of understanding is
found among industrial enterprises and individuals with higher
education, while the social sector and local government tend to
understand the concept of Industry 4.0 in a broad and functional
sense, rather than from a technical perspective. The patterns
presented in the text are descriptive in nature and result from a
qualitative study with a limited, unevenly distributed sample.
The most significant limitation of the empirical study is the
small size of the groups from individual sectors, which
necessitates treating the analysis results with a certain degree of
caution. However, despite these limitations, the collected data
provide a reliable, cross-sectional assessment of barriers,
determinants, and the state of knowledge in four counties of
southeastern Poland. The identified patterns - with the type of
entity as the primary differentiating variable, peripherality as a
common denominator, and the disconnect between awareness
and resources and ingtitutions - provide an accurate picture of the
conditions for the development of Industry 4.0 in a region
defined as peripheral, and also indicate the necessary directions
for intervention by businesses, local government, and the non-
governmental sector.

Literature:

1. Aluchna, M., Cydler, J.,, Materna, G., Witek-Hajduk, M. K.,
Marciszewska, E. (2013). Kooperencja przedsigbiorstw w dobie
globalizacji: Wyzwania strategiczne, uwarunkowania prawne.
Wolters Kluwer.

2.Bendul, J, Rosca, E., Hoffmann, T. (2015). Sustainable
technology transfer for poverty alleviation: a unified framework
for challenges and transdisciplinary solution approaches. WIT
Transactions on Ecology and the Environment, 193, 823-834.

3. Bratnicka, K. (2014). Tworczo$¢ i innowacyjno$¢ w
przedsigbiorstwie.  Posredniczaca rola  przedsigbiorczosci
organizacyjng. Studia Ekonomiczne, (183 cz. 1), 28-37.

.24 .



AD ALTA

JOURNAL OF INTERDISCIPLINARY RESEARCH

4. Chalvantharan, A. (2023). Economic feasibility and water
footprint analysis for smart irrigation systems in pam ail
industry. Sustainability, 15(10), 8069.

5. Demianiuk, W., Szymanska, E. (2016). Regiony peryferyjnei
czynniki ich dynamiki w teoriach rozwoju regionalnego.
Spoleczenstwo i Ekonomia / Society and Economics, 2(6).

6. Dziurski, P. (2019). Innowacyjno$¢ jako determinanta relacji
koopetycyjnych. Przeglqd Organizacji, (5), 3-8.

7. Eason, G., Noble, B., Sneddon, I. N. (1955). On certain
integrals of Lipschitz-Hankel type involving products of Bessel
functions. Philosophical Transactions of the Royal Society of
London. Series A, Mathematical and Physical Sciences,
247(935), 529-551.

8. Feser, J., Mdlizia, E. (1999). Understanding Local Economic
Development. Rutgers, Center for Urban Policy Research, New
York.

9. Fraczek, P., Kaczmarski, M., Poptawski, L., Kilar, J.,
Krawczyk, M., Karolczuk, J., Skotnicka & Potoczny, M. (2026).
Awareness of the industry 4.0 concept in local government units
in the light of the respondents’ social characteristics. Annals of
the Polish Association of Agricultural and Agribusiness
Economists, Vol. 28, No. 2, 56-68.

10. Gajdzik, B., Grabowska, S. (2018). Leksykon pojecé
stosowanych w przemysle 4.0. Zeszyty Naukowe. Organizacja i
Zarzqdzanie / Politechnika Slaska, (132), 221-238.

11. Gibson, W. (2003). William Gibson interview with The
Economist. The Economist, December.

12. Gracdl, J., Makowiec, M. (2017). Kluczowe kompetencje
menedzera w dobie czwartej rewolucji przemystowej —
Przemystu 4.0. Acta Universitatis Nicolai Copernici.
Zarzqdzanie, 44(4), 105-129.

13.ldczak, P.  (2013). Widowymiarowa
peryferyjnosci regionalne;j. Identyfikacja
peryferyjnych w Polsce. Difin SA., Warszawa.

14. Twanski, T., Gracel, J. (2016). Przemyst 4.0. Rewolucja juz
tu jest. Co o nig wiesz? ASTOR Whitepaper.

15. Januszewska, K., Fetela, K. (2024). Przemyst 5.0 czyli
wspolczesna rewolucja przemystowa. (W:) Olszowy, J. (red.),
Kognitywne i technologiczne przeobrazenia spoleczenstwa:
Edukacja, Konsumpcjonizm i Rynek Pracy w kontekscie
rozwoju sztucznej inteligencji i Przemystu 5.0. ArchaeGraph,
Lodz.

16. Kaczmar-Kolny, E., Pospiech, W. (2023). Analiza rozwoju
technologii w kontekscie przemystu 4.0 i 5.0. (W:) Matuszek, J.,
Kutschenreiter-Praszkiewicz, I (red.), Inzynieria produkcji
2023. Zaawansowane metody i narzedzia inzynierii
przemystowej. Wydawnictwo Naukowe Uniwersytetu Bielsko-
Bialskiego.

17. Kaczmarski, M., Fraczek, P. (2021). The level of
voivodeship development in Poland and its impact on financing
the socia assigance system. AD ALTA: Journal of
Interdisciplinary Research, 11(2).

18. Kieltyka, L., Charciarek, K. (2019). Model zarzadzania
procesowego z wykorzystaniem nowoczesnych narzedzi
Przemystu 4.0. Przeglgd Organizacji, (8), 5-12.

19. Kiraga, K. (2016). Przemyst 4.0: 4. rewolucja przemystowa
wedlug Festo. Autobusy: technika, eksploatacja, systemy
transportowe, 17.

20. Landry, R., Amara, N., Cloutier, J. S., Halilem, N. (2013).
Technology transfer organizations: Services and business
models. Technovation, 33(12), 431-449.

21. Ladi, H., Fettke, P., Kemper, H. G., Feld, T., Hoffmann, M.
(2014). Industry 4.0. Business & Information Systems
Engineering, 6, 239-242.

22.Lu, Y. (2017). Industry 4.0: A survey on technologies,
applications and open research issues. Journal of Industrial
Information Integration, 6, 1-10.

23. Marciniak, S. (2019). Metoda oceny pozaekonomicznych
determinantéw stymulujacych innowacje procesowo-
produktowe w gospodarce 4.0 i 5.0. Przeglgd Organizacji, (9),
5-11.

24. McAdam, R., Keogh, W., Galbraith, B., Laurie, D. (2005).
Defining and improving technology transfer business and
management processes in university innovation centres.
Technovation, 25(12), 1418-1429.

koncepcja
regionow

25. Moczydtowska, J. (2023). Przemyst 4.0 (?) Ludzie i
technologie. Difin.

26. Moloi, T., Marwala, T. (2020). Introduction to artificial
intelligence in economics and finance theories. (In:) Artificial
Intelligence in Economics and Finance Theories (pp. 1-12).
Cham: Springer International Publishing.

27. Miller, J. M., Buliga, O., Voigt, K. I. (2018). Fortune Favors
the Prepared: How SMEs Approach Business Model Innovations
in Industry 4.0. Technological Forecasting and Social Change,
132, 2-17.

28. Pandey, N., de Coninck, H., Sagar, A. D. (2022). Beyond
technology transfer: Innovation cooperation to advance
sustainable development in developing countries. Wiley
Interdisciplinary Reviews: Energy and Environment, 11(2),
ed22.

29. Pieriegud, J., Paprocki, W., Gajewski, J. (2016). Cyfryzacja
gospodarki i spoleczefistwa — szanse i wyzwania dla sektoréw
infrastrukturalnych. Instytut Badan nad Gospodarka Rynkowa —
Gdanska Akademia Bankowa.

30. Pietruszka-Ortyl, A. (2019). Wspolpraca
mi¢dzyorganizacyjna z perspektywy nauk o zarzadzaniu.
Management and Administration Journal, 39(112), 11-23.

31. Rochon, G. L., Niyogi, D., Fall, S., Quansah, J. E., Biehl, L.,
Araya, B., Thiam, T. (2010). Best management practices for
corporate, academic and governmental transfer of sustainable
technologies to developing countries. Clean Technologies and
Environmental Policy, 12(1), 19-30.

32. Roézanowski, K. (2007). Sztuczna inteligencja: rozwoj,
szanse 1 zagrozenia. Zeszyty Naukowe Warszawskiej Wyzszej
Szkoly Informatyki, 2(2), 109-135.

33. Rzadkowski, G., Sidor-Rzadkowska, M. (2024). Zarzadzanie
5.0 a Zarzadzanie 4.0 — przetom czy kontynuacja? Journal of
Modern Science, 58(4).

34. Schroder, C. (2016). The challenges of industry 4.0 for small
and medium-sized enterprises. Friedrich-Ebert-Stiftung, Bonn,
Germany, 7, 1-28.

35. Schwab, K. (2017). The Fourth Industrial Revolution. Crown
Business, New York.

36. Szajna, A., Szajna, J., Stryjski, R., Wozniak, W. (2018).
Wplyw narzgdzi rozszerzonej rzeczywisto$ci na monitorowanie i
zarzadzanie procesami produkcyjnymi. Zeszyty Naukowe
Politechniki Poznarskiej. Organizacja i Zarzgdzanie, (78), 201—
211.

37.Szum, K., Magruk, A. (2019). Analiza uwarunkowan
rozwoju Przemyshu 4.0 w wojewddztwie podlaskim. Akademia
Zarzqdzania, 3(2).

38. Slusarczyk, B. (2019). Potencjalne rezultaty wprowadzania
koncepcji Przemystu 4.0 w przedsigbiorstwach. Przeglgd
Organizacji, (1), 4-10.

39. Wadlicka, M., Czemiel-Grzybowska, W. (2023). Sztuczna
inteligencja w zarzadzaniu kapitatem przedsigbiorstwa w dobie
Przemystu 5.0. Akademia Zarzgdzania.

40. Wallis, A. (2016). Innowacyjnos¢ narzedziem ksztattowania
przewagi konkurencyjnej przedsigbiorstwa XXI wieku. Zeszyty
Naukowe Wydziatu Nauk Ekonomicznych, 1(20), 311-325.

41. Wilkin, J. (2003). Peryferyjno$¢ i marginalizacja w $wietle
nowych teorii rozwoju. (W:) Boltromiuk, A. (red.), Regiony
peryferyjne w perspektywie polityki strukturalng UE. Wyd.
Uniwersytetu w Biatymstoku, Biatystok.

Primary Paper Section: A

Secondary Paper Section: AH






