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Abstract—In recent years, companies have been
adopting new cutting-edge technologies into their
supply chains. This paper aims to examine the
possibilities and ways of adopting blockchain
technology within the supply chain processes. The
research  methods include desk analysis,
comparative analysis of literature and analysis of
relevant case studies. The results reveal different
ways in which blockchain can be utilized within
supply chains and how the adoption of blockchain
improves the performances of supply chains.
Examples of supply chains from different
industries that use blockchain are also given.

chains,

Keywords - blockchain,

industry 4.0.

supply

. INTRODUCTION

The first association most people have about
blockchain technology is most often associated
with cryptocurrencies. The mass media often
gives complex and not-so-well-defined
explanations of what this technology is and how
it can be adapted in different industries and
companies. When simplified blockchain is just
the next evolutionary step of the simple
database, it represents a system of distributed
databases. Blockchain is one of the main
technologies of Industry 4.0, as well as being
one of the catalyzers for digital transformation.

By analyzing data on the adoption of cutting-
edge technologies into the supply chain, it was
found that by 2021 blockchain was adopted by
10% of supply chains, with a trend of growth
stating that by 2026 the adoption of this
technology will reach 68% of supply chains [1].

ISBN: 978-86-82602-04-0

@ NIZ:

In 2022 a survey about leading trends
anticipated to impact supply chains by 2025,
with 261 responses from experts from different
industries, placed blockchain adoption in the
twelfth position [2]. The prospect of adapting
blockchain into supply chains is not something
new, a survey from 2019, stated that 40% of
supply chain leaders had responded that their
companies are planning the adaptation of
blockchain [3].

Nowadays, the development of industry 4.0
technologies, such as blockchain brings new
challenges and opportunities for supply chains.
The first implementation of blockchain
technologies  that  weren’t used  for
cryptocurrency was in retail. Company Walmart
represents the pioneer among its peers when it
comes to innovations and accepting new
technologies, and thus was among the first retail
companies to adopt blockchain into their supply
chain. Following retail many other industries
started adopting blockchain, such as agriculture,
food, mining, pharmacy, logistics, automotive
and others. Cross-examining and comparing the
data from the most recent research studies that
analyze different industry case studies about
blockchain adoption in supply chains can be
found in [4,5].

Thus, a new question arises: How did the
adoption of blockchain affect the supply chains?
To answer the research question, both the
theoretical papers have to be analyzed but also
the practical case studies of companies using
blockchain in their supply chains need to be
found and examined.
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Using Google Scholar's web portal as the
main search engine with the combination of two
primary keywords blockchain and supply chain,
the first search resulted in a huge number of
papers (232 00), that were sorted by publication
date. The main limitation that had to be met in
order for the research paper to be considered was
that the observed paper must contain a DOI
number. This was followed by additional
scoping by adding keywords for each of eight
supply chain processes determined by the

Global Supply Chain Forum (customer
relationship management, customer service
management, demand management, order

fulfillment, production process management,
supplier relationship management, product
development and commercialization, reverse
flow management). Once again papers were
sorted by date and checked for DOI numbers.
The selection of papers was focused on quality,
and having in mind the goal was to find credible
sources to conclude how blockchain has been
adopted in supply chain processes. On the other
hand, the practical case studies used in the paper
are selected from leading multinational
companies that have proven their innovation and
pioneered the digitization of supply chains in
their industries.

The remainder of the paper is organized into
four sections. Section 2 is designated for the
theoretical background, while the possibilities
and benefits of using blockchain within the
supply chain processes are analyzed in Section
3. The examples of supply chains that use
integrated blockchain in their supply chains are
presented in Section 4. Finally, the conclusions
and directions for further research are given in
Section 5.

II.  THEORETICAL BACKGROUND

The first form of blockchain technology was
firstly used as the foundation for the world’s first
cryptocurrency Bitcoin. A simple way to explain
blockchain is that blockchain is a system of
distributed databases that record all transactional
data or other information. Its database security
mechanism is ensured through cryptography,
and access to the data is managed via a
consensus mechanism [6].

The main characteristics of this technology
are [7]:

e It is designed to be distributed and
synchronized across the entire network;

e It relies on using “smart contracts”—
pre-agreed arrangements stored on the
blockchain, through which transactions
can be conducted. These contracts
represent protocols through which
transactions are verified, validated, and
executed as agreed in advance;

e  Transparency—the network is built with
a Peer-to-Peer (P2P) architecture,
meaning that the agreement of all
relevant participants is required for any
transaction and its terms;

e Data immutability—it is impossible to
delete a completed transaction from the
network, and it remains stored
permanently. Furthermore, no
retroactive changes to any saved
transaction content can be made.

Based on availability, there are four types of
blockchain networks [8]: public, private, hybrid
and consortium blockchain.

Public Blockchain suppose an open network,
allowing anyone to participate in transactions
without prior permission. It features a high level
of decentralization, transparency, and strong
security while ensuring data privacy and
requiring cryptocurrency usage. Its main
disadvantages are high energy consumption and
slow transaction processing speed.

Private Blockchain suppose network that
provides a high level of privacy, with closed
access that requires permission from an existing
member. It does not necessitate the use of
cryptocurrency and features low
decentralization. Its advantages include low
energy consumption for maintenance, suitability
for closed systems such as supply chains, high
data security, and increased transparency in data
exchange between members, such as in supply
chains, along with faster transaction processing.
A drawback of this type is the need for trust
between participants and potential participants.
Additionally, the low or centralized
decentralization of this network poses a risk of
third-party hacking. Companies typically use
private blockchain networks in supply chains.

Hybrid Blockchain combines the previous
two, allowing participants to choose whether
parts of the data are publicly available or require
authorization. It operates within both centralized
and decentralized systems. Using this model can



enhance the network’s

and transparency.

security

Consortium Blockchain assume a semi-
decentralized structure, enabling network
activities to be conducted even by a single
organization. This type is also known as a
“federated blockchain”. It is most commonly
used in  the banking industry or
governmental organizations.

The introduction of blockchain technology
into supply chains was explained and illustrated
by Casado-Vara and his colleagues through an
example of the traditional supply chain in the
agricultural industry and its transformation
following blockchain implementation [4]. The
primary change observed is in the method of
transmitting and storing information, where
blockchain ensures that information from the
product’s origin to its retail placement is
transmitted and stored within the blockchain
network [9].

The promising advantages of applying
blockchain technology in supply chains
include [10-14]:

e Transparency and immutability of data
and records.

e Blockchain application improves the
operational efficiency of supply chains
and helps reduce costs across the supply
chain.

e Enhanced data and communication
security.

e Increased collaboration between supply
chain members.

e Enables accurate tracking of data and/or
products and provides historical
traceability by storing all records related
to a specific product.

e Improves sustainability, by facilitating
better compliances with environmental
regulations and verification process of
sustainable practices.

e Has a positive impact on adaptability to
future technological advancements.
This characteristic stems from the now-
standardized documents and data
sharing amongst supply chain members.
Additionally, adapting future
technologies will be easier because of
the enhanced transparency, traceability,

and higher levels of trust and safety that
the blockchain provides.

The potential disadvantages of blockchain
technology application in supply chains are
[15-17]:

e High initial implementation costs.

e Technically introduction

process.

complex

e  Scalability—the number of transactions
that can be processed within a given
time frame is limited.

e Regulatory challenges—varying laws
may hinder the application of this
technology in international supply
chains.

e The technology is currently energy-
inefficient—it  requires  powerful
computers and consumes large amounts
of electricity.

I1l.  APPLICATION OF BLOCKCHAIN
TECHNOLOGY IN SUPPLY CHAIN PROCESSES

Using the Global Supply Chain Forum
classification [18] of supply chain processes,
this subchapter is meant to represent the use of
blockchain in each of the eight processes, using
the literature review method.

The use of blockchain was found to
significantly improve and simplify the customer
relationship management (CRM) process. After
implementing blockchain, companies now have
all the transactions with their customers
recorded in the form of a transparent and
immutable record. Having these transparent
records, allows customers to track the origin and
journey of the products they purchase. The
introduction of this technology increases
customer trust and satisfaction. Other key
benefits of use from the company’s perspective,
besides the increased customer trust and
satisfaction, is the greater security and efficiency
of data transfers between supply chain members
or company sectors [13].

The use of blockchain technology resulted in
significantly enhanced and simplified customer
service management. Blockchain provides
customers with precise and up-to-date insights
into the status of their orders and expected
deliveries. Using blockchain, companies can
quickly and efficiently resolve disputes or issues
reported by customers by providing them with

5



evidence of delivery and product quality. Key
benefits of the use of blockchain are the
reduction of the statistical possibility of fraud,
the increase of customer satisfaction as well as
trust, and also enhancement of the security of
customer data [15].

The use of blockchain technology in demand
management is currently mostly indirect.
Blockchain is used to gain faster access to more
accurate predictions, which helps employees
manage demand. Since blockchain increases the
transparency, traceability, and security of
completed transactions, it ensures that data
exchanged between supply chain participants is
accurate and valid. This technology's undeniable
impact is seen in the demand management
process, where the delivered blockchain data
allows for more precise forecasting and
inventory management, aligning with real
market needs [17].

The use of blockchain can result in an
acceleration of the order fulfillment process.
Due to its transparency and data security
features, companies have precise and up-to-date
information about inventory and shipment
statuses. As a result, all supply chain participants
have real-time insights into actual inventory
levels. Additionally, blockchain reduces the
likelihood of errors during order packing and the
risk of theft [19].

The use of blockchain technology indirectly
facilitates production process management. By
forming a blockchain network and connecting
with 10T (Internet of Things) devices in
production facilities or on products, blockchain
can store information about components,
materials, and products throughout the
production cycle and beyond. One advantage of
using blockchain is the ability to identify quality
issues with components, materials, or products,
as well as production failures in real time
[20,21].

The use of blockchain can significantly
improve and simplify the supplier relationship
management (SRM) process. By using
blockchain, companies now have enchanted
communication transparency, which results in
easier and more transparent agreements
established between the company and suppliers.
The use of smart contracts increases the trust
between the company and suppliers, leading to
better and more open relationships, as well as
greater supplier satisfaction [10].

The application of blockchain technology to
product development and commercialization
enhances data exchange and increases the
security of sensitive data, such as product
prototypes. It also ensures secure information
exchange between stakeholders during the
design and development phases. All
modifications are stored within the blockchain,
making it easier to identify and prevent data
errors, thus improving the efficiency of new
product development. Moreover, blockchain
facilitates interaction and data exchange
between suppliers and manufacturers, fostering
innovation by sharing knowledge and ideas for
developing new products. A key advantage is the
transparent tracking and recording of intellectual
property, as well as all contracts stored on the
blockchain network [22].

One of the more interesting uses of
blockchain can be seen in reverse flow
management process. Blockchain enables in-
depth product tracking, which reduces the
likelihood of fraud during product returns, and
simplifies cost transactions. This technology
also increases the efficiency of the entire reverse
flow management process. Furthermore, the
return process becomes more secure and
transparent compared to traditional methods of
tracking returned items [16].

IV. EXAMPLES OF PRACTICAL
APPLICATIONS

Theoretical literature review provides a
deeper understanding of the connection between
blockchain and supply chains, exploring
concrete practical uses represents the final
element to fully understand the connection and
integration of blockchain into supply chains.

According to available literature, blogs, and
interviews with notable CEOs of various
companies, blockchain technology is considered
one of the revolutionary drivers of digital
transformation and a foundation for entering
Industry 4.0. Its application in supply chains
significantly enhances transparency, efficiency,
and security, allowing companies to track
product movements in real time and improve
trust among supply chain participants [23,11].

World-renown company IBM known as one
of the leading companies in digital
transformation and software engineering, has
numerous partnership projects for integrating
blockchain into different industries’ supply
chains. The most known partnerships are with



companies such as Walmart, Maersk, Ford and
Unilever [24].

American food retailer company Walmart
implemented the use of blockchain order to the
origin and transportation route of all of food
products they sell. The vision behind this
transition was to apply blockchain throughout
the whole supply chain from the field/farm to the
store shelves. This allows faster and much more
accurate tracing of products, meaning it makes
identifying and recalling contaminated or faulty
products easier and safer. Using the mango case
study as an example the result of use is
represented  in  decreased  waste  of
uncontaminated food. The secondary result
mentioned was the accelerated time needed to
find food origin, for mangos it went from seven
days to just 2.2 seconds [25].

One of the leaders in the automotive industry
company Ford implemented the use of
blockchain to track the origin of cobalt that they
use in their electric vehicle batteries. One of the
main reasons for use was to make the sourcing
process of cobalt more transparent, know the
company can track from which mine the cobalt
came, and with such reassure their stakeholder
that the metal was sourced ethically [24].

Global logistics company Maersk and IBM
themed up to create a platform based on
blockchain technology, to reduce trade frictions
and promote and simplify global trade. The
TradeLens platform was founded in 2018. with
a vision of being a revolutionary push that will
help the global supply chain digitalization, with
its open and transparent flow of information,
while providing high levels of security and
traceability of data and information.
Unfortunately, this platform was shut down in
2023., due to the lack of global support, and low
ROI rate [26].

One of the world’s global manufacturing
giants company Unilever has implemented
blockchain into its supply chain to enhance their
sustainability and provide its stakeholders with
more transparency when it comes to raw
materials. The use of blockchain tracks the
sourcing of all raw materials, meaning that the
company can show data that proves their
production and final products are made
sustainably and ethically [27].

Similarly, to Unilever one of the world’s
largest food and beverage companies, Nestlé
also implemented blockchain to enhance the

sourcing of raw materials in their production
lines. The implementation of blockchain into the
supply chain, enchanted the sustainability of the
final product, parallel helping prevent and
reduce deforestation and promote responsible
agriculture practices [25].

When it comes to the beverage industry
company Coca-Cola used a different take when
it came time to integrate blockchain into their
business, they used the power of having a
transparent, secure and trackable database, to
form a secure registry of their worker working
in the bottling plant in the Philippines. Coca-
Cola uses the potential and power of blockchain
to promote and ensure ethical labour
practices [28].

One of the largest mining companies in the
world, BHP uses blockchain for tracing the
origins of their minerals, more precisely they
implemented a blockchain-based platform
called Prosperity. Prosperity’s design uses
blockchain to track and ensure accurate
traceability within the mining supply chain. The
key reason for using this platform, is to ensure
sustainability and ethical practices are being
implemented while mining, so that the miners
are not exploited nor is the environment harmed
[29,24].

Pharmaceutical giants Pfizer, Johnson &
Johnson, and AstraZeneca use MedilLedger
which is a blockchain network. The primary
functionality of this ledger is to help with the
prevention of counterfeit medicine and increase
the overall speed of medicine production in the
supply chain, by eliminating unnecessary
paperwork and increasing the processing time
for analyzing and organizing product-related
data between manufacturers, distributors and
pharmacies [30]. The MedilLedger uses
blockchain in three distinct ways [31]:

e  Synchronizes public data.

e Holds immutable records of all
transactions with a high level of
confidentiality.

e Utilizes smart contracts to enforce rules
and the integrity of the system.

A common denominator for all of the
mentioned companies when it comes to adapting
blockchain is the strategic partnerships done
with a large tech company most popular IBM.
Logically and business-wise, a known fact is that
larger companies have more resources, one of
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them being a dedicated budget for innovations
and investment projects for integrating new
technologies or partnering up and creating
something new.

Considering the current global market there
isn’t a ready-made solution for just adding
blockchain to an organization. An organization
that wants to adopt blockchain and use all of its
potentials, has to go through a detailed and
expensive design and implementation period.
This lack of cost-affordable solutions can be
classified as one of the main reasons that SME
companies aren’t using blockchain as of now. A
team of academics adapted blockchain
technology in a small Italian bakery, in their
simulation case study [32], they described the
process of designing and implementing a
blockchain network in tracking the origin of
manufactured products from raw materials to the
end customer. The paper [32] shows all of the
steps they took to create a blockchain network
for this bakery, in the main problem that
occurred was the lack of space for all external
data, and storing large amounts of data is
expensive for any company let alone an SME.
Different studies have been published regarding
which factors are to be used in consideration
when it comes to SME companies. Positive
factors for adopting blockchain are: increased
transparency, increased security, competitive
pressure and advantage, improving operational
efficiency [33,34]. The negative factors
influencing blockchain adaptation are: high
complexity, high initial investment high cost of
development and maintenance, and lack of
resources and support [33,34]. Adaptation of
blockchain into SMEs is an interesting approach
that with yield a lot of benefits if the SME has
high funding and a proper support system with
expert guidance, the adaptation can be done, but
for the majority of SMEs is just not cost-
effective for now.

V. CONCLUSION

The motivation behind this paper was to
explore practical adoption and use of blockchain
in supply chain processes. The paper highlights
the various ways blockchain is used in supply
chain processes as well as how different
companies integrate blockchain into their
business models and supply chains. It gives the
main conclusions in how the adaptation of
blockchain affects the supply chains. The use of
blockchain establishes a more transparent,
secure and traceable network. This technology

can improve the relationship between not only
customers and the companies but as well can
enhance the collaboration between different
supply chain parties.

This study is limited by the use of only a
fraction of all the available materials that tackled
the topic of rapidly increasing use of blockchain
in the supply chain. A significant limitation of
our research was the scarcity of studies that
provide concrete data about the benefits and
improvement results after adopting blockchain
in supply chains. In the future, a more rigorous
review should be conducted to provide in-depth
insight into how blockchain adoption at different
levels of implementation impacts the supply
chain as a whole. One of the future research
paths can be to conduct an in-depth cross-
examination for the adoption process within
different industries, as well as the differences in
the adoption of blockchain between smaller and
larger organizations.
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Abstract—The paper deals with the problem of
artificial intelligence (Al) adoption in companies.
It aims to empirically examine factors affecting the
adoption of Al. It also identifies factors influencing
the potential effects of Al adoption on future
infirm skills needs. There is currently an absence
of research focused on examining this topic based
on empirical data. The research is based on the
secondary data from Flash Eurobarometer 537
(2023). More than 19,000 companies from 27 EU
countries and 9 non-EU countries have been
included in the sample. By examining these data,
substantial systematic differences were found
between companies with different characteristics.
Factors affecting Al adoption and consequences on
skills needed have been identified by logistic
regression. The results suggest that larger
companies with older employees located in cities,
as well as those hiring adequate skills without any
problems, are often adopting Al. Similar
characteristics are also typical for companies that
reported a significant effect of Al on their skill
needs. However, in this case, the effect of
community size and difficulties with hiring skills
are not significant. Significant differences were
also identified among industries and types of
specific skills that a company lacks.

Keywords - artificial intelligence, shortage of
skills, factors of Al adoption, skills needs, companies.

l. INTRODUCTION

Artificial intelligence (Al) is one of the very
few technologies that have generated as much
interest from professional and in the public.
Despite the number of research papers focused

ISBN: 978-86-82602-04-0

@ NIZ:

on Al is growing there are still many specific
areas where research is insufficiently covered.
One of them is the issue of companies deciding
on the introduction of Al and the subsequent
consequences on the skills of the company. This
paper aims to cover this gap based on empirical
micro-level data. Its main goal is to identify
factors affecting the adoption of Al and identify
its anticipated effect on the skills needed. The
results may help to better understand the
decision-making process for Al introduction,
provide evidence on factors affecting their
choices, and predict its potential consequences
for skills. The following three main research
questions have been examined in the paper:

RQ1: What factors and firm characteristics are
positively correlated with the choice to adopt Al
in the company?

RQ2: What factors and firm characteristics are
positively  correlated with the expected
significant effect of Al on skill needs (positive or
negative)?

RQ3: Are there any significant differences
between both sets of factors?

Our findings attempt to cover the research
gap in this field. As far as we are aware, there is
no other study focused on examining a similar set
of factors for Al adoption based on such
extensive micro-level data. Most of the research
examining micro-levels deals with the attitudes
of individuals, such as, for example, customer
perceptions of digitalization [1] or correlations
with personal traits [2]. On the other hand,
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studies investigating firms’ characteristics and
factors are mostly based on much smaller
samples (such as [3]) or focused on more general
problems such as Industry 4.0 (such as [4]).

The following section briefly summarizes the
results of previous research focused on similar
research problems. However, there are currently
only a limited number of studies dealing with the
factors affecting Al adoption at companies. The
next section describes the methodology and data
used in the analysis. Key results are summarized
in the fourth section. The final section contains
an explanation of the main conclusions resulting
from the results.

Il.  LITERATURE REVIEW

Adoption of artificial intelligence (Al) in
company changes its business operations by
optimizing existing processes. It enhances
automation while interacting with humans [5].
Successful adoption of Al can increase a
company's total turnover [6], improve the
efficiency and accuracy of logistics [7], improve
the safety and security of suppliers [8] and
support economic growth [9]. Businesses can
take advantage of Al adoption, regardless of their
size. While large companies usually employ Al
in robotics and resource management, SMEs
mostly use it to improve the knowledge
management and quality control [10].

The decision on Al adoption is affected by
many factors, which we will further examine in
more detail. However, the difference between the
expected benefits and the costs associated with
the adoption is an important criterion. The
adoption of any new technology in firm can be
theoretically explained by the Innovation
diffusion theory [11]. Our research is also based
on this theoretical approach, while the focus is on
factors affecting Al adoption and role of skills
needs.

A. Factors Affecting Al Adoption in
Companies

There are many internal and external factors
that could influence the willingness and actual
decision to adopt Al in the company.
Organizational factors such as digital skills,
company size, and R&D intensity appear to have
the most significant effect on the adoption of Al
[3]. Some studies argue that larger companies are
more likely to implement Al tools [10,12]. On
the contrary, [4] found that firm size does not
matter for Industry 4.0 and especially for the
adoption of digital technologies. Our paper is
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trying to resolve this inconsistency and carefully
examine this problem with a larger sample of
companies. It is likely that SMEs could struggle
with Al adoption due to a lack of sufficient data
as well as problems with financial and human
resources [13]. The smaller size of the company
can be partly compensated by its membership in
an industry cluster or any other similar business
organization. Membership in the industry cluster
provides a conducive environment that supports
digitalization [14] and business transformation
towards Industry 4.0 [15]. Our analysis takes into
account the size of the company as well as its
potential membership in an industry cluster or
similar organization.

The financial situation of the company is also
considered an important factor affecting Al
adoption. Especially, the ability to generate
significant turnover and profit are both positively
related to the adoption of digital technologies
[4,16]. Moreover, the growth in total turnover is
positively associated with process and product
innovation in companies [17].

Besides companies’ internal factors, there are
certain external factors that are also playing an
important role. Country-specific factors such as
regulations, labor market specifics, quality of
institutions, and cultural differences are affecting
the adoption of digital technology or innovation
[18,19]. The geographical location of the
company in a city or rural area seems to also be
important. Considerable heterogeneity among
SMEs with respect to the adoption of advanced
digital technologies have been found based on
their location. [20]. Rural and small-town SMEs
are less frequently adopting digital technology in
general. In line with these findings, we
considered the size of the community where the
company is located as an independent variable in
regressions.

B. Al Adoption and Skill Needs

Despite several positive effects of Al
adoption, there are also some crucial problems
resulting from this rather major change. It can
mostly lead to significant shifts in the workforce
composition [9] and a rising need for highly
qualified workers [21]. The usage of digital
technologies requires trained professionals who
have the competencies and skills to thrive in the
new digital environment [22]. Adoption of Al in
the company will likely lead to increased demand
for soft skills such as critical thinking, problem-
solving, communication skills, and creativity



[23,24]. Al can replace some technical skills but
increases the need for soft skills in firms [23].

The effect of Al on skill needs after its
adoption seems to be more evident. However, the
availability of certain skills is also considered a
prerequisite for the adoption of digital
technology. Several previous studies found that
human capital and skills are essential for the
adoption of digital technologies [4]. Adoption of
new digital technologies such as Al requires
employees with specific digital skills [25,26].
Technical skills such as software development,
IT design, and complex data analysis, along with
the involvement of some soft skills (such as
intercultural  collaboration  or  customer
handling), are essential for the ability to
introduce digitally integrated solutions and
technologies [3,27]. Shortages of such skills in
the company represent a significant challenge for
the process of digital technology adoption.

A firm’s absorptive capacity, which is often
proxied by R&D intensity, is considered one of
the key determinants for the implementation of
new technology [28]. This indicator shows how
effectively a company can adopt and use new
technology to gain certain benefits. The shortage
of R&D skills can therefore represent a barrier to
the adoption of Al. Firms with this problem may
therefore be less likely to use Al. However, these
hypotheses need to be further empirically tested.

It is evident that the relationship between
skill needs, and adoption of Al is debatable and
needs further empirical investigation based on
larger samples of firms. Our paper covers this
research gap and examines how shortages of

different types of skills could affect Al adoption.
Furthermore, the paper is also focused on
examining factors affecting expectations related
to the effect of Al on the skills needed.

I1l.  METHODOLOGY AND DATA

The main aim of the paper is to identify
factors affecting the adoption of Al in SMEs.
Secondly, we also examine companies’
characteristics and potential, affecting their
expectations about the effect of Al adoption on
future skills needed in their company. Factors
affecting both mentioned problems have been
compared. This comparison allows us to provide
a better discussion and state the implications of
our results. The analysis is based on secondary
data collected by Flash Eurobarometer Survey
No. 537. A questionnaire survey was conducted
in Iceland, Norway, Switzerland, the United
Kingdom, North Macedonia, Turkey, the United
States, Canada, Japan, and all 27 EU countries
between September 11 and October 13, 2023.
More than 19,000 respondents’ companies were
interviewed. More information about the sample
can be found in [29]. Fieldwork related to the
questionnaire survey has been conducted by
Ipsos European Public Affairs. Representative
probability sampling methods have been used to
select respondent firms- of businesses. The
sample data was weighed to marginal population
distributions, in terms of company size and
NACE sector. We focused our attention on two
main questions related to the usage of Al in the
company and the expected effects of Al on future
skills and needs in the company. These questions

TABLE 1. DESCRIPTION OF DEPENDENT VARIABLES INCLUDED IN THE REGRESSIONS.
Name Question Coding
Which of the following statements best describes the
deployment of Artificial Intelligence Technologies (Al)
in your company over the next 5 years? Use Al, or have concrete
Use/Plan Al (using Al or|1. You use Al, or you have concrete plans to do so, and plans to do so

have concrete plans to do so)

Al impacts skills (Expect
impact of Al on skills)

you expect a significant impact on your company's skill
needs.

2. You use Al, or you have concrete plans to do so, but
you do not expect a significant impact on your company's
skill needs.

3.You have no concrete plans to use Al, but in case you
would use it, you expect a significant impact on your
company's skill needs.

4. You have no concrete plans to use Al and you expect
no significant impact of Al on your company's skill
needs.

(answers 1 and 2) coded as 1;
Otherwise = 0

Expect a significant impact of
Al on your company's skill
needs (answers 1 and 3) coded
as 1; Otherwise = 0

Source: Authors based on the data from Flash Eurobarometer 537 (2023).
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were used as dependent variables in logistic
regression. They are described in Table I.

Both dependent variables are binary variables
created based on the answers of respondent
companies. Descriptive statistics of the variables
capturing the answers on the main question are
shown in Table 1.

More than 56% of companies in the sample
reported that they have no concrete plans to use
Al, and they also do not expect a significant
impact of Al on a company's skill needs. More
than 11% are either already using Al or at least
have concrete plans to do so soon and expect a
significant impact on company’ skill needs. On
the other hand, approximately 9.4% of the
sample is using Al or plans to use it and does not
expect an effect on skill needs. Hence, the
subsample of those firms using Al or planning to
use Al is divided into two almost equally
represented groups concerning their expectations
towards the effect of Al on skills needed. We will
further examine factors affecting their attitudes,
represented by independent variables shown in in
Table I1l. They have been chosen based on the
theoretical background and expected potential
effects. The choice was also limited by data
availability. Hence, only the variables capturing
the questions in the questionnaire can be used in

TABLE Il. DESCRIPTION OF INDEPENDENT VARIABLES
INCLUDED IN THE REGRESSIONS.
. Proportion/| 95% Conf.
Variables/Answers std Error | Interval

Use Al, or have concrete

plans to do so, and expect a 0.1121/

significant impact on 0.0023 | 0.108-0.117

company's skill needs

Use Al, or have concrete

plans to do so, and do not 0.0935/

expect a significant impact on ' 0.089-0.098
o el 0.0022

company's skill needs

You have no concrete plans to

use Al, but in case you would 0.1681/

use it, you expect a significant 60028 0.163-0.174

impact on your company's :

skill needs

You have no concrete plans to

use Al and you expect no 0.5648/

significant impact of Al on 0.0037 0.558-0.572

your company's skill needs

Dont know/No answer 0.0615/

(excluded in regressions) 0.0018 0.058-0.065

TABLE 11l

DESCRIPTION OF INDEPENDENT VARIABLES

INCLUDED IN THE REGRESSIONS.

Name Question Coding
What is the size of i,tg foegl p;?{%ef;
Employees %leorlrirls g]? Tgﬁqrg)yer g}l 49=3; 50t0249 =
emplovees? 4; 250 t0 499 = 5;
ployees: 500 or more =6
. Under 20 years = 1;
Employees’ szat Is g;e AVeragel 20-29 = 2
age T ovessy O '130-39=3; 40-49 =
ployees: 4; 50 or above = 5
Over the past 2years,
Increased gﬁzuﬁfur cothrp:;\ye? Increased = 1;
annual . Decreased/remain
increased/decreased/ _
turnover remained unchanged = 0
unchanged?
Arural area = 1; less
. than 20000
Which of  the|. - _ -
) following best inhabitants = 2;
Community describes the area 20000-100000
size where your company inhabitants = 3;
is located 100000-500000
inhabitants = 4;
Over 500000 =5
Are you a member
of an industry
Industry cluster or another .. _
cluster SME business Yes=1,No=0
support
organisation?
Very difficult = 4;
g‘éf]rtgg‘ehﬁt 24 |slightly difficult = 3
Difficult  toldifficult was it for Not_dlfflcult at
hire skills your company to all = 2; Not relevant.
find and hire staff m’;‘;'r?y’;ﬂznlffg]zo
i i ills?
with the right skills? past 24 months = 1
Yes =1 (IT experts
IT shortage skill shortage)

No=0
Administrativ Yes=1:No=0
e shortage
HR shortage Yes=1;No=0
Technician  |Does your company L
shortage face skill shortage|Y®s =1 N0 =0
for any of these job
Customer
9 =1: =
care shortage roles? ... Yes=1;No=0
R&D Yes=1;No=0
shortage
Marketing Yes=1:No=0
shortage
Yes =1 (Other job
Other -
roles skill shortage);
shortage No =0
What is the main|11 dummy variables
Industry S
(dummy) activity of  your|created based on
company? NACE categories.

Source: Authors based on the data from Flash
Eurobarometer 537 (2023).
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the regression. The company's size was
represented by the number of employees in
intervals, coded from 1 to 6. Variables such as
employees’ average age, recent changes in
turnover, type of industry, community size, and
membership in the industry cluster have also
been used. Moreover, we introduced independent
variables capturing the skills shortage for a
specific type of job (IT, administrative jobs, HR,
technician, customer care, R&D, marketing).

Specific types of skills that are missing in the
company can potentially affect the decision on
Al adoption. Some skills are more likely to be
substituted by Al, while others are less
replaceable. The overall difficulty of hiring
adequate skills can also affect Al adoption. On
one hand, companies with lower skill availability
in the labor market could consider introducing Al
more often. On the other hand, the adoption of Al
itself also requires highly skilled employees.

The effects of factors represented by
independent variables on both binary dependent
variables have been identified by logistic
regression. We used robust standard errors to
avoid problems with heteroscedasticity. Standard
errors are also clustered by countries to reduce
potential problems with sampling design while
interpreting the results. This method is widely
used in economic and social research. However,
there are certain limitations to our approach.
Despite our best efforts to identify casual
relationships, we are not able to rule out potential
endogeneity problems. Hence, most of the
relationships found in the regression can be
interpreted more as correlations than causation.

France

Belgium  The Netherlands ~ Germany Italy
] J 89.07 80.17 78.64

72.77 74.67
27.23 25.33 21.36 21.57

Luxembourg
78.43
10.93 19.83

Denmark Ireland  United Kingdom  Greece Spain Portugal
8 J 6561 75 78.42 74.54 8267 74.71

3439 25 2158 25.46 1733 25.29

Finland Sweden Austria

Cyprus (Rep) ~ Czechia Estonia
g J 74.05 74.08 74.02 76

8272 85.55

2595 2592 25.98 24 17.28 1445

Lavia Lithuania Malta Poland Slovakia
87.44
82.77 66.02 837

1793 16.44 17.23 898 1256 163

Hungary
8 ] 8207 8356

Slovenia Bulgaria Romania Tiirkiye Croatia  North Macedor
§J 776 85.46 82.28 85.29 87.23 85.26

224 14.54 17.72 14.71 12.77 14.74

., Nomay Switzerland Iceland kapan USA Canada
§ ! 69.78 8171 749 84.96 65,30

3022 18.29 2.1 88 1504 2168

NO YES NO YES NO YES NO YES NO YES NO YES

Figure 1. Share of companies using Al or have
concrete plan to do so (YES — second column).
Source: Authors based on the data from Flash
Eurobarometer 537 (2023).

IV. RESULTS AND DISSCUSION

Firstly, we examine the share of companies
that are using or planning to use Al soon. Fig. 1
explores differences among the countries where
the respondent firms are located. This is one of
the most interesting classifications from our
perspective. The differences among countries
are notable.

The proportion of firms that do not even plan
to introduce Al appears to be highest in Japan,
followed by France and Poland. On the other
hand, companies from Canada, Denmark, and
Malta are the leaders in Al adoption. Comparing
the situation in EU countries, the differences
between the top and bottom countries are more
than 20 percentage points.

Turning to the potential impact of Al on a
company's skill needs, we explore the
differences in the firm's size. We assume that
bigger companies with more employees will
likely experience less impact on skill needs than
smaller ones. Surprisingly, the results show us
the opposite (Fig. 2). Companies with fewer
employees are usually reported to perceive the
effect of Al adoption on skills as irrelevant.

This could be since smaller companies are
often not considering using Al, and even if they
did, the extent of its application in day-to-day
business would be smaller. However, these
interesting findings need to be investigated in
future research. The following part of research is
focused on more detail examining the potential
effect of individual factors on adoption of Al and
its expected affects on skills need in company.

5 to 9 employees
73.61

0 1 to 4 employees
81.36 76.49

20 40 60 80
L

18.64 2351 26.39

ol
10 to 49 employees 50 to 249 employees 250 to 499 employees

73.21 67.16 62.52

37.48

20 40 60 80

26.79 32.84

T T
NO YES NO YES
500 or more employees

60.04
39.96

20 40 60 80

NO YES

Figure 2. Al impacts skill needs in companies (YES
we expect a significant impact on company's skill
needs). Source: Authors based on the data from Flash
Eurobarometer 537 (2023).
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The results of logistic regression are shown in
the Table IV. There are several companies’
characteristics that appear to play a significant
role. The probability that the company will
introduce Al as well as this adoption will lead to
changes in skills need increases with the number
of employees and decreases with the average age
of the employees. Hence, the results suggest that
the size of the company is positively linked with
the probability of Al adoption. Although this
finding is contrary to the findings provided
by[4], similar results were achieved by [10,12].

Furthermore, the increasing turnover of the
company in recent years is positively correlated
with the adoption of Al as well as with its effect
on skill needs. This is in line with the results of
previous studies such as [4], and [17] which
found a similar positive correlation between
turnover and innovation. However, the exact
direction of this should be further examined.
Difficulties with hiring staff are negatively
correlated with Al usage, which can also be the
cause as well as the result of Al adoption. Hence,
companies with more problems acquiring
adequate skills tend to use Al less. Interestingly,
this variable has no significant effect on the
expected effect of Al on skill needs.

Similarly, the community size where the
company is located is affecting the usage of Al
but not its potential effect on skills needs. This
is fully in line with our expectations as well as
the results of previous studies [20]. The
agglomeration forces should play a role in the
adoption of new digital technology and
innovation in general. Nevertheless, the effect of
Al on skills should not directly depend on the
geographic location of the company.

On the other hand, membership in the
industry cluster seems to be positively correlated
with both dependent variables. This could be due
to a suitable environment and better access to
knowledge, as previously reported by [14,15].

Muissing skills in the company and their exact
type also appear to be linked with Al usage and
its effects on skills. Companies that have a
problem with the availability of IT skills are
opting for Al usage more often. A similar
correlation can be found for customer care skills,
R&D job-related skills, and marketing-related
skills. On the other hand, there is no evident link

16

between the shortage of administrative and
technician jobs’ related skills.

TABLE IV. RESULTS OF LOGISTIC REGRESSION.

1) 2
VARIABLES USE or Al IMPACTS
PLAN_AI SKILLS
Employees 0.0782*** 0.122***
(0.0281) (0.0206)
Employees’ age -0.133*** -0.118***
(0.0399) (0.0272)
Increased annual 0.265*** 0.180***
turnover (0.0576) (0.0367)
Difficult to hire skills | -0.0537** -0.00546
(0.0241) (0.0241)
Community size 0.0514** 0.0204
(0.0228) (0.0167)
Industry cluster 0.334%** 0.219%**
(0.0607) (0.0486)
IT shortage 0.439%** 0.563%**
(0.0879) (0.0775)
Administrative 0.0454 0.101
shortage (0.0792) (0.0651)
HR shortage -0.210* 0.0786
(0.113) (0.149)
Technician shortage 0.0262 0.0780
(0.0628) (0.0479)
Customer care 0.167** 0.238***
shortage (0.0750) (0.0677)
R&D shortage 0.432*** 0.0435
(0.127) (0.129)
Marketing shortage 0.440*** 0.396***
(0.133) (0.0831)
Other shortage -0.0759 -0.0798
(0.0577) (0.0552)
Industry dummy variables (reference category ICT
sector) — selected variables:
Manufacturing -1.090%** 0.547%**
(0.118) (0.0873)
Energy -1.156%** -0.471*
(0.211) (0.242)
Construction -1.399%** -0.778***
(0.166) (0.106)
Financial -0.367** -0.191
(0.143) (0.128)
Constant -0.399** -0.593***
(0.183) (0.156)
Observations 15870 15870

Notes: Robust standard errors clustered by countries.
*** p<0.01, ** p<0.05, * p<0.1

Source: Authors based on the data from Flash
Eurobarometer 537 (2023).




We also found some significant effects of
industry on both dependent variables. All
industries except for the ICT industry (as the
baseline category), appear to have a negative
correlation with Al adoption. These results are
not surprising because the ICT sector is the one
that is very closely linked with Al. Moreover,
the construction sector appears to be
significantly lagging. This is in line with
previous findings such as [30], who argue that
Al technology is gaining ground only very
slowly in construction due to several industry-
specific challenges. Adoption of digital
technology is slower due to the specific nature
of the construction industry as well as financial
and managerial problems in the field [31].

However, the differences among industries
should be examined in more detail in future
research. There are also several external factors
that could potentially influence the probability
of Al adoption in companies. This includes
financial and non-financial external support
from the government or other institutions. Here
we also see a potential path for future research.

Despite the best efforts to use relevant and
sound methodology, it is also important to
mention some limitations of this research. The
results of regression cannot be directly
interpreted as causal effects due to potential
problems with endogeneity, which cannot be
ruled out. However, the results are still valid for
explaining associations. Problems related to
omitted variables have been minimized by the
inclusion of control variables. However, the
research is not able to identify the possible effect
of other potential factors that cannot be captured
within  the available data or through
proxy variables.

V. CONCLUSIONS

Our findings shed light on factors potentially
affecting Al adoption as well as those affecting
its effect on skill needs in companies. The results
achieved helped us answer the three research
hypotheses stated in the introduction. Several
significant factors related to Al adoption have
been found. These factors include the size of the
company, employees’ ages, turnover growth,
and community size. Moreover, problems with
hiring skills and shortages of certain skills, such
as IT skills and customer care skills, also play a
crucial role in the adoption of Al.

To some extent, similar factors were found to
be associated with the expected effect of Al on
infirm skill needs. However, there are also some
crucial differences. Community size and
difficulties with hiring skills are not considered
significant factors affecting the expected
consequences of Al adoption on skills needed in
companies.
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Abstract—The use of clean and sustainable
technologies necessitates a high level of
professional expertise, particularly during the
installation phase. Importing foreign technologies
in the field of sustainable energy sources is possible
even with limited knowledge, but it is not always
the best solution. Knowledge about contemporary
technologies and energy efficiency is a must when
it comes to the development of the energy sector.
Strategic management is essential for avoiding
problems. Knowledge is the key resource that
provides a competitive advantage in the European
market. For the duration of the intended use,
financial benefits can be obtained from
investments in modern solutions and increased
energy efficiency; however, in the opposite case, it
would be necessary to justify the losses. Strategic
management plays an important role in the
development of the energy sector because it can
provide significant long-term benefits while
requiring the same level of financial investment.
Lack of knowledge results in minimal savings,
technical problems, lower energy efficiency, and a
shorter exploitation period. Effective knowledge
management in the field of applying renewable
energy sources is also crucial for the
implementation phase, which involves maintaining
installed equipment. The paper discusses the
importance of having educated personnel who will
perform tasks related to renewable energy
installation and maintenance. One of the most
crucial requirements for achieving the goals
outlined in the Energy Sector Development
Strategy of the Republic of Serbia up to 2025 with
Projections up to 2030.
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l. INTRODUCTION

Strategic knowledge management, as an
important factor in market survival, offers a
number of benefits in terms of energy and
technological development. The education of
new employees is influenced by appealing
educational programs and the already established
cost of labour. Long-term competitive advantage
can be achieved by identifying market needs and
investing in knowledge. It is becoming more and
more important to take intellectual capital into
account, not just economic resources. A high
level of knowledge leads to financial gains, and
ensures environmental protection and safe
working conditions at the same time. Therefore,
it is necessary to create and adopt a knowledge
management strategy at the national, regional,
and local level. The process of knowledge
management at the enterprise level indicates the
fact that the employer is starting to recognize the
value of key resources for business
improvement. A basic case study that examines
the operations of a wind park installation
company can highlight the significance of this
knowledge. In this case, importing obsolete
equipment for wind energy applications has
many shortcomings — it does not provide a 25-
year use period, and it requires a huge space for
storing propellers that have reached the end of
their useful life. In this case, in a short period of
time, the employer must plan the purchase of
wind generator storage space, pay off the
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equipment, and invest significant funds in
maintenance. Using knowledge to choose more
modern and energy-efficient wind generators
improves the financial benefit and reduces the
payback period.

1. MANAGING THE DEVELOPMENT OF
SUSTAINABLE ENERGY SECTOR

The development of a sustainable energy
sector should be based on the use of renewable
energy sources, as well as the possibility of
saving fossil fuel reserves. Improving the
technology for converting raw materials into
electricity in its final form also implies opening
new vacancies. It is unrealistic to expect that new
technologies will be implemented through
retraining processes. In specific cases, miners
should be given the option to continue with their
regular jobs, but not to be authorised to install
and maintain solar power plants or wind
generators.

Opening job vacancies for performing
installation of modern energy plants requires the
education and training of workers for suitable
positions. Educating workers is a requirement by
which all operations must be carried out with the
proper application of safety measures and
workplace health and safety legal requirements.

The Energy Sector Development Strategy [1]
looks to replace the use of coal with renewable
energy sources while considering the possibility
of ceasing operations for coal-fired thermal
power plants. The goal of new strategic solutions
must be based entirely on intellectual capital.
Otherwise, Serbia expects to import not only
modern energy technologies but also investments
in foreign intellectual capital.

40%
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30% W00
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Figure 1. The share of renewable energy sources in
the production of electricity in the 2020-2050 period
[2
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Figure 2. Intensity of CO, emissions per unit of GDP
(kg CO, from energy sources/ € GDP), in the 2020-
2050 period [2]

Fig. 1 depicts the planned share of renewable
energy sources in Serbian electricity production
until 2050.

Fig. 2 shows the intensity of CO; reduction
per gross domestic product (GDP) [2].

Based on Fig. 2, which depicts the projected
development of the renewable energy sector, it is
concluded that the period after 2040, when a
significant need for professional staff is
anticipated, should be prepared. However, the
process of redirecting intellectual capital to
renewable energy sources should begin as soon
as possible, as there are real needs even earlier.
Although the picture shows a consistent trend in
the share of clean technologies, it should be noted
that a reduction in the use of fossil fuels is
expected even sooner due to obligations to the
European Union.

Fig. 2 clearly shows that CO; emissions per
unit of gross social product are expected to
decrease beginning in 2030. Based on this, it is
concluded that, in addition to training personnel
for the use of renewable energy sources, it is
necessary to invest in the retraining of workers
who will be responsible for the maintenance of
the air purification system.

Table | shows the estimated number of
workers needed for the installation, operation,
and maintenance of solar power plants, wind
farms, and biomass processing plants.

The data from Table | show that the number
of qualified workers depends on the installed
capacities.

Planning should be completed during the first
knowledge management phase, taking into
account the projected modern installed
capacities. The phase of organizing educational



TABLE I. EMPLOYMENT FACTORS DEPENDING ON

TECHNOLOGY [2].

. Work and
Installation -
maintenance
Technology
(Person-year/MW) (Jobs/MW)
Solar power 10 15 02 04
plants
Wind
turbines on 10 15 0,2 0,4
land
Plants —for | g 20 02 | 04
biomass

activities in the energy sector should not be
delayed, as training personnel for the tasks of
installing and maintaining power plants is a
complex process. Relying on international staff
has a significant impact on the decision-making
process in the implementation and control
phases, but also on the use of electricity.

Il. KNOWLEDGE MANAGEMENT IN THE
FIELD OF RENEWABLE ENERGY SOURCES

Knowledge management planning in the
field of renewable energy sources requires the
implementation of development plans for wind,
solar, and biomass energy. Assessments are
primarily based on studies about existing
experiences. Many studies have been conducted
to assess the number of new jobs in EU countries.
Appropriate data should be obtained from
countries with similar characteristics to the
Serbian energy sector and available energy
resources.
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Figure 3. Estimation of the number of new jobs
resulting from the introduction of new wind energy
capacities (installation — left, maintain - right) [2]
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Figure 4. Estimation of the number of new jobs

resulting from the introduction of new solar energy
capacities (installation — left, maintain - right) [2]
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Figure 5. Estimation of the number of new jobs
resulting from the introduction of new biomass energy
capacities (installation — left, maintain - right) [2]

Based on experience in EU countries, the
construction time for energy plants is estimated
to be one year for solar power plants and two
years for wind and biomass power plants [2].

Fig. 3, 4, and 5 show job estimates resulting
from the introduction of new energy capacities
based on renewable energy sources such as wind,
solar, and biomass.

Fig. 3,4, and 5 show that the required number
of workers was assessed for the period up to 2030
and that it encompasses the maintenance and
installation of additional capacity.

Fig. 3 shows that 1,900 to 2,800 new workers
will be hired to complete the wind power plant
installation, as well as 600 to 1,200 workers to
maintain the wind energy transformation system.

Fig. 4 shows that a similar number of workers
should be provided for solar power plant
installation, but fewer workers are required for
maintenance (from 300 to 600).
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The installation of a power plant for biomass
processing is expected to secure employment for
1,050-1,400 additional workers, as seen in Fig.5.
In this case, approximately 100 workers will be
assigned to the maintenance of the biomass
processing plant, which is the smallest number of
workers among the analysed power plants.

Assessments show that there is an urgent
need for highly qualified employees, so it is
critical to begin the process of knowledge
management in the field of renewable energy
sources immediately. The required number of
workers for the expansion of the electricity
distribution network should be considered in
addition to the estimated number of workers;
however, Serbia is thought to have the necessary
personnel.

V. KNOWLEDGE MANAGEMENT MODEL IN
THE FIELD OF SUSTAINABLE ENERGY
RESOURCES

Knowledge management in the field of
renewable energy sources largely depends on
national energy policies, the adopted energy
development strategy, assumed international
obligations [3], and financial resources. Apart
from the aforementioned variables, the execution
of energy-related plans also depends on the
preparedness of potential students to acquire
knowledge and recognize the perspective of the
developments in the energy sector. It is necessary
to inform the public about national plans so that
potential candidates can adopt modern
knowledge. Implementing study programs
related to the use of renewable energy sources is
also a significant challenge, especially in
conditions where faculties, despite students' lack
of interest, continue to implement programs that
do not provide a competitive advantage in the
labour market. Teaching programs that have no
real application and are not innovated in
accordance with the development of new
technologies pose a unique challenge in the
knowledge management process. Information
that is currently available remains an unused
strategic resource unless people apply specific
skills and knowledge in the fields of innovation,
design, installation of new technologies, and
maintenance of modern energy systems. The
interval  between the introduction  of
contemporary technology and the time it takes to
carry out plans and make decisions presents a
unique challenge, because the lack of readiness
slows down technological development. The use
of advanced technologies, grounded in
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Analysis of accumulated
knowledge in the energy
sector and professional
development

Research of modern energy
technological solutions

Analysis of financial
possibilities for the study of
clean technologies

Setting up educational
procedures in the energy sector

Cooperation between
educational institutions and
modern power plants

Figure 6. Model of knowledge management in the
field of renewable energy sources

professional expertise, necessitates continuous
learning and the timely application of acquired
skills. Energy managers have a significant
responsibility to support the development of
energy because, since in the process of obtaining
the necessary licenses, they learn about legal
norms, energy transformations, and
management.

Participation in decision-making should
require the application of useful knowledge.

V. KNOWLEDGE MANAGEMENT AND
RENEWABLE ENERGY SOURCES

Specific technological achievements, in the
field of renewable sources, affect sustainable
energy development. A wind system with a 20-
year life expectancy results in an average of 40.7
g CO2/kWh, and 30-years reduces it to 25.3 ¢
CO2/kWh [4].

The life expectancy of solar and wind energy
systems has a significant impact on greenhouse
gas emissions. The majority of greenhouse
gasses for PV and wind are generated during the
extraction and manufacturing and installation
process. Thus the longer life expectancy the
lower greenhouse gas emissions through the
whole life of the system [5].

Effective  knowledge and  strategic
management are key to realizing the needs of
stakeholders, over a longer period of time.



Community engagement and awareness are
emphasized as crucial factors in renewable
energy education [6].

Organizations in the energy sector can
implement and improve practical knowledge
management systems. The advantage of
applying intellectual capital is the use of the
latest technologies.

The Build Up initiative was launched at the
European level, which includes 30 projects in 30
European countries financed within the CIP
Intelligent Energy Europe program [6]. The goal
of the initiative is to bring together relevant
people to work on achieving the necessary skills
of workers.

Concrete examples of the application of
knowledge management strategies in the field of
energy still represent a corporate advantage.
Fossil fuel reserves are low, and renewable
resource technology is improving. Competitive
advantage is achieved by applying more energy
efficient systems. Knowledge sharing is not at a
high level in the energy industry. The problem
can be solved by creating knowledge
management tools. It is necessary to integrate
knowledge management software into existing
management systems. In this way, the objectives
of the application of renewable energy sources
can be harmonized with the development of
technology. Using feedback and a systemic
approach to problem solving contributes to
sustainable energy development.

The energy sector in Serbia, based on
renewable energy sources, is developing.
Strategic knowledge management includes the
accreditation of new educational programs in the
field of energy. In Serbia, engineers of
renewable energy sources are educated in Novi
Sad. Schools in Nis, Pirot, Kula and Sombor
educate technicians of renewable energy
sources. The number of pupils and students is
small compared to the plans foreseen in the
Energy Sector Development Strategy. Advanced
countries invest more in training workers to
solve specific problems, in the area of safety,
risk, energy efficiency and the environment.

Comparative analysis can contribute to the
comparison of the results of the work of different
energy sectors. It is necessary to create a set of
clear, relevant and measurable indicators.
Before that, the area of application and the type
of renewable source should be defined. Key
indicators in the field of wind and solar energy

use should be based on fire indicators and
knowledge management indicators. The
comparative analysis provides the necessary
data for the development of the energy sector.

The causes of fires at PVPP sites vary and the
most common causes include the faulty
installation of quick couplers or the selection of
incorrect quick couplers, inadequate cable
routing, failure to use shields on them, or the use
of inadequate adapters, which can lead to
electric arc formation that directly causes fires.
Sometimes, there are design errors, including
too many parallel connections that have affected
several installations. Occasionally, fires are
caused by animals that damage the installations.
This means that fires are started by the panels
and then proceed to the soil surface and vice
versa [7].

The analysis further explores pedagogical
approaches, learning tools and the training
required for educators and trainers in the field of
renewable energy [6]. Organizations can
conduct joint research and solve problems
together. Development of a strategic plan
includes: development of a training program,
selection of quality lecturers, creation of
knowledge  management indicators and
consideration of specific problems.

VI. CONCLUSION

Knowledge management, whether in the
energy sector or elsewhere, is essential for
improving technological processes, preserving
environmental quality, and increasing worker
safety. If the knowledge management process
yields positive results, the acquired intellectual
capital should be considered a national asset that
should be retained in the country rather than
transferred to other countries that understand
how to value it.
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Abstract—The article briefly examines the issue of
the emergence of scientific illusions using two cases
from psychological practice as an example. They
are formed when the behavior of a complex system
has to be placed in the Procrustean bed of a
simplified model that corresponds to current
scientific ideas and assumptions. It is shown that
the so-called “Conjunction Fallacy” and the
product-based experimental approach, which is
inappropriate  for generative processes in
adiaphoric systems, presented in the book “Ways
of Worldmaking”, can be considered as scientific
illusions. The presence of scientific illusions can be
seen on the basis of the approach of transcendental
psychology. It leads to a significant shift in
scientific views, including ideas about the design
and interpretation of experiments related to
perception and cognition. On this basis, the
concept of adiaphoric systems is presented and the
possibilities of studying the generative processes in
adiaphoric systems are shown.

Keywords - probability, conjunction fallacy,
apparent motion, scientific illusion, transcendental

psychology

. INTRODUCTION

Many scientific theories and mathematical
methods have an attractive precision and a
familiar obviousness. In practice, this can lead to
errors and scientific illusions when the
applicability of a theory or method to a given
problem is insufficiently substantiated and
verified. The basis of errors here are the initial
explicit and often implicit propositional attitudes
present in the original scientific paradigms.

This is especially true for sciences associated
with complex systems and, in particular, for
psychology, when relatively simple scientific
concepts and norms are used to explain complex
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behavior. If this behavior does not fit into the
existing norm, then perhaps it is not worth
looking for a problem in this behavior. 1t would
be more reasonable to start checking the limits of
the real applicability of the scientific model used
to form the corresponding norm of behavior. A
simplified model may not correspond to a more
complex system that is trying to fit into the
Procrustean bed of this model. At the same time,
changing the research model used is often
difficult to implement, since understanding the
illusion requires a transition to another paradigm,
which presupposes a significant change in the
accepted way of thinking.

This paper presents two examples of
scientific illusions concerning the study of
perception and decision-making processes in
psychology [1,2]. The transition to a new
scientific paradigm of transcendental psychology
of perception [2,3] allows us to reveal both the
peculiar fallacy of a number of well-known
psychological studies and to outline ways of
more adequately examining the corresponding
psychological phenomena related to generative
processes in so-called adiaphoric systems.

Il.  CONJUNCTION FALLACY

The first example of a scientific illusion
involves applying simple rules of probability
theory to random events in psychology.
According to probability theory, the probability
of two or more random events combining is
always less than the probability of a single event.
However, experiments show that
psychologically people tend to make mistakes
and believe that the probability of two events is
higher than the probability of a single event [4].
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The reasons why such inappropriate behavior
occurs and why violations of the probability
pooling rule are so common are generally unclear
and poorly explained [5,6]. Attempts to explain
the systematic nature of unification rule
violations have even led to the idea that cognitive
processes are akin to quantum phenomena [7].

The nature of the processes of perception
differs from the logic of probabilistic processes
and has a generative co-presented character. In
the reality of perception, an object with many
simultaneously present and mutually related (co-
presented) properties is much more probable than
an abstract object with no or only a small number
of properties. Events co-presented in perception
are interconnected, have a common origin and
are related to the individual representing them.

Without changing the theory of probability
itself, it is advisable to use models of events that
ensure the presence of this co-representation for
modeling psychological phenomena. A simple
example of interrelated events is the fall of a
double coin, which can suddenly split into two
parts, like the opening of a medallion (Fig. 1).

More complex is the model of a dice in the
form of a rhombicuboctahedron, which is a three-
dimensional figure consisting of 8 triangles and
18 squares (Fig. 2).

When observing perpendicular to the plane of
the dropped face, the probability of seeing a
particular combination of several cubic faces
(colored dark red in the figure) is generally more
than twice as high as the probability of seeing
only one of these faces [8].

®OOL 6

Figure 1. Example of a medallion

Figure 2. Type of rhombicuboctahedron
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Figure 3. Test states of the rhombicuboctahedron

To analyze states and the probability of their
occurrence, it is convenient to use the concept of
a test space [9]. We have: 6 states of seeing one
face of the primary cube; 12 states of seeing two
faces of the primary cube; 8 states of seeing three
faces of the primary cube (Fig. 3).

Based on the developed model of co-
presented events, the conjunction fallacy can be
overcome and it can be shown that human
heuristic behavior in assessing the probabilities
of random events should not be considered
erroneous. In fact, when applying the scientific
norms of probability theory, it is necessary to
build new models that take into account the
complex nature of human perception. As a result,
it can be stated that the “Conjunction fallacy” is
a scientific illusion.

It is known that an illusion usually means
some deception of the senses, leading to a
distorted perception of existing objects or
phenomena. In science, they appear before us in
the form of ideal and, moreover, idealized (non-
existent in reality) abstract ideas and models of
the world, accepted in the learning process.
Illusions in science are connected with the
problem of scientists’ vision of these objects or
phenomena through the prism of these models, as
corresponding to the scientific picture of the
world. A scientific illusion in this sense turns out
to be a situation when the accepted model is not
subject to doubt and turns out to be a measure of
the truth of the fragment of the world being
studied. The possibility of different initial
foundations accepted in a specific science
naturally leads to the construction of different
models of the world being studied and to
ambiguous resulting interpretations that have
different degrees of validity in relation to truth.

1l.  WAYS OF WORLDMAKING

The second example of a scientific illusion is
more difficult to directly understand. Let us
consider it based on the description of P. Kolers’
experiments in N. Goodman’s book “Ways of
Worldmaking” [10]. It is known that this
phenomenon of apparent movement was a
dramatic violation of the idea of a direct



correspondence between physical stimulus and
psychological experience [10]. P. Kolers
demonstrated experimentally that if the first
stimulus spot is round and the second is square,
then the moving spot seen is smoothly
transformed from a circle into a square;
transformations between two-dimensional and
three-dimensional forms often occur smoothly
without any problems.

And here the question arises: how great a
difference is required to interrupt the smooth
transition and separate the visible events in the
same way as physical ones? Using a variety of
shapes, perhaps in this experiment one can
discover the degree of similarity of different
shapes. It can be assumed that two figures are
more similar to each other, the more easily and
smoothly they are transformed into each other.
Forms with individual features can transform
into each other in different ways (with different
smoothness) during visible movement.

If so, these features may be decisive in the
formation (development) of forms. Thus, it is
possible, apparently, to find the “bricks” from
which visual perception is built. With the
traditional approach, this task seems tempting
and it is impossible to predict a negative result of
experiments in advance. However, the result is
negative and the visible change does not
represent a sensitive instrument for measuring
the similarity of forms [10]. Such a result can be
predicted in advance using the approach of
transcendental psychology, based on the idea of
form-generation in the process of direct
perception [10].

In this case, the form and its properties are
generated in the process of perception, and
properties that have not yet been generated
cannot determine the mechanism of the process
of their own generation. Processes whose
mechanisms (regardless of their complexity) are
not determined by the properties of their products
and do not depend on them can be called
generative. These mechanisms are a kind of
adiaphora in relation to their products. Adiaphora
in the philosophical sense is a term representing
the indifference of that which has no immediate
relation to the moral good or evil that is
significant for life. Systems with such generative
mechanisms can be called adiaphoric systems.

The use of the concept of “adiaphora” in a
new context allows us to reveal an important
hidden meaning of the term “generation”, often
used in psychology, which indicates the complex

Figure 4. A metaphorical representation of the
functional (over water) and transcendental (under
water) views on aquatic vegetation, related to different
approaches to the study of perceptual processes

and often incomprehensible nature of the
processes taking place. In particular, perceptual
processes are adiaphoric in the sense that they
seem to specifically generate new structures and
forms by mechanisms that are indifferent to the
products involved and their properties. As a
result, these properties then do not contain any
adequate information  for knowing the
corresponding mechanisms.

Metaphorically, one can distinguish between
product-based (functional) and transcendental
views (Fig. 4). The properties of vegetation on
the water surface have nothing in common with
the processes of underwater life and plant
growth.

In the experiments of P. Kolers, in fact, the
product-based approach [2] is used in the study
of the adiaphoric system. It is initially accepted
that some of the forms or properties of perceived
objects can become an adequate measure and
serve to create an explanation of the process of
perception. It turns out that P. Kolers’
experiment could not have been done, since its
negative result can be predicted in advance [3].
In fact, the source of the scientific illusion about
the possible positive result of the experiment in
this case is the product approach itself, which
resembles the inevitable cognitive illusion
associated with accepting obvious data as
satisfactory grounds for further reasoning
without properly analyzing the adequacy of the
chosen grounds [11].

The product approach has a natural
justification and is associated with the
implementation of the identification of the
characteristics of the mental process with its
subject-content result. Historically, the adequacy
of the relationship between the object and the
result of its perception has had great functional
and practical significance for the successful
activity of a person. At the same time, the directly
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procedural side of the perception process did not
have such a great significance for the activity.

IV. STUDY OF ADIAPHORIC SYSTEMS

Adiaphoric systems are characteristic not
only of the psyche, but, apparently, often occur
in structures at the junction between different
sciences [12]. It is important to note that
adiaphoric systems, in fact, require a different
experimental approach to find the mechanisms of
their processes, since in this case it makes no
sense to use the product-based approach. The
researcher must look for a way to penetrate the
process being studied, which requires a change in
the way of thinking and a change in the
researcher’s point of view, taking into account
the possibility of its becoming dynamic [2].

If, as often happens in psychology, it is
difficult or practically impossible to penetrate the
process, then the way out is to expand the context
of the research by creating on a scientific basis
some more general new philosophy with a
broader axiomatics of hypothetical natural
scientific procedural principles. The approach of
transcendental  psychology of perception,
founded by A. Mirakyan, represents precisely
such an opportunity for conducting research
[2,3]. Experimental research here is aimed at
identifying the action of these fundamental
process features and the corresponding
verification of the initial procedural principles. In
particular, the development of new process
models on the basis of these principles allows us
to predict new phenomena, which can then
possibly be discovered experimentally.

In the practice of studying perception, the fact
that it is essentially impossible to understand the
procedural mechanism of an adiaphoric system
based on the properties of the initial and resulting
parts and products of a normally functioning
process means that within the functional range of
the process of direct sensory perception, its
mechanisms do not in any way manifest their
features in real phenomena of perception and,
therefore, their real characteristics cannot be
identified or experimentally studied in this way
[2,3]. In this case, one should abandon the
traditional principle of ecological validity and
keep in mind such, in essence, a conflict situation
in perception, which can occur when going
beyond the boundaries of the functional range of
perception, that is, when stimulating at the edge
or beyond the boundaries of this range. In
particular, this can occur in the case of critical
spatiotemporal conditions of perception, for
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example, in various conditions of limiting the
time of perception of objects [2,13]. In this case,
one can expect the appearance of such
phenomena of perception, which in one way or
another can manifest the supposed internal
mechanisms of the process of perception and in
this connection make these mechanisms
experimentally observable. The idea of an
experimental approach to the verification of
models of form generation in the transcendental
psychology of perception is based on this
assumption.

A specific experimental study of one of the
models of transcendental psychology, conducted
in work [13], made it possible to demonstrate the
presence of the so-called reversed Frohlich effect
in visual perception. Another interesting
phenomenon we discovered is related to the
socio-psychological effect of perceptual-
semantic blindness [14].

V. CONCLUSION

Since the method of simplifying phenomena
in one way or another is one of the foundations
of science, the possibility of scientific illusions
appearing in scientific practice is not something
fundamentally out of the ordinary. The two
scientific illusions considered in the article are
connected with the use by researchers of
precisely such simplified models of more
complex processes or phenomena.

In the first case, a simplified model of human
behavior is used from the probability theory
model developed when considering relatively
simple random events, for example, those related
to actions with inanimate objects such as a coin
or a dice. The proposed extension of the model
involves considering events that occur with
objects that have a wider range of possible states,
including the joint observation of random events.
This situation is not rare and constantly arises in
cases of different projection geometries or in the
presence of a hierarchy. It should be noted that
models with the joint occurrence of random
events do not correspond to the standard
axiomatics of elementary probability theory and
necessarily require an expansion of the
boundaries of this theory. It is known that another
related request for an expansion of probability
theory comes from the field of quantum
mechanics and is associated with the
implementation of the complementarity principle
using the concept of a test space [9]. At the same
time, this principle itself also has psychological
origins [15].



In the second case, the naturally formed
approach of finding the characteristic qualities of
a mental process based on the properties of the
products of this process serves as an
experimental model basis. Such a product
approach, in principle, works well for the case of
considering information systems and is currently
receiving further expansion of its use given the
development of modern information
technologies. Going beyond the use of the
product approach is difficult even at the
philosophical level, since the entire arsenal of
scientific capabilities available to humans is
based on mental products. Strategies related to
the transition from psychology to the level of
psycho or neurophysiology, although they can
lead to successful solutions, are unlikely to be
decisive in the study of mental processes. In this
regard, the approach proposed by transcendental
psychology, although not simple and obviously
successful, may be of interest to a wider area of
psychological research and, in general, research
into the mechanisms of generative processes in
so-called adiaphoric systems.
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Abstract—Modern working conditions
increasingly impose the need for employee
efficiency and productivity, but not at the expense
of their occupational safety and health. Literature
and international law are continually seeking ways
to protect employees' rights as effectively as
possible. In achieving this goal, the concept of
corporate due diligence in supply chains and the
legal instruments it encompasses, particularly the
internal grievance mechanism, play a significant
role. The paper analyzes the connection between
three concepts - knowledge management,
corporate due diligence in supply chains and
occupational safety and health. Even though their
interdependence may not be immediately
apparent, the paper highlights this connection and
the special importance that knowledge
management has in protecting employee rights in
supply chains.

Keywords - knowlegde management, due
diligence, supply chains, occupational safety and
health

l. INTRODUCTION

Occupational safety and health is one of the
fundamental human rights proclaimed by
numerous international documents [1,2]. It is
well known in literature and practice that safe
and healthy employees are the foundation of
productivity in any organization [3-5].
Occupational safety and health is a key strategic
goal for our country, as well as for all relevant
international organizations [6]. One of the most
important factors in increasing employees’
efficiency and productivity is the employers'
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ability to develop a work environment in which
employees perceive the organization's goals as
their own and take responsibility, without the
need for constant supervision. In order to achieve
this goal, employers are required to respect
employees' needs and ensure their sense of safety
and workplace dignity.

One of the important prerequisites for the
prevention of workplace injuries and
occupational diseases, as well as for establishing
an effective occupational safety and health
system in a business organization, is knowledge
management. It involves the identification,
optimization, and active management of
intellectual capabilities, either in the form of
explicit knowledge contained in artificial sources
or in the form of implicit knowledge held by
individuals or communities [7]. The literature
increasingly emphasizes the human factor in
knowledge management, asserting that people
are a crucial part of the management process,
while information and  communication
technologies provide support to these processes.
In practice, the aim of knowledge management is
to train employees to perform their work tasks, as
well as to provide broader education by
accessing knowledge bases and interacting with
other individuals and groups through information
and communication technologies. Knowledge
management serves to increase the amount of
implicit knowledge that an individual possesses
and applies to solving specific problems, as well
as to create new knowledge [8].
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One relatively new area where knowledge
can be effectively managed is occupational
safety and health of employees in supply chains.
The idea behind the concept of corporate due
diligence in supply chains is the protection of
human rights [9], which includes the rights of
employees and the prevention of forced labor in
global supply chains. The goal of this concept is
to ensure that companies take appropriate steps
to establish and implement due diligence
measures concerning their own operations and
those of their suppliers. This involves the
obligations of companies regarding actual and
potential negative impacts on human rights
(including the right to occupational safety and
health) and the environment, considering their
operations, the operations of their subsidiaries,
and activities in the supply chain conducted by
entities with which the company has a business
relationship. The idea is that every company in
the supply chain should define conditions and
procedures that enable the protection of human
rights and the environment, which includes the
right to safe and healthy working conditions.

This paper analyzes the possibilities that
knowledge management offers in the field of
employee protection in supply chains. It
establishes a connection between knowledge
management, corporate due diligence in supply
chains and occupational safety and health,
emphasizing the special importance of
knowledge management in protecting employee
rights in supply chains.

Il.  THE CONCEPT OF KNOWLEDGE
MANAGEMENT IN OCCUPATIONAL SAFETY AND
HEALTH

The concept of knowledge management has
been known for a long time, but towards the end
of the 20th century, educational and scientific
institutions, as well as employers, began to pay
more attention to this issue, gradually
recognizing its role and importance. In the
literature, there are several definitions of
knowledge management. There is no single and
universally accepted one, but the basic starting
point is finding an answer to the question 'how
can knowledge contribute  to  the
organization' [10].

Knowledge management deals with making
the right knowledge available to the right people.
It involves creating an environment where an
organization can learn and effectively retrieve
and use its knowledge base as needed in current
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situations [11]. Knowledge management is every
process or practice of creating, acquiring,
understanding, sharing, and using knowledge,
regardless of its location, in order to improve
performance and work within organizations [12].
It is the process of creating, gathering, and
utilizing knowledge to enhance organizational
performance [10]. Knowledge management
encompasses all methods, tools, and mechanisms
that contribute to the promotion of the core
values of the knowledge process through a
holistic approach [13]. It is a modern
interdisciplinary business concept that includes
people, technology, and all processes that enable
the creation, dissemination, and use of
knowledge to achieve organizational goals.
Various opportunities for the optimal use of
knowledge, its distribution, transfer, and
application in  accordance with safety
requirements and the needs for promoting and
protecting occupational health are of particular
importance [8].

With regard to the relationship between the
concept of knowledge management and
occupational safety and health, knowledge
management is observed as the formation and
enhancement of knowledge systems and the
incorporation of safety systems into the
framework of knowledge systems. Knowledge
management in occupational safety involves the
development and management of integrated,
well-structured knowledge systems tailored to
the safety and health needs of the organization
[8]. It enables the organization to effectively
identify issues in the field of occupational safety
and health and to assess the data, information,
and knowledge needed to address these issues.
The significance of knowledge management in
work organizations is evident both in the
onboarding and training of new employees and
in job changes, requalification, upskilling,
production planning, introduction of new work
procedures and technologies, innovation in
production  processes, implementation of
occupational safety management standards,
environmental standards, and quality systems, as
well as new regulations, provisions, and
obligations related to risk assessment and
management in the workplace and the
environment, etc.

The concept of knowledge management can
be placed in the context of occupational safety
and health in supply chains. This represents an
innovative approach to occupational safety from
the perspective of connecting a larger number of



employers and their employees, especially
considering that they often operate in different
countries, which implies varying legal systems
and legal solutions in the field of occupational
safety and health.

I1l.  DUE DILIGENCE IN SUPPLY CHAINS

In modern working conditions, with rapid
communication, increasing business demands,
and market globalization, the concept of due
diligence represents one of the foundations of
successful business operations [14]. Business
strategies of organizations should operate with
due care, and this concept should underpin their
work, creation, and implementation of business
policies.

Like knowledge management, due diligence
is also a concept which requires numerous
definitions. In law, it is the level of caution that a
reasonable person exercises to avoid harm to
other persons or their property; in business, it is
research and analysis of a company or
organization done in preparation for a business
transaction [15]. Considering the role of due
diligence in international law, two important
facts should be taken into consideration. Due
diligence may be a constituent part of a primary
rule of international law, but this can only be
determined by referring back to the primary rule
in question. There is no “general principle of due
diligence” in international law; rather, this
principle must be implemented in some
international legal act. States undertake what
could be characterised as ‘due diligence’ activity,
some elements of which may be a result of a legal
requirement and some of which may not [16].

European Commission adopted the Directive
on Corporate Sustainability Due Diligence in
July 2024 [17] with the aim of fostering
sustainable and responsible corporate behavior
and anchoring human rights and environmental
considerations in companies’ operations and
corporate governance. The new rules are to
ensure that organizations address adverse
impacts of their actions, including in their value
chains inside and outside Europe [18]. This
Directive establishes a corporate due diligence
duty. This duty consists of identifying,
completing, preventing, mitigating and
accounting for negative human rights and

environmental impacts in the company’s own
operations, their subsidiaries and their value
chains.

Several European Union member states have
enacted due diligence laws, some are in the
process of enacting them, and others are
considering the possibilities of enacting them. In
the spirit of introducing corporate due diligence
obligations, Germany adopted the Act on
Corporate Due Diligence Obligations in Supply
Chains in 2021, which came into effect in 2023
[19]. This act imposes an obligation on German
companies to take responsibility not only for
their own activities but also for the activities of
their partners that endanger human rights
(including occupational safety and health) and
the environment, whether it involves the
procurement of input components that German
companies further process or the sale of their
final products. This means that the law also
applies to all Serbian companies that have
business relationships with German companies.
According to this law, companies must establish
an appropriate and effective risk management
system to comply with due diligence obligations.
Risk management must be integrated into all
relevant business processes through appropriate
measures. Effective measures are those that
allow for the identification and minimization of
human rights and environment-related risks and
to prevent, end, or minimize the extent of human
rights-related (which includes occupational
safety and health) or environment-related
obligations if the company has caused or
contributed to these risks or violations within the
supply chain. The company is obliged to
determine who is responsible for monitoring risk
management in the company, for example, by
appointing a human rights officer. Senior
management must seek information on a regular
basis, at least once a year, about the work of the
responsible person or persons. In establishing
and implementing the risk management system,
the company must consider the interests of its
employees, employees within supply chains, and
those who may otherwise be directly affected in
a protected legal position by the economic
activities of the enterprise or by the economic
activities of an enterprise in its supply chains
[19]. All this enables a significant expansion of
the scope of this law beyond Germany.
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IV. KNOWLEDGE MANAGEMENT,
CORPORATE DUE DILIGENCE AND
OCCUPATIONAL SAFETY AND HEALTH

Considering the nature and characteristics of
knowledge  management, corporate  due
diligence, and occupational safety and health, a
connection and mutual interdependence among
these concepts can be identified. Occupational
safety and health itself represents one of the
fundamental human rights and belongs to
economic rights [1,2]. The Directive on
Corporate Sustainability Due Diligence and the
German Act on Corporate Due Diligence
Obligations in Supply Chains require companies
to take responsibility for their own activities as
well as the activities conducted by their partners
that may violate human rights, which includes
rights related to occupational safety and health.
Therefore, the connection between occupational
safety and health and corporate due diligence in
supply chains has only been established
relatively recently. This is confirmed by the fact
that the Directive on Corporate Sustainability
Due Diligence was only adopted in July this year.

Although the role of knowledge management
in the relationship between corporate due
diligence and occupational safety and health
might not be immediately apparent, these two
concepts are actually based on knowledge
management. To  effectively  implement
corporate due diligence in supply chains and
develop mechanisms to protect employee rights
in the field of occupational safety and health
within supply chains, it is essential to possess and
efficiently manage knowledge.

An internal grievance mechanism is a legal
instrument provided by these documents. It
requires employers in supply chains to establish
grievance procedures for employees. These
procedures should be available for situations
where employees believe that their human rights
have been violated, including rights related to
occupational safety and health. Such a
mechanism would enable employees to
effectively communicate with their employer
about instances of rights violations in the
workplace, while being protected from
retaliation for reporting these violations. Such
information can be highly beneficial for
employers, as it avoids initiating arbitration or
legal proceedings, or involving inspection
services. It allows employers to address and
rectify the situation of rights violations based on
the reported issue, potentially preventing further
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legal actions that would require time, costs, and
other resources.

V. CONCLUSION

One of the instruments for achieving a high
level of occupational safety and health is the
concept of corporate due diligence in supply
chains. It plays an important role in international
human rights law by defining the extent of a
state’s obligations to prevent and respond to
infringements of human rights by private actors
within its territory or jurisdiction. Large
companies have been increasingly adopting due
diligence processes because they can offer a
competitive advantage. This approach also
addresses growing market pressure for
companies to operate sustainably, helping them
avoid reputational risks with consumers and
investors who are becoming more aware of
sustainability issues [17].

There are numerous benefits and
opportunities provided by the concept of
corporate due diligence in protecting employees.
First and foremost, special attention should be
given to internal grievance mechanisms. The
creation of an internal remediation mechanism
should be the responsibility of a specialized
expert team that considers the needs of the
company and the necessity for protecting human
rights of all individuals working for the company
in any capacity. When developing a grievance
mechanism, it is important to ensure that it
includes multiple tiers, meaning that a grievance
can be reviewed at various levels within the
company. Additionally, the remediation
mechanism should be developed within large
companies operating in specific sectors and then
extended to their subsidiaries, subcontractors,
and all entities within the supply chain. Since
internal remediation mechanisms are not
recognized in our Labor law, they are established
through general company documents, such as a
work rule or collective agreement. Finally, and
most importantly, for the internal remediation
mechanism to achieve its intended effects, it is
crucial that the people it is designed for are aware
of it, trust it, and know how to use it. To achieve
this, email addresses for complains should be
transparent, all information about the process
should be publicly available on the company's
website, and procedures should be clear.
Employees will also be encouraged to use
internal grievance mechanisms if a clear
timeframe for the process is provided, if
procedures are clear and simple, and if results are



made available. All the mentioned advantages
should contribute to raising the awareness of
employees about the mechanisms of protection
of their rights and provide them with a simple
mechanism of communication with decision
makers. In perspective, this should lead to a
reduction in the number of work injuries and
occupational diseases of all employees at all
employers in supply chains.

Despite all these advantages, corporate due
diligence has one “downside”- these processes
are based on voluntary standards and do not
provide legal certainty for either companies or
victims in case harm occurs. However, corporate
due diligence and internal remediation
mechanisms are not the end of employee rights
protection. If a disputed issue is not resolved
successfully through the internal grievance
mechanism, employees have access to labor
inspections, arbitration, or legal proceedings,
among other options. It should also be borne in
mind that corporate due diligence and internal
remediation mechanisms should be applied to
employers and employees in a large number of
countries that are interconnected in the supply
chain. All of them are subject to numerous
national regulations in the field of occupational
safety and health. Therefore, the voluntariness of
this concept can be seen as providing the
opportunity to successfully implement it while
respecting the specificity and diversity of the
legal systems of the countries to which it refers.
In addition to respecting the diversity of legal
systems, when introducing internal remediation
mechanisms, the specificity of the employers
themselves should be taken into account. This
means that one should look at the branch of the
economy in which they perform their activity, the
work operations themselves that are undertaken
and their risks for safety and health at work, the
number of employees, means and equipment for
work that are used, preventive measures that
have been taken, etc.

All of the above indicates that knowledge
management is an essential factor in connecting
employers, employees, their rights, obligations,
and opportunities. It is a key element through
which employee rights can be protected within
supply chains while simultaneously highlighting
deficiencies in occupational safety and health.
This forms the basis for successful protection of
employee rights under the concept of due
diligence in supply chains.
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Abstract—This review paper examines the
evolving dynamics of contemporary work
environments, with a focus on the collaborative
relationship between artificial intelligence (Al)
systems and human workers. As Al technologies
increasingly permeate various industries, they are
reshaping traditional roles and processes in
knowledge production. The review synthesizes
recent research and real-world examples to
provide insights into how organizations can
effectively leverage Al-human synergies to
enhance knowledge production and innovation in
the modern workplace. It analyzes the current
state of Al-human collaboration and investigates
how Al is transforming job roles, skills
requirements, and workflow processes. The paper
also explores some successful Al-human
partnerships in knowledge-intensive fields,
discussing both the challenges and opportunities
presented by this new paradigm. Additionally, the
review considers the implications  for
organizational structure, management practices,
and employee development. By examining
potential future trajectories of Al-human
collaboration, this paper contributes to the
ongoing dialogue about the future of work in an
Al-augmented world.

Keywords - Al-human collaboration, Al
integrated workplace, future of work

. INTRODUCTION

A. Background

Artificial Intelligence (Al) has emerged as a
transformative force in the modern workplace,
reshaping traditional paradigms of work and
collaboration. The integration of Al technologies
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into various industries has led to significant
changes in how knowledge is created, shared,
and utilized within organizations. Initially used
for task automation, focusing on repetitive and
rule-based activities, Al technologies have
advanced to include more complex cognitive
tasks. Recent developments in machine learning,
natural language processing, and computer
vision have further accelerated the adoption of
Al across various sectors. For instance, in
healthcare, Al systems are being used to assist in
diagnosis and treatment planning [1] and Al
algorithms are employed for fraud detection and
risk assessment in finance [2].

The impact of Al on the workplace is
fundamentally altering the nature of work itself,
leading to the emergence of new roles and the
evolution of existing ones. [3] estimated that
nearly 47% of total US employment is at risk of
computerization, although many researchers
argue that replacing the knowledge work with Al
is problematic and is more likely to augment
human capabilities, reconfiguring work tasks and
creating new job categories [4].

As Al systems become sophisticated, the
human and Al are expected to evolve into a more
collaborative partnership of “hybrid
intelligence”, where both parties work together
to achieve outcomes that neither could
accomplish alone [5]. This collaborative
approach is particularly evident in knowledge-
intensive industries, where the combination of
human expertise and Al capabilities can lead to
enhanced problem-solving and innovation.
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B. Knowledge Co-Production

In the context of Al-human collaboration, the
concept of knowledge co-production, the joint
process of generating, integrating, and applying
knowledge through the collective efforts of
various stakeholders [6], has garnered significant
importance. In Al-human partnerships, this
entails combining human expertise, imagination,
and contextual comprehension with Al's data
processing capabilities, pattern recognition, and
predictive analytics.

The importance of knowledge co-production
in the Al era can be attributed to several factors.
(1) Complexity of modern challenges - many
organizational problems are complex and
multifaceted, and the human-Al co-production of
knowledge can address these challenges by
merging diverse perspectives and capacities. (2)
Rapid pace of information generation — while
humans provide the necessary context and
interpretation, Al can sift through and analyse the
high volume of generated data. (3) Need for
continuous innovation - continuous innovation is
vital for organizational success, and human-Al
knowledge co-production can promote creativity
and innovative solutions. (4) Adaptability to
change - the co-production of knowledge enables
organizations to be more adaptable to changing
circumstances by leveraging both Al's rapid
processing of new information and humans'
ability to navigate ambiguity and uncertainty.

C. Obijectives and Scope of the Review

The review aims to analyse the current state,
challenges, and future directions of Al-human
collaboration in knowledge co-production work.
It examines how Al is transforming job roles,
skills requirements, and workflow processes in
knowledge-intensive ~ fields and explores
effective  Al-human partnerships. It also
discusses the challenges and opportunities of this
new paradigm and briefly considers its
implications  for organizational  structure,
management  practices, and  employee
development. Additionally, it examines potential
future trajectories of Al-human collaboration in
knowledge work and their implications for the
workforce and organizations across various
knowledge-intensive industries.

II.  Al-HUMAN COLLABORATION

A. Research and Recent Trends

Recent research has emphasized key trends in
the rapid integration of Artificial Intelligence
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(Al) into knowledge work, reshaping human-
machine collaboration. Contrary to popular
belief, studies suggest that Al is more likely to
augment human capabilities rather than entirely
replace workers. [4] argue that the most
significant impact of Al will be in creating new
forms of human-machine collaboration, which
they term “the missing middle”.

There is a significant shift towards
developing and deploying Al systems capable of
performing cognitive tasks such as natural
language processing, machine learning, and
computer vision applications that can assist in
complex decision-making processes. For
example, in the legal sector, Al-powered tools
are being used for contract analysis and legal
research, augmenting the capabilities of human

lawyers [7].

As Al systems evolve, there is a growing
emphasis on developing explainable Al models,
driven by the need for transparency and
accountability in Al-assisted decision-making,
particularly in critical sectors such as healthcare
and finance [8]. The development of Al systems
that incorporate human feedback and oversight,
known as ‘“human-in-the-loop” Al, is also
gaining momentum [9]. With Al's increasing
prevalence in knowledge work, research is
addressing the ethical implications of these
technologies, including bias, fairness, privacy,
and societal impact [10].

B. Job Roles and Skill Requirements

The integration of Al into knowledge work is
greatly transforming job roles and the skills
required in the modern workplace. Hybrid roles,
such as “Al translators” or “Al-business
integration  specialists”, combine domain
expertise with Al literacy and can bridge the gap
between technical and business needs [4]. With
Al handling more routine and analytical tasks,
there's an emphasis on the growing importance
of human capabilities such as creativity,
emotional intelligence [11].

Alongside a growing need for technical
upskilling, an understanding of Al capabilities,
limitations, and ethical considerations is crucial
for everyone. There is a significant need for
continuous learning and adaptation, requiring
organizations to invest in employee reskilling
and upskilling in an Al-augmented workplace
[12]. As Al systems become more prevalent in
decision-making processes, workers must be
able to navigate the ethical implications, identify



and mitigate Al bias, ensuring fairness, and
privacy [13].

C. Workflow and Hybrid Work Models

Al has brought about significant changes in
the structure and implementation of knowledge
work. It is increasingly assuming responsibility
for mundane, repetitive tasks, thereby enabling
knowledge workers to dedicate their attention to
more valuable activities, such as supporting
journalists by freeing them from routine tasks
and allowing them to focus on more complex
investigative work [14]. In decision-making, Al-
powered diagnostic tools are aiding doctors in
interpreting medical images and providing
suggestions for treatment plans [1]. Moreover,
Al facilitates the customization of products and
services such as the adaptive learning systems
that can tailor educational content to meet the
specific individual needs [15].

As Al and human workers increasingly
collaborate, new work models are emerging such
as (1) Centaur Intelligence, particularly evident
in fields like chess, where human-Al teams have
been shown to outperform both human experts
and Al systems working alone [16]. (2)
Collaborative and augmented Intelligence where
Al work together with humans for collaborative
outcomes [4] and where Al enhance the human
capabilities rather than replace them. (3) Human-
Guided Machine Learning that involves humans
actively guiding the learning process of Al
systems such as content moderation on social
media platforms [17]. As Al technologies
continue to advance, we can expect further
refinement and development of these changes
while the key challenge will be the effecting
balancing of Al and human capabilities.

I1l.  REAL-WORLD APPLICATIONS OF Al-
HUMAN PARTNERSHIPS COLLABORATION

A. Al-Human Partnerships Across Various
Industries

Healthcare is a promising area for Al-human
collaboration. IBM Watson for Oncology,
trained by oncologists at Memorial Sloan
Kettering Cancer Centre, analyses a patient's
medical information and suggests treatment
options. Watson's treatment recommendations
concurred with human oncologists in 93% of
lung cancer cases [18]. The healthcare sector is
rapidly embracing Al technology in certain
areas, but its adoption is slower in other areas due
to regulatory concerns and the critical nature of
medical judgments.

The finance industry typically demonstrates
agility in embracing new technologies.
Nevertheless, the rate of Al adoption varies
across different subsectors. Major Banks and
fintech startups are at the forefront, whereas
smaller institutions and regulatory bodies may
exhibit a slower pace of adoption. The sector’s
Al-human partnerships enhance fraud detection,
risk assessment, and customer service. JPMorgan
Chase's COIN reviews commercial loan
agreements in seconds, saving 360,000 hours
annually. However, human experts still play a
crucial role in interpreting complex clauses and
making final decisions [19].

The integration of Al and automation in the
manufacturing sector exhibits considerable
variation. Prominent automotive and electronics
manufacturers are leading the way, whereas
smaller enterprises and those situated in
developing nations may experience more gradual
adoption due to financial constraints. The
manufacturing has seen improved efficiency and
quality control through Al-human partnerships.
Siemens' Senseye Predictive Maintenance uses
Al and machine learning to generate machine
and maintenance worker behaviour models. This
facilitates communication between users, Al, and
maintenance experts [20].

In the creative fields, the Georgia Institute of
Technology's Al system, Shimon, collaborates
with  human musicians, generating novel
melodies and harmonies while human musicians
provide emotional interpretation and context
[21]. However, the creative industry's
partnership with Al technology is heterogeneous.
Certain domains, such as digital advertising,
demonstrate rapid uptake of Al tools, whereas
others, like traditional art or music composition,
may exhibit more reluctance, stemming from
apprehensions regarding authenticity and artistic
integrity.

B. Factors Contributing to Effective
Collaboration and Challenges

Several essential factors have been
recognized as vital for successful Al-human
partnerships. (1) Role Definition - Al is
proficient at tasks such as data processing,
pattern recognition, and rapid analysis, while
humans contribute by providing context,
interpreting results, and making complex
decisions. (2) Transparency and Explainability -
Al systems that offer clear explanations for their
recommendations or decisions build trust and
enable human partners to comprehend and
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validate the Al's reasoning. (3) Continuous
Learning and Adaptation — while Al systems are
regularly updated, humans receive training for
effective partnership. (4) Human-centred Design
- Al tools designed with human users in mind,
considering their workflow and cognitive
processes, tend to be more successful. (4) Ethical
Considerations - ensuring that Al systems are
fair, unbiased, and align with human values and
legal requirements.

Despite  potential  benefits, Al-human
partnerships encounter obstacles. Humans
naturally resist change, fearing Al will replace
their jobs. Organizations can address this
challenge by highlighting Al's role as a tool that
enhances, not replaces, human capabilities. One
study found that overcoming this obstacle
depends on the organizational environment and
careful observation of various stages of
organizational Al maturity [22]. Many
professionals lack skills to effectively work with
Al systems, so organizations need to upskill their
workforce. Microsoft's Al Business School
provides free online courses to help business
leaders understand how to integrate Al into their
organizations and develop Al strategies [23].

Al systems' effectiveness heavily depends on
the quality of the training data. Biased or poor-
quality datasets can result in inaccurate and
unfair outcomes. Implementing strong data
governance practices and promoting diversity
within data collection and development teams are
crucial strategic measures. According to a study
[24], a widely used algorithm in US healthcare
systems exhibited racial bias, leading to unequal
allocation of resources between Black and White
patients of equal illness severity. The rapid
advancement of Al raises intricate regulatory and
ethical concerns that organizations must actively
address with regulators and ethics experts to
formulate guidelines. The European Union's
General Data Protection Regulation (GDPR)
incorporates provisions for “the right to
explanation” for decisions made by Al systems,
compelling companies to create more transparent
and explainable Al models [25].

IV. IMPLICATIONS AND FUTURE DIRECTIONS

A. Impact on Organizational Structure and
Management Practices
Al's capacity to process and analyse large
volumes of data is diminishing the necessity for
multiple layers of middle management typically
responsible for information synthesis and
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reporting. A study revealed that Al could
automate up to 54% of managers' time spent on
administrative coordination and control tasks
[26]. Organizations are increasingly embracing
more flexible, project-based team structures,
which Al tools can facilitate by enabling easier
knowledge sharing and collaboration. ING
Bank's “Agile” transformation incorporates Al
tools to facilitate real-time data analysis and
rapid decision-making [27].

Further, Al is enabling more data-driven
decision-making, shifting management practices
to evidence-based approaches. Amazon's
utilization of Al for inventory management and
demand forecasting has reduced costs and
improved efficiency [28].

B. Employee Development and Training Needs

The increased use of Al in knowledge work
is driving the need for employees to acquire new
skills and competencies. There is a growing
necessity for a fundamental understanding of Al
capabilities, limitations, and implications. For
instance, Finland introduced a no-cost online
course designed to teach the fundamentals of Al
[29]. As highlighted by [18], employees must
acquire expertise in effectively collaborating
with Al systems, interpreting Al outputs,
discerning the level of reliance, and offering
feedback. With Al assuming more routine
cognitive tasks, there is a heightened focus on
uniquely human skills. The World Economic
Forum projected that by 2025, critical thinking
and problem-solving will be the most sought-
after skills by employers [30]. Moreover, the
swift advancement of Al calls for continual
learning, making it imperative for organizations
to facilitate these changes. For instance, AT&T
initiated a large-scale reskilling program,
investing $1 billion to retrain almost half of its
workforce for new roles in the Al era [31].

C. Ethical Considerations and Potential Risks

The incorporation of Al into workplace
raises numerous ethical concerns and potential
risks. (1) Algorithmic Bias and Fairness - An
example of this is Amazon's discontinuation of
an Al recruiting tool that exhibited bias against
women, indicating the fact that Al systems can
perpetuate or exacerbate existing biases if not
carefully designed and monitored [32]. (2)
Privacy and Data Protection - The utilization of
Al often necessitates vast amounts of data,
prompting apprehensions regarding the privacy
of employees and  customers. The
implementation of Al monitoring in work-from-



home scenarios has notably escalated privacy
concerns [33]. (3) Job Displacement and
Economic Inequality - Although Al has the
potential to generate new jobs, it also has the
capacity to displace existing roles, thereby
exacerbating economic inequality. A report
suggested that by 2030, up to 14% of the global
workforce may be required to transition to
different occupational categories due to Al [34].
(4) Accountability and Transparency - As Al
systems play a more significant role in decision-
making, questions arise about accountability and
the need for explainable Al. The utilization of Al
in criminal justice systems, such as the
COMPAS recidivism prediction tool, has given
rise to concerns that have led to legal
challenges [35].

D. Future Scenarios for Al-Human
Collaboration in Knowledge Work

The future of Al-human collaboration in

knowledge work holds the promise of
significant transformations in our work,
learning, and organizational methods. (1)

Hyper-Personalized Work Environments - Al
assistants could tailor various elements, such as
office  temperature, lighting, and task
scheduling, based on individual biorhythms and
productivity patterns. (2) Fluid Global Team -
Real-time Al translation and cultural context
providers could enable ad-hoc teams to form and
collaborate seamlessly across continents and
languages. (3) Al as Team Members -
Increasingly sophisticated Al systems may be
considered less as tools and more as team
members, leading to project teams regularly
including multiple Al entities working alongside
humans. (4) Cognitive Augmentation - humans
could utilize non-invasive brain-computer
interfaces to directly access Al-powered
information and cognitive support, boosting
their problem-solving abilities.

V. CONCLUSION

A. Summary of Key Findings and Insights

Our examination of Al-human collaboration
in knowledge work has uncovered significant
findings and insights. Successful Al-human
partnerships in various industries have leveraged
the strengths of both Al (data processing, pattern
recognition, rapid analysis) and humans (context
understanding,  complex  decision-making,
creativity). The integration of Al is restructuring
organizational structures and management
practices, leading to flatter hierarchies, more

agile team structures, data-driven decision-
making, and  continuous  performance
management.

Additionally, there is a growing demand for
new skills among knowledge workers, including
Al literacy, human-Al interaction skills,
enhanced soft skills, and a capacity for lifelong
learning and adaptability. We also addressed the
ethical considerations and risks, including
algorithmic bias, privacy concerns, potential job
displacement, and questions of accountability
and transparency. Furthermore, we identified
several emerging trends and technologies that are
shaping the future of Al-human collaboration
and potential future scenarios.

B. Implications for Theory and Practice

Our findings have significant implications for
both theoretical understanding and practical
application of Al-human collaboration. (1)
Socio-technical Systems Theory - The
incorporation of Al into knowledge work
demands an evolution of socio-technical systems
theory to perceive Al as a collaborator rather than
just a tool. (2) Organizational Behaviour -
Theories of organizational behaviour and
management must be revisited to accommodate
the changing nature of work, team dynamics, and
decision-making processes. (3) Human Capital
Theory - The evolving skill requirements and the
necessity for continuous learning warrant a re-
evaluation of human capital theory, particularly
in terms of skill acquisition, valuation, and
obsolescence. (4) Ethical Framework
Development - There is a pressing need for the
development of robust ethical frameworks that
can guide the responsible development and
deployment.

Furthermore, organizations need to adapt
their management practices to effectively
leverage Al-human collaboration, reconsidering
performance evaluation, team composition, and
leadership approaches. HR practices need to
evolve to accommodate continuous learning and
development, and the nature of jobs needs to be
reconsidered to optimally combine human and
Al capabilities.

C. Recommendations for Future Research

Long-term Impact Studies such as
longitudinal studies are essential to comprehend
Al-human collaboration's effects on job roles,
skill requirements, and career trajectories.
Research on cognitive load, stress levels, and
overall well-being of humans within Al-human
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collaborations, as well as identifying effective
methods for developing Al literacy across
various contexts, are important research
premises.

Further research is necessary to develop
methodologies for designing and implementing
ethical Al systems and to understand how
cultural differences impact  Al-human
collaboration. Studies should explore the factors
that influence trust between humans and Al
systems in collaborative knowledge work
settings. Assessing the economic impact and
informing the development of appropriate
regulatory frameworks for Al use are crucially
important research areas.

D. Final Thoughts on the Future of Al-Human
Collaboration

As we contemplate the future of Al-human
collaboration in knowledge co-production, it is
evident that we stand at the brink of a
transformative era. The opportunities for
augmenting human capabilities, increasing
productivity, and addressing intricate problems
are substantial. However, realizing these
opportunities will necessitate cautious navigation
of the challenges and ethical considerations that
have been deliberated upon. The forthcoming
landscape of knowledge work is expected to
feature a mutually beneficial relationship
between humans and Al, leading to a
progressively indistinct boundary between
human and machine contributions. This
collaboration holds the potential to unlock
unprecedented levels of creativity and
innovation, expanding the limits of what we
perceive as achievable in knowledge generation
and complex-problem resolution.

Nonetheless, it is imperative that we
proactively and responsibly shape this future.
This involves (1) prioritizing human-centred Al
development that enhances human capabilities
instead of replacing them, (2) investing in
education and training to ensure that the
workforce can adapt to and thrive in this new
paradigm, (3) establishing robust ethical
frameworks and regulatory systems to guide the
responsible use of Al in knowledge work, (4)
promoting a culture of continuous learning and
adaptability in organizations and individuals, and
(5) fostering interdisciplinary collaboration to
address the complex challenges that emerge at
the intersection of technology, human behavior,
and societal impact.
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Ultimately, the success of Al-human
collaboration in knowledge co-production
depend on our ability to leverage the unique
strengths of both human intelligence and
artificial intelligence, creating synergies that
propel progress and innovation. By fostering
effective collaboration between human and
artificial intelligence, we have the opportunity to
usher in a new era, one that holds the potential to
address some of the most pressing challenges
facing our world.
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Abstract—This research explores the role of
innovative knowledge management in enhancing
the performance, resilience, and sustainability of
modern supply chains. It examines how advanced
digital tools such as artificial intelligence,
blockchain, and machine learning facilitate real-
time data analysis, improve transparency, and
support decision-making processes. The study
develops a theoretical model outlining the key
elements of knowledge management—creation
and acquisition, sharing and dissemination, and
utilization and application—alongside their sub-
elements, such as data analytics, collaborative
networks, and training programs. The
relationships among these elements reveal how
innovative knowledge practices drive process
optimization, risk management, and sustainability
initiatives. The research identifies several
challenges, including data security, resistance to
change, and integration complexities, and suggests
strategies for governments, enterprises, and
individuals to foster effective knowledge
management. Emphasizing the need for
collaboration and continuous learning, the study
provides actionable insights for developing more
adaptive, resilient, and sustainable supply chains
in a rapidly evolving global environment.

Keywords - knowledge management, supply
chain  innovation, digital tools, resilience,
sustainability.

. INTRODUCTION

Knowledge management (KM) is a crucial
component in the efficient functioning of modern
supply chains. It involves the systematic
handling of knowledge resources within an
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organization, encompassing the creation,
sharing, use, and management of knowledge to
achieve strategic objectives. In supply chains,
knowledge includes a deep understanding of
processes, relationships, market conditions, and
best practices that influence supply chain
operations. Traditionally, KM in supply chains
has relied on methods such as documentation,
databases, and formalized training programs.
However, these methods often fail to keep pace
with the dynamic and complex nature of global
supply chains, where rapid decision-making and
responsiveness are essential [1]. This has created
a need for innovative KM approaches that
leverage modern technologies and foster more
effective knowledge sharing among
stakeholders.

Recent years have seen a surge in innovative
practices and technologies that are reshaping the
landscape of KM in supply chains. Digital tools,
such as artificial intelligence (Al) and machine
learning, are increasingly being integrated to
enhance knowledge discovery, sharing, and
utilization [2]. Al-powered systems can analyze
vast amounts of supply chain data in real-time,
providing insights that help organizations
anticipate demand, optimize inventory, and
manage risks more effectively. Machine learning
algorithms can identify patterns and trends from
past data, enabling proactive decision-making.
Blockchain technology has also emerged as a
revolutionary approach to KM in supply chains.
Blockchain’s  decentralized ledger system
enhances transparency and trust among
participants by ensuring all parties have access to
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accurate and immutable data, reducing the risk of
fraud and discrepancies.

Alongside these digital tools, there is a shift
toward more collaborative and decentralized
approaches to knowledge sharing in supply
chains. Traditional hierarchical models, where
knowledge flows from top management
downwards, are increasingly giving way to
networked models that emphasize peer-to-peer
learning and real-time communication [3].
Digital platforms and social media tools are
central to this transformation, enabling
employees and partners to share insights, ideas,
and best practices across organizational
boundaries. These platforms facilitate the
creation of knowledge-sharing networks where
stakeholders collaborate to solve problems and
innovate, enhancing the agility and
responsiveness of the supply chain. These
approaches are particularly valuable in
environments characterized by high volatility,
where the ability to quickly share and act on
knowledge can be a decisive competitive
advantage.

The impact of innovative KM practices on
supply chain performance is significant.
Effective KM enables supply chains to operate
more efficiently by reducing lead times,
minimizing waste, and optimizing resource
allocation [4]. For instance, predictive analytics
powered by Al can help organizations foresee
potential disruptions, allowing them to take
preemptive action and mitigate risks. Improved
knowledge sharing fosters better collaboration
between  suppliers,  manufacturers, and
distributors, leading to more synchronized
supply chain activities. This coordination is
crucial for just-in-time production and delivery,
reducing inventory costs and improving
customer satisfaction.

Innovative KM practices also strengthen the
resilience and adaptability of supply chains. Inan
era marked by frequent disruptions—such as
natural disasters, geopolitical tensions, and
pandemics—supply chains that can quickly
adapt to changing conditions are more likely to
sustain their competitive edge [5]. This culture
helps build resilient supply chains capable of
withstanding shocks and bouncing back from
setbacks quickly. Additionally, the ability to
efficiently manage knowledge contributes to
sustainable practices by promoting transparency
and accountability, encouraging ethical sourcing,
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and reducing environmental impact through
better resource management.

However, the adoption of innovative KM
practices is not  without challenges.
Organizations often face significant hurdles,
such as data security concerns, high costs of
technology adoption, and resistance to change
from employees accustomed to traditional
methods. Data security is particularly critical as
the increased use of digital tools for knowledge
sharing also exposes organizations to
cyberattacks and data breaches. Effective KM
requires cultural alignment and collaboration
among diverse supply chain participants, which
can be difficult due to differences in
organizational  cultures,  languages, and
management styles. Overcoming these barriers
involves fostering a culture of openness, trust,
and collaboration, supported by appropriate
incentives and governance mechanisms.

Il.  INNOVATIVE KNOWLEDGE CREATION,
ACQUISITION, AND SHARING IN MODERN
SUPPLY CHAINS

Innovative  knowledge management s
essential for modern supply chains, where
efficient knowledge creation, acquisition, and
sharing play a vital role in enhancing operational
performance and competitiveness. Knowledge
management (KM) in this context involves the
systematic processes of generating new
knowledge, acquiring valuable external insights,
and disseminating this knowledge effectively
across the supply chain. Traditional methods
such as databases, documentation, and formal
training programs have served as the foundation
of KM in supply chains. However, these methods
often fall short in today’s rapidly changing global
environment, where speed, adaptability, and real-
time decision-making are crucial [6]. To address
these challenges, organizations are increasingly
adopting innovative practices that leverage
digital tools and foster a more collaborative
approach to knowledge management.

A critical component of innovative KM in
supply chains is the use of advanced digital
technologies for knowledge creation and
acquisition. Artificial intelligence (Al) and
machine learning are pivotal tools that enable the
extraction of actionable insights from vast
amounts of supply chain data. Al-driven systems
can process data in real-time to identify patterns,
forecast demand, and optimize inventory
management. Machine learning algorithms can



learn from historical data to predict future trends,
enhancing the organization’s ability to make
proactive and informed decisions. For example,
predictive analytics tools can help organizations
anticipate disruptions, such as supplier delays or
shifts in consumer demand, and prepare
contingency plans accordingly [7]. This
capability not only improves efficiency but also
minimizes risks by allowing supply chain
managers to respond swiftly to emerging
challenges.

Blockchain technology also plays a significant
role in innovative knowledge creation and
sharing within supply chains. As a decentralized
digital ledger, blockchain ensures secure and
transparent transactions, which is particularly
valuable for maintaining trust and data integrity
among supply chain partners. Blockchain
technology enables all stakeholders to access
accurate, immutable data, reducing the risk of
discrepancies and fraud. For instance, blockchain
can be used to trace the origin of raw materials or
products, ensuring ethical sourcing and
compliance with regulatory standards. This
transparency fosters a more collaborative
environment where knowledge is shared openly
and efficiently across the entire supply chain
network [8].

Beyond these digital tools, there is a growing
emphasis on more collaborative and
decentralized approaches to knowledge creation
and sharing. Traditional hierarchical models,
where knowledge flows top-down from senior
management, are increasingly being replaced by
networked models that emphasize peer-to-peer
learning and real-time communication. These
platforms  support the development of
knowledge-sharing networks where supply chain
stakeholders can collaborate to solve problems
and innovate. This more open and collaborative
approach to knowledge management helps
organizations adapt more quickly to changes in
the market or operational environment,
providing a significant competitive advantage in
volatile conditions. A collaborative knowledge
development is another key aspect of innovative
KM, where multiple stakeholders within the
supply chain work together to generate new
knowledge. This collaboration can take various
forms, such as co-development projects, joint
research initiatives, and innovation partnerships.
By leveraging the diverse expertise of suppliers,
manufacturers, distributors, and customers,
supply chain networks can create new products,
processes, and solutions that would be difficult to

achieve in isolation. For example, a manufacturer
and a supplier might collaborate on developing a
new, sustainable packaging material that reduces
environmental impact and costs. The knowledge
generated from such collaboration is then
disseminated throughout the supply chain,
leading to broader adoption and enhanced
performance [9].

Digital platforms and tools for communication
are fundamental to the process of knowledge
sharing and dissemination. Cloud-based systems,
social media, and collaborative software enable
real-time information exchange, fostering a more
dynamic and responsive supply chain. These
platforms not only facilitate the quick sharing of
knowledge but also ensure that it is available to
all stakeholders, regardless of their location. This
is particularly important in global supply chains,
where partners may be spread across different
geographies and time zones [10]. The ability to
access and share information in real-time helps
reduce bottlenecks, improve coordination, and
enhance decision-making, ultimately leading to
greater supply chain agility and resilience.

Decentralized knowledge networks
complement these digital tools by promoting a
more inclusive and participatory approach to
knowledge sharing. In these networks,
knowledge is not confined to a few Kkey
individuals or departments; instead, it flows
freely across the entire organization. This
approach fosters a culture of trust, openness, and
continuous learning, where employees at all
levels are encouraged to share their insights and
expertise. Decentralized networks also enable
organizations to tap into the collective
intelligence of their entire supply chain, leading
to more innovative solutions and a greater ability
to adapt to changing conditions. For example, a
decentralized knowledge network might include
suppliers, customers, and other external partners,
creating a more integrated and collaborative
supply chain ecosystem [11].

Training and development programs are
essential for building the capacity of employees
and stakeholders to effectively create, acquire,
and share knowledge. These programs help
ensure that all participants in the supply chain are
equipped with the necessary skills and
knowledge to use new tools, technologies, and
practices. For instance, training on advanced data
analytics or blockchain technologies can enhance
the ability of supply chain managers to interpret
data, identify trends, and make more informed
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decisions. Ongoing training initiatives also
support a culture of continuous improvement,
where employees are encouraged to learn from
both successes and failures and apply those
lessons to future challenges [12].

I1l.  IMPACT OF INNOVATIVE KNOWLEDGE
MANAGEMENT ON SUPPLY CHAIN
PERFORMANCE AND FUTURE CHALLENGES

Innovative knowledge management (KM)
practices have a profound impact on the overall
performance of supply chains, enhancing
efficiency, agility, resilience, and sustainability.
In an increasingly interconnected and complex
global environment, the ability to effectively
manage knowledge across the supply chain has
become a key factor for maintaining
competitiveness. Effective KM practices enable
organizations to optimize processes, reduce
costs, improve collaboration, and respond
rapidly to changes in the market. At the same
time, these practices present new challenges that
organizations must address to fully realize their
benefits [13].

One of the primary impacts of innovative KM
practices is the enhancement of supply chain
efficiency. Advanced digital tools, such as
artificial intelligence (Al), machine learning, and
blockchain technology, facilitate real-time data
analysis, enabling organizations to make quicker
and more informed decisions. Predictive
analytics powered by Al can help anticipate
demand fluctuations, optimize inventory levels,
and prevent stockouts or overstock situations
[14]. For example, Al can analyze historical sales
data and market trends to forecast future demand
with greater accuracy, allowing organizations to
align their supply chain activities accordingly.
This reduces waste and operational costs while
improving customer satisfaction through timely
product availability.

Knowledge sharing and dissemination
practices also contribute significantly to
improving supply chain agility. Agility in supply
chains refers to the ability to respond swiftly to
changes in demand, supply, or external
conditions, such as natural disasters or
geopolitical events. Digital platforms and
communication  tools  enable  real-time
information sharing among supply chain
partners, fostering a more collaborative
environment where rapid decision-making and
problem-solving can occur. For instance, during
a disruption such as a supplier failure or a
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logistics delay, a well-integrated knowledge
management system can quickly relay critical
information across the network, allowing
stakeholders to coordinate their actions and
mitigate potential risks. This capability to adapt
rapidly to unforeseen events helps maintain
supply chain continuity and reduces downtime,
which is essential for sustaining competitive
advantage in a volatile market [15].

Innovative KM practices also play a vital role
in building supply chain resilience. In today’s
global supply chains, which often span multiple
countries and involve numerous partners,
managing risks effectively is crucial. Effective
KM enables organizations to identify potential
risks, share risk-related information with relevant
stakeholders, and develop contingency plans. For
example, blockchain technology provides greater
visibility and traceability throughout the supply
chain, allowing companies to  detect
vulnerabilities or points of failure more quickly
and take corrective action. Additionally, the use
of digital twins—virtual models of physical
supply chain processes—enables organizations
to simulate different scenarios and assess the
potential impact of various risks, thereby
improving preparedness and resilience [16].

The implementation of KM strategies varies
significantly between developed and developing
markets. In regions like the U.S. or Europe, the
presence of advanced infrastructure, high digital
literacy, and regulatory support facilitate the
smooth adoption of Al and blockchain
technologies. For instance, developed markets
often have the capital to invest in cutting-edge
KM tools, such as predictive analytics and
blockchain, providing a competitive advantage in
efficiency and sustainability. In contrast,
developing markets may face barriers such as
limited access to technology and poor
infrastructure. To address this, companies can
focus on simpler KM solutions, such as mobile-
based knowledge sharing platforms or
decentralized communication networks, which
require less investment but still enhance
transparency and collaboration.

Amazon and machine learning for inventory
management is great example of successful
integration of advanced technologies. Amazon
uses machine learning models to predict
customer demand, optimize warehouse storage,
and automate stock replenishment. Their
algorithms analyze historical sales data,
seasonality trends, and customer behavior to



make real-time decisions on inventory
management. These models have enabled
Amazon to streamline its just-in-time inventory
system, reducing storage costs and improving
delivery times, while maintaining high customer
satisfaction. Machine learning plays a pivotal
role in managing inventory complexity, helping
large companies like Amazon maintain
efficiency at scale.

Another great example is Walmart with their
implementation of blockchain. Using IBM’s
Food Trust blockchain platform, Walmart
created a decentralized ledger that records every
transaction related to a product, from farm to
shelf. Blockchain allowed Walmart to reduce the
time it took to trace the origin of food from 7 days
to just 2.2 seconds, significantly improving the
response to food safety issues. The system also
helped reduce food waste and improved
compliance with safety standards. This case
illustrates how blockchain can enhance trust,
data accuracy, and traceability in complex supply
chains, which is particularly valuable in
industries where safety and quality control are
critical.

Sustainability is another area where
innovative KM practices have a significant
impact. Organizations are under increasing
pressure from consumers, regulators, and
investors to minimize their environmental
footprint and adopt sustainable practices. KM
practices that promote transparency, traceability,
and accountability are essential in achieving
these  sustainability  goals. Blockchain
technology, for example, can be used to track the
provenance of raw materials and ensure ethical
sourcing, while digital platforms can disseminate
best practices for reducing waste, conserving
energy, and minimizing carbon emissions. By
embedding sustainability knowledge into supply
chain operations, organizations not only comply
with regulatory requirements but also enhance
their reputation and build trust with stakeholders.

KM practices such as blockchain and
predictive analytics contribute to reducing the
environmental footprint by optimizing resource
use, minimizing waste, and ensuring ethical
sourcing. For instance, a blockchain-powered
traceability system can verify that raw materials
are sourced from sustainable suppliers, ensuring
compliance with environmental standards. KM
tools can promote social sustainability by
enhancing transparency and fairness across the
supply chain. Companies can use KM to ensure

labor practices meet ethical standards, improving
brand reputation and trust.

Despite these benefits, the adoption of
innovative KM practices comes with its own set
of challenges. Organizations must ensure that
sensitive information is protected while
remaining accessible to authorized users. This
requires robust cybersecurity measures, such as
encryption, access controls, and continuous
monitoring, to maintain trust and cooperation
among supply chain partners.

Blockchain, Al, and machine learning have
revolutionized data management in supply
chains, but they also introduce vulnerabilities,
such as exposure to cyberattacks. To address this,
organizations must adopt stringent encryption,
continuous monitoring, and access control
mechanisms to secure sensitive data.

The integration of new KM tools with legacy
systems often results in operational disruptions.
Organizations  should  consider  phased
implementation approaches, starting with pilot
programs that ensure smooth integration without
compromising daily operations.

Another significant challenge is overcoming
resistance to change. Implementing innovative
KM practices often requires a cultural shift
within  organizations, where  employees
accustomed to traditional methods may resist
adopting new technologies or embracing more
collaborative approaches to knowledge sharing.
Organizations must foster a culture of openness,
trust, and continuous learning to overcome this
resistance. This can be achieved by investing in
training and development programs that equip
employees with the skills and knowledge needed
to use new tools and technologies effectively.

In manufacturing, Al-powered predictive
analytics can optimize production schedules and
inventory levels. KM tools help in anticipating
machine downtime, reducing waste, and
improving process efficiency. In contrast,
service-based industries benefit from real-time
knowledge sharing through digital platforms. For
example, service providers use KM tools to track
customer interactions and feedback, improving
service delivery and client satisfaction.

Companies can measure the impact of
knowledge management (KM) practices on
environmental and social sustainability by
implementing specific metrics and tools that
evaluate the effectiveness of these practices.
Below are ways companies can measure the
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impact on both environmental

and social

sustainability:
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Companies can track greenhouse gas
emissions across the supply chain,
particularly in areas like logistics,
production, and raw material sourcing.
Use carbon accounting tools (e.g., the
GHG Protocol) to calculate emissions
before and after implementing KM
practices such as blockchain for
traceability and Al for optimization.
Reduction in emissions can indicate
better resource utilization and more
efficient transportation routes, directly
influenced by predictive analytics and
real-time data sharing.

Monitoring energy usage in
manufacturing processes, warehouses,
and distribution centers. Energy
management systems and sensors that
track energy consumption at various
points in the supply chain. Lower
energy usage after adopting Al-driven
predictive maintenance or optimization

algorithms reflects a direct
environmental  benefit from KM
practices.

Auditing labor practices throughout the
supply chain to ensure compliance with
labor laws, fair wages, and safe working
conditions. Blockchain and real-time
monitoring platforms can track the
working conditions at various points of
the supply chain. Improvements in labor
standards, such as reducing forced labor
or providing better working conditions,
can be tracked through third-party
audits and supplier transparency.

The level of employee engagement in
KM  practices and sustainability
initiatives can be measured through
surveys, participation rates in training
programs, and feedback loops. Use
learning management systems (LMS)
and internal surveys to gauge the
effectiveness of training on KM tools
and sustainability initiatives. Higher
levels of employee participation in
continuous learning and sustainability
efforts can be indicative of a positive
social impact.

IV. THEORETICAL MODEL

External knowledge acquisition,
collaborative knowledge development, and
internal research and development directly
contribute to knowledge creation and acquisition.
These activities involve gathering insights from
external partnerships, joint ventures, and internal
expertise, all of which feed into data analytics
and insight generation. The knowledge capture
and documentation process ensure that newly
acquired information is systematically organized
for future use.

Knowledge creation leads to knowledge
sharing and dissemination through decentralized
networks and knowledge repositories. These
platforms enable the transfer of information
across departments and teams. Training and
development programs facilitate the practical
sharing of knowledge, helping individuals
understand and apply what has been acquired.
Feedback loops and continuous improvement
processes strengthen this flow, ensuring that
shared knowledge is continuously refined and
updated.

The next phase, knowledge utilization and
application, draws directly from shared
knowledge. Decision support systems and
performance analytics rely on these insights to
guide strategic choices. Knowledge repositories
and feedback from the dissemination stage
ensure that decision-makers are working with up-
to-date information. These tools also support
process optimization and innovation by applying
learned knowledge to enhance operational
efficiency.

Knowledge application then influences risk
management and resilience-building practices, as
organizations adapt their strategies to mitigate
potential disruptions. Through this interplay
between knowledge utilization and operational
improvements, competitive advantage s
achieved in the supply chain. Finally, the
feedback mechanism ensures that knowledge
derived from practical applications informs
future acquisitions and dissemination, creating a
continuous cycle of learning and improvement

(Fig. 1).
V. GUIDELINES AND RECOMMENDATIONS

The following guidelines provide actionable
recommendations for stakeholders to optimize
knowledge management practices, address
challenges, and drive sustainable supply chain
performance.
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Figure 1. Model for improving supply chain through

knowledge management.

Enterprises  should invest in
advanced digital tools and
technologies for knowledge
management.  Implementing  Al,

blockchain, and machine learning can
enhance data analysis, transparency,
and decision-making.

Organizations  should  establish
decentralized knowledge networks to
encourage peer-to-peer learning.
Using digital platforms can break down
silos and facilitate real-time
communication and collaboration.

Governments can incentivize
sustainable and ethical supply chain
practices through regulations and
guidelines. Offering tax benefits or
subsidies can encourage organizations

to adopt effective  knowledge
management strategies.
Individuals should engage in

continuous learning and development
programs to enhance their skills.
Participating in training and sharing
expertise contributes to the collective
knowledge base.

e Organizations should create
feedback loops to capture insights
and drive continuous improvement.
Regular reviews and feedback sessions

can identify gaps and optimize
practices.

e Organizations should prioritize
sustainability in knowledge
management strategies. Integrating

sustainable practices and partnering
with  stakeholders can  improve
compliance and corporate reputation.

VI. CONCLUSION

Innovative knowledge management plays a
crucial role in enhancing the performance,
resilience, and sustainability of modern supply
chains. As supply chains become more complex
and interconnected, the ability to effectively
create, share, and utilize knowledge becomes a
key differentiator for organizations aiming to
maintain a competitive edge. This research has
highlighted the significance of integrating
advanced digital tools, such as artificial
intelligence, blockchain, and machine learning,
to facilitate real-time data analysis, transparency,
and decision-making. Additionally, fostering
decentralized  knowledge  networks and
collaborative environments can help break down
silos, promote peer-to-peer learning, and enable
dynamic problem-solving across the supply
chain.

However, the adoption of these innovative
practices is not without challenges. Issues such
as data security, resistance to change, system
integration complexities, and the management of
knowledge across diverse global networks
require concerted efforts from all stakeholders.
Governments, enterprises, and individuals must
work together to create an enabling environment
for knowledge management by investing in
digital infrastructures, fostering public-private
partnerships, and promoting a culture of
continuous learning and openness. Incentivizing
sustainable and ethical practices, enhancing
training and development, and building secure
platforms for data sharing are among the

strategies that can support the effective
implementation of innovative knowledge
management in supply chains.

As the global supply chain landscape

continues to evolve, the importance of innovative
knowledge management will only increase.
Organizations that are able to adapt to new
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technologies, collaborate effectively, and
manage knowledge dynamically will be better
positioned to navigate uncertainties, capitalize on
opportunities, and achieve long-term success.
This research contributes to the understanding of
how innovative knowledge management can be
leveraged to create more adaptive, resilient, and
sustainable supply chain networks, offering
practical insights and strategies for organizations
and policymakers alike.
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Criteria  Decision-Making ~ methods.  The
Preference Selection Index (PSI) was applied to
define the weighting coefficients. At the same time,
the Alternative Ranking Order Method
Accounting  for  Two-Step  Normalization
(AROMAN) was used to assess the R&l
performance of the selected countries. The results
revealed Serbia as the best performer in the R&D
field in this part of the world.
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. INTRODUCTION

An  organization's  development and
endurance strongly depend on research and
innovation (R&I) activities because permanent
technological change and limited resources make
the environment severely competitive. Managers
and governments have a difficult task to find the
adequate ways to support these activities because
the economic development and growth are under
the influence of R&I [1]. Besides, encouraging
innovation is the 9" goal of the 2030 Agenda for
Sustainable Development [2-4]. Unsurprisingly,
the authors have shown significant interest in the
topics that deal with the innovation activities
conducted within the organizations and countries
[5-10]. The European Commission introduced
the European Innovation Scoreboard (EIS) to
respond to the rising need to measure the degree
of innovativeness of a country [11]. Proposed
innovation indicators represent metrics that

ISBN: 978-86-82602-04-0

@ NIZ:

assess innovation achievements in a wider
context [12]. The authors have proposed
combining the EIS indicators with the Multiple-
Criteria Decision-Making (MCDM) techniques
to elicit adequate scientific results.

MCDM techniques facilitate decision-
making in complex environments characterized
by numerous alternatives and conflicting
evaluation criteria [13]. Various MCDM
approaches have been proposed until now (for
example [14-18]), and each has pros and cons.
Additionally, different combinations of MCDM
methods and models have been proposed for
analyzing the R&Il performance of selected
countries [19-24].

For the need of this research, we assessed
Western Balkan’s countries (WB6) using the
MCDM model that consists of the Preference
Selection Index (PSI) [25] and the Alternative
Ranking Order Method Accounting for Two-
Step Normalization (AROMAN) [26]. The PSI
method was used to define the weighting
coefficients. The reason for applying this method
is that its computation procedure is based on
input data that exclude the possibility of
obtaining biased weightings. The AROMAN
method was applied to the final assessment of the
WG6 country's innovation performance. It is a
newly introduced method whose potential has
yet to be fully observed in different scientific
cases, so we decided to base our analysis on it.
The assessment was performed regarding 12
main R&I aspects presented in the EIS report for
2024 [27]. To present the conducted research and
obtained results, the remainder of the paper is
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Figure 1. Employed MCDM methods.
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organized as follows: Section 2 presents the
methodology used; Section 3 involves the case
study; and the conclusion is presented at the end
of the article.

Il. METHODOLOGY

This paper employed three MCDM methods,
as presented in Fig.1.

Because the COBRA method is used only for
sensitivity analysis, its computation procedure is
omitted from the methodology section.

A. The PSI Method

The PSI method [25] defined the weighting
coefficients based on the objective ground in the
present case. Namely, the PSI method uses the
initial data in the weighting coefficients
computing, which excludes the possibility of
decision-maker interference in the case when the
data is quantitative. The positive side of the PSI
method is not only the determination of objective
weights but also the possibility of ranking the
considered alternatives. The whole assessment
procedure could be based solely on this method.
It revealed the potential to resolve many
decision-making problems, which proves the
following articles [28-32].

The computation procedure of the PSI
method contains the following series of steps.

Step 1. Select the evaluation criteria and
alternatives.

Step 2. Evaluate the alternatives against the
selected criteria and construct the primary
decision matrix X:

<[]... 0
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where X is the performance ratings of the

alternative i regarding the criterion j, n is the
number of alternatives, and m is the number of
criteria.

Step 3. Define the normalized decision
matrix using the following equations:

r. =— for maximization criteria, (2)

ij
X i

i =—L for minimization criteria. (3)
X;i
1]

Step 4. Calculate the preference variation
value regarding each criterion in the following
way:

2=Yr(n 1), @)

where 7; represents the mean value of
normalized ratings of criterion j defined as
follows:

R X0 ®)

m

Step 5. Calculate the deviation in the
preference variation value as follows:

Q, =1-X;. (6)

Step 6. Determine the criteria weights w;
using the following equation:

Q
Wj = p .
Zi:le

Step 7. Compute the preference selection
index of alternatives in the following way:

()

Si =Zr;:1 Wi ®)

The highest preference selection index value
signifies the best option alternative.

B. The AROMAN Method

The AROMAN method [26] is used to assess
the WES6 in light of research and innovation.
Although it was introduced recently, the authors
used it and its extensions in a significant number
of research studies. The following articles
[33-43] prove this constatation.



The computation procedure of the
AROMAN method could be illustrated by the
following series of steps.

Step 1. Form the initial decision matrix X as
in the procedure for the PSI method.

Step 2. Normalize the decision matrix. In this
case, the normalization procedure involves the
linear, the vector normalization, and finally, the
aggregated averaged normalization.

Linear normalization is performed in the
following way:

X —min x;
ty=—————, )
max x; —min x;
i=12..,nj=12,..m (10)

Vector normalization is

follows:

performed as
N
S (12)

i=12...n, j=12,..m (12

Aggregated averaged normalization is done
to achieve the final normalized values, and it is
performed in the following manner:

norm ij +(1_ﬁ)t|*
t; =%, (13)

i=12,..,n j=12,...,m, (14)
where t°™ represents the aggregated averaged
normalization, and g is the weighting
coefficient that varies from 0 1 to and usually is
set on 0.5.

Step 3. Define the weighted decision matrix.
This matrix is defined using (15):

G = w <t (15)

j

Step 4. Calculate the sum of the normalized
weighted values for the cost and the benefit
criteria separately as follows:

Li :z'}}min), (16)
j=1
i=12..,n; j=12,...,m., a7

A=306 (18)
i=12..,n; j=12,...,m, (19)

where L; stands for cost, and A; for benefit type
of criteria.

Step 5. Rank the alternatives. The final
ranking of the alternatives is obtained in the
following way:

R=L+A"",i=12..,n  (20)

where R; represents the value for ranking the
alternatives, and A is the coefficient level of the
criterion type. If both criterion types are involved
in the procedure, A issetto 0.5. The alternatives
ranking is performed in descending order.

Ill. CASE STUDY
A. Data

The evaluation is done against the 12 main
aspects presented in Table I. The R&l
performance of the EU-member countries,
neighboring countries and selected global
competitors are measured against 12 aspects and
32 indicators. The findings are published
annually in the EIS since 2001. For this research,
we evaluated the WG6 country's R&l
performance using the MCDM model (Table II).

TABLE I. R&D ASPECTS [27].
Abbr. | Aspect Optim.
HR Human resources max
AS Attractive research systems max
DI Digitalization max
FS Finance and support max
Fl Firm investments max
IT Use of information technologies max
IN Innovators max
LI Linkages max
1A Intellectual assets max
El Employment impacts max
Sl Sales impacts max
ES Environmental sustainability max
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TABLE I1. WB6" [44]. TABLE IV. ASPECTS' WEIGHTING COEFFICIENTS.
Abbr. | Country Abbr. | Aspect w;
AL Albania
BA Bosnia and Herzegovina HR Human resources 0.0842
ME Montenegro AS Attractive research systems 0.0985
MK North Macedonia
RS Serbia DI Digitalization 0.0874
o o o FS Finance and support 0.0454
The initial decision matrix is based on data —
retriecved from the European Innovation FI. | Firm investments 0.0536
Scoreboard for 2024 [27_]. _and it is presented in IT Use of information technologies | 0.0967
Table I11. There was a missing value for the FS —
Finance support aspect, which we fulfilled with IN | Innovators 0.1003
the da;a for the previou_s_year [45].The furth(_er LI Linkages 0.0770
analysis was based on initial data presented in
Table I1I. 1A Intellectual assets 0.0771
B. Results El Employment impacts 0.0942
The weighting coefficients were determined sl Sales impacts 0.0902
using the PSI method. Table IV presents the ) o
obtained results. ES Environmental sustainability 0.0954
The results emphasized the aspect IN — TABLEV. RESULTS
Innovators as the most significant. Surprisingly,
the aspect FS — Finance and support has the Abbr. | Country R Rank
slightest influence on the R&I performance of .
the countries. RS Serbia 0.3284 1
After defining the weighting coefficients, we ME | Montenegro 02505 | 2
used the AROMAN.method to p_erform the final MK | North Macedonia 0.2319 3
analysis and determine the ranking order of the -
selected countries regarding their R&I AL | Albaria 01524 | 4
achievements. The procedure is performed using BA | Bosniaand Herzegovina | 0.1439 5

(2)-(8), and the final score and ranking order are
shown in Table V.

The final ranking order highlights Serbia as
the best innovation performer within the WB6
countries group. Serbia expressed very satisfying

TABLE Il INITIAL DECISION MATRIX [27,45].
Aspect |y | as | DI | Fs | Fi IT IN Ll | 1A | EI st | Es
Country % % % % % % % % % % % %
AL 59.3 36.1 14.2 0.0 12.7 45.6 75.3 40.1 5.9 38 475 66.4
BA 10.3 | 232 | 358 0.0 0.8 39.8 117.6 15 149 50.8 29.6 89
ME 34.4 49.6 54.7 125 23.8 69.4 170.3 735 8.9 100.5 20.9 52.3
MK 36 79.7 37.1 14.5 42.1 30.9 63.2 49.4 215 31.6 59.6 87.4
RS 48.6 43.4 64.1 42.7 102.4 92 135.7 77.8 21.9 71.7 64.8 311

* Kosovo* is excluded from the assessment because Serbia
does not recognize it as an independent state.
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B Serbia BNorth Macedonia

B Montenegro

Figure 2. Sensitivity analysis.

BBosnia and Herzegovina M Albania

parameters regarding all the R&I aspects.
Although some performances of Serbia were not
so good, overall ranking results put it in first
place as the most perspective R&I performer
among the WB6 countries group.

C. Sensitivity Analysis

The results obtained with the help of the
AROMAN method were compared with those
defined by using the PSI and the COBRA
methods. The main reason for this was to check
the reliability of the defined ranking order. Fig. 2
illustrates the comparison performed.

Although the rankings of the AROMAN and
PSI methods differ slightly, the reliability of the
proposed MCDM model is proved.

IV. CONCLUSION

The goal of this article was to address the
possibilities of the MCDM model in evaluating
the performance of the WB6 countries in the R&lI
landscape. The PSI method successfully and
objectively ~ determined  the  weighting
coefficients, while the AROMAN method
enabled an easy and reliable definition of the
country's ranking order. The robustness and
reliability of the model are proved using the
COBRA and PSI methods.

The results outlined Serbia as a country that
has made the best progress regarding R&I, while
Bosnia and Herzegovina have the worst
performance in the considered field. Fedajev et
al.'s article confirms that Serbia is the best
performer among WB6 countries observed
through the R&I prism [23].

The benefits of the research include the
comprehensiveness and ease of use of the
proposed MCDM model. The proposed approach
enabled the defining of adequate objective
weighting coefficients and adequate ranking
order, which is in accordance with similar
research. The MCDM model could be
successfully used to analyze any kind of decision
problem, not only issues regarding R&lI.

The essential limitation of the presented work
is that it is based only on the EIS indicator set. It
would be more satisfying if more relevant
sources regarding the innovation indicators were
used (e.g., the Global Innovation Index report).
In that case the same problem would be observed
from different perspectives, which would enable
us to look at the WBG6 countries’ R&l
achievements from different angles.
Nevertheless, enhancing the methodological
approach and involving MCDM methods with
different methodology backgrounds would be
desirable to elicit more objective results.

The proposition for further research includes
comparing the WBG6 countries with the
achievements of the EU-27 countries regarding
the R&I. The comparison with developed
countries would bring good insight into what
fields the WB6 countries should improve to
reach the R&I level of developed countries.
Furthermore, it would be advisable to
incorporate the standpoints of experts, especially
considering the aspects against which the R&I
performance is measured. The standpoints of the
experts could be included in the analysis by
employing the subjective MCDM weighting
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methods, such as some from the PIPRECIA
family. Everything said would lead to the
creation of a more relevant and robust model that
will enable drawing more robust and relevant
scientific conclusions that respect the objective
as well as the subjective aspects of the
decision process.

Finally, it could be concluded that the
proposed MCDM model facilitates the
assessment process, resulting in quite adequate
results. The approach is very understandable,
which makes it convenient even for users
unfamiliar with the MCDM field. Furthermore,
this model could be used to improve the decision-
making process in various scientific and
business fields.
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Abstract—We live in an increasingly globalized
world where change is the order of the day.
Organizational change is a strategy that is
progressively present in companies. Through this
strategy, firms try to adapt to new environments,
trying to improve in those aspects in which they
previously showed weaknesses that threatened
business progress. By accepting the limitations and
characteristics of the outdated culture and
defining the desired culture, the organization
identifies the “culture gap” that must be overcome
in order to implement the necessary change.
Organizational changes are a wider concept than
organizational learning, because every learning
includes change, but every change does not
automatically include learning. Thus, the purpose
of this study is to investigate the role of
organizational culture and learning in
organizational change processes. The current
study contributes to the existing body of literature
in the field of interest.

Keywords - organizational culture,
organizational learning, organizational change

. INTRODUCTION

This paper analyzes existing research on
organizational learning and culture in the
context of organizational change processes.

Why is it necessary for the organization to
change its way of functioning? Globalization of
the world economy and rapid changes in the
needs and demands of the world market
supported by the development of new
technologies,  democratization,  economic
liberalization, the expansion of communication

ISBN: 978-86-82602-04-0

@ NIZ:

technologies accompanied by significant
migrations of the working population, are
processes that affect changes in the
organizational environment. High volatility,
uncertainty and changing environment require
an adequate organizational response, but also the
people in them. Readiness for changes, flexible
use of knowledge and creativity, become for this
reason, the core qualities of people in
organizations in the knowledge society [1].

Kotter [2] concludes that organization is
changing or disappearing. This means that in
order for organizations to survive in today's
business environment, they must initiate
changes or adapt to the existing environment. In
order to do this, an appropriate supportive
organizational culture must exist.

Change itself is one of the ways that
organizations learn. The purpose of learning is
to acquire new, necessary knowledge and to use
it effectively in practice, so that the organization
has a competitive advantage over other
organizations. That is why it is very important
that the organization learns as quickly as
possible and that it applies new knowledge as
quickly as possible through the processes and
methods of its work. The ultimate goal is to
implement one organized knowledge acquisition
system and to quickly apply acquired knowledge
through changes, innovations, more effective
teamwork, more effective management system,
etc. It is also important that the organization has
an open approach in relation to the environment
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and is able to accept other people's knowledge
and experience.

1. ORGANIZATIONAL CHANGE

Change is critical to the survival and success
of organizations. In order to successfully
implement change, organizations must consider
several key factors. Organizations that fail to
adapt to new circumstances lose their
competitive advantages. Change is unavoidable
and it can only be managed, otherwise
organizations may cease to exist. Knowing what
changes need to be made and how to make them
appear to be key aspects for the organizational
change process.

However, many projects and new initiatives
in organizations often fail, despite the
investment of resources. The key secret to
successful change implementation lies in the
human factor. Individuals are the ones who must
accept and introduce changes, and it is important
to focus on their awareness, desire, knowledge,
ability and maintenance of change.

The term organizational change refers to
changes an organization implements to improve
efficiency [3]. According to Castel and
Friedberg [4], organizational change is a
complex, dialectic process, where the old and
new ways of linkage result in a dynamic world.

Organizational change involves going from
known to unknown and often goes with a sense
of insecurity, fear and stressful situation for
employees, because, organizational change
leads to the transformation of organizational
goals, processes, structure, work tasks and
technology [5]. On the other hand, the
implementation of organizational changes can
provide employees the opportunity to achieve
valued outcomes at work. For example,
implementation of a new technology may
require employees to learn new processes, which
will increase their effectiveness.

The results of several studies concerning the
key success factors of organizations with an
international reputation show that they can be
classified into two categories: those that exploit
one approach that has been proven successful
and those who explore new possibilities, ready
to change not only the structure but also the
processes [6]. These are the organizations that
demonstrate  willingness for change by
continuously exploring and testing new ways of
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doing things. The first type of organization
managed to achieve results significant on a
global scale, two or three decades ago. In today's
changing market conditions, another type of
organization  succeeds, that is, those
organizations that are ready for change.

I1. THE LINK BETWEEN ORGANIZATIONAL
CULTURE AND CHANGE

Organizational culture has been identified as
an influential factor affecting the successes and
failures of organizational change efforts. The
success of introducing changes in the
organization depends to a great extent on the
organizational culture that exists in the given
organization. Sometimes it is necessary first to
change the organizational culture in the
organization, in order to create the conditions for
the application of change management methods
and techniques.

There is a dominant culture and subcultures.
If all or most members of the organization accept
the culture, then it is the dominant culture. A
subculture is a set of only those values, beliefs
and attitudes accepted by a part, that is, a group
of employees. However, a strong, dominant
culture is not always good in conditions of
change, because it is rigid and closed to new
attitudes.

There is no universal and unique definition
of organizational culture, since it is something
that is perceived, sensed and felt. However, all
authors agree that it represents an important
subsystem of an organization, a determinant of
organizational effectiveness and the quality of
work life of organizational members. According
to Schein [7], organizational culture represents a
set of values, norms, beliefs and attitudes
adopted by the members of an organization and
which influence how they will behave, think and
feel. Cultural assumptions and values shared by
the members of an organization affect the way
in which employees and managers will
understand the organization and thereby the
appropriate way to change it. What will be
determined as a suitable, efficient, or useful way
of changing the organization will depend
significantly on the shared assumptions and
values of employees and managers built in their
interpretative schemes [8]. Table | shows direct
causal relations between certain organizational
culture types, and suitable change management
strategies.



TABLE I.

THE DIFFERENTIATION OF ORGANIZATIONAL CHANGE STRATEGIES AND ORGANIZATIONAL CULTURE

TYPES [8].

Assumptions about form of
collective action/change tool

Assumptions about power
distribution/direction of chang

Work structure, tasks

Social structure, relations

Authoritarian, hierarchical cultures

Directive changes

Role culture (H)
“Eiffel Tower” culture (T)

Rational empirical change strategy

Power culture (H)
Family culture (T)

Power coercive change strategy

Egalitarian cultures

Participative changes

Task culture (H)
“Guided missile” culture (T)

Creative change strategy

People culture (H)
Incubator culture (T)

Normative reeducative change
strategy

As can be seen from Table I, directive
changes are prevalent in organizations with an
authoritarian, hierarchical culture. Authoritarian
culture supposes that an unequal distribution of
power within a social system is inevitable,
useful, and necessary for realizing the
organization's goals and purposes. The hierarchy
culture indicates a formalized and structured
work environment, focusing on procedures and
regulations, with formal rules. Directive changes
are characterized by top-down leadership and
minimal employee involvement [9]. Shein [7]
suggested that leadership plays a significant role
in shaping organizational culture. In hierarchical
culture subordinates will be given specific tasks
to complete in a specific way, which reduces
their autonomy and satisfaction [10,11]. In such
cultures, changes are led from the top down, the
leader is the visionary and the planner, and the
employees are only task-oriented executors.
However, although directive changes can cause
great resistance and dissatisfaction among
employees, some authors suggest that a directive
change management strategy can lead to
positive organizational outcomes, if it is
combined with effective communication,
strategic management and the ability to
effectively adapt to new situations [9]. Thus,
while the directive change management method

may be useful, eluding employee involvement
may lead to accidental consequences, such as
reduced morale, reinforced job insecurity, and
feeling unappreciated at work. In addition, in
power and role organizational cultures [12], as
well as “Eiffel Tower” and family cultures [13],
we may expect implementation of rational
empirical and power coercive change strategies
[8]. Power and family culture relies on a central
figure that holds power. Lines of communication
not only extend from that center, but also
connect laterally along the organization. The
dominant influence of the center results in a
structure that is able to rapidly change and
respond to changes and external threats. This
ability was not achieved through formal
methods, but by selecting individuals in key
positions who would be able to “guess what the
boss would do”. Communication is mostly
intensive and informal. This is a culture with
autocratic leadership. The role as well as “Eiffel
Tower” culture is often labeled as bureaucratic
because there are clearly defined behavioral
procedures, authorities and role descriptions.
Coordination is done from the top. Power
derives from position, and to a lesser extent
depends on a person's expertise. Change is
difficult to implement. Change is very slow and
often brings only fear. Power coercive strategy
are used by change agents who operate under the
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assumption that people with less power will
comply with the changes brought about by those
with more power in the organizations. Rational
empirical change strategy supposes that people
are rational beings and will follow their self-
interest — once it is revealed to them.

On the other hand, participative changes are
prevalent in organizations with egalitarian
cultures. Egalitarian culture assumed the need
for more equal distribution of power. In this
culture employees are more involved in the
organization change process. Leaders as well as
management must provide resources for changes
and to manage change. In task and people
organizational cultures, as well as in incubator
and “guided missile” cultures, we may expect
the implementation of normative re-educative
and creative change strategies [8]. Task and
“guided missile” cultures are characterized by
the belief that organizations exist to solve tasks.
The emphasis is on results and getting the job
done. Individuals have freedom of decision, and
control over their work. These cultures are
flexible and adaptive and teamwork is highly
valued. People or “incubator” culture is personal
and egalitarian. The purpose of the organization
is to free individuals from routine to more
creative activities and to minimize time spent on
self-maintenance. According to normative re-
educative strategy people are social beings and
they will follow the cultural norms and values.
Successful change is based on redefining and
reinterpreting existing norms and values, and
developing commitments to new ones [14].
Creative change strategy is built on the premise
that people are creative and that all processes in
organization, including the process of change,
are happening as a consequence of the free will,
actions, and ideas of employees [8].

Many studies have found a positive
influence of organizational culture on the
process of change. For example, according to the
reference [15], organizational culture has an
indirect positive influence on changes through
leadership styles. This research highlighted the
significance of constructive culture and
transformational leadership for a successful
change process. On the other hand, according to
reference [16], hierarchical culture was found to
positively and significantly impact directly on
planned and emergent change management in
the public-sector service organization.

Organizational culture exists in parallel and
together with national culture. We can say that
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organizational culture is a part of national
culture. Since we live and work in the era of
globalization, a big challenge for managers of
multinational companies is to find a way to
harmonize different national cultures and
organizational culture. In the context of change,
for example, in countries with a high degree of
uncertainty avoidance (Latin America, Latin
Europe, Mediterranean countries, Japan, Korea),
employees will not be as open to change and risk
acceptance as employees in countries with a low
degree of uncertainty avoidance (Asia and
Africa).

V. ORGANIZATIONAL LEARNING AND ITS
ROLE IN ORGANIZATIONAL CHANGE

In the era of knowledge economy, the key
strategic resource of competitive advantage is no
longer based on material resources but rather the
accumulation and utilization of knowledge
within an organization. Rapid development of
new technologies, methods and ways of
working, introduction of new products, constant
innovation in many fields, create great and
constant pressure on many organizations and
their employees. These organizations and all
individuals in them are forced to constantly learn
in order to acquire new knowledge with which
they can successfully adapt to the ever-changing
conditions in which they operate, i.e. so that they
can successfully manage the changes required
by this dynamic of rapid development in all
fields in which they operate.

Organizational  learning represents a
complex process that is constantly repeated, that
is, it represents a closed circle. Namely, learning
is the process of creating new knowledge, and
new knowledge creates new ideas and
innovations, which ultimately cause changes.
Changes create new knowledge, which in turn
creates new ideas and innovations and which
again lead to new changes. This cycle represents
a continuous process through which the
organization and its employees constantly
progress in order to successfully survive in the
market.

Organizational learning is a process that,
through the acquisition of new information and
knowledge, changes people, their way of
thinking, their attitudes and representations, and
they become capable of creating new ideas,
taking new actions and making changes.
Through the process of learning, people develop
new approaches and strategies, new ideas, as
well as ways of finding solutions to many



problems. However, people only learn if they are
motivated and have clear goals they want to
achieve.

Studies about organizational learning have
developed since the 1970s, and during the 1980s
and 1990s, the interest grew significantly [17].
Organizational learning is a type of
organizational change process in which a
difference in the state of the organization occurs
due to the generation and use of new knowledge.
It includes changes of both cognitive structures
and behaviors of organizational members.
Organizational learning is often defined as a
change in the cognitive structures and behavior
of the organization's members, which ensures an
increase in the organization's ability to adapt to
its environment. Most researchers describe
organizational learning as a change in the
organization’s knowledge that happens as a
function of experience and gives a theoretical
framework for analyzing organizational learning
[18]. References  [19-21] state  that
organizational  learning  happens  when
organization institutionalized new routines,
creates and transfers new knowledge.

There are two concepts of organizational
learning: single-loop and double-loop learning
[22]. Adaptive learning or learning in one circle
(single loop learning) represents a basic form of
learning in which knowledge is acquired and
changes are made only within the framework of
a previously defined set of assumptions that
remain beyond any questioning. With adaptive
learning, the organization corrects its activities
if they deviate from the previously defined
course. This type of learning is carried out in the
form of measuring the company's functioning
and performance in relation to previously
defined standards and results in an action aimed
at removing deviations from the standards.
There is no review of the standard itself. The
result of adaptive learning is incremental
changes or adaptations of existing routines
within the framework set by the basic
assumptions on which they are based.
Generative learning or learning in a double loop
(double loop learning) represents the acquisition
of knowledge that questions and changes the
basic assumptions on which existing routines are
built. Therefore, generative learning does not
improve existing routines, but creates
completely new ones, based on new assumptions
about sources of competitive advantage and
suitable ways to realize that advantage. The
changes generated by learning in the double

circle are radical because the fundamental
assumptions and definitions on which the
functioning of the organization is based have
changed.

In order to create organizational knowledge,
it is necessary to convert one form of knowledge
into another. That process of conversion of one
form of knowledge into another through which
individual knowledge is transformed into
organizational is the process of organizational
learning and is represented by the spiral of
knowledge developed by Nonaka and Takeuchi
[23].

Research results suggest that managers are
required to have the necessary knowledge to
facilitate ongoing change and support
employees at all organizational levels [24].

Learning organizations should establish an
innovative culture, which underlines employee
development and learning, encourages the
creation of new knowledge and modifies the
knowledge in order to enhance the innovation
capability. Establishing a learning culture is not
an easy task considering the numerous obstacles
that can be found on this way. According to the
reference [25], the main obstacles to
implementing e- learning culture in Kuwait are:
lack of managerial support, language barriers, IT
problems, workload and lack of time. Company
processes can be also a barriers to learning. For
example, due to the high volume of work,
employees do not have time to devote to training
and development. Another example is where
employees are only permitted to complete
training courses on company-owned devices.

V. CONCLUSION

The aim of the research was to summarize
the recent literature about organizational
changes, organizational culture and
organizational learning, as well as to emphasize
the link between culture and change and learning
and change. It can be concluded that managers
should strive to adapt their policies according to
the national and organizational culture.
Knowledge and creativity are becoming the
most important economic resource of modern
societies, and change management is a key
process in developed economies. Creativity
implies the developments of new ideas that help
solve certain problems in the organization and
that initiate changes. Therefore, in an
organization must be established a culture that
promotes lifelong learning and encourages the
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creativity of individuals to introduce change. In
other words, organizational learning requires
learning culture, which includes: commitment to
learning, effective and well founded science,
transparency and clearness, topic guidance and
leading, responsibility and liability [26]
Individually and collectively learning is one of
the most important leverages that organizations
must use to obtain important competitive
advantages. Thus, it is a big challenge for
organizations in complicated and variable
environmental conditions to pay attention to
learning as an important part of daily
organization activities.
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Abstract—This study explores how disruptive
technologies from Industries 3.0, 4.0, and 5.0 help
safeguard socio-economic systems amid digital
transformation during the Russian invasion of
Ukraine. By analysing the Ukrainian case, the
research examines how these technologies -
particularly in green energy, transport, and digital
access — mitigate the impact of military conflict.
Green energy and transport innovations have
supported decentralisation and reduced the effects
of energy disruptions, while the growing use of
electric vehicles and charging infrastructure has
facilitated evacuations and sustained essential
services. Digital technologies have enhanced access
to education, work, and communication,
strengthening societal resilience and human
capital, which are vital for socio-economic
security. Ukraine’s shift toward freelance
activities illustrates its capacity for self-
organisation and innovation during the transition.
Additionally, investments in renewable energy and
electric vehicles demonstrate the country’s
commitment to sustainability. The adoption of
advanced technologies such as additive
manufacturing and the Internet of Things further
showcases Ukraine's progress in fostering human
capital despite wartime challenges. The findings
provide insights into policy development aimed at
protecting socio-economic systems, particularly in
times of crisis. However, technological
dependencies — such as supply chain disruptions
and cyber threats — pose challenges that warrant
further research.
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. INTRODUCTION

The concept of Industry 5.0 plays a pivotal
role in shaping today's social and political
environments. Technologies from Industry 4.0
and 5.0, especially artificial intelligence, are
driving profound changes in societal structures
and are Positioned to upend existing geopolitical
structures, potentially sparking new forms of
rivalry among major international powers [1].
This evolution brings important questions about
the stability and security of socio-economic
systems in this new context, particularly in
scenarios of military conflict. As a result, it is
crucial to explore the implications of these
developments for the security of socio-economic
systems during this transitional period. These
challenges are particularly pronounced for
Ukraine, given the ongoing war.

Il.  LITERATURE REVIEW

Scholarly attention to the security of socio-
economic systems in the digital transformation
era has been growing, with particular emphasis
on national security and the potential threats
posed by digital technologies. Previous research
[1-6] highlight that digital technologies are
driving significant changes on a large scale,
creating uncertainties and posing vulnerabilities
to socio-economic systems. While these
technologies promise to enhance productivity
and lead to an era of abundance, they also have
the potential to destabilize existing systems.
Researchers are particularly focused on how
these disruptive technologies affect state
resilience in the face of global competition,
including their implications for military
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capabilities. However, there remains a gap in
understanding how these technologies impact
states’ ability to  withstand  military
confrontations. The Ukrainian case provides a
relevant example of how disruptive technologies
may enhance the resilience of societal systems
during wartime.

This paper explores how technologies from
Industries 3.0, 4.0, and 5.0 contribute to the
security of socio-economic systems amid digital
transformation, with a focus on the ongoing war
in Ukraine. By conducting a thorough literature
review, the study assesses the effectiveness of
these technologies in mitigating the adverse
effects of military operations on socio-economic
systems within Ukraine.

IIl.  RESULTS

Socio-economic system (SES) security is a
complex and multifaceted issue, shaped by
several key factors, including protecting its
components from adverse conditions, resilience
to destructive processes, and the ability to restore
operations after disruptions. SES security is
influenced by three main aspects: material,
informational, and synergistic factors. Industrial
revolutions, particularly those related to
Industries 3.0, 4.0, and 5.0, have greatly
impacted the material, informational, and
synergistic processes that underlie SES security.
The transition towards a new socio-economic
paradigm is evolving through three distinct
stages, commonly identified as Industries 3.0,
4.0, and 5.0. These stages are interconnected,
influencing one another and collectively steering
the course of societal development.

The third industrial revolution, Industry 3.0,
represents a transformative shift within socio-
economic systems, characterized by efforts to
reduce negative  environmental  impacts
significantly. This phase is marked by the shift to
renewable energy sources and materials, the
widespread adoption of additive manufacturing
techniques, the integration of digital
technologies, the establishment of
interconnected  production  systems,  the
digitalization of information, the adoption of
horizontally ~ structured  production  and
consumption models, and the development of
economic relations based on solidarity. As
highlighted by scholars [7-9], restructuring
towards an additive economy involves changes
in energy production, energy networks, and the
primary resource structure, as well as
adjustments in interface systems. The additive
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economy offers benefits such as reduced energy
and resource intensity, dematerialization of
production processes, sustainable production and
consumption practices, and the incorporation of
the Internet of Things (1oT) into technologies and
materials. However, it also presents challenges,
including increased risks related to information
security, loss of control over cyber-physical
systems, and heightened psychological stress [7].

The fourth industrial revolution, or Industry
4.0, introduces cyber-physical systems as central
to managing essential functions for human well-
being and ecological balance. This stage
emphasises innovations such as loT, the
implementation of “smart" management systems
in various sectors, and the widespread use of
cloud computing as a central platform for
managing socio-economic activities. Industry
4.0 seeks to replace certain human jobs with
automation, facilitated by advancements in
artificial intelligence and robotics, while the
fundamental nature of human labor remains
largely unchanged [7-9].

Industry 5.0 represents the integration of
human social dimensions within a cybernetic
environment. This phase focuses on the
enhancement of individual social capabilities, the
dominance of information production, the
expansion of digital spaces in the public domain,
the growth of the creative economy, and the
synergistic integration of human cognitive
abilities with artificial intelligence [8].

The contributions of contemporary industrial
revolutions to strengthening the security of
socio-economic systems can be observed across
various  domains.  These include the
simplification ~ of  system  components,
dematerialisation of essential elements (such as
production means, labour objects,
communication and storage infrastructures, and
consumer goods), the replacement of hazardous
parameters, the networking and decentralisation
of economic components, the cyberisation of
security monitoring mechanisms, reductions in
energy and material consumption, the
enhancement of autonomy and self-organisation
within individual units, and improvements in
workforce skills. These factors are particularly
relevant during conflict situations.

The findings of this research align with
previous studies [4-9], which emphasise the role
of disruptive technologies in securing energy
systems and maintaining stable operations during
power outages. In Ukraine, legislative reforms



beginning in 2015 laid the groundwork for
expanding renewable energy sources (RES).
Investments totaling $7.2 billion between 2015
and 2020 helped Ukraine achieve global
recognition for its progress in renewable energy,
ranking among the top nations in solar and wind
energy expansion. The rise in private solar
energy (SE) installations has further contributed
to decentralizing energy production, ensuring
resilience during wartime disruptions. Over the
last three years, the number of private SE stations
has grown substantially, reaching approximately
45,000 units by the end of 2021, with a total
installed capacity of 1,200 MW [10]. These
private SE installations have played a crucial role
during the war. Their dispersed locations across
the country have contributed to a lower rate of
damage (around 24%) compared to industrial
solar power plants. Furthermore, unlike
industrial facilities that are primarily connected
to centralized power grids, private SE stations
have provided additional functions that have
been essential in wartime conditions.

Paradoxically, the large-scale destruction of
Ukraine's "green" energy infrastructure has had a
limited effect on the nation's overall electricity
supply. This is largely due to the concurrent
destruction of the industrial sector, including
energy-intensive industries, which has led to a
surplus in energy production that exceeds the
immediate consumption needs.

Electric vehicle (EV) adoption, paired with
the expansion of charging infrastructure, has
been crucial in mitigating the impact of fuel
shortages, facilitating  evacuations, and
supporting essential services during the conflict.

Although electric vehicles make up less than
1% of Ukraine's total transport fleet, their
numbers have surged over the last five years, and
the country ranks among the leaders in EV
adoption growth. Legislative measures that
reduced import duties and taxes on electric
vehicles helped accelerate this trend. The
development of charging stations across Ukraine
has also been impressive, with a significant
increase in the number of high-speed charging
terminals. The use of electric vehicles during the
conflict, particularly in transporting goods and
people, highlights their importance in
maintaining societal functions during times of
crisis.

Ukraine's digital infrastructure has also
played a vital role in preserving SES security.
The country’s advanced information systems

have enabled continuous communication,
supported social cohesion, and maintained the
functioning of critical sectors like education,
healthcare, and transportation. Ukraine’s digital
society, developed before the conflict, has
proved essential in providing access to
information, education, and work despite
physical insecurities, and has helped shield the
population from disinformation campaigns. The
significance  of  Ukraine's  information
development became apparent during the early
months of the Russian invasion, as several
critical outcomes emerged:

o Despite geographic dispersion, citizens
maintained  stable  communication
through information technologies such
as the Internet and mobile networks,
which helped preserve social cohesion
and fostered a sense of civic
engagement.

e Information dissemination played a
pivotal role in mobilizing collective

action and fostering a unified
atmosphere of cooperation, thereby
reinforcing  social  solidarity and

collaborative efforts.

e Established information  channels
enabled the rapid dissemination of
essential information, enhancing threat
awareness and  supporting  risk
mitigation measures.

e Information networks were effectively
utilized to counteract misinformation
and propaganda spread by adversaries.

o Despite the initial shock following the
invasion, the majority of educational
institutions resumed remote instruction
within a month, accommodating
students across various regions and
countries.

e Information technologies facilitated
financial transactions in areas or during
periods where traditional cash payments
were not feasible.

e Information systems were instrumental
in coordinating logistics, dispatching
tasks, and maintaining communication
across multiple sectors.

e Digital infrastructure enabled the
continued operation of the IT sector,
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freelancers, and service industries

amidst the conflict.

e Information networks played a crucial
role in providing essential medical
consultations and services.

e Information systems ensured ongoing
connectivity ~ despite  the  war's
disruptions, allowing individuals to stay
informed about national and global
events.

Moreover, the country’s focus on digital
and green transitions, supported by renewable
energy investments and electric vehicle
adoption, reflects its commitment to
sustainability. The implementation of advanced
technologies, such as additive manufacturing
and the Internet of Things (loT), further
illustrates Ukraine’s technological capabilities
in both civilian and military applications. These
developments underscore the critical role of
human capital, adaptability, and expertise in
ensuring resilience during wartime challenges.

IV. CONCLUSIONS

In conclusion, the study offers several key
insights  into  how  Ukraine’s  digital
transformation and technological advancements
have helped mitigate the adverse effects of war:

1. The country’s adoption of digital
technologies has significantly reduced the
economic impact of the conflict, particularly
through renewable energy solutions.

2. The proliferation of electric vehicles has
supported mobility and essential services during
evacuations and fuel shortages.

3. The digitalization of society has bolstered
information security and maintained social and
economic cohesion, including in critical sectors
such as healthcare and education.

4. Human capital has emerged as a key driver
of SES security, with Ukrainians demonstrating
high levels of proficiency in problem-solving and
decision-making, enabling effective
decentralized management.
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Despite these successes, the conflict has also
revealed challenges associated with
technological dependencies, such as supply chain
disruptions, cyberattacks, and the spread of
misinformation. These issues warrant further
investigation in future research.
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Abstract—The frequency of Internet use is
significantly influenced by the formal and non-
formal education of individuals. Acquiring
education enables the acquisition of basic skills in
the use of digital technology and influences the
reduction of the digital gap created in this way. In
this research, the influence of a number of
education parameters on the rate of Internet
adoption in 27 countries of the European Union
was modeled. The principal component analysis
(PCA) technique was used to identify the
parameters that contribute the most to the
development of education through the formation
of two factors. The statistically significant score of
factor one was used to form a linear regression
(LR) model. The results show that the percentage
of explanation of the variability of internet users is
explained with 54.5% through the value of factor
one. The correlation coefficient between real and
projected values (0.738) shows a strong positive
correlation between these values.

Keywords - insert education, internet, PCA,
linear regression, digitalization

. INTRODUCTION

The Internet's rapid rise and transition to
digital world in recent years has had a significant
influence on today's society. It has resulted in
changes in all fields and has had a wide-ranging
impact on our daily life. This implies that
teaching individuals essential skills for using
digital technologies has become critical. Schools
play an important role in enabling more
individuals to utilize the Internet and develop
digital skills. Digital literacy involves being able
to find, handle, grasp, and assess information
utilizing digital technology. This talent enables
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people to convert information into knowledge. It
is about educating people ICT concepts and how
to utilize digital technologies effectively [1,2].
This not only helps people get decent
employment and create their own enterprises, but
it also helps them integrate into society.

The OECD report "Skills Outlook 2019:
Thriving in a Digital World" stresses how digital
skills matter in many industries as Al,
automation, and data analytics change their
structure. The report also shows how digital
changes shape new skill needs and affect
education systems [3]. In the same vein, "The
Future of Jobs Report 2020" by the World
Economic Forum estimates that by 2025,
machines will replace about 85 million jobs. At
the same time digital shifts may create 97 million
new roles [4]. Digital shifts in business, drive
economic growth and social progress. They cut
transaction costs, boost worker knowledge and
skills, and affect inflation, wages, job markets,
and output. All these factors add to the ongoing
structural and tech changes in the world
economy. Results presented in McKinsey &
Company (2018), estimates that improvement in
digital skills is likely to contribute up to
additional $2 trillion to global GDP by 2030,
whereas, nations with higher level of digital
literacy are likely to have more prominent
growth [5].

Regardless of the intense propagation of
Internet access and digitalization, there is a
prominent digital divide between the regions and
nations. The concept of the “digital divide”, often
known as the “digital gap”, is closely linked to
the possibility of accessing and utilizing
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information and communication technology in
one country or between countries [6]. The
emergence of a digital divide within the nation
hinders the ability of individuals to actively
engage in social processes and access
information that is important in an information
age [7]. Education is important in bridging this
gap by ensuring fair access to digital tools and
information, allowing all people to benefit from
the digital transformation.  International
Telecommunication Union conducted a study
that shows that various digital literacy programs
conducted in rural regions reflects on increase in
income among participants  for  20%,
emphasizing the potential of such educational
initiative [8].

The dynamics of digitalization with
constantly emerging of new tools and online
platforms calls for continuous education and skill
update, not only in form of formal schooling, but
also though life long learning programs for
employability in the digital age. Studies shows
that individuals who are undergoing continuous
learning are less likely to loss their jobs i.e., have
more chance for upward mobility [9]. Besides
formal education, community-based non-formal
learning has significant potential for developing
digital literacy, especially among social groups
that are less presented in the digital economy like
low-income families, rural population or elderly.
Study “The Role of Community-Based Programs
in Closing the Digital Divide” shows that
community-based digital literacy program may
uplift not only digital skills of participants, but
also their self-confidence in using technology
that increase use of Internet in further
education [10].

The quality education is undoubtable key
factor for the expansion of the Internet and
digitalization. However, among plethora of
indicators that describes education system it is
important to understand which one have
dominant influence when it comes to use of
Internet. Thus, this paper main goal is to model
this relation in order to offer better understanding
of which segments of education have significant
influence on use of Internet.

Il.  LITERATURE REVIEW

A number of studies in broader sense
attempted to model the relationship between the
education, students and the use of Internet and
digitalization, as well as their implication for
employability. For instance, through an
empirical study, [11] modeled relationships
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between traditional literacy (reading, writing,
and understanding text), medium related internet
skills (operational and formal skills) and content
related Internet usage (information and strategic
skills) and Internet usage types (information,
career or entertainment directed use). The study
applied structural equation modeling to test
developed conceptual model, and Principal
component analysis (PCA) with varimax rotation
to determine two underlying usage clusters.
Results point out that traditional literacy is a pre-
condition for the employment of Internet skills,
i.e. traditional literacy has a direct effect on
formal and information Internet skills and an
indirect effect on strategic Internet skills.
Another study, presented in [12] attempted to
determine the effect of the RMS teaching
approach on students' digital and mathematical
literacy. The study used a quasi-experimental
approach, with two experimental courses and one
control class. Data analysis analyze statistical
distribution, including percentage, mean,
standard deviation, correlation, and Analysis of
Variance (ANOVA). In order to explore the
relationships between variables authors applied
structural equation modeling (SEM). The results
shows that understanding  mathematical
principles can help students better appreciate and
utilize digital technologies effectively, i.e. math
education can enhance digital literacy. In
developing a value-based online learning model
to predict learners’ reactions to internet
entrepreneurship education [13] using partial
least squares structural equation modeling (PLS-
SEM). The findings revealed that instructional
assistance, instructor excitement, and instructor
preparation are important drivers of the
perceived value of utilizing online learning
platforms to develop internet entrepreneurship
knowledge and skills, which favorably increases
reuse intention. A study presented in [14]
modeled the antecedents of artificial intelligence
usage and effects on 21st century employability
skills among postgraduate students in Ghana
using partial least squares structural equation
modelling (PLS-SEM) techniques for the
quantitative data analyses and thematic pattern
matching for the analysis of qualitative data. For
checking the item loading of five selected
variable, authors employed Confirmatory Factor
Analysis (CFA). The PLS-SEM paths modelling
showed that both Al usage and Al challenges
were important predictors of postgraduate
students’ acquisition of 21st century employment
skills. Also, the use of advanced online tools as
for instance chabot’s increases digital literacy



even more. In [15] authors tried to understand the
higher education students’ usage of ChatGPT.
Applying a modified technology acceptance
model, the findings of this study, which used a
stratified random sampling approach to recruit
1389 higher education students from 11
universities in Vietnam, revealed that effort
expectancy not only directly affected students'
actual use of ChatGPT, but also serially
indirectly increased their actual use of ChatGPT
via performance expectancy and intentions to use
ChatGPT. To evaluate the reliability and validity
of the constructs being researched, and to test the
proposed hypotheses, a three-step analysis is
used. The first step considered Confirmatory
factor analysis (CFA) and Cronbach’s alpha to
assess the reliability and validity of the
constructs. Secondly, multiple linear regression
analysis was utilized to investigate the predicted
relationships in the developed model. And
thirdly, for mediation coefficients testing,
authors applied models 4 and 6 of the PROCESS
macro approach with 5000 bias-corrected
bootstrapping samples.

Having an understanding of the causal
relationship between education and the use of
Internet can help policymakers in developing
strategies towards more digitally
inclusive society.

I1l. DATA AND METHODOLOGY

The relationship between education and
internet use was modeled on the case study of EU
27 countries such as Belgium, Bulgaria, Czech
Republic, Denmark, Germany, Estonia, Ireland,
Greece, Spain, France, Croatia, Italy, Cyprus,
Latvia, Lithuania, Luxembourg, Hungary, Malta,

TABLE I.

Netherlands,  Austria, Poland, Portugal,
Romania, Slovenia, Slovakia, Finland, and
Sweden. The data for this investigation were
gathered from open-access databases, including
the World Data Bank and the European
Commission for the reference year 2022 [16,17].
The initial database considered data on pupils
and student’s enrollment distributed at all levels
of education, data on pupils out of school,
number of classroom teachers, number of
graduates at different level of education, non -
formal education and training of working age
population, early leavers from education and
training and share of GDP invested in education.
In total, seventeen variables of education and
training indicators gathered by the European
Commission for the EU27 were evaluated in the
first iteration of the analysis for dimensionality
reduction, choosing twelve indicators to form a
regression model. The Table | reports the overall
independent parameters (x1-x12) considered for
the model establishment, along with the
dependent parameter (Int_use). The diversity in
measures was solved by adopting percentage (%)
as a referent unit.

The methodological part of the paper
considered Principal Component Analysis
(PCA) as a dimension reduction technique for
selecting the most optimal parameters as
indicators of education progression. The
precondition for implementing PCA is to
perform the Kaiser-Meyer-Olkin (KMO) test and
Bartlett's test of sphericity to ensure that the data
is appropriate for using this type of technique
[18]. The PCA's results will identify factors that
provide the most valuable information for
explaining data variability [19]. The PCA groups

INITIAL PARAMETERS.

Indicator name

Label Unit Source

Individuals - internet use

Internet use World data bank [16]

Gross domestic Expenditure R&D in higher education

X1

Pupils enrolled in primary education

X2

Pupils enrolled in lower secondary education

X3

Pupils enrolled in upper secondary education

Xa

Students enrolled in bachelor education

X5

Students enrolled in master education

X6

Students enrolled in doctoral education

Formal education and training of population ages 18 to
64

Percentage of European
X7 population Commission
Xg (%) [17]

Non -Formal education and training of population ages
18 to 65

Xg

Graduate pupils tertiary education

X10

Graduates students bachelor education

X11

Graduates students master education

X12
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the indicators that share the highest correlation
coefficients and establishes a factor or
component [18]. The number of components is
selected based on an eigenvalue that is higher
than threshold 1 or on the basis of a scree plot
examination [19]. For easier interpretation of the
results, the several rotation methods can be used
[20]. The linear regression (LR) analysis will use
the outcome values of the factors as input
parameters. Linear regression analysis is
typically used to investigate the relationship
between independent and dependent variables
through creating regression equation [21]. The

results of the LR summarize the value of the
coefficient of determination (R2), ANOVA
analysis, and coefficient statistics [21].

IV. RESEARCH RESULTS

The Table Il presents the values obtained
from testing the suitability of the data set for PCA
analysis. The results show that after several
iterations, the obtained value of the KMO test
and the p-value of Bartlett's test of sphericity
reach acceptable values [18].

TABLE II. TESTING DATA ADEQUACY FOR THE PCA.
Test name Indicator Reference value Calculated value
Kaiser-Meyer-Olkin test KMO index > 0.6 0.710
Bartlett’s test of sphericity p-value <0.05 0.000
TABLE III. ROTATED COMPONENT MATRIX.
Component
Extracted parameter
Factor 1 Factor 2
Formal education and training of population ages 18 to 64 .898
Pupils enrolled in upper secondary education .783
Gross domestic Expenditure R&D in higher education 759
Pupils enrolled in primary education .653
Students enrolled in bachelor education .828
Students enrolled in doctoral education .800
TABLE IV. PEARSON’S CORRELATION MATRIX.
L REGR factor REGR factor
Individuals - score 1 for score 2 for
internet use - -
analysis 1 analysis 1
InlelduzZIsse— internet 1.000 738 003
Pearso_n REGR factor score 738 1.000 000
Correlation 1 for analysis 1
REGR factor score
2 for analysis 1 -.003 .000 1.000
Individuals - internet 1000 494
use
. . REGR factor score
Sig. (1-tailed) 1 for analysis 1 .000 .500
REGR factor score 494 500
2 for analysis 1
N 27 27
TABLE V. MODEL SUMMARY.
Model R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson
1 .738 .545 .526 3.42398 1.583
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The next step in modeling the relationship
between education and internet use is to employ
PCA to extract the most valuable parameters
[22]. Table reports reduced dimensions of
education progression expressed as components
of two factors. The first factor accounts for
46.88% of the data variability, while the second
factor accounts for 19.90% of the variability.
Factor | contributes to the internet adoption level
through the share of the formally educated
population, lower-level educated individuals,
and the government's investments in higher
education. While Factor Il contributes to the
internet adoption rate through highly educated
populations, such as bachelor and doctoral-level
educated populations. The first factor refers to
basic educational prerequisites for the use of
digital technology, while the second factor
includes more sophisticated indicators of Internet
use. The Table Il reports factor loading results
higher than 0.65 for each extracted parameter.
The results were calculated in three iterations
using the Varimax rotation method.

The obtained scores of the two factors were
utilized as independent parameters for the LR
model. In order to evaluate their correlation with
the dependent parameter Int use, Person’s
correlation  coefficients were  calculated
(Table 1V). The results show a high positive
correlation value between the regression factor
score for factor one and internet users (r = 0.738),
with a statistical significance of p = 0.000. The
results for factor two failed to prove a statistically
significant relationship between the observed
parameters (p > 0.05) so it was excluded from the
LR analysis.

The LR model was built based on the scores
obtained by factor one. The computational
outcome reveals a high positive correlation
between real and predicted values (R = 0.738) of
the internet users. The coefficient of
determination value equals 54.5%, with a
Durbin-Watson value in the acceptable range,
indicating there is no autocorrelation between
residuals (Table V). The ANOVA test results
(analysis of variance) confirm the LR model's
quality and statistical significance, with f-
statistics of 29.904 and a p-value of 0.000.

The Fig. 1 illustrates the difference between
the actual and projected value of the dependent
parameter Int_use using the PCA-LR model in
the EU 27.

V. DISCUSSION

The modeling results highlight two key
characteristics of the observed set of countries.
The first characteristic emphasizes that the
percentage of the population with primary
education, non-formal education, and training,
along with GDP investment in higher education,
largely determines the rate of internet use in the
EU 27. The later has been also highlighted by
[23], arguing that investment in higher education
significantly  boosts innovation  capacity,
particularly in regions with strong research
universities, contributing to overall technological
development in US. This argument is supported
by [24]. Study finds that regions with more
universities experience higher levels of
innovation and technological advancement,
making investment in higher education critical
for fostering technological progress. Focusing on
extensive insights on European countries [25]
shows on how higher education levels correlate
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Figure 1. Real and predicted value of internet users in EU27 using PCA-LR model.
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with technological advancements, particularly in
Western and Northern Europe, providing an
empirical basis for the link between education
investments. This is also portrayed in [26],
through detailed analysis of how universities in
several European countries, including Italy,
Germany, and the UK, contribute to
technological development.

In this study, the mentioned parameters are
marked as Factor 1. The next characteristic of the
set is that the parameters pertaining to the highly
educated segment of the population do not
statistically significantly influence the number of
internet users, as indicated by Factor 2. The share
of the highly educated individuals is minor
compared to the individuals with lower
education, so the result of this relationship is also
reflected in the rate of Internet use.

In order to increase the rate of Internet users,
it is necessary to plan the activities of promotion
and support of the use of digital technology
towards the  low-educated  population.
Furthermore, this study suggests that we should
provide support through both formal educational
institutions and  non-formal  educational
channels. ICT specialists organize trainings to
acquire digital knowledge through non-formal
education [27]. However, the young population
can also offer non-formal education to the elder
population to help them gain basic digital skills
[28]. Simultaneously, we should concentrate on
the population segment experiencing the most
severe effects of digital inequality, specifically
the marginalized groups. Individuals with a
lower educational background frequently have
reduced financial earnings, which directly
impacts their life standard. These population
groups are often subject to exclusion from the
digital society due to limited access to digital
technologies. Non-formal trainings and courses
for the working-age population are important for
acquiring digital competencies that address jobs
generated in the digital age [29].

VI. CONCLUSION

The PCA-LR model's results, which evaluate
the influence of a variety of education indicators
on Internet adoption in 27 EU member states,
have led to the development of the
following conclusions:

e Investing in education increases the
internet adoption rate by enabling
individuals to develop the necessary
skills to use digital technology, thereby
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increasing the rate of digital literacy.
This strategy should also be directed
towards the digitalization of education
system.

e Providing public funding for higher
education of socially sensitive groups
that have limited access to education and
facilitating their education and digital
inclusion.

e Investment in higher education develops
the highly educated segment of the
population, responsible for the country's
technological development due to its
frequent use of ICT.

e Non-formal education plays an
important role because it follows the
fulfillment of specific market needs from
the perspective of gathering additional
knowledge and skills of individuals or
organizations. It aids in developing a set
of wvalues that are not explicitly
addressed in formal education.

The main limitation of the study is its
exclusion of various socio-economic factors that
can impact the access and level of education
across Europe. Future research can specifically
address indicators such as household income
levels, as [30] has proven their impact on the
level of digital adoption. They suggest that
individuals with lower incomes are at risk of
digital exclusion. The authors will address this
limitation in their future research to determine
whether economic factors are impacting
education equality and digital divide.
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Abstract—This paper is a theoretical scientific
study that explores the role of school culture as a
catalyst for marketing effectiveness. Using
methods of content analysis, critical analysis,
document analysis, and theoretical reflection, the
paper examines how school culture can be used for
marketing purposes. The paper first defines school
culture and explains its impact on the perception
of the school as a brand. Using Keller’s CBBE
model, we analyse how various aspects of school
culture can shape brand perception among
students, parents, and the wider community. Then,
using Balmer’s AC*ID test, we explore different
identities of the school and how they manifest
through school culture. We analyse how these
identities can influence the perception of the school
and its brand. Furthermore, using Gronroos’s
brand relationship model, we investigate how
school culture can affect the relationship between
students (and their parents) and the school as a
brand. We analyse how the quality of service
(teaching) and interaction with the brand (school)
can affect this relationship. This study provides a
deep understanding of the concept of school
culture from a marketing perspective, especially
from the aspect of identity, image, and brand. The
contribution of this study is reflected in providing
new insights and understanding of how school
culture can be used as an effective marketing tool.
Although the paper does not include empirical
research, it is based on theoretical analysis and
literature review, providing valuable insights for
educational institutions that want to improve their
marketing  strategies through a  better
understanding and exploitation of their school
culture.
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l. INTRODUCTION

School culture (SC) takes a main place in
school management (SM). If we look at SC in the
semiotic sense, it represents a sign, i.e. a symbol
of the company. By understanding SC, we
understand how the schoolwork’s [1], how
teachers work [2], and what the internal relations
are like [3]. If we start from the assumption that
organizational success depends on the values and
behaviour of employees, then the study of SC
becomes necessary [4]. If we look at SC in the
context of marketing, then it can be a catalyst for
marketing activities because it helps us build the
school's identity as well as branding.

The school's cultural values play a key role in
employee motivation. Values such as respect,
collaboration, innovation and excellence can
create a positive work environment that
encourages teachers to engage and grow
professionally. When teachers feel valued, their
motivation increases, which positively affects the
quality of teaching and the success of
students [5].

Il.  METHODOLOGY

The study starts from the analysis of relevant
literature related to SC and brand theory. Using
Keller’s CBBE model [6], we analyse how
various aspects of school culture can shape brand
perception. Also, using Balmer’s AC*ID test [7],
we research different identities of the school and
how they manifest through SC. Finally, using
Gronroos’s brand relationship context [8], we
research how school culture can affect the
relationship between students and the school as a
brand.
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The analysis focused on patterns and themes
in the works of Balmer, Keller, and Gronroos.
The theories of Balmer, Keller, and Grdnroos
were evaluated in terms of logical consistency,
validity, and reliability. Three research questions
were posed: How does school culture affect
marketing effectiveness? How do brand
relationships mediate between school culture and
marketing effectiveness? What constitutes
school identity?

The contribution of this study is reflected in
providing new insights and understanding of
how school culture can be used as an effective
marketing tool. Also, this study builds on
previous studies of SC in the context of SM
[9-12]. This research employs a combination of
qualitative content analysis [13], document
analysis [14], critical analysis [13], and
theoretical reflection [15] to investigate school
culture as a catalyst for marketing effectiveness.

The topic of this study is SC in the context of
marketing, especially from the aspect of school
identity and brand identity. The goal is to achieve
a deeper understanding of the SC concept in the
context of marketing and management and to
offer new insights into the school's identity.

The limitations of this paper stem from its
qualitative analysis. In further research, the
elements of the school's identity can be
empirically researched according to the model
we present. In this sense, a linear model can be
used to obtain the overall identity of the school
for each identity dimension.

IIl.  CONTEXT OF SCHOOL CULTURE

School culture is a complex and
multidimensional concept that includes values,
beliefs, norms, and practices that shape the daily
life of the school. We observe SC through four
aspects [16]: frameworks, products, expressions,
and activities.

In addition to influencing employee
motivation [4], the school's cultural values can
also function as a catalyst for marketing
effectiveness. A school that nurtures positive
values and has a strong culture [9] can attract and
retain talented teachers, students, and parents.
Transparent communication, recognition and
promotion of a school's achievements can
improve its reputation [17] and attract more
enrolments, thereby increasing marketing
effectiveness. SC represents a set of values,
norms, beliefs, and practices that shape the daily
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life of the school and influence the behaviour of
all members of the school community [9],
including students, teachers, administrative staff,
and parents.

A. Literature Review

According to Schonig [18], SC is a key
concept for school development. It encompasses
the values, norms and practices that are promoted
within the school and shape its development and
success. SC is the basis for all changes and
innovations within an educational institution, and
a positive school culture can improve the
motivation of students and teachers.

Rosenbusch and Huber [19] emphasize that
SC influences educational goals and processes.
SC can support the achievement of educational
goals, and the creation of an organizational
culture that supports educational goals and
promotes cooperation between teachers and
students is essential.

Heenan et al. [20] investigate the impact of
transformational school leadership on staff and
school  culture.  They  conclude that
transformational leadership has a positive effect
on staff motivation and improves school culture.
Transformational leaders inspire and motivate
their teams, which leads to improvements in
performance and achievement of educational
goals.

Mincu [21] analyses the key role of SM in the
transformation of education, emphasizing the
importance of organizational culture and school
structure for achieving quality education.
Effective  school  management  requires
understanding and adapting the organizational
culture to achieve the desired educational
outcomes.

Wilson and Knight [22] research how school
culture affects the implementation of educational
improvements by teachers. They conclude that
positive SC  supports innovations and
improvements in teaching. Teachers play a key
role in shaping and maintaining school culture,
and their cooperation and professional
development are essential for the school's
success.

Veleti¢ et al. [23] investigate teachers' and
principals' perceptions of the school climate,
with special emphasis on the principal's
leadership style and its impact on the quality of
the organization. They conclude that the
principal's leadership style significantly affects



the perception of the school climate and teacher
satisfaction.

Torres [24] provides an overview of
theoretical approaches to organizational culture
in schools and their connection with leadership
and management processes. The school's identity
is formed through its culture, which affects the
perception of the school in the community and its
image. Positive school culture can improve the
school's image and attract more students and
community support.

Juki¢ [9,17,25] analyses the corporate brand
in school management, emphasizing the role of
employees, corporate identity, and reputation. In
this sense, it builds on Balmer's theory [7,26,27]
of corporate identity. These studies provide
examples of how theoretical models such as
corporate identity [28] can be applied in the
context of SM and SC.

Zivkovié researches and analyses the teacher
identity model. This research builds on the
correlations in teaching [29] that start from
Beijaard teachers' professional identity [30-32].
Teacher professional identity can be most simply
presented as the teacher’s sense of self-worth and
reflection on those values. According to Jukié¢
[12,17] there is a common correlation between
employee behaviour and SC.

B. School Culture — Phenomenological
Approach

School culture (SC) is a complex concept that
includes the basic assumptions and beliefs of
school members, which operate unconsciously
and define the way the school sees itself and its
environment. In fact, the SC model itself is
identical to the organizational culture model,
only that it is observed in the context of
education. Schein's model of organizational
culture is one of the most well-known and widely
used models for understanding how culture
functions within organizations.

Schein's organization culture model [4] includes
three levels: artifacts, espoused values, and

TABLE I. SCHOOL CULTURE IN SCHEIN’S CONTEXT.
The physical appearance of the
Artifacts school, school ceremonies, school
symbols
Mission and vision of the school,
Espoused - .
values educational strategies, rules of
conduct
Underlying Deeply held beliefs about
assumptions education, learning and teaching

underlying assumptions. Schein's model can be
applied to SC to better understand the various
elements that shape the daily life of the school
(see Table I).

Artifacts are the visible elements of a culture,
such as the physical environment, language,
technology, dress styles, rituals, and ceremonies
[4]. Artifacts are easy to see, but often difficult to
understand without a deeper insight into the
organization. In a school context, artifacts can
include school uniforms, classroom layouts,
school slogans, symbols, and ceremonies such as
graduations.

Espoused values are declared values and
norms shared by members of the organization
[4]. They include the organization's mission,
vision, strategies, and goals. Expressed values
shape the behaviour of the organization's
members. Expressed values in a school may
include an emphasis on academic excellence,
inclusion, collaboration, innovation, and respect.

Underlying assumptions are deeply rooted
beliefs and assumptions that unconsciously
shape the perceptions, thoughts, and feelings of
organizational members [4]. Basic assumptions
are the most difficult to change because they are
implicit and often unspoken. Basic assumptions
in school may include beliefs about the nature of
learning, the roles of teachers and students, and
the purposes of education.

Structural elements such as classroom
organization and administrative procedures can
support or hinder certain cultural values [33,34].
For example, flexible schedules can encourage
collaboration and innovation among teachers.
School culture is shaped by its history, context,
and people in it [34,35]. For example, the age of
the school can influence cultural changes
[36,37], and the external context, such as the
community and local education authorities, also
plays a significant role. If a school has a culture
that values autonomy and creativity, structural
elements are likely to be adapted to support these
values (see Table II).

TABLE Il STRUCTURE OF SCHOOL CULTURE.

The Principal influences on SC,
and the SC shapes the principal
Structural elements encourage
teacher cooperation
Structural elements support the
teacher's values

Interconnection

Impact

Influence
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SC is a system of standards, beliefs, and rules
[38]. Also, emotional support, empathy and
positive interpersonal relationships play a key
role in creating a supportive and effective
educational environment. Cultura of care not
only improves the student experience, but also
contributes to the professional satisfaction and
identity of teachers [39]. Teacher identity is a key
component of SC. The teacher's professional
identity model is based on three key dimensions
[31,32]: the teacher as an expert in the subject, as
a pedagogical expert and as a didactic expert (see
Table I11).

As can be seen from Table Ill, teachers use
artifacts to create a positive environment and
model professional behaviour. Also, Schein's
first level of culture [4], i.e. artifacts are a visible
part of SC, such as the physical appearance of the
school, school uniforms, symbols and slogans,
and ceremonies and rituals. From the aspect of
espoused values, expressed values include the
mission and vision of the school, educational
strategies, rules of conduct and expectations
from students and teachers.

C. Balmer's Concept of Corporate Identity

Balmer [41] emphasizes the importance of
corporate identity as a key element in corporate
marketing strategy. In the simplest terms, the
corporate identity of a school includes visual
identity, organizational identification, and the
overall perception of the school. Corporate
identity is a prerequisite for school branding.

The ACID Test (Analysis of Corporate
Identity Dimensions) is a method developed by
Balmer and Soenen [42] to assess and manage
corporate identity. This method helps
organizations identify weaknesses in their
identity strategy and prioritize changes. AC?ID

TABLE IlI. COMPARISON OF ORGANIZATIONAL
CULTURE, TEACHER'S IDENTITY AND SCHOOL CULTURE.

Test (Actual, Communicated, Conceived, Ideal,
Desired ldentity) extends the ACID Test by
adding additional identity dimensions [26]. This
method enables a deeper understanding of
various aspects of corporate identity and how
they are interconnected.

ACID Test (Actual, Communicated,
Conceived, Covenanted, Cultural, Ideal, Desired
Identity) is the latest iteration of Balmer's
corporate identity model [7]. AC*ID Test is a
comprehensive framework for the analysis and
management of corporate identity, which
includes seven dimensions of identity: actual,
communicated, conceived, covenanted, cultural,
ideal, and desired identity. Applying Balmer's
identity analysis methodology [7] in the context
of SM, we can interpret and explore SC in detail
(see Table 1V).

Actual identity refers to what the school
really is, including its values, culture, structure,
and behaviour. This includes everything the
school does and how it treats students, parents,
and employees. A school that has a strong
academic reputation, offers a variety of
extracurricular activities, and has an inclusive
culture.

Communicated identity refers to the way the
school communicates its identity to external and
internal stakeholders. This includes all forms of
communication, from official websites and
brochures to social media and public
appearances.

Conceived Identity refers to the perception
that external stakeholders (such as parents,
community, and potential students) have of the
school. This may include the school's reputation
in the community and the opinions people have
about its quality. In the context of the school, we
understand it as a school that is known for its
high success rate in state exams and positive
feedback from parents.
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Schein’s Techer’s School Culture ;
model identity Covenanted Identity refers to the formal and
Apﬁearincel of informal contracts and promises that the school
Artifacts The teacher asa ts;ricboc:g ’ 4
role model : * TABLE IV. AC*ID TEST IN SCHOOL.
uniforms,
ceremonies Identity type School
Rules, Actual Teacher’s relationship
Espoused The teacher as behaviours, Communicated School communications
values an educator school vision, Conceived Perception about school
strategy Covenanted The school's mission
The role of the Cultural School culture
Underlying Teacher as a teacher, the Ideal School goals
assumptions professional purpose of Desired School personality
education



makes to its stakeholders. This includes the
mission, vision, and values that the school
expresses publicly. As an example, we can take
a school that in its mission emphasizes
dedication to academic excellence and holistic
development of students.

Cultural Identity refers to shared values,
norms, and practices within the school. This
includes all aspects of school culture; from the
way students and teachers relate to each other to
the traditions and customs of the school. This is
remarkably like Gronroos' understanding of the
concept of brand relationship. The brand as a
brand image is the consequence of how a given
customer perceives his relationship with a brand
over time.

Ideal Identity refers to what the school
aspires to become in the future. This includes
long-term goals and aspirations that the school
has for its development and progress. As an
example, let us take a school that aspires to
become a leading educational institution in the
region with an emphasis on STEM education and
international programs.

Desired Identity refers to the identity that key
stakeholders (such as management and teaching
staff) want the school to have. This may include
specific characteristics and values they want to
see in the school. An example can be a school
board that wants the school to be recognized for
its innovation and adaptability in education.

If we compare the common and opposite
aspects of AC*ID school identity according to
Balmer [7,26,40,41] and elements of school
culture according to Peterson and Costner [6], we
can deeply analyse the SC context. From a
holistic point of view, Balmer's model analyses
the organization's identity through multiple
dimensions and is therefore better. Both
approaches emphasize the importance of
communication in  the formation and
maintenance of identity or SC. Specifically,
according to Balmer [7,41] it is the concept of
communication that is part of the AC*ID test, and
according to Peterson and Costner [6] it is
expressions that include communication
patterns, symbols and rituals that help shape the
school's identity.

V. MARKETING IMPLICATIONS

The brand concept is extremely important in
marketing. According to Grénroos [8] branding
is the central concept of marketing. Veljkovi¢

warns of the essential importance of the brand in
its associations, confirming Kapferer's [42] and
Keller's [6] theories of the brand as a perceptual
creation. A significant responsibility for the
successful positioning of the brand lies precisely
in the communication with consumers, which we
observe through image determination. Staréevic¢
[45] states very, similarly, emphasizing the role
of advertising and marketing communication in
branding.

Linking SC to Keller's Customer-Based
Brand Equity (CBBE) model can provide a
deeper understanding of how school culture can
serve as a foundation for school branding.
Keller's CBBE model [6] focuses on building a
strong brand through four key stages: brand
identity, brand meaning, brand responses, and
brand resonance.

The CBBE model presented by Keller points
to a deeper understanding of perceptions,
feelings, and relationships from the consumer's
point of view, but also as a strategic model for
building a strong brand.

Kapferer's model emphasizes the importance
of aligning brand identity with brand image to
ensure consistency and authenticity in consumer
perception. Keller [6,46] understands brand
image as a key element in building market value.
According to his CBBE model, brand image is
defined as a set of associations that consumers
have about the brand.

Keller emphasizes that brand image includes
all the associations that consumers associate with
the brand. These associations can be functional
(e.g. product quality) or emotional (e.g. feelings
the brand evokes).

In the context of SM and SC, this is about the
image of the school [12,43]. Veljkovi¢ connects
the brand identity with a set of associations and
experience with the brand [44]. In this context,
we can present a logical matrix that connects the
CBBE model and the AC4ID school identity
model (see Table V).

Brand identity [6] refers to how the school
wants to be perceived by its stakeholders. Actual
and communicated identity include actual
practices and the way the school communicates
its values. In this sense, SC makes basic
assumptions, values and beliefs, rules, policies
and procedures, and communication patterns,
symbols and rituals shape the identity of the
school.
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TABLE V. LOGIC MATRIX OF CBBE MODEL AND TABLE VI. EVALUATION OF KPIS, SC AND SCHOOLS.
AC*ID TEST IN SCHOOL CULTURE.
KPI SC Schools
CBBE model AC“ID Test School culture Graduation SC reflects the LAUSD uses
Brand Identity Actua}l, Symbols, rituals rate school's' real test SCOres and
Communicated identity graduation rates
Brand Conceived, Academic APS monitors
; - SC reflects ,
Meaning Cultural success, awards Media the school’s
Stakeholder resence school resence on
Brand Covenanted, ercention P leadership pre | medi
Responses Communicated perception, soctal media
communication School Teacher's HISD uses a
Brand . School vision, : . : school climate
Resonance Ideal, Desired teacher identity Climate identity and SC index
Lo LAUSD
. . Revi Desired image it I
Brand meaning [6] refers to the functional eviews of SC Sl
and emotional aspects that the brand offers. HISD tracks the
Conceived and cultural identity include the Community | SC encourages number of
perception of the school and its core values. This involvement cooperation events and
understanding is the same as Veljkovi¢'s when he volunteering
discusses brand associations. Therefore, SC it APS uses
consists of academic successes, school projects, Net Promoter | % Nigh NPS surveys to
blications, awards, and formal and informal Score (NPS) indicates a measure
pu > 9 ! . positive SC customer
school activities that shape the meaning of satisfaction

school.

According to Keller [6], the brand response
category here represents responses to the brand
that include the judgments and feelings of
stakeholders towards the school. This means that
covenanted and communicated identity include
formal and informal contracts and the way the
school communicates its identity. This is
confirmed by Balmer's AC*ID Test. From the SC
aspect, the perception of parents, students and the
community, communication patterns, symbols,
rituals, and formal and informal school activities
shape responses to the school brand.

From the aspect of brand resonance, we
observe the highest level of loyalty and
emotional connection with the brand. It is an
ideal and desired identity that includes the long-
term goals and vision of the school.

This is in accordance with Grénroos'
understanding brand relationship [8]. In the
context of schools, this means that school
culture, teacher identity and service perception
play a key role in shaping brand relationships.
School culture can significantly influence the
quality of service a school provides, which in
turn affects the perception of the brand among
students, parents, and wider communities.

Key Performance Indicators (KPI) are
measurable values that organizations use to
monitor and evaluate performance [46,47] in
achieving their goals. In the context of schools,
KPIs may include graduation rates, standardized
test scores, attendance rates, student and parent
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satisfaction, and community involvement. These
indicators help schools quantify their success and
identify areas for improvement [48].

Albuquerque Public Schools (APS) use
surveys to gauge student and parent satisfaction,
identifying areas for improvement [49]. The
Houston Independent School District (HISD)
tracks events and volunteer hours to measure
community involvement, enhancing their
community hub image [50]. The Los Angeles
Unified School District (LAUSD) uses test
scores and graduation rates to assess academic
success [51], promoting their commitment to
equity and access to education (see Table VI).

V. CONCLUSION

SC represents a fundamental aspect of
educational institutions, shaping the daily life of
the school through values, beliefs, and norms.
Understanding and managing SC is key to
achieving high educational standards and
creating a positive environment. In this paper, we
research different models and theories that help
in analysing and understanding SC, including
Schein's model of organizational culture,
teacher's professional identity, Keller's CBBE
model and Balmer's AC*ID Test.

Connecting different models and theories
enables a comprehensive approach to
understanding and improving school culture and
identity. A school with a strong culture of
collaboration and innovation can attract more



students and parents, which improves marketing
results. The way a school communicates its
culture to external stakeholders can improve
marketing  effectiveness.  Consistent  and
authentic communication of school culture can
increase trust and loyalty among stakeholders.

School culture can be a catalyst for more
effective communication. If the school has a
positive and inclusive culture, this will be
reflected in all forms of communication, which
can improve marketing results and above all the
brand images. Customer’s brand relationship is
based on a variety of brand contacts. In this
sense, we see the school as a service activity that
achieves a communication function through SC.
By combining elements from the CBBE model,
the AC*D model, schools can develop
comprehensive strategies that not only improve
internal practices, but also strengthen external
perception and emotional connection with the
school brand.
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Abstract—Amid  contemporary  geopolitical
uncertainties, the shift toward a multipolar world
order has highlighted unresolved global conflicts,
significantly altering the economic landscape.
Multinational companies (MNCs) now face
challenges, including restricted access to energy
and raw materials, economic sanctions—especially
in the energy sector—trade barriers in high
technologies, and increased risks along key
transport routes. This research explores how Big
Data Analytics (BDA) and BDA-based tools can
mitigate these geopolitical challenges. It first
analyzes theoretical frameworks for Global Value
Chain (GVC) risk, classifies current geopolitical
risks, and examines BDA's potential in addressing
these risks through case studies. The research
identifies Real-time Decision-Making, Predictive
Analytics, and Integration with other 4IR
Technologies as key BDA capabilities that enhance
risk mitigating strategies for GVCs. Although
these capabilities are commonly applied in GVC
management, they remain underutilized in an
unpredictable geopolitical environment. The study
aligns  specific BDA  capabilities  with
corresponding  geopolitical  risks, providing
guidelines for GVC management and suggesting
future adaptations of software solutions to help
MNCs navigate geopolitically-driven business
risks.

Keywords -
geopolitical risks

big data analytics, GVCs,

. INTRODUCTION

The shift towards a multipolar world order
has exposed numerous unresolved conflicts
across the globe. This ongoing geopolitical
fragmentation has resulted in the most
ISBN: 978-86-82602-04-0

@ NIZ:

economically disruptive period since World War
Il. Many of these challenges were unforeseen,
forcing companies to adapt rapidly to new
realities. These included the Ukrainian conflict
and extensive sanctions imposed by the U.S.,
EU, and their allies against Russia and its
affiliated businesses. Simultaneously, tensions
escalated in the Israeli-Palestinian conflict (with
accompanying instability in Lebanon, Yemen,
Jordan, etc.), Taiwan-related issues intensified
(including tension in the Indo-Pacific), uprisings
erupted across the Sahel region, and resistance
against U.S. influence in the Arab world.

These events mark seismic shifts in the global
economic landscape. Multinational companies
(MNCs) now face to: difficulties in accessing
energy and raw materials, a series of economic
sanctions that include primary, secondary, and
targeted measures against specific companies or
sectors, increased trade and investment
restrictions in high technologies. Blockades and
increased risks along key transport routes have
added to the challenges that GVCs need to
overcome. This environment is unlikely to
stabilize in the near future, so that understanding
and managing geopolitical risks have become
essential components of every MNC strategy.

There is a significant gap in research
exploring the potential of 4.0 IR technologies to
enhance risk management amid geopolitical
uncertainty. This study aims to fill that gap by
focusing on one critical aspect: BDA. As a key
component of 4.0 IR, BDA plays a crucial role in
GVC management by offering real-time insights,
predictive analytics, and seamless integration
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with other advanced technologies. These features
allow companies to quickly adapt and make
informed decisions in an increasingly volatile
and dynamic global environment.

The primary aim of this research is to
examine how BDA solutions and BDA-based
tools can mitigate the geopolitical challenges
currently  facing  international  business.
Following the Introduction, the second chapter
establishes a foundational framework for
understanding GVC risks through established
theoretical lenses. This chapter presents
theoretical classifications of GVC risks, outlines
key strategies for mitigating these risks, and
discusses the potential role of BDA in supporting
these strategies. The third chapter explores
contemporary geopolitical developments and
categorizes the real-world risks encountered by
MNCs, including energy, transportation, and
technological risks. The fourth chapter offers
practical solutions detailing how BDA can
address the specific geopolitical threats
identified in the previous chapter.

II.  THEORETICAL FRAMEWORK

A. Classifying risks in GVCs

Successful management of global value
chains (GVCs) involves various key risks and
strategies to mitigate their negative impacts,
particularly in the face of geopolitical
disturbances. This research focuses specifically
on theoretical presentations of risks and
corresponding mitigation strategies relevant to
current geopolitical challenges.

While academic discourse often highlights
the productivity and welfare benefits of GVCs
for international companies, policy discussions
tend to emphasize associated risks over potential
rewards [1-3]. Risks in value chains include
disruptions in the flow of information, materials,
and products from suppliers to end users [4].
These risks are inherent in both domestic and
international operations due to the complexity of
activities, processes, and the involvement of
multiple stakeholders. Therefore, effective risk
management is essential for maintaining and
enhancing GVC performance.

Technological risks encompass various types
of risks. Teece [5] stressed risks associated with
technological change, innovation dynamics, and
intellectual property protection. Tushman and
Anderson [6] highlight risks stemming from the
(un)ability to adapt to technological
advancements and changing market conditions.
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In the third type of technological risk some
authors  include cyber-attacks, including
ransomware, data breaches, and espionage.

Transportation risks arise from constraints
and logistical bottlenecks, impacting the
efficiency and reliability of GVCs [7]. For
multinational companies, disruptions in logistics
and transportation networks can cause delivery
delays, increased costs, and challenges in
maintaining product availability [8]. These
disruptions include delays, infrastructure
limitations, and other issues.

B. BDA Term and its Main Advantages in
Managing Geopolitical Risks

In general, Big Data refers to large, complex
datasets that are challenging to process and
analyze with traditional methods. Although there
is no universally accepted definition of Big Data,
there is broad consensus on its key elements,
known as the “5Vs”: Volume (large scale),
Velocity (fast data generation and processing),
Variety (diverse data types), Veracity (data
quality), and Value (usefulness of data). Big Data
encompasses not only the data itself but also the
advanced analytics capabilities required to
extract valuable insights, thereby enabling data-
driven decision-making.

BDA involves the extraction of knowledge
and information from diverse data sources, often
in real time, and the integration of these insights
to uncover hidden patterns. It employs various
advanced techniques to analyze this data,
facilitating data-driven decision-making [9]. The
primary application of BDA is in business
intelligence and decision-making. Initially,
BDA's widespread use helped organizations
analyze vast amounts of data to gain insights that
could improve strategic decisions, optimize
operations, and enhance customer experiences.
Additionally, BDA provides a comprehensive
view of the value chain, supporting the
development of more resilient value chains.

Prioritizing BDA over other 4IR technologies
for addressing contemporary geopolitical
uncertainties in GVCs is justified for several key
reasons:

e Real-time Decision-Making: BDA allows
for the real-time analysis of vast data,
enabling timely, informed decisions
crucial in dynamic GVC environments.
Tools like FourKites and Project44
provide real-time tracking and predictive



analytics, helping companies quickly
adapt to changing conditions.

e Predictive Analytics: BDA forecasts
future trends and disruptions, enabling
organizations to anticipate and mitigate
risks before they escalate [10-12]. Tools
like RapidMiner, SAS, and Tableau are
essential for staying ahead of potential
challenges.

e Integration with Other 4IR Technologies:
BDA integrates seamlessly with 10T, Al,
and blockchain, amplifying its benefits
and enhancing the digital transformation
of GVCs [13,14].

C. BDA and Risk Management Strategies

The theoretical framework for managing
risks in international business encompasses
several key strategies for mitigating risks in
GVCs.

1) BDA and Diversification of Suppliers and
Markets

One of the most common strategies is the
diversification of suppliers and markets. By
sourcing from multiple suppliers, companies
reduce reliance on a single source, thereby
minimizing risks associated with value chain
disruptions [3]. Expanding into diverse global
markets also allows firms to balance demand
fluctuations and reduce exposure to geopolitical
risks, following the principles of Portfolio
Theory [15].

BDA tools analyse vast datasets, enabling
businesses to identify, evaluate, and diversify
suppliers based on performance metrics,
geopolitical stability, and market dynamics.
Platforms such as Riskmethods, Resilinc, Zycus,
and Jaggaer help companies identify alternative
suppliers in regions less affected by geopolitical
risks, ensuring value chain resilience through
diversification. Additionally, BDA helps firms
continuously  monitor  geopolitical ~ shifts,
ensuring timely adjustments to supplier
relationships or market engagements.

For market diversification, BDA analyses
macroeconomic data, regional trends, and
political risks. Intelligence platforms like
Crunchbase, Euromonitor International, and
Gartner provide detailed market insights, helping
firms strategically expand into new regions with
lower risk exposure.

2) BDA for Risk Assessment and

Contingency Planning

This is one of essential risk management
strategies for preparing businesses to handle
disruptions. These processes involve regular
assessments and scenario analysis to outline
actionable responses [16,17]. Incorporating
BDA here enhances risk monitoring through
predictive analytics and simulation models,
improving the ability to anticipate potential
disruptions.

Integrating BDA significantly enhances risk
assessment and contingency planning. By
analyzing historical and real-time data, BDA
platforms enable businesses to continuously
monitor global environments. Tools such as
Real-Time Analysis Platforms provide instant
alerts on geopolitical shifts and value chain
disruptions, allowing firms to respond
proactively [18]. Advanced analytics, including
machine learning and predictive modeling,
enable firms to forecast risks more accurately
and design optimized contingency responses.
Notable platforms like Riskmethods, Interos, and
Resilience360 specialize in  continuously
monitoring and assessing risks, including those
stemming from geopolitical tensions.

BDA facilitates advanced scenario planning,
enabling companies to model potential
disruptions from geopolitical risks. Software like
AnyLogic and Simio assists firms in developing
contingency plans by visualizing the impact of
various scenarios.

3) Enhancing Visibility and Transparency
Using BDA During Geopolitical Turmoil

A strategy focused on visibility and
transparency relies on real-time insights into
goods' movement, from raw materials to finished
products. During geopolitical crises, BDA
enhances visibility by providing live data on
value chain activities, enabling early issue
detection and timely decisions. Tools like
Project44 and FourKites offer real-time logistics
tracking, helping businesses swiftly adapt to
disruptions. Platforms like IBM Watson
Analytics integrate data sources for a unified
view of value chain conditions, empowering
firms to assess disruptions and make informed
decisions in real time.

4) Local Adaptation strategies and BDA

These strategies focus on tasks such as
developing cultural sensitivity, integrating
corporate social responsibility (CSR), and
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empowering regional managers to respond
swiftly to local developments.

BDA solutions play an integral role in
supporting these local adaptation strategies. By
analysing localized data—such as regional
market conditions, political risks, and cultural
factors—BDA enables businesses to adjust their
operations in response to regional developments.
This approach allows firms to mitigate risks and
enhance their resilience in the face of volatile
global conditions.

5) Comprehensive strategy - building a
resilient value chain
Building a resilient value chain integrates all
the aforementioned strategies. Resilience is
characterized by both robustness and flexibility.
A robust value chain can withstand shocks
without experiencing significant performance
declines, while a flexible value chain can adapt
to disruptions by adjusting resources and
reconfiguring processes [4,19].

In addition to the previously discussed
potential roles of BDA, BDA-driven Risk
Management Platforms analyze vast data streams
and apply predictive models to create
comprehensive risk profiles. These platforms
simulate various geopolitical scenarios and
recommend effective mitigation strategies,
ensuring preparedness for future disruptions.
Furthermore, Digital Twins enhance this process
by creating virtual models of the value chain,
allowing businesses to simulate the impacts of
different scenarios and adjust operations
accordingly [9].

IIl.  GEOPOLITICAL DYNAMICS AND GVCs
RiIsks

The most pressing threats to international
business today include spreading military
conflicts, economic sanctions, and techno-
protectionism. Although the negative impacts of
these geopolitically motivated measures on
global value chains (GVCs) were evident after
the 2008 economic crisis, they significantly
escalated after 2017 due to the U.S.-China trade
war, various EU restrictions, and extensive
economic sanctions against Russia following
February 2022.

These measures disrupt value chains by
restricting access to essential raw materials,
components, and technologies, resulting in
increased operational costs and loss of market
access [20,21]. Moreover, geopolitical instability
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has heightened transportation risks, presenting
insurmountable challenges for many
multinational corporations. Consequently, acute
geopolitical risks can be categorized into three
main areas: value of energy and resources,
technological risks, and transportation risks.

A. Risks in Accessing Energy and Raw
Materials

GVCs are increasingly vulnerable to
disruptions in energy and raw material supplies
due to conflicts in key fuel-producing regions
and geopolitical price volatility. Following
Russia's annexation of Crimea in 2014 and the
escalation of the Ukrainian war in 2022,
sanctions on Russia's oil, gas, and financial
sectors have significantly altered GVC
dynamics. Countries like China and India have
emerged as major buyers of Russian products,
while the EU now indirectly purchases these
goods at higher prices.

The Ukraine conflict has led to severe
disruptions in energy supplies, resulting in price
volatility and shortages. Europe’s energy-
intensive industries-such as aluminum, steel, and
chemicals-have faced soaring costs and
widespread closures due to self-imposed
restrictions on energy imports from Russia and
Ukraine [22]. These industries are particularly
sensitive to energy disruptions, underscoring the
importance of regional dynamics in assessing
their vulnerability.

Instability has also affected other energy-
exporting regions. In 2022, high oil prices
allowed Middle Eastern economies, like Saudi
Arabia and Qatar, to decline U.S. requests for
increased energy supplies during the Ukraine



conflict, further jeopardizing global energy
security. This shift illustrates the varying impacts
of geopolitical tensions across different regions
and sectors reliant on these energy sources.

A recent example of this uncertainty occurred
during the July 2023 military coup in Niger, a
crucial supplier of low-cost uranium to France.
Following the coup, Niger proposed a significant
price increase and revoked a French mining
permit in June 2024, further challenging France's
nuclear energy sector. This incident highlights
how geopolitical instability in one region can
have far-reaching consequences for specific
industries  elsewhere,  emphasizing  the
interconnectedness of GVCs and the need for
region-specific risk assessments.

B. Technological Risks in Contemporary
Geopolitical Landscape

Growing techno-geopolitical uncertainty is
reshaping international business and requiring
MNEs to adapt strategically. For instance, the
U.S. CHIPS and Science Act exemplifies a shift
toward techno-nationalism amid escalating
competition with China, aiming to enhance
domestic semiconductor production. This trend
highlights how specific regions, particularly the
U.S. and Europe, are prioritizing technology self-
sufficiency, impacting MNEs reliant on GVCs.
The European Commission has identified four
critical technology areas at high risk for security
and leakage, recommending measures to control
researcher migration and foreign ownership to
bolster domestic capabilities.

Moreover, sanctions imposed on Russia by
major countries increase risks for technology
firms supplying essential tech to Russia,
significantly impacting companies in Turkey,
China, and the UAE, which may find themselves
navigating both geopolitical pressures and the
potential backlash from Western sanctions. As
such, MNEs must assess which countries remain
favorable for technology partnerships and value
chains, considering the vulnerabilities inherent to
specific sectors. Additionally, companies reliant
on both the U.S. and China for technology, as
well as those engaged with any part of the
Russian economy, must carefully balance
independence and interdependence, recognizing
that different sectors face unique challenges.

A second category of technological risk
stems from politically motivated cyberattacks,
which are rising amid ongoing conflicts and
heightened tensions. These attacks can

disproportionately impact sectors like critical
infrastructure,  financial  services, and
technology.  Although  accusations  may
sometimes be politically driven, there have been
cases Wwhere perpetrators have claimed
responsibility, emphasizing the need for MNEs
to adopt robust cybersecurity measures tailored
to their industry risks.

C. Geopolitical Challenges in Global
Transportation Networks

In  contemporary international business
conditions, risks related to transportation are
prominent. For example, the Ukrainian war has
significantly affected Black Sea transport, with
Russian naval blockades and Ukrainian
defensive measures creating severe disruptions.
The conflict has particularly impacted grain
exports from Ukrainian ports like Odesa, leading
many ships to avoid the Black Sea and take
longer routes via the Mediterranean and Baltic
Seas.

Similarly, attacks by Yemen's Houthi rebels
on commercial ships in the Red Sea have
severely disrupted trade routes [23]. The Houthis
have targeted ships from countries they view as
adversaries, causing major shipping companies
to reroute vessels around Africa's Cape of Good
Hope, adding around 3.500 nautical miles to their
journeys. This rerouting increases travel time and
costs, affecting maritime commerce.
Additionally, disruptions to the Suez Canal,
which handles a significant portion of global
trade, have led to a 1.3% decline in global trade
volume [7,24].

IV. BIGDATA ANALYTICS IN MITIGATING
CURRENT GEOPOLITICAL RISKS

A. Harnessing BDA for Resource Risk
Management in GVCs

To address uncertainties in resource and
energy supply-such as high costs, scarcity, and
political instability-Western companies’ GVCs
have not fully utilized technologies associated
with the 4.0 IR to overcome emerging challenges
or seize opportunities. However, BDA and BDA-
based solutions, particularly when integrated
with 10T and other digital technologies, can
effectively manage resource risks within GVCs.
The primary risks of resources -price volatility,
sectoral sanctions, and disrupted
production/export capabilities-can be mitigated
through several strategies.
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Real-time Monitoring: 10T sensors can gather
data on resource availability, quality, and
demand across the value chain. BDA processes
this data to detect early signs of price volatility,
allowing companies to respond quickly. While
BDA typically excels in predictive analytics by
leveraging historical datasets (prices, weather
patterns, economic indicators) to forecast price
movements, contemporary geopolitical
turbulence can challenge the validity of these
predictions.

Scenario Planning: BDA is valuable for
managing sectoral sanction risks. By analyzing
trade flows, political developments, and
historical sanctions, BDA can simulate the
potential impacts on various sectors, aiding
companies in developing contingency plans and
identifying alternative suppliers or markets.

Value Chain Diversification: BDA facilitates
the identification and evaluation of new suppliers
across different regions, reducing dependence on
any single country or sector vulnerable to
sanctions.

Integration of 1oT and BDA: This
combination supports real-time monitoring,
enabling continuous tracking of transactions,
supplier relationships, and trade routes to
maintain ~ compliance  with  international
sanctions. To mitigate disruptions in energy
production and export, BDA enhances value
chain visibility. 10T devices can provide real-
time data on production processes, inventory
levels, and logistics, while BDA analyzes this
information to predict and address potential
disruptions. Additionally, integrating BDA with
blockchain technology enhances transparency
and traceability in resource management,
ensuring data integrity and secure transaction
records.

Success Example: Siemens exemplifies
successful integration of 10T and BDA into its
manufacturing processes to improve energy
efficiency and predictive maintenance. By
deploying 10T sensors across production lines,
Siemens collects real-time data on energy usage,
equipment performance, and maintenance needs.
BDA analyzes this data to forecast maintenance
requirements,  preventing downtime and
optimizing energy consumption [24].

B. Mitigating Technological Risks in GVCs
Through BDA

BDA and BDA-based solutions play a crucial
role in mitigating technological risks arising
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from geopolitical factors such as techno-
nationalism, economic sanctions, and politically
motivated cyberattacks.

To navigate dependencies between the U.S.
and China and their associated risks, MNCs must
adjust global strategies, reconfigure value chains,
and enhance resilience through effective
corporate diplomacy. BDA can aid in developing
comprehensive risk-assessment models that
evaluate the likelihood and impact of violating
sanctions in the technology sector. These models
incorporate data on geopolitical developments,
trade patterns, and historical enforcement actions
to provide insights into risks tied to specific
transactions or partnerships. More important,
BDA can enable companies to manage reliance
on the U.S., China, and other key players, since
it can identify alternative suppliers of high-tech
component.

In terms of cybersecurity, BDA enhances
GVCs through real-time monitoring, predictive
analytics, and integration with machine learning
(ML) and data mining. Real-time monitoring can
analyze vast amounts of network data—such as
traffic and user behavior—to detect potential
cyber threats. ML algorithms identify patterns
that indicate cyberattacks, allowing
organizations to respond swiftly.

Predictive analytics can forecast future
threats by analyzing trends in cyberattack
patterns and geopolitical tensions. BDA
platforms like Splunk and IBM QRadar provide
real-time cybersecurity monitoring across GVCs.
For example, Pakistan Askari Bank improved its
security posture using QRadar, reducing daily
security incidents from about 700 to 20 and
cutting the average response time for
cyberattacks from 30 to just 5 minutes [25].

C. BDA for Managing Transportation Risks in
GVCs

BDA and related technologies, such as IoT,
Al, and predictive modeling, play a crucial role
in mitigating transportation risks in GVCs,
particularly along hazardous routes and amid
fluctuating costs caused by geopolitical turmoil.
By processing vast amounts of real-time data
from transportation logs and geopolitical events,
BDA identifies patterns and predicts risks like
political unrest, military conflicts, or natural
disasters. Its applications extend to procurement,
manufacturing, routing optimization, and real-
time traffic monitoring.



BDA enhances route planning by assessing
the likelihood of roadblocks, protests, or military
activities that may impact the movement of
goods. This capability enables companies to
choose cost-effective routes, reducing the
chances of dangerous encounters or high costs.

BDA is invaluable for simulating geopolitical
scenarios, such as new sanctions or the closure of
critical trade routes, and assessing their impact
on transportation costs. Companies can utilize
these insights for contingency planning,
including stockpiling goods, renegotiating
contracts, or adjusting pricing strategies.

loT devices enable real-time monitoring of
shipments, allowing companies to swiftly
address potential risks or delays and optimize
routes and schedules to avoid dangerous areas.
While this may not reduce transportation costs
directly, it significantly helps safeguard
transported goods and vehicles. The integration
of BDA, 10T, and GIS further strengthens the
management of transportation challenges.

The findings on how BDA can support the
management of geopolitical risks are illustrated
in Fig. 2.

Success Example: Maersk Line, a leading
Danish  international  container  shipping
company and the second largest globally,
exemplifies advanced technological integration.
Maersk employs a range of cutting-edge
technologies, including 10T, data analytics, Al,
machine learning, digital twins, and augmented
reality (AR) [26].

BDA can contribute to future adaptations of
technical solutions for GVC risk management in
several key ways. The most important are: by
enhancing predictive capabilities, integrating
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Figure 2. Possibilities of BDA in Managing
Geopolitical Risks

with 5G and edge computing for faster real-time
data processing, and using Al to simulate diverse
risk scenarios. BDA can also be combined with
blockchain to improve transparency and
traceability, while adaptive learning systems can
evolve to meet changing geopolitical and
economic conditions.

Integrating BDA solutions into GVC risk
management strategies can yield transformative
long-term effects by enhancing efficiency and
optimizing operations. The optimization not only
reduces costs in risky period, but also boosts
productivity, making value chains leaner and
more agile in adapting to future changes.

V. CONCLUSIONS

The transition to a multipolar world presents
complex  geopolitical ~ challenges  that
significantly impact GVCs. This research
demonstrates how BDA can mitigate risks
related to resource scarcity, technological
disruptions, and transportation issues, enhancing
GVC resilience.

A key finding is that BDA, especially through
Real-time Monitoring, enables companies to
navigate price volatility in resource markets by

tracking commodity price  fluctuations,
facilitating timely decision-making.
Additionally, Scenario Planning aids in

preparing for sectoral sanctions by modelling
various outcomes for strategic responses. BDA
also enhances Value Chain Diversification,
identifying alternative raw material sources and
reducing supplier dependency. The integration
of loT with BDA ensures compliance with
international sanctions, while combining BDA
with  blockchain  technology  improves
transparency and traceability in supply chains.

Transportation risks can disrupt GVCs, but
BDA, 10T, and predictive modelling effectively
mitigate these challenges. BDA processes real-
time data for Predictive Route Planning,
anticipating  disruptions, while  Scenario
Planning helps companies adapt to fluctuating
transportation costs. The integration of BDA,
10T, and GIS strengthens the management of
transportation challenges, ensuring efficient and
safe delivery of goods.

This research emphasizes the essential role of
BDA and its tools in enhancing GVC resilience
against geopolitical risks, providing guidelines
for GVC management. However, significant
differences among small, medium, and large
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enterprises present challenges in recommending
BDA for risk mitigation. Small and medium-
sized enterprises (SMEs) face limitations such
as resource constraints and insufficient skilled
personnel, hindering BDA adoption. Thus,
while the findings guide GVC management in
mitigating specific geopolitical risks, addressing
BDA adoption remains vital for the future
strategies of multinational corporations.

The widespread adoption of BDA will
reshape global trade dynamics. Firms and
countries that prioritize these technologies will
gain a competitive edge, potentially creating a
divide between technologically advanced
economies and those slower to adopt BDA. This
shift will redefine global trade relations and
position data-driven organizations as leaders in
future economic landscapes.
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Abstract—The implication of quality assurance of
open and distance education as alternative access
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and retention. Based on this, therefore, this study
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intervention on learners’ participation and
retention in distance learning programme at the
University of Ibadan. The descriptive survey
research design was adopted. The population was
comprised 100 to 300 level students, with a sample
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Product Moment Correlation at 0.05 level of
significance. The study’s findings revealed that the
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affordability) significantly influenced learners’
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R2 =0.839) and jointly accounted for 83.9% of its
variance. Based on the findings, it was
recommended that the management of the
Distance Learning Centre, notably the University
of Ibadan, must ensure that the duties and
responsibilities of the students support services are
clearly stated and properly carried out.
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l. INTRODUCTION

In the context of the absence of physical
instructor and students during the educational

process, the tutor and learners engage in
communication  using  various  methods
predominantly  facilitated through student

support services. The adaptability inherent in this
mode of education enables individuals to
harmonize learning objectives with professional
and familial responsibilities, thus positioning it
as a viable alternative for accessing higher
education. Consequently, Open and Distance
Education (ODE) has experienced significant
growth, eliciting a surge in demand for tertiary
education [1]. Year after year, a growing number
of students at both the undergraduate and
postgraduate levels are opting for remote
learning. According to [2] approximated a
growth rate of 17% between 2012 and 2016.
Despite the increasing enrolment of students,
studies have shown that Open and Distance
Learning (ODL) exhibits lower rates of student
retention and completion compared to traditional
face-to-face instruction, coupled with elevated
dropout rates [3-5]. Dropping out is a complex
occurrence that can be elucidated by various
factors that impact students' choice to
withdraw [6-8].
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The scholarly literature is abundant in
research endeavors that have delved into the
reasons behind student attrition from educational
institutions. These investigations sometimes
adopt a panoramic outlook and at other times, a
more concentrated approach. As posited by [9],
the act of dropping out can significantly affect an
institution's financial standing and reputation,
prompting educational establishments to duly
consider these aspects. Despite the adaptability
offered by contemporary distance learning, a
major drawback remains in the area of student
retention, as highlighted by [10]. The prevalence
of this weakness has impacted numerous
distance learning institutions, leading higher
education establishments offering distance
learning to increasingly recognize the
importance of retaining students. Similarly, [11]
have contended that even after close to half a
century of scholarly exploration and
conceptualization, student retention rates in
distance learning programs continue to linger at
relatively low levels. According to [12] have
argued that a nation's progress is contingent upon
its capacity to retain students in higher education,
as doing so enhances the country's human capital.

In order to promote students' learning,
engagement, and persistence in distance learning
initiatives, it is imperative for distance learning
institutions to prioritize the provision of robust
student support services. According to [13] as
referenced in [14], typical student support
services offered in Open Distance Learning
(ODL) institutions encompass areas such as
enrollment procedures, academic guidance,
tutorial assistance, counseling services, academic
advice, assignment feedback, communication
with faculty and administrative personnel, career
guidance, establishment of study centers, and
financial aid opportunities. One rationale behind
this emphasis is the spatial separation between
students and instructors in distance learning
setups, which often necessitates more self-
directed rather than interactive forms of
engagement. Consequently, certain distance
learners may experience feelings of isolation due
to geographical and transactional distances.
Moreover, inadequate self-regulation skills,
motivational levels, and a desire for social
interaction can contribute to a lack of
institutional belongingness among students,
heightening the risk  of  academic
underachievement or dropout in distance
learning programs. The integration of student
support services has thus emerged as a pivotal
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component of a sustainable and effective
distance education framework, encompassing
various stakeholders at the systemic level of
distance learning initiatives, including academic
personnel responsible ~ for  curriculum
development and delivery, administrative staff
overseeing organizational aspects, and technical
experts managing system operations.

Student Support Services (SSS) play a
pivotal role in Open and Distance Learning
(ODL). The effectiveness of student support
stands out as a key characteristic of successful
ODL institutions [15]. As posited by [16] as cited
in [17], the concept of student support services in
distance  education encompasses  various
interventions and resources aimed at assisting
distance learners in overcoming challenges
related to technology, isolation, and
communication.  From  this  perspective,
interpersonal engagement could be considered a
fundamental form of learner support, irrespective
of its origin, mediating or facilitating tools, or
formal/informal nature. According to [18] as
cited in [17] emphasizes the significance of
personalized and localized supportive measures,
such as learning communities, in meeting
essential social interaction needs within the
educational domain. Consequently, this research
was conducted to address the existing gap
resulting from the scarcity of studies on the
impact of student support services interventions
on learners' engagement and persistence in
distance learning programs at the University of
Ibadan, Nigeria. This study specifically carried
out to determine whether administrative support
services, tutoring support services, technological
support services, accessibility to student support
services, and affordability of student support
influence learners’ participation and retention in
distance learning programme. The following null
hypotheses were evaluated at 0.05 level of
significance based on the objectives.

HO.: There is no significant relationship
between administrative support services and
distance learners’ participation and retention.

HO,: There is no significant relationship
between tutoring support services and distance
learners’ participation and retention.

HOs: There is no significant relationship
between technological support services and
distance learners’ participation and retention.



HOs: There is no significant relationship
between accessibility of student support services
and distance learners’ participation and retention.

HOs: There is no significant relationship
between affordability of student support services
and distance learners’ participation and retention.

Il.  THEORETICAL OVERVIEW

The early endeavors in distance education
were predominantly led by [19,20], as cited by
[21] in the early 1960s. Peters established a
theoretical framework for distance education
known as the ‘Theory of Industrialization’. He
posited that the most effective theory for distance
education lay in the parallels between the
industrial production process and the teaching-
learning process within this context. Peters drew
comparisons between distance education and
industrial goods production in various aspects
including rationalization, division of labor,
mechanization, assembly line, mass production,
planning preparation, standardization, functional
change, and objectification. Rationalization, as
described by Peters, involves the methodical
organization of the production process to achieve
optimal output. The division of labor in
industrialization is likened by Peters to the
production of course materials, teaching,
tutoring, grading assignments, and student
results administration in distance education.
Furthermore, the mechanization process is
equated with the utilization of technologies for
delivering and creating course materials in
distance education. Peters describes the assembly
line as the expert preparation of course materials
in distance education, subsequently mass-
produced by the administrative department and
distributed to learners.

Similarly, mass production or large-scale
production in industrial goods is linked by Peters
to the notion of mass production in distance
education, catering to a large number of students
through extensive programs. Peters emphasizes
that planning and preparation in distance
education materials production necessitate
careful preparatory work, meticulous planning,
and organization for successful outcomes. This
entails establishing predetermined dates and
locations for distance learners to receive
materials, submit assignments, participate in
tutorials, and take examinations. Additionally,
Peters  underscores the importance of
formalization, ensuring that work procedures are
well-structured in accordance with the division
of labor. Lastly, he stresses the significance of

standardization, crucial in industrialization,
whereby distance education institutions must
standardize the academic content of their courses
to attract a diverse range of distance learners.
Thus, this theory holds relevance in the present
study, as any interventions in student support
services for distance education must adhere to
this framework to enhance student satisfaction
and the success of distance learning programs.

I1l. DATA, METHODOLOGY AND DISCUSSION
OF RESULTS

A. Used Data and Considered Variables

The data used for this study was generated
from using Distance learning students as
participants and the considered variables were
the  following three  support services:
administrative, tutoring and technological and
other variables its accessibility and affordability.

B. Research Methodology

The current study employed a quantitative
research design. The decision to utilize this
approach was justified by the no manipulation of
variables by the researcher. The study focused on
distance learners within the Faculties of Arts,
Education, Science, and Social Sciences, ranging
from levels 100 to 300. Sampling involved a
multi-stage procedure to select a sample size of
500 individuals. The researchers developed a
survey named the "Perceived Student Support
Services and Learners’ Participation and
Retention Scale” (PSSSLPRS), consisting of five
subscales: administrative support services,
tutoring support services, technological support
services, accessibility of student support
services, and affordability of student support
services. The survey comprised two sections; the
first section collected demographic information
such as age, gender, marital status, faculty, and
level of studies, while the second section
addressed the research questions and objectives.
Responses were rated on a four-point Likert
scale, ranging from Strongly Agree (SA) to
Strongly Disagree (SD). Prior to participation,
respondents were required to provide informed
consent.

Institutional approval was obtained, and
access to distance learners was granted by the
Distance Learning Centre University of Ibadan
through the online community platform.
Participants were assured that their data would be
used solely for research purposes and that their
privacy and anonymity would be protected.
Content validity, encompassing face validity,
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was employed to ensure the validity of the
research instruments. The items in the
instruments were presented in simple language to
enhance respondents' understanding and were
structured logically to align with the research
questions and objectives. To enhance validity,
the researcher ensured that the instrument
content was consistent with the study's goals. The
survey was piloted on fifty learners from the
National Open University involved in distance
learning, who were not part of the study's target
population. The internal consistency reliability
coefficient was calculated using Cronbach Alpha
to assess the instrument's reliability, as the
questionnaire items required respondents to
indicate their agreement or disagreement on a
scale. The Cronbach Alpha reliability test
yielded coefficients of 0.86 for administrative
support services, 0.80 for tutoring support
services, 0.85 for technological support services,
0.82 for accessibility of student support services,
and 0.84 for affordability of student support

services, indicating the instrument's
acceptability, adequacy, and reliability for the
research. Data analysis was conducted using
multiple regression and Pearson Product
Moment Correlation at a significance level
of 0.05.

IV. RESULTS AND DISCUSSION

The results of this examination are delineated
hereafter, featuring the initial research query
depicted in Table I.

Query 1: What is the impact of Student
Support  Services (including administrative,
tutoring, technological, accessibility, and
affordability aspects) on the involvement and
persistence of distance learners within the
educational establishment? To assess the
collective impact, a multiple regression analysis
was conducted, and the outcome is exhibited in
Table | below.

TABLE I. MULTIPLE REGRESSION ANALYSIS.
R R Square Adjusted R Square Std. Error of the Estimate
0.916 0.839 0.837 1.45027
ANOVA

Model Sum of Squares Df Mean Square F Sig. Remark
Regression 4819.808 4 1204.952 572.893 <.001 Sig.
Residual 925.441 440 2.103

Total 5745.249 444
Table 1 illustrates findings regarding the outcome  variable  (Distance  Learners’

collective impact of Student Support Services
(including administrative, tutoring,
technological, accessibility, and affordability
aspects) on the engagement and persistence of
distance learners. The data presented in the table
demonstrates that the correlation coefficient (R)
from multiple regression analysis, indicating the
linear association between the predictor and
outcome variables, is 0.916. Moreover, the
multiple R2 is calculated to be 0.839, with an
adjusted R2 of 0.837. These results signify that
the  predictors  (administrative,  tutoring,
technological, accessibility, and affordability
elements of student support services) explain
83.9% of the variance in the outcome variable, a
statistically significant relationship at P < 0.01.
Additionally, the analysis of variance in the
multiple regression data revealed an F-ratio of
F (4,440) = 572.893, which was statistically
significant at P <.01. The multiple regression
analysis highlights the correlation coefficients
(R) indicating the linear relationship between the
components of Student Support Services and the
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Participation and Retention). The combined
impact of the predictors on the variability in the
outcome variable (83.9%) was found to be
significant. Furthermore, it suggests that there
may be other variables not accounted for in this
model that could explain the remaining variance.

A. Hypotheses Testing

HO.: There is no significant relationship
between the independent variables
(administrative, tutoring, technological,
accessibility and affordability of student support
services) and the dependent variable (learners’
participation and retention).

Table 1l: Pearson Product Moment
Correlation (PPMC) showing the Correlation
that exist between each of the Independent
Variables (Administrative, Tutoring,
Technological, Accessibility and Affordability
of Student Support Services) to the Dependent
Variable (Learners’ Participation and Retention)
in the Institution.



TABLE II.

CORRELATIONS.

ASS TSS TECHSS | ACCSS | AFFSS LP&R
Administrative Pearson Correlation 1 0.515™ 0.470™ 0.451™ 0.488™ 0.685™
Support Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000
Services (ASS) N 444 444 443 444 444 443
Tutoring Pearson Correlation 0.615™ 1 0.745™ 0.688™ 0.654™ 0.784™
Support Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000
Services (TSS) N 444 444 443 444 444 443
Technological Pearson Correlation 0.670™ 0.715™ 1 0.710™ 0.649™ 0.721™
ggf\ﬁggs Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000
(TECHSS) N 443 443 443 443 443 443
Accessibility of Pearson Correlation 0.751" 0.688™ 0.737" 1 0.788™ 0.836™
ggf\f‘g; Sig. (2-tailed) 0000 0.000 0.000 0.000 0.000
(ACCSS) N 444 444 443 444 444 443
Affordability of | Pearson Correlation 0.688™ 0.654™ 0.649™ 0.718™ 1 0.761™
Support Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000
Services

(AFFSS) N 444 444 443 444 444 443
Learners’ Pearson Correlation 0.685™ 0.784™ 0.721™ 0.836™ 0.761™ 1
Participation Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000

and Retention

(LP&R) N 443 443 443 443 443 443

**_Correlation is significant at the 0.01 level (2-tailed).

The Table Il shows the correlation analysis
on student support services (administrative,
tutoring, technological, accessibility and
affordability of student support services) and
learners’ participation and retention among
Distance  Learners  with  administrative
(r=0.685**, N=444, P<.05), tutoring
(r=0.784** N =444, P <.05), technological
(r=0.721**, N =444, P<.05), accessibility
(r =0.836**, N = 444, P < .05) and affordability
of student support services (r=0.761**,
N =444, P <.05). All student support services
variables made a significant correlation to the
learners’ participation and retention at the
Distance Learning Centre, University of Ibadan.

The findings of the research question
elucidate the impact of the five components of
student support services - administrative,
tutoring, technological, accessibility, and
affordability - on learners' engagement and
persistence in the academic institution. The
outcomes reveal that each of these components
played a role in predicting learners' engagement
and persistence, collectively explaining 83.9% of
the variance in these outcomes. This implies that
considering all five components leads to an
83.9% increase in learners' engagement and
persistence, with the remaining 16.1% variability
lying beyond the scope of this study. Evidently,

the amalgamation of administrative, tutoring,
technological, accessibility, and affordability
components exerts an 83.9% influence on
learners' engagement and persistence within this
study. These findings align with [22], who
suggest that students benefit from accessing their
registration details, scholarship status, academic
calendar, exam dates, and other administrative
information, thereby enhancing their learning
experience and retention. Similarly, [23] found
that administrative support services at the
University of Nairobi significantly impacted the
retention of distance learners.

The results of findings on hypothesis 1,
which state that there is no significant
relationship between administrative student
support services and learners’ participation and
retention in distance learning institution was
rejected and highly significant. The findings of
this research agrees with [22], submission that
students that have access to their data on
registration, status of their scholarships,
academic calendar, exam dates, and other
administrative materials whenever they need it
would found their learning interesting and
remain in learning. Similarly, [23]; submitted
that administrative support services at the
University of Nairobi had a statistically
significant impact on distance learners’ retention.
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This suggests that the provision of administrative
student support services had significant impact
on distance learners' satisfaction with the
learning environment, satisfaction with the
courses’ structure, success in communicating
online, competence in using distance education
software, satisfaction with the amount of
knowledge and information during each
academic session, motivation to continue and
participation fully in DLC programme which
was also supported by [24].

The findings of hypothesis 2, which state that
there is no significant relationship between
tutoring student support services and learners’
participation and retention in distance learning
institution was rejected and this did not come as
a surprise. This is because tutoring deals with
regular consultations, tutors always well-
prepared for classes, they delivered lessons in a
way that meets individual needs, encouraged
learners to ask questions while interacting with
them, provided study tips, motivate learners to
learn and took learners' individual differences
into account. This is supported by [25] who
affirmed that the use Moodle, Blackboard, online
library, online course module/study guide, online
learning for tutor-learner and learner-learner
interaction, and access times for online learning
supported learners’ services

The findings of hypothesis 3, which state that
there is no significant relationship between
technological support services and learners’
participation and retention in distance learning
institution was also rejected. This also did not
come as a surprise because it agrees with the
opinion of [26] as cited in [17], stressed that the
technological support in terms of information
and communication technology and pattern of
information delivery in distance learning remains
one important ingredient required for success to
be achieved. This result further supports the
findings of [27]; [28], who showed that the use
of social media applications like Telegram and
WhatsApp, learning applications like Moodle,
Zoom, and LMS, as well as Google applications
like Google Classroom and Meet, helped in
prompt dissemination of information to learners
at any time.

Also, the findings of hypothesis 4, which
state that there is no significant relationship
between accessibility to student support services
and leaners’ participation and retention in
distance learning institution was rejected and
agrees with other scholars and indicates that if
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success is to be achieved, emphasis should be
laid on accessibility to student support services.
The findings of this study, agrees with [29]
submission that accessibility to online learning
tools such as WhatsApp Messenger, Facebook,
Zoom and Moodle would serve as additional
support services for learners to continuing
learning at any point in time.

Again, the findings of hypothesis 5, which
state that there is no significant relationship
between affordability of student support services
and learners’ participation and retention in
distance learning institution was rejected and
agrees with [30] that affordability of support
services helped the learners to be closer to the
institution thus bridging the physical distance
between the learners and the institution.
According to [30] summaries what constitute
learner support services in distance education as:
information, counseling, advising, assignment,
assessment, advocacy and feedback to the
system. The above assertion also corroborated
the findings of [31] who reported that
respondents afforded the use of student support
services such as smart and android phones for
effective educational improvements through
Zoom and WhatsApp.

V. CONCLUSION

The research has proven how crucial student
support services are for the effectiveness and
sustainability of open and distance learning
institutions. They play a vital role in motivating
students to continue with their programs and
promoting a culture of continuous learning. The
findings underscored the importance of student
support services in assisting students with
enrollment, admissions, registration, record-
keeping, information dissemination, and delivery
of study materials, among other services. The
results also emphasized the importance of
student support services to students, as they
benefit from various services offered by the
Distance Learning Centre at the University of
Ibadan. Their decision to pursue further
education is shaped by the strong connections
they have with the faculty, both teaching and
non-teaching, as well as the staff in charge of
management at the school. Hence, ODL
institutions must develop a student support
system that caters to a variety of student needs,
encompassing academic, psychological,
administrative, and technological requirements.
ODL institutions need to make sure that the roles
and obligations of the student support services



are clearly articulated and effectively performed.
Ensuring that all learning centres have uniform
infrastructure is crucial to provide equal access to
services for students at any learning center.

Administrative support services aid lowering
entry barriers as the ability of students to afford
further education is impacted by financial aid
assistance. Academic advising help student’s
select appropriate courses and programmes.
Technological support services through the
online platforms and resources also increase
flexibility and accessibility and ensure smooth
navigation of virtual learning environments.
Tutoring Services which is academic support

focused on assistance to underachieving
students, building connections, providing
direction and boosting confidence and

strengthening knowledge. The findings of this
study is significant to inform practices in a
broader range of ODL settings through
technology adaptation by making sure that digital
literacy and infrastructure are in line with local
resources, collaborations and partnerships by
cultivating ties with stakeholder’s communities
and local organisations. Technological support
services can be improved or expanded to cater to
the needs of students in remote or under-
resourced areas by making learning platforms
and resources available on mobile devices thus
achieving mobile optimisation. This supports
[32] submission that the potential of the internet
to improve education expand access to resources
and support creative teaching and learning
approaches across the continent cannot be
overstated. The majority of nations have
acknowledged that knowledge and information
are essential for raising  productivity,
strengthening competitiveness and creating
wealth. Moreover, ODL institutions can create
programmes which encourage distance learning
students access course materials while offline,
prepare platforms for slow internet connections
and also encourage the use of virtual learning
environments (VLESs) that include live streaming
videos, conferencing and interactive features.
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Abstract—The dominant characteristic of a
process-oriented enterprise is that a relatively
small group of employees, organized into teams
with a simple hierarchy, monitors, directs and
controls the business process from its beginning to
its end. In this way, communication is better within
the process team and management information is
exchanged better. Otherwise, a process represents
a group of activities that require a certain input,
that adds value and creates an output for internal
or external stakeholders. A business process can be
viewed as a complex entity that has a certain
structure, so the following can be distinguished:
process elements, activities of individual process
elements, and tasks of each activity individually.
The complexity of an enterprise's business activity
can be seen through the “network” of business
processes, which consists of primary, supporting,
and management processes. Performance
management of business processes is a managerial
concept whose focus is the process, which
represents the object of intervention, analysis, and
control. In this regard, the aim of this paper is to
point out the key elements and stages of process-
oriented management and identify the specifics of
business process performance management.
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. INTRODUCTION

The change from a functionally oriented
management of an enterprise to a process-
oriented one rests on understanding the
weaknesses and strengths of organizing and
managing according to the functional principle.
Such an approach highlights the importance of
process orientation in the foreground, because
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business processes go beyond the scope of a
single business function. What in a classic
functional organization is denoted by functions
(for example, research and development,
production, marketing and sales), in a process-
oriented enterprise with a “horizontal” or “flat”
organization can be connected to certain
processes (development of new product, its
delivery, etc.)

The initial problem of the process manager is
the strict delimitation of processes, which
presupposes the identification and specification
of processes in the enterprise. This means that
their beginning and end should be determined,
with a minimum of their overlap. Defining the
beginning and end of a process means
determining the starting activity, as well as the
activity with which the process ends. It is also
important to differentiate processes from
business  functions, such as production,
marketing, research and development, and
finance. Some of the functions (e.g. finance,
research and development) have primarily a
supporting role, so their processes and activities
intertwine with each other, and in addition,
permeate almost all business processes of the
enterprise. What is designated as a function in a
classic functional organization, in a process-
oriented enterprise can be segmented into a
certain number of processes. Thus, procurement,
inbound logistics, production  operations,
outbound logistics, sales, new product research,
and after-sales service can be labeled as complex
business processes. Such complex processes can
be broken down into sub-processes and their
activities [1].
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In a process-oriented enterprise, a relatively
small group of employees, organized into teams
with a simple hierarchy, monitors, directs, and
controls the business process from its beginning
to its end. In such conditions, the
communications within the process team are
better, and thus the interaction of its members
who are responsible for a certain process, in
terms of the efficiency of its execution and the
achievement of outputs of the process. The
exchange of operational and management
information is of higher quality, and better inputs
are provided for planning, organizing, and
executing the process. Also, more adequate
conditions are created for organizational learning
through experience and greater success in
monitoring and controlling process performance.
The characteristic of the so-called process
organization is a process team, which consists of
a group of executors with different skills, expert
knowledge and experiences, which are needed to
fulfill different roles in the implementation of
activities within one process and achieve the
business goals of a process-oriented enterprise.
Process orientation sees the enterprise as a set of
different organizational units, but also through an
identified set or network of different processes.
In an enterprise with process-oriented
management, value for owners and value for
consumers is created through efficient and
effective implementation of various
processes [2].

Il.  CONCEPTUAL FRAMEWORK OF
BUSINESS PROCESSES

The business process represents a) a group of
activities that requires a certain input, adds value
and creates output for internal or external users
(consumers) [3] and b) a specific schedule of
activities, with its beginning and end, as well as
clearly defined inputs and outputs [4].
Accordingly, the essential characteristic of a
business process is that it transforms inputs into
outputs. In addition, it is particularly important to
identify hierarchy in the sense of disaggregating
one complex business process into hierarchically
lower sub-processes. Also, the business process
has a certain structure, thus the following can be
differentiated [5]: process activities, tasks
(operations) individually for each activity,
interventions, = movements, and  micro-
movements of an operation.

Each process can be determined by the
following elements [5]: a) border points of the
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process, b) transformation within the process, c)
feedback, and d) repetitiveness (repetition).

Process endpoints are specific inputs and
outputs of the process. The suppliers of the
process are responsible for the inputs (resources)
necessary for the performance of a certain
process, while the characteristics of the output of
the process determine the satisfaction of the
process results consumer. Within each process,
through its stages, a multidimensional
transformation of inputs into outputs takes place
- physical (material) or immaterial. The
feedback, which exists between the endpoints of
the process, is realized through communication
channels. Feedback involves measuring and
controlling process performance.

The complexity of an enterprise's business
activity can be seen through a set of different
business processes, which can be [5]: 1) primary
business processes, 2) supporting business
processes and 3) management processes.

Regardless of what type of process it is, their
measurement can be carried out on the basis of 5
aspects within which the indicators are defined.
These are the following aspects: employee
aspect, innovation aspect, customer aspect,
societal aspect, and financial aspect. Employee
aspect includes indicators of communication, job
conditions, physical discomfort, psychological
well-being, workload, supervision, opportunities
for growth, or socialization. The consumer
dimension includes indicators of consumer
expectations and satisfaction, which are
calculated on the basis of a questionnaire or an
analysis of the value they expect and which was
delivered to them. Measuring societal aspects of
a business process requires both measuring the
impact (waste management, pollution, energy
savings, etc.) a process has on its society and
measuring how the impact is perceived.
Indicators of innovation are determined on the
basis of relations between: enterprise - investors,
enterprise - consumers, enterprise - employees,
enterprise — society [6].

Primary business processes are a series of
activities that enable the delivery of products and
services. Such are the processes of demand
generation and demand satisfaction.

Supporting business processes support the
realization of primary and management
processes.

Management processes are a series of
different activities that direct, coordinate,



integrate, and control the primary and supporting
business processes, which create value for
consumers and owners. It mainly involves the
activities of making management decisions.
They are not only related to one segment of the
organization, but permeate the entire enterprise.
Itis a very complex group of processes. They can
be understood if they are broken down into: the
processes of determining (choosing) the strategic
direction of growth/development, the processes
of negotiation and assurance and, finally, the
processes of monitoring, measuring, and
controlling performance. Participants in these
processes are capital owners, owner-managers,
and non-owner managers at all levels [7].

Different  types of  processes are
interconnected and intertwined, so there is an
interaction between them. Supporting business
processes are extremely important for the
development of primary processes, while
management processes are relevant for the
development of primary and supporting business
processes. The performance of management
processes affects the performance of supporting,
and then also the performance of primary
business processes.

Differentiating the following process
determinants (characteristics) is relevant for
effective performance management of business
processes [8]: structural, operational and
limiting.

a) The structural characteristics of the process
are related to the fact that the process represents
the transformation of inputs into outputs, so the
results of one process represent the inputs of the
next process. The first structural characteristic of
the process is the hierarchy in the process,
because there is a possibility of disaggregating a
certain process into its hierarchically lower
(sub)processes. Another structural characteristic
is the “network” of the process. Disaggregated
processes in the enterprise form a network of
(sub)processes, which is the basis for allocating
material and immaterial resources (inputs)
necessary for the realization of the process. The
third structural characteristic of the process is
mapping the process and identifying the
connections between the processes, which
enables familiarization and scanning of the
process to find out how the process is currently
taking place - what is its current performance. It
is necessary not only to get to know each process
individually, by analyzing its elements
(activities) based on the process flow diagram,

but also to create the so-called enterprise process
maps. The fourth structural characteristic of the
process is the so-called chains of value creation
in the process and through the processes. All
processes have elements - activities that add
value and activities that do not add value. In
managing the performance of business
processes, it is very important to focus attention
on improving activities that add value. Finally,
the fifth structural characteristic of the process is
the so-called influence of consumers, internal or
external, on the nature of the process,
requirements for its design, execution, and
control.

b) The operational characteristics of the
process are related to the execution of the process
in order to achieve the target (desired) levels of
process performance. The first operational
characteristic is the responsibility for a certain
process, which means that it is necessary to
designate a person who is responsible for the
process and its activities and performance.
Another operational characteristic concerns the
definition of operational tasks through the output
(result) requirements that the process should
enable and the defined level of efficiency or
based on the target costs of the process that must
not be exceeded. The third operational
characteristic is the focus of process execution -
product or service, which will be realized if the
processes are adequately designed, directed
during execution and controlled. The fourth
operational characteristic is the resources of the
process that are necessary for its execution.
Establishing a connection between the amount of
available resources and the amount of the output
of the process for a certain period of time is not
at all simple. The fifth operational characteristic
is the time dimension of the process, which needs
to be determined because it affects the amount of
investment (resource engagement), so the
duration of the process is reflected in its
efficiency. The sixth operational characteristic is
the measurement of process performance for the
purposes of process control, improvement,
reengineering, and benchmarking.

¢) The limiting characteristics of the process
are those characteristics that limit the consistent
output (result) of the execution of the process.
The first limiting characteristic of the process is
variability, so that the output (result) of the
process is not always the same, or constant, due
to the effect of various internal and external
factors on the process or its elements. Process
uncertainty is another limiting characteristic of
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