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SEMICONDUCTORS COMPETITION BETWEEN CHINA AND
TAIWAN

Moustafa Hamil
University of Kasdi Merbah Ouargla, Algeria
moustafa.hamil@univ-ouargla.dz

ABSTRACT

In this paper, we touched on the relationship between China and Taiwan in the field of the
semiconductor industry. The research also dealt with talking about the current state of the
industry between the two countries, the competitive advantages of each of them, as well as the
strategies used by each country to gain a competitive advantage. The research concluded the
most important effects of this Competition on the global semiconductor industry, the effective
and structuring factors for competition between the two parties, and the best of conflict. This
paper concludes by discussing the possibility of cooperation between the two countries to create
a more competitive and efficient semiconductor industry.

Keywords: China, Taiwan, semiconductor, competition, challenges

1. INTRODUCTION

The semiconductor industry is a real field of competition between China and Taiwan, as both
countries are competing for a larger share of the global semiconductor market, which is
estimated to be worth more than $400 billion. While China is investing heavily in the industry,
Taiwan is focusing on research and development, at a time when both are enjoying The two
countries have varying strengths and weaknesses, and it is likely that the competition between
the two countries will continue in the foreseeable future. China is the world's largest
semiconductor market, and its government has invested heavily in the industry, providing
subsidies and incentives to local companies, while Taiwan is the world's second largest
semiconductor market and is home to some of the world's largest semiconductor companies,
such as TSMC and UMC. United State. The semiconductor war between China and Taiwan is
largely coupled with competition for market share in the global semiconductor industry, and
this has led to a trade war between the two countries, as China imposed tariffs on semiconductor
imports from Taiwan, while Taiwan responded with a tariff of its own. As a result of the
semiconductor war with China, both countries have invested heavily in the semiconductor
industry, China has invested heavily in the semiconductor industry in order to become a major
player in the global semiconductor market, while Taiwan has invested heavily in the
semiconductor industry, but It was slower to catch up with China in terms of investment. It was
the result of the semiconductor war between China and Taiwan. Based on this path of
introductions, the following problem is raised:

What are the most important bets and repercussions of the Sino-Taiwanese competition?
Sub-questions:

e What is meant by semiconductors and how important is it?

e What are the challenges of the Sino-Taiwanese semiconductor competition?

e What are the results of the Sino-Taiwanese competition over semiconductors?

In order to answer the main problem and its sub-questions, the following hypotheses are put
forward. The semiconductor competition between China and Taiwan is driven by the need to
secure a competitive advantage in the global semiconductor market. China is investing heavily
in semiconductor technology and production capabilities in order to gain a competitive
advantage over Taiwan, while Taiwan is leveraging its field experience in the semiconductor
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industry to maintain its competitive advantage. Both countries are also investing in research
and development to stay ahead of the competition. Foreign dependence and American
interference in the Sino-Taiwanese competition fueled the conflict between the two parties. To
achieve the academic purpose of the study, the approach of information security or information
analysis of the Copenhagen School was employed, headed by the theorist "Barry Buzan", which
analyzes the solid and intelligent side of the information. The epistemological perspective and
the composite analysis were employed to understand the dynamics of competition between the
two parties and their implications. The statistical approach was also employed. Because the
digital language is of great importance to understand the structure of the conflict and investment
between the two parties in the field of electronic chips in an accurate digital language. It should
be noted the extreme difficulty that we faced in this research, which is represented in the lack
of references, given the novelty of the subject, which required us to rely on analysis based on
real-time data, and its global implications. The topic was presented in a systematic form, where
the following elements were addressed.

2. CONCEPTUAL FRAMEWORK

2.1. Definition of Semiconductors

Semiconductors are materials that have electrical properties between those of conductors and
insulators. They are used in a wide variety of electronic devices, including transistors, diodes,
and integrated circuits. Semiconductors are composed of a variety of elements, including
silicon, germanium, and gallium arsenide. They are used in a variety of applications, including
computers, cell phones, and solar cells. Advanced chips are also used to power supercomputers,
artificial intelligence equipment, and military equipment?.

2.2. Electronic chips

Silicon chips are found in every device these days, and this includes phones, computers, kitchen
appliances, and even cars, and all these technologies are witnessing rapid development, which
made advanced processors used in all devices, and electronic chip technology occupies a
leading position in many industries, and it is micro chips, But it is indispensable in the field of
manufacturing electronic products, and in bulk, these chips are packages with electronic
connections embedded in chips of silicon, the element extracted from Among the most
important international companies in the manufacture of American Intel semiconductors, and
Taiwan Semiconductor Manufacturing Company Limited, known as TSMC, in addition to the
American companies Qualcomm and Micron. It usually takes about three months to
manufacture a chip, and this industry requires huge funds and complex equipment that is
monopolized by limited companies. Among the most important international companies in the
manufacture of American Intel semiconductors, and Taiwan Semiconductor Manufacturing
Company Limited, known as TSMC, in addition to the American companies Qualcomm and
Micron. It usually takes about three months to manufacture a chip, and this industry requires
huge funds and complex equipment that is monopolized by limited companies?.

2.3. QUANTUM COMPUTING

Quantum computing uses quantum mechanical effects to perform computations, which in some
cases provides huge performance gains over, say, conventional supercomputing environments.
For some problem classes, a quantum computer can be trillions of times faster than a
conventional computer. For other classes of problems, a quantum computer is not faster than a
classical computer. A quantum computer can easily solve the integer factor problem, which is
used by RSA, and the discrete logarithm problem, which is used by ECC, but it is unable to
solve quantum-safe algorithms such as the network-based. or code-based, or parity-based
encryption, etc., f. RSA and ECC are both public key encryption algorithms that are used to
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secure the Internet and wireless networks today. In sum, it can be said that quantum secure
encryption solves problems that cannot be easily solved by a quantum computer or a
conventional computer®.

2.4. Encryption and Key Systems

The primary difficulty is not in the cryptographic aspect, but in designing and implementing
new solutions that will enable government and industry users to migrate to quantum secure
cryptography in a robust and cost-effective manner. For example, a government may have
millions of users in its public key infrastructure, and this is not an environment that can be
easily upgraded in a weekend. Traditional upgrade and replacement techniques take years in
such cases, which is why much of the work of the ETSI QSC working group is directed at
towards the areas of security upgrade, migration, and cryptographic speed, which will allow a
crypto-agile solution to perform fairly quick upgrades to the parts of the network environment
with the highest security requirements first, followed by all other solutions if the solution is
backward compatible. The most widely used public key technologies are RSA and ECC, both
of which are outdated cryptographic systems, they have both been hacked and attacked over
years of continuous improvement in traditional computing, along with improvements in attack
techniques that threaten these methods more and more over time, that's why we can think of
Quantum Secure Encryption is called "next-generation cryptography" because it also handles
advanced traditional attacks, knowing that the Public Key Infrastructure, or PKI, is most
vulnerable*,

2.5. Governmental Policies

Government policies in both China and Taiwan have a significant impact on the semiconductor
competition between the two countries. The Chinese government has invested heavily in the
semiconductor industry and provided subsidies and other incentives to encourage the
development of the sector. This is the case in Taiwan, where the government has also invested
in the semiconductor industry. , but focused more on research and development rather than
production.

2.6. Price competition

China and Taiwan are major semiconductor producers and are in direct competition with each
other in terms of pricing. This has led to a race to offer more services at lower price points,
which could hurt the semiconductor industries of both countries.

2.7. Intellectual property rights
Both China and Taiwan have strong intellectual property laws, but there is a lack of enforcement
of these laws in both countries, and this has stagnated some companies.

2.8. Semiconductor industry

It is a very competitive and rapidly developing sector, and the competition between China and
Taiwan is no exception, but they are among the countries that pump a lot of money and provide
all facilities in this sector. Both countries have invested heavily in the industry, and both have
made great progress in developing semiconductor technology in recent years, until China has
become a major player in the semiconductor industry, with a number of large companies such
as Huawei, SMIC and Tsinghua Unigroup investing heavily in the sector, and China has also
made significant investments in scientific research.
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3. THE FACTORS DRIVING AND STRUCTURING THE SINO-TAIWANESE
COMPETITION OVER SEMICONDUCTORS

3.1. Economic and strategic importance

Semiconductors are a critical component of many modern technologies, and are used in a wide
range of industries, such as consumer electronics, automobiles, and communications, and as
such, are seen as essential to economic growth and national security.

3.2. Market size and growth

The semiconductor market is witnessing a great and rapid growth, given that it is one of the
most attractive global products for consumers all over the world, with different cultures, and
therefore the industry is an important source of revenue and job creation for these two countries.

3.3. Government support

China and Taiwan have provided significant government support for the development of
domestic semiconductor industries, including research and development funding, tax
incentives, and subsidies.

3.4. Competitiveness
Both countries want to be competitive players in the global semiconductor industry and see the
other as a major competitor.

3.5. Political Relations

The political relationship between China and Taiwan is very complex, as Taiwan is officially
considered part of China by the Chinese government, but Taiwan considers itself an
independent country. Competition in the semiconductor industry between these two countries
is also affected by their political relationship.

3.6. Technology transfer

Both China and Taiwan want to develop their own advanced semiconductor technologies, but
they are currently highly dependent on foreign technology, and this has led to efforts to acquire
technology through various means, such as licensing agreements, joint ventures, and corporate
acquisitions. In general, the competition between China and Taiwan in the semiconductor
industry is driven by a set of economic, strategic and political factors, given the common vision
of both countries in the fact that the industry is an essential source in achieving future growth
and competitiveness, which requires them to invest heavily in the development of local
semiconductor industries. One of the driving forces behind the Sino-Taiwanese conflict is the
policy of the United States of America, which supports Taiwan on the one hand and transfers
its technological products to it, at the expense of China, which imposes strict restrictions and a
strict blockade on its cans, as well as obliges other countries not to deal with Chinese products.

4, THE STAKES OF THE SINO-TAIWANESE CONFLICT OVER

SEMICONDUCTORS

The semiconductor industry is a very competitive field, and the competition between China and

Taiwan is intense, and it also includes some of the challenges that both countries face:

e Intellectual property concerns: Both China and Taiwan have been accused of stealing
intellectual property from foreign companies, which has led to increased scrutiny and tighter
regulations.

e Dependence on foreign technology: Both countries depend heavily on foreign technology,
especially from the United States, which makes them vulnerable to trade restrictions and
tariffs.
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e High costs of capital and research and development: The development and production of
advanced semiconductors require large investments in research and development and
equipment, which can be an obstacle to the income of small companies.

e Talent shortage: The semiconductor industry requires a highly skilled workforce, and both
China and Taiwan face talent shortages in areas such as chip design and manufacturing.

e Environmental and safety regulations: The production of semiconductors requires the use
of hazardous materials and may have negative environmental effects, which makes the two
countries in a state of constant fear that strict regulations will be imposed in this regard by
local and international organizations.

In addition to these challenges, China and Taiwan also face special challenges that are unique
to their individual situations. China, for example, has a large domestic market but lacks a strong
ecosystem for suppliers and customers, while Taiwan has a strong ecosystem but a small
domestic market. Despite these challenges, China and Taiwan continue to invest heavily in the
semiconductor industry, and both countries are expected to play an important role in the global
semiconductor market in the coming years.

5. THE UNITED STATES OF AMERICA'S POLICY TOWARDS CHINA IN THE
FIELD OF SEMICONDUCTORS

The United States has intensified its efforts and endeavors to impede China's progress in the
manufacture of electronic chips, which are an essential component of everything from
electronic devices such as smart phones to weapons and military equipment. And in October
2022, Washington announced export restrictions so that companies intending to export chips to
China are obliged to obtain export licenses, and the restrictions included chips that are produced
using American equipment or computer programs, regardless of where they are made in the
world. The restrictions also prevent American citizens and green residence card holders from
working in some Chinese chip companies, despite the fact that green card holders are permanent
residents of the United States and have the right to work in the country, and thus they block the
way for China to access American capabilities, which affects its ability to develop advanced
semiconductors®. The Biden administration added 36 Chinese companies, including the major
chip maker YMTC, to the “entity list” that Washington banned exports to without obtaining the
approval of the US government, which is not easy. Technology Because of the new controls
established by both the United States and the United Kingdom, and China filed a complaint
against the United States to the World Trade Organization regarding export controls for
semiconductors and other related technology, this is the first complaint that Beijing has filed
against the United States before the World Trade Organization since President Joe Biden took
office in early 2021°. China said in its complaint that the United States was misusing export
controls to maintain its "leadership in the science, technology, engineering and manufacturing
sectors," adding that the US actions threatened "the stability of global industrial supply chains."
The US stated in response that the trade body (the World Trade Organization) was "not the
appropriate place" to address national security concerns. “The national security interests of the
United States require that we act decisively to deny access to advanced technologies,” said
Assistant Secretary of Commerce for Export Management Thea Kindler. Among these
commodities, under international trade rules, the United States has 60 days to try to resolve the
issue, or China will be allowed to request a committee to consider its complaint. Earlier this
month, the World Trade Organization ruled that the US tariffs on steel and aluminum imposed
by the United States under former President Donald Trump violated global trade rules, and one-
third of the goods sold by China to the United States are subject to tariffs.
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The United States said it "strongly rejects” the government's ruling and its inability to overturn
such measures, at a time when electronic chip makers are also under pressure to make more
advanced chips needed by new products. near 50,000 to 100,000 nanometers. Analysts believe
that the US controls could put China behind other chip-producing countries, while Beijing has
said explicitly that it wants to prioritize semiconductor manufacturing and become a
superpower in this field’.

6. THE RESULTS OF THE SINO-TAIWANESE COMPETITION FOR ELECTRONIC

CHIPS

The competition between China and Taiwan in the semiconductor industry has led to a number

of important developments and results, which are as follows:

e Increased investment and development: China and Taiwan have invested heavily in
domestic semiconductor industries, resulting in the development of advanced technologies
and increased production capabilities.

e Government support: Both countries provided significant government support for the
development of semiconductor industries, including research and development funding, tax
incentives, and subsidies.

e Market share: China and Taiwan have achieved significant gains in the global
semiconductor market, as China has become the largest semiconductor market in the world
and Taiwan remains one of the largest semiconductor producing countries.

e Intellectual property concerns: Both China and Taiwan have been accused of stealing
intellectual property from foreign companies, which has led to increased scrutiny and tighter
regulations.

e Dependence on foreign technology: Both countries are still dependent on foreign
technology, especially from the United States, which makes them vulnerable to trade
restrictions and tariffs®,

e Talent shortage: Both countries face a talent shortage in chip design and manufacturing.

e Environmental and safety regulations: The production of semiconductors requires the use
of hazardous materials and can have negative environmental effects, and strict regulations
are imposed in this regard by local and international organizations.

Overall, competition between China and Taiwan in the semiconductor industry has led to
increased investment and development, as well as gains in market share, however it has also
led to increased competition, concerns over intellectual property, and dependence on foreign
technology. The American intervention in the game of competition, support for Taiwan,
imposition of sanctions on China and playing on the chord of sovereignty has exacerbated the
conflict between the two parties, and may lead to a military clash with dire repercussions on the
global economy, as Taiwan alone produces 60% of the electronic chips in the world. Thus, any
conflict affecting this island will paralyze the entire global economy.

7. CONCLUSION

At the conclusion of this research paper, we reach several conclusions:

The semiconductor industry is a major driver of economic growth and technological progress
in both China and Taiwan, and with the increasing competition between the two countries in
the global semiconductor market, intense competition has emerged between them, and this
rivalry has been driven by the rapid growth of the Chinese semiconductor industry, which was
supported by government investments and subsidies , as well as the emergence of Taiwanese
companies as major players in the global market. The competition between China and Taiwan
in the semiconductor industry is likely to continue for the foreseeable future, as both countries
have invested heavily in the field of industry and achieved great progress in technology and
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production capabilities, and as the demand for semiconductors continues to grow, both
countries will continue to compete for market share and technological superiority. The
competition between the two countries is likely to benefit the global semiconductor industry,
as it will lead to innovation and lower prices.
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ABSTRACT

The nature of real existence has always been of interest to social thinkers over the centuries. If
the current criteria of economic progress, reflected by a swarm of “turnkey” statistics, focused
on growth of inanimate “comfort objects” (such as GNP and GDP at the heart of innumerable
economic studies on development), this focus can only be justified, if at all, by the impact of the
said objects on human lives that they directly or indirectly affect.. The interest of replacing
them by direct indicators of the quality of life, wellness and freedom that human lives enjoy is
more and more recognized. Even inventors of quantitative estimation of national income which
attracted much attention and adherence tried to make it clear that the ultimate interest was the
richness of human existence, although it is their indices, rather than their motivations which
had a great impact. William Petty, for example, the pioneer of the measure of national income
in 17th Century (He suggested means to assess it so much through the ‘income’ method as
through that of expenses, as is said today) formulated his intention as follows: to examine
whether « the subjects of the kind » lived « in as bad a condition as that of discontented people
». Based on this, he explained the different determinants of people’s conditions, including «
common safety» and « the particular happiness of every man»?.

Keywords: Deprivation, Poverty, Utilitarism

1. INTRODUCTION

This underlying motivation was often ignored in economic analysis where means of existence
were the centre and fruit of research. It is, however, important not to confuse the means and
ends. Therefore, one should not focus on the intrinsic importance of income, but rather assess
it depending on what it builds, particularly lives that are worthy of living. Having a decent
income helps to avoid early death. Such an enterprise depends also on other characteristics,
namely the organization of society, including public health, medical care, the nature of
education and educational system, the scope of social cohesion and harmony, etc. Considering
only means of existence or directly observing the type of life people lead constitutes a real
difference. These observations and findings reveal a contrast between the approaches based on
utility and resources and the approach based on capabilities, of which the initiator is Amartya
Sen (Nobel Prize of economics in 1998). In his work entitled « A New Economic Model», Sen
suggests that focus on means of existence should be abandoned in favor of concrete possibilities
to live. This also results in a change with regard to means-oriented assessment methods, namely
those laying emphasis on what John Rawls refers to as the « primary goods », which are general
means, such as income, wealth, powers and prerogatives of functions, social bases for self-
respect., etc.

'HUL C.H. (1899), The Economic Writings of Sir William Petty, Cambridge, Cambridge University Press,
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The capabilities approach, therefore, attempts to put things right by focusing on the possibility
of effective ends and on concrete freedom of attaining reasoned ends, rather than focusing on
means. Thus, the present paper is divided into two parts. The first part will try to highlight the
imperfection of traditional monetary indicators as well as the difficulties to measure the
different dimensions of poverty, particularly in emerging countries, such as Morocco. We argue
that poverty is not merely an idea of inadequacy of economic means of an individual, but rather
a fundamental shortage that deprivation entails_ minimum adequate capability. The second part
deals with a reorientation towards capabilities in order to explain the extent to which the latter
(the capabilities approach) could serve as a basis for the assessment of the level of deprivation
and not that of resources, which focuses on income and wealth.

2. ANTINOMIES OF TRADITIONAL INDICATORS

After World War I, economic growth was the centre in the fight against poverty. In fact, growth
was considered as a means to achieve development. Thus, the growth of the GDP per capita
became the only measure of poverty. Pigou was the first to rely on income to measure prosperity
and welfare. He descibed economic prosperity as the measurable part of human wellness, the
part that can be compared to money standard or benchmark. However, the production and
distribution process impacts the income of individuals and households. Income is, then, is also
an indicator of economic activity. Income nationwide, GNP, as it was referred to, was
transformed into a measure of the acitivty of the total mass of produced goods and services,
weighted by their respective quantities and prices, rather than a measure of individual welfare.
GNP per capita is obtained by dividing GNP by the country’s number of inhabitants.
Consequently, a country’s GNP may increase from one year to another, and its GNP per capita
may decrease if the population of this country increases more rapidly than its production. For
OECP ( Organisation for Economic Cooperation and Development) countries, international
trade relations are such that it was necessary to replace GNP by GDP, which is the sum of added
values created within the borders, whatever the nationality of the people who create them. It is
the critieria of residence that is prioritized. It should be noted that GNP or GDP indicate a «
production» and not « a living standard ». According to certain stakeholders, in order to obtain
a country’s standard of living depending on its GNP, it is necessary to apply coefficients ranging
from minus three to five as per the weight of capital in accumulated in the past, the country’s
political and economic systems, its geographical and climatic elements, the value of the
currency and the weight of the informal sector. In any event, there exists a certain correlation
between poverty and low income. Income is the source of tpurchasing or spending power,
access to consumption and saving. In societies where market values are dominant, « a low
income restricts access to the market and can determine a less valorized social status; it is a
factor of a more or less marked exclusione»?. Nevertheless, one cannot put forward that there
exists a high causality between a low GNP per capita and poverty. One cannot claim that that
a person dependent on a low income is automatically considered poor. On the one hand, income
is but the monetary element of the allocation of each individual’s resources. Various elements
can intensify or attenuate the consequences of low income: self-subsistence, reciprocal
counter-services, existence of property, constitution of family or extra-family solidarity
networks, etc. On the other hand, income is not a necessarily determining component of a
poverty condition. From the « resources», point of view, income level at a given time has no
indication as to prospects of future income, which would undoubtedly be more legitimate.
Moreover, as Amartya Sen, in his book « A New Economic Model» shows, the same income
can have different meanings depending on age, status, aspirations, etc.

2 MILANO S. (1988), La pauvreté absolue, Paris, Hachette.
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The calculation of GNP per capita is subject to many statistical difficulties. In his work
«Towards a new measuring system», elaborated jointly with Sen and Jean Paul Fitoussi, Joseph
Stiglitz raises asks the following question: « What significance does the the calculation of the
importance of a physical production flow take on if account is taken of the conditions of its
production and distribution between the concerned persons?»°. It is , thus, necessary to
underline the problem of distribution of national wealth poses major difficulties. In fact, a
growth rate of the GNP per capita can give a flattering image on effective development and
ultimately on the poverty combatting strategies. Added to this is the fact that the contradiciton
between national health and human wellness is very striking. It is apparent in countires where
income arising from exports increased significantly due to the rise in oil prices since 2003. For
many Arab countires, GNP abruptly increases to levels superior to those of the richest of
Western States. However, these same countires sometimes have the poorest communities
worldwide. For Joan Robinson, « Economic growth, when it occured, rarely solved urgent
social problems and , most often, did not cover mass population of emerging countries. By
making economic inequalities worse and not solving problems, such as unemployment,
malnutrition, diseases and housing dificiency, economic growth always excerbated social
problems and tensions»*. In their work, « Ruins of development » Wolfgang Sachs and Gustavo
Esteva support the same point of view. According to them, « Since the rise of prolitariat and,
later in the welfare state, poverty was interpreted as lack in purchasing power, which should
be eliminated by economic growth. Under the banner of combatting poverty, forcible
transformation into moeny economies can be conducted as a moral crusade, which could give
way to a so justified appeal to economic expansion»®. Besides inequalities concealed by
measuring poverty based on GNP per capita, the latter includes all the goods and services
produced and marketed, including harmful and noxious products that pollute the atmosphere
and affect health. GNP per capita measures production, but provides little information on
populations. If deterioration of the environment causes deseases, thus leading to an increase in
health expenses and, subsequently, in GNP, such a GNP decrease will be interpreted as a sign
of growth and, therefore a drop in poverty, when in fact the population’s real conditions and
their environment have detriorated. According to the 2010 world report on human development,
there were many attempts to recalculate the figures of national income taking into account the
natural capital deprciation. One of the first studies carried out to this effect, in Costa Rica, shows
that from 1970 to 1990, cumulative depreciation of its forests and oil reserves amounted to over
$ 5billion. , i.e., about 6% of Costa Rica’s total GNP for that period. In the case of Indonesia,
the same report shows that during the period between 1971 and 1984, cumulative depreciation
of forests, soils and oil resources amounted to $96 billion, i.e., 9% of its GNP for the same
period. Itis, therefore, commonly accepted that the income-based monetary approach to poverty
rests on a narrow idea of welfare or wellness and, because it is indirect, limits our understanding
of this phenomenon to what individuals have and what they do not have. Poverty is a larger
phenomenon that is apparent in different domains as various forms of deprivation and
unsatisfied needs that prevent individuals from leading a normal and descent life or take part in
the ordinary activities of society. (Dickes, 1989 ; Alcock, 2006 ; UNDP, 1997). For this reason,
it was concluded that adopting multidimensional and direct approaches can prove more
satisfactory as to how to perceive poverty, for they have a much broader objective. At this level,
it is necessary to distinguish two approaches. First, the approach of situated poverty, which
focuses on the prevalence of social construction of poverty since, contrary to what utilitarians
pretend, we cannot isolate a phenomenon, such as deprivation, of the environment in which it
occurred and developed.

3 STIGLITZ J., SEN A., FITOUSSI J-P. (2009), Vers un nouveaux systéme de mesure, Paris, Odile Jacab.
4 ROBINSON J. (1980), Development and underdevelopment Paris, Economica.
5 WOLFGANG S. and GUSTAVO E. (1996), Ruins of development, Montréal, Ecosociété.
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This broader concept, which is applies, as apriority, to developing countries, makes it possible
to integrate certain dimensions that are not used by Townsend (1979) in the assessment of
poverty, such as culture, beliefs and social capital. The second trend derives from the works of
Amartya Sen(1980) on the capabilities approach, and which served as the basis for the
elaboration by the UNDP of concepts of human development and human poverty. In this case,
poverty is defined as a shortfall or dificiency in terms of basic capabilities likely to make it
possible for a person to reach what Sen has called fulfilment or achievements. Amartya Sen’s
am is tp question the relevance of the « income» variable in the assessment of poverty. This
crtitical examination holds true for all the different measures which , sharing this vision,
perceive poverty in terms of weak or low income.

3. SITUATED POVERTY

In order to better understand situations like that of deprivation, we A fin de mieux cerner des
situations comme celle de la privation, we started with the following questions. Can we limit
ourselves to the standard market model to understand the underlying nature of poverty? Several
times, the determinism of Bretton-Wood’s strategies of institutions met with the complexity of
the studied fields and facts, a fact which translates into wide poverty in the poorest countires of
the globe. Suffice it to remember that Amartya Sen’s works confirm the reductionism of the
utilitarian idea of the market as to the way of dealing of the nature and causes of the prosperity
of nations. Initially, all development policies had as slogan the following slogan: « « in the
name of combatting poverty as sologan»®. For Hassan Zaoual, poverty is understood in a
simplistic way. For experts of Breton-Woods’ institutions, the concern is a simple « economic
category» that can be calculated from the « income» parameter ». However, in an investigation
we conducted in the region of Sefrou (Morocco), we came up with the conclusion that poverty
is multidimensional by its very nature. The assessment and analysis of poverty requires
adaptation to the diversity of the studied individuals and populations. This is incidentally the
reason why we have introduced the concept of « situated poverty». Amartya Sen paid special
attention to the principle of diversity, as is clear from its recurrence in his arguments. He began
his work « Rethinking Inequality» by the following formula: « Human beings are different fro
each other. We are distinguished from each other by charcteristics that are not only external
(inherited wealth, the natural and social environment where we live), but also personal (age,
gender, vulnerability to diseases, physical and intellectual aptitudes). To determine what
equality requires, it is necessary to take into account this human diversity»’. The remarks of
Ibn Khaldoun, « the father of history», clarify this point. This great historian of the 14th century,
through a comparative analysis between the eating habits of the populations of Hijaz ( Saoudi
Arabia) and those of Shanhajas, veiled people of the South of the Maghreb, puts forward that
hamine is a blessing for the life of the former so much from the physical as on the mental point
of view.According to Majid Rahnema « In general, Ibn Khaldoun argues, people who lack
grains and condiments and live in the desertsare in better health than the inhabitants of the
plains and heights who lead an easy life : their complexions are purer, their bodies helthier,
their huamn types better porportioned and more beautiful, their behaviournot disporportionate,
their faculties more receptive and more perpicacious in knowledge. It is a remark that has been
confirmed for generations»®. This justifies the point of of view of the sitologi approach to
poverty, according to which, poverty cannot come down to a general and universal formula
where only the « income» variable”intervenes, to be later interpretaed as a sign of deprivation.
It is the individual’s life and environment that should be taken into consideration.

6 ZAOUAL H. (2000), « La pensée économique plurielle : une révolution scientifique en marche» , Séminaire de culture de
développement, DEA Changement social, Université des Sciences et Technologies de Lille.

"SEN A. (2000), Repenser I'inégalité, Paris, Seuil.

8 RAHNEMA M. (1991), La pauvreté globale: Une invention qui s'en prend aux pauvres, Revue Interculture, Volume XXIV,
N°.2.
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Itis, therefore, necessary to adapt economic analysis of poverty to the context of each location.
According to its « soft relativism» principle, the situated poverty approach states that each
location or site, while open to changes, exhibits peculiarities that impregnate people’s
individual and collective behavior within a given location.. « Development policies made
numerous « site errors» in so far as they tend to be dropped on from the summit to the base
instead of favouring listening to and free participation of concerned populations »°. The 2010
world report on human development stresses that: « the sectors of media, information and
leisure, which, thanks to theirconsiderable means, ar epresent worldwide, can powerfully help
eradicate or, at least, reduce poverty.They shape not only information, but also new culture
and values. We need values that tolerate cultural diviersity and respect dignity of the poor so
as to reinforce their solidarity and mobilize individuals and communities, companies and others
against poverty»°, It equally stipulates that « Well-focused strategies are necessaryso that the
growth model could beneficial for the poor and so that generated resourcese could be invested
in human potentials. Growth is not enough.La croissance ne suffit pas. On its own, it can be
without regards (the losers find themselves in grinding poverty), without jobs (almost no job is
created), swithout participation (individuals are not associated to decision-making processes),
with no future (the environment of future generations is destroyed) and without roots (history
and cultural traditions die out ». Like Amartya Sen, Hassan Zaoual assumes that it is necessary
that the poor have an area of freedom so that they can better act, since the crowding out (I’effet
d’éviction) will sooner or later end up recuring in the form of non participation which is
detrimental to economic performance and local accummulation of skills through economic
projects meant to respond to the causes of poverty. According to the same author, the assumed
skills of « experts » sustain the site stakeholders” unskilfulness. The poor , thus, are not citizens,
but rather customers of instituions and social security. The latter use their expertise without
solving the problems that justify their existence. Therefore, there is a new tendency based on
the awareness of the role that local cultures and beliefs can play in combatting poverty, a fact
which proves to be a first step towards a new concept of combatting poverty and which claims
to situated and therefore open on new anthropological and cultural dimensions of the concerned
location. This confirms the contributions of the capabilities for which a better analysis of
deprivationassumes a better understanding of the area and populations studied.

4. CAPABILITIES APPROACH

During the last few years, there has emerged a growing interest in the idea of « capabilities »
introduced by Amartya Sen (1980, 1985, 2000, and 2003). If the Nobel Prize that Sen obtained
in 1998 is a symbolic proof, it is certainly the more and more widespread use of this approach
among researchers and institutions in their understanding of questions related to wellness,
poverty and inequalities that is better evidence for this. The capabilities approach is based on
ethical concerns related to social equity. In fact, at the beginning of his reasoning, Amartya
Sen poses the question of what attribute a society should equalize to achieve social equity.
Starting from a thorough and well-founded criticism to the proposals of the two dominating
ethical approaches at the time, i.e., utilitarianism (Bentham, 1789) and Rawlsian theory of
equity (Rawls, 1971), he suggested a space of functionings and capabilities, such as adequate
assessment of questions related to welfare, poverty and inequalities. Thus, in the field of social
equity, this approach constitutes a new paradigm and a real alternative to utilitarian orthodoxy.
The capabilities approach is an expanded and normative framework for the assessment of issues
related to individuals’ welfare, social arrangements, policy implementation and societal
changes based on individuals’ actual ability to do or to be something and the scope of freedom

9 ZAOUAL. H. (2002), « La pensée économique peut-elle étre flexible », in Granier R. et Robert R (sous la dir.), Culture et
structures économiques. Vers une économie de la diversité ?, Paris, Economica.
10 PNUD (2011), Rapport mondial sur le développement humain 2010, Paris, Economica.
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they enjoy to promote and achieve their objectives. This approach starts from the simple remark
that an individual’s living standard is directly related to the different states and acts they can
accomplish or achieve. Sen makes use of the term “functionings” or achievements to refer to
these states and acts that individuals effectively attain. For Sen, « the thesis is that functionings
are constituents of the person’s existence and that the assessment of their welfare should
necessarily be a judgment of these components »**. The ability to function constitutes all the
real opportunities the individual if offered and represents the various combinations of
functionings (states and actions) that the individual can accomplish. Capability is, therefore, a
set of vectors of functionings which indicate that an individual is free to lead this or that type
of life. Thus, on the conceptual level, the main innovation of the capabilities approach is the
adoption of an expanded informational space, wider than that of the traditional approach, to
deal with a set of normative questions (Farvaque, 2003). As is stressed by Robeyns (2005), the
two focal points of this approach are the focus on the distinctions between means and ends, on
the one hand, and between real freedom (capabilities) and functionings (outcomes), on the
other. Resources are goods and services (commodities), be they mercantile or not, that the
individual has at their disposal, as, for instance, food or a bike. These goods have an
instrumental value rather than an intrinsic or inherent value, for what really matters is the way
we can use them. Also, like Gorman (1956) and Lancaster (1966), Sen (1985a) draws a line
between resources and their characteristics which constitute their desirable properties and
determine the uses to which the good can be put. It is these functionings that constitute the
intrinsic value. A bike enables its owner to move; food does not only make it possible to satisfy
hunger, but also brings the pleasure to eat and to create a social support through the organization
of meals (Sen 1985). Therefore, the characteristics of goods (bike) provide individuals with the
possibility to implement the related functioning (movement). However, Sen (2003, 150) points
out that there is nothing automatic, permanent or inevitable about the relationship between
income (and other resources), on the one hand, and individual achievements and freedoms, on
the other. In fact, owning a good is different from the ability to benefit from its characteristics.
It is not enough to know the quantity of food an individual has to judge the way they are fed.
Sen’s well-known example is that of an individual suffering from a parasitic disease that makes
the digestion of food difficult. This person can suffer from malnutrition, even if they have at
their disposal a quantity of food that would enable an individual without such disease to be well
fed. Thus, information of goods ownership proves insufficient to judge someone’s living
standard or welfare, for it does not take into account of the relationship between goods and
functionings. To be able to take account of such contingent relationship, Sen introduces, at the
heart of his approach, a set of internal and external conversion factors, which determine the
possibility to convert the characteristics of resources into functionings. First of all, such
transformation will be influenced by personal conversion factors related to the individual’s
internal characteristics (physical, intellectual aptitudes, metabolism, etc.). A person suffering
from physical disability will not be able to achieve the characteristic « movement » that the
good has « bike ». In the case of food, metabolism, age, gender, activity level or health
conditions are conditions that will influence the way the individual will indeed convert
resources (food) into functionings (to be well-fed). Besides, age and gender determine specific
needs that income does not take account of (young children, old people, maternity, family
obligations). The other conversion factors are external and highlight the influence of social
characteristics (politics, social norms, power relationships) and environmental characteristics
(climates, infrastructures, public goods) may exert. A countrys social rules and traditions may
constrain women’s behavior, thus reducing all their potential functionings. Likewise, riding a
bike may depend on climatic conditions and usability of a country’s roads, the ability to be
well-fed may depend on drought or flood problems and the ability to be in good health depends

11Sen A. (1999), L'économie est une science morale, Paris, La Découverte.
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on risks of contagious diseases in the region of residence. Therefore, taking account of these
different conversion factors will make it possible to consider interpersonal variations, which
enables individuals with identical resources may have two different living standards. This last
point is particularly important within the framework of the elaboration and assessment of public
policies aiming at reducing poverty (Sen, 2003). In the course of Sen’s reasoning, it is important
to understand the distinction between functioning and capabilities. Functionings are
individuals’ different states and acts. They form what a person, given a set of conversion factors,
can do or be. They can be elementary (i.e., to be well-fed and in good health) or complex, such
as the ability to take part in community life, take a rest, be respected, have self -esteem, etc.
Assessment of welfare, therefore, takes the form of an assessment of functioning vectors (i.e.,
individuals’ valued states and acts). Reference to functionings makes Sen’s approach a direct
and multidimensional one. Indeed, although he considers that an individual’s welfare should
depend deeply on the nature of their existence, that (i.e., accomplished functionings), at the
heart of his approach, he places capabilities rather than functionings. As is highlighted by
Robeyns (2003), while a functioning is an achievement, a capability represents the possibility
of achievement and refers to all potential functionings. Consequently, Sen’s emphasis is not on
what people have or do, but on what they have the choice to do or do not have the choice to do.
Based on all the characteristics of the resources at their disposal and on the conversion factors,
an individual can determine vectors of potential functionings that represent the different
combinations of potential functionings they can achieve. This set represents all the individual’s
capabilities and gives an image of the scope of the choices at their disposal. It, therefore,
precedes all functionings which constitute all the states and acts that an individual achieves.
Moving from the space of capabilities to that of functionings is shown by the individual’s real
choice, which, in turn, depends on the individual’s history as well as on the mechanisms of
preferences; these mechanisms themselves depend on the social context. In Sen’s view,
functionings are more related to living standards, whereas capabilities result in a dimension of
freedom and choice. In fact, capabilities refer to an individual’s real freedom and real
opportunities, and the freedom, in the positive sense of the term, which an individual has to
promote or achieve a functioning they would like to enhance. To illustrate the importance of
the difference between capability and functioning, we can cite the example of two people who
cannot sufficiently provide for their needs in terms of food. However, one is a person suffering
from famine where as the other is a person who has chosen to be on hunger strike as a sign of
protest. Regarding the good “food”, both people realize the functioning of being
“malnourished”, but not through the same path.; while one of them was forced into such a
situation, the other one has made a choice. The notion of choice is not easy to understand. One
finds the same questions asked in works on deprivation an which involve determining whether
choices are forced or deliberate. Based on these considerations, Sen suggests a distinction
between living standard, welfare and « agency». For him, the living standard is the broadest
notion and is connected with information related solely to the individual. The difference
between the living standard and welfare emerges from the possible influence of external sources
on a person’s welfare. Thus, pain (joy) caused by sorrow (happiness) of a relative reduces
(increases) welfare, but does not affect the living standard. Agency is much broader and rests
on the idea that an individual can have objectives and values other than the search of their
personal comfort. An example is a person’s commitment towards the issues of their community
through the participation to anti-globalization protests, being persuaded that this globalization
has harmful effects (Robeyns, 2003). These various concepts constitute the backbone of the
capabilities approach, of which the use, as a framework of thought, is very wide and is confined
to studies of poverty. The capabilities approach to poverty constitutes a way to move from the
analysis of means to the analysis of ends. In this context, Sen (2003, 36) considers that « it is
just to consider poverty as deprivation of the basic capabilities, rather than merely a low of
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income». This definition of poverty refers to a shortfall or deficiency of basic capabilities. The
latter constitute a subset of the set of “capabilities” and refer to the freedom to achieve basic
things that are necessary to survive and to avoid or escape poverty. Thus, while capabilities can
cover a vast and varied field, basic capabilities refer precisely to the real possibility to avoid
poverty. They concern the ability to satisfy minimum and adequate levels of certain crucial
functionings. The identification of these minimum and acceptable levels constitutes the basis
of Sen’s approach to poverty. For Robeyns (2005, 101), basic capabilities are crucial to analyze
poverty and, in more generally, to study the welfare of the majority of the population in a
developing country, whereas in rich countries, welfare focuses rather on capabilities that are
more or less necessary for physical survival. Therefore, from the outset, this definition is
broader than given by...... , but it is more subtle and delicate to make operating. The capabilities
approach is the development paradigm that is underlying the concepts of human development
and poverty introduced by the UNDP (1990, 1997). One of the major changes that this new
paradigm offers is the possibility of analyzing the different questions regarding poor countries
and individuals within a flexible framework, rather than imposing political or other
prescriptions in the name of a rigid neoliberal orthodoxy (Fukuda-Parr, 2003). Within the
framework of this approach, human development is geared towards the expansion of
capabilities, whereas human poverty reduction involves ensuring that individuals who should
have to primary resources have a set of basic capabilities likely to help them achieve these
resources. The main difference between the concepts of human development and human
poverty is that the former focuses on the living conditions of all individuals in society while the
latter lays emphasis on those of poor individuals. Thus, as part of the overall view of human
development, the disadvantages of the poorest people can, in an aggregated level, be made up
for by the gains of the well-to-do ones. The concept of human poverty and poverty indices were
introduced in order to focus on the situation of the most underprivileged people. In this case,
lack of progress in the reduction of disadvantages of people in deprivation cannot be made up
for by the significant progress of the well-to-do. Subsequently, Anand and Sen (1997) consider
that the two approaches are useful for understanding the development process, and that they are
not exchangeable. The human poverty approach was introduced by the UNDP’s 1997 Human
Development Report. This report seeks to focus on the challenges of poverty eradication in the
world with a view towards human development.. For this purpose, it does not simply focus on
poverty, in the monetary sense of the term, but rather on a multidimensional approach to
poverty. (Anand and Sen, 1997). It draws its inspiration, to a large extent, from Sen’s
capabilities approach, as is shown by the introductory phrase of the first chapter of the 1997
Human Development Report., which stipulates that « It is the deprivation lives that people may
lead that poverty can be seen. Poverty implies not only low income or deficiency in elements
necessary to well being, but also denial of and deprivation in opportunities and basic choices
for living a tolerable life”. These choices and opportunities refer to basic capabilities. This
means that, in this approach, poverty is not merely a state of deprivation currently lived by an
individual, but also the absence of real opportunities, due to social constraints or to personal
characteristics, for living a life that they reasons to valorize. Nevertheless, with poverty being
a state that everyone one wishes to avoid, it may be said that its study can disregard this notion
of freedom and focus on the individual’s real functionings. This approach largely exceeds the
physiological model of deprivation, for « capabilities » mean, « to be in good health, have
access to knowledge, have access to resources necessary to have a decent standard of living
and be able to take part in the community’s social life » (PNUD, 2001). From a political point
of view, the objective is, therefore, the « removal of obstacles in what one can do in life,
obstacles such as illiteracy, diseases, insufficient access to resources, or insufficient political
and civic rights » (Fukuda-Parr, 2003).
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Fukuda-Parr (2003) evokes a five-point strategy for development and poverty reduction: (1)
give priority to social development with a spread of opportunities of education and health care.,
(2) economic growth creating resources for multidimensional human development, (3) social
and political reforms in view of establishing a democratic governance to secure all people’s
rights, (4) foster equality in the three preceding points, namely for the poorest people (5) global
political and institutional reforms to create an economic environment where access to markets,
technology and information would be easier for poor countries. Within these diverse
components, one can notice the rise of the concept of empowerment (World bank, 2000 ;
Narayan, 2002) and the increasingly accrued taking into account of questions related to gender
equality. The capabilities approach has led to clear conceptual advances in the field of poverty
studies, both as to the debate on the absolute or relative aspect of poverty and as to its role in
the appearance of the concept of human poverty. These conceptual advances are nevertheless
are confronted with important operationalization problems, which are partly due to the scope
of this approach.

5. OPERATIONALIZATION OF THE CAPABILITIES APPROACH

The great riches and complexity of Sen’s approach are not easy to express empirically, for the
capabilities approach is much more demanding on the informational and methodological level
than on the monetary level of poverty. If for some people, the problems facing this approach
seem to be insuperable, for others they are simply a reflection of the intrinsic and irreducible
complexity of the concepts it makes possible to understand. Such is Chiappero Marinetti’s
(2000) point of view, who stresses that the empirical applications of the capabilities approach
require an adequate space for the evaluation of capabilities (or functioning), a pertinent list of
capabilities and functionings, a set of indicators for each of the dimensions of wellness taken
into account, the way, if necessary, to combine the elementary indicators to obtain an
assessment on each dimension of wellness and the way to add information on the different
dimensions and achieve a comprehensive assessment of wellness. Assessment of capabilities
requires that, on the one hand, valuable items be selected and, on the other hand, the value of
these items be determined (Sen, 2000). In fact, beyond the preceding, there emerges the problem
of the list of elements to consider and their relative importance. This question is related to the
horizontal imprecision of the capabilities approach. Sen’s reference to the different states and
acts, which a person has reasons to valorize suggests that this approach is inherently
multidimensional and refers to a multitude of functionings/ capabilities, which can impact
individuals’ wellness. In the case of the study of poverty, confining oneself to a set of basic
functionings makes it possible to limit their number. However, even at the level of basic
functionings, Sen’s capabilities approach does not provide a list of functionings/ dimensions,
nor does it provide a clearly defined selection method. This question is of paramount
importance and is recursively at the heart of the current debates on the operationalization of this
approach (Robeyns, 2005). Indeed, although Sen’s theory is theoretically attractive, as long as
one does not have clearly defined criteria for the selection of value functionings, one will face
a series of criticisms. In particular, the absence of a list makes Sen’s approach is not fully
specified. Absence of a list makes Sen’s approach not completely specified. For some
researchers, this incompleteness poses a problem. Nussbaum (2003) considers that as long as
Sen has not explicitly determined a list, his approach will lack percussion. Alkire (2001, 2002)
shares the same point of view. She considers that lack of a procedure for the identification of
pertinent capabilities (dimensions) makes the implementation of this approach difficult. These
two authors agree that, in this case, the approach may be not understood and may give free reins
to all sorts of deviations. In fact, without a list or a transparent selection method, numerous
works aligning themselves with this theory may adopt different approaches or steps, which will
lead to more confusion than clarity.
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Other authors leveled stronger criticisms. Townsend (1985, 667), for instance, argues that the
absence of scientific criteria for the selection of dimensions is « scientifically unacceptable ».
For him, « one should consider the question of knowing how capabilities are selected and in
what way they are absolute ». In the same vein, Sugden (1993) raises the following question:
«given the large number of functioning that Sen considers as pertinent, given the scope of
disagreement between reasonable people as to the nature of what is a descent life and given
the unsolved problem of the way in which sets should be assessed, it is natural to raise the
question of knowing the extent to which Sen’s framework of analysis is operational ». In reply
to these criticisms, Sen admitted that it is necessary not only to identify the capabilities and
classify them into the most central ones and the most trivial ones, but also to assess their relative
weight. However, he thinks that any subsequent specification on his part would be
controversial. In fact, while he is not averse to the idea of determining that, in some specific
cases, certain capabilities are more important than others, he refuses to endorse the a
predetermined and definite list of capabilities. The reason for this is that the capabilities
approach is not confined to a sole objective. It was elaborated as abroad framework of thought.
Consequently, Sen believes that each application necessarily depends on its context and it for
this reason that his approach was deliberately incomplete. The selection of capabilities should
therefore be geographically contextualized. Thus, from a methodological point of view, « they
are applications to specific questions, context-sensitive and limited by data, which can give
birth to a pertinent list » (Farvaque, 2003). Besides, the elaboration of the list pertains to a value
judgment that should be explicitly made through a democratic and participative method. It is
not the work of a theorist. It is, therefore, clear that if the malleability of this approach makes
it evasive in the eyes of certain people, Sen considers it as an asset and thinks that this approach
cannot be made more specific without carrying out a universal assessment, which will make it
possible to choose the valuable items and their relative weight. Thus, while this incompleteness
is the point which leaves this approach wide open to the most ferocious criticisms, it is one of
the reasons of its success. If he refuses to give a list of basic functionings, Sen nevertheless lays
tracks that will help understand the scope he intends to give to his approach. These tracks are
in the form of domains that one can take into consideration and the form of two selection
criteria, based on consensus, which will make it possible to select the set of pertinent, basic
capabilities without having recourse to value judgments.

6. CONCLUSION

In spite of incompleteness that Ammatya Sen’s approach exhibits, it should be nevertheless
admitted that anypoverty reduction policy that does not take into consideration the capabilities
of individuals or groups of population increasesdeprivation. In other words, any person’s
emancipation and « well being» depends on their capability to change their situation. Increase
in income does not automatically lead to the improvment of« well being» when the individual
as well as their environment are not able to develop relying on their endogeneous capabilities.
Therefore, the problem lies in the inadequacy and not the lowness of income. Having an adequat
income does not mean having an income that is inferior to a poverty threshold set from outside.
Instead, it is having an income lower to what a person should have to ensure a specific level of
capability. This means that, to analyse poverty, one should not confine oneself to data on
income 12; it is necessary to pay particular attention to the diversity of environments and social
phonemena. According to Sen, « Ana analysis of poverty based solely on income will only say
half the truth».

12 Instead of measuring poverty based on income, Sen suggests calculating one can achieve with this income, while taking into
account the fact that these achievements can vary from one individual to another and from one place to another. Otherwise,
how can we explain that there exist poverty pockets inside middle classes in rich countries?
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ABSTRACT

This article explores the factors influencing the strategic decisions of Moroccan companies to
locate in sub-Saharan Africa, focusing on the following variables: political stability, the threat
of Jihadists and domestic stability. The article begins by discussing the evolution of the
definition of decision making, highlighting its importance in the context of international
business. It identifies three types of decision, namely strategic, tactical and operational, and
explains how strategic decision-making is crucial for the future of the company. The research
model is based on J.H. Dunning's ESP (Environment, System and Policies) paradigm, which
examines the country-specific advantages that make it possible to choose a host country for
investment. This article proposes to add the following variables that are linked to the reality of
sub-Saharan Africa: political stability, the threat of Jihadists and domestic stability. The
empirical results of the questionnaire study show a positive, but not statistically significant,
correlation between these variables and implementation decisions. This underlines the
importance of further research to better understand the strategic decision-making process in
this complex context.

Keywords: Africa, Decision-Making, Internationalisation, Modelling

1. INTRODUCTION

In recent years, Moroccan companies have increasingly expanded their operations in sub-
Saharan Africa. This expansion is mainly driven by the economic diplomacy encouraged by the
Moroccan government and the country's strategic position as a gateway to sub-Saharan Africa
(Africa Intelligence, 2021). Some of the sectors in which Moroccan companies are active in
sub-Saharan Africa include banking, telecommunications, energy and infrastructure (Oxford
Business Group, 2021). Moroccan companies are also investing in local production facilities in
areas such as fertilisers and pharmaceuticals in sub-Saharan Africa to capitalise on the region's
growing consumer market (Jeune Afrique, 2021). However, Moroccan companies face certain
challenges when it comes to investing in business in sub-Saharan Africa, such as language
barriers, cultural differences and political instability in some countries (Financial Times, 2021).
Despite these challenges, Moroccan companies still see sub-Saharan Africa as a key market for
their growth and expansion plans (Reuters, 2021). As a result, the strategic decision-making
process of an international company can vary considerably depending on a number of factors,
including the type of company, the business sector, the corporate culture and the economic
environment. Multinational companies tend to have more complex decision-making structures
involving management teams and boards with members from different countries and cultures.
In contrast, smaller companies tend to have simpler, more centralised decision-making
structures that allow decisions to be taken more quickly and efficiently. In addition,
international companies entering emerging markets may face additional challenges related to
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regulation, culture and infrastructure, which may affect their decision-making processes. In the
same vein, the internationalisation of Moroccan companies in sub-Saharan Africa is affected to
a large extent by political stability, domestic stability and the threat of terrorism in these host
countries. Ultimately, each company must be able to adapt its decision-making processes to its
environment and strategic objectives if it is to succeed in international markets. At the heart of
contemporary academic and economic issues lies the complexity of strategic decisions by
Moroccan companies to expand in sub-Saharan Africa. This research topic seeks to explore the
following fundamental question: What is the impact of political stability and the threat of
jihadists on the strategic decision-making process of Moroccan companies seeking to
internationalise in Sub-Saharan Africa? Moroccan companies face many challenges and
opportunities in an ever-changing geopolitical, economic and cultural environment. The aim of
this article is therefore to dissect the economic, political, social and cultural factors that guide
the strategic choices of these companies in the sub-Saharan region. To answer this question, we
will dissect the concept of strategic decision-making, then we will present an overview of the
different challenges faced by Moroccan companies when choosing an African country for
development. We will then develop a model that presents the proposed variables and their
impact on the strategic decision-making process.

2. REVIEW OF LITERATURE
2.1. Conceptual analysis of strategic decision-making
The definition of the concept of decision making has given rise to debate among several
researchers and managers in the field, initially decision making could be defined as "the act of
a decision maker choosing between a variety of options that have the potential to provide a
satisfactory solution to a given problem. The concept of decision-making has evolved over time,
as decision-making procedures have changed and become more complex, particularly for
multinational companies with more or less complex information loops. In the classical sense of
the term, decision-making is analogous to the behaviour of an individual (who has the power
to decide) who takes actions that benefit the creation and distribution of the company's wealth
on the basis of a set of information at his disposal. In more modern approaches, decision-making
is more akin to "a process of progressive commitment in relation to others, characterised by the
recognition that there are multiple paths to identical and unique objectives” (L. Sfez, 1992).
The classification of decisions in practice can take several forms, namely classification
according to the timeframe of the decision, the type of decision itself or the nature of the
decision variables. In this article, we will focus on classification according to the nature of the
decision and the nature of the decision variables. The typology based on the nature of the
decision is borrowed from Igor ANSOFF (1999), who distinguishes three main types of
decision:

e Strategic decision: a fundamental, essential decision that affects the company's future in the
medium and long term. This type of decision is the responsibility of General Management
or the Board of Directors.

e Operational decisions: decisions taken at the bottom of the pyramid, in particular to ensure
the company's current and ongoing operations. Operational or "routine” decisions do not
pose any particular difficulties.

e Tactical decisions: Decisions taken at the intermediate level of the hierarchy. Decisions at
this level are management decisions that ensure that short- and medium-term strategic
decisions are implemented.

In fact, the strategic decision-making process refers to a sequence of actions and dynamics that

begins with the identification of an action stimulus and ends with a commitment to a specific
action (Mintzberg, 1976).
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The process concerns the way in which decisions are effectively linked to the business,
validated and implemented. Strategic decision-making focuses on the strategic decision itself
and the relationship between specific decisions and performance outcomes, while the strategic
decision-making process focuses on the actions that support the strategy. It is a single function
directly linked to the achievement of objectives and the identification of key decision areas or
sub-systems (Mullins, 2007). It is a management approach that focuses on management
decisions and how organisations process and use information to achieve desired objectives. The
strategic decision-making process consists of identifying problems and/or opportunities and
then resolving them. This includes the efforts before and after the actual choice (Mintzberg,
2007), i.e. from decision making through to implementation, evaluation and monitoring. It can
also be defined as the mental process that leads to the selection of a specific course of action
that best solves a given problem. The process involves identifying the problem and defining
exactly what needs to be decided. These may be opportunities and/or threats facing the
organisation. Once identified, various possible alternatives to the problem are established.
Evaluate the advantages and disadvantages of these options and choose the best
alternative/choice for the problem in question. Decision-making is considered a fundamental
part of the management process and is different in every organisation. The institutionalisation
of decision-making can be seen as the co-ordination of strategy and organisational structure, so
that the implementation of decisions must be based on organisational structure, culture,
management support, processes and policies. The choice of organisational structure brings
together and coordinates different activities, including decision-making. Corporate culture
refers to a set of common values, attitudes and beliefs shared by the members of an organisation
and also affects the way decisions are made. It covers the usual way of doing things and gives
employees an idea of how to behave and act in certain situations (Heller and Hindle, 1998).
Policies are almost permanent guides to action. They establish the decision-making criteria for
selecting the best alternative and thus serve as a tool for implementing strategies (Muller-Christ,
2011). They define limits, constraints and boundaries on the actions that can be taken at a given
time. In addition, strategic decisions can be influenced by various factors, which can be
summarised as follows:

Figure following on the next page
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Figure 1: Factors influencing strategic decision-making.
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It should be noted that in a well-established political model, the strategic decision-making
process is divided into two main stages. The first phase is called the "initiation phase" and
focuses primarily on the consideration of proposals put forward by an individual or group of
individuals. In making this recommendation, the author commits his or her reputation and
solicits the reaction of another decision-maker. The second stage is called the “critical review
stage" and is usually associated with the hierarchical position of the recipient, who can decide
to accept, reject or send back for reassessment. The relationships between these different
elements of political decision-making models largely define power relations. This sequence of
phases shows the knock-on effect that exists between the test movement and the active
movement. Instead, the movement of the locomotive provokes a test movement. Each decision-
making process will end after a different number of stages. In fact, if the first evaluation step
produces a positive or negative response, then the process is complete. On the other hand, if
this step takes the decision back to an earlier stage, one or more additional sets of evaluation
and action steps will be required. Generally speaking, the decision-making process within
multinational companies is not a purely intellectual phenomenon; rather, it is intrinsically linked
to the day-to-day political realities of the organisation. Unless these situations are motivated by
a deliberate scapegoating of multinationals (which is malicious), or by a misunderstanding of
reality that leads to an overestimation of the power of reason. A theory of the political behaviour
of decision-makers can help to avoid such errors. There are two possible situations in process
management. The first is total delegation to the subsidiary, which takes decisions
autonomously, but always within the framework of policies previously drawn up jointly or on
matters of lesser importance to the parent company. The second scenario involves cooperation
between the parent company and the subsidiary in the decision-making process, where there
may be a degree of decentralisation but does not completely exclude the parent company.
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It is therefore necessary to stop using terms such as "decentralised decision-making" or
"decentralised decision-making™ in business terms, as they create confusion between decisions
and the processes that lead to them. In multinational companies, some types of decision-making
process are delegated, while other types of decision-making are subject to joint processes.
However, it is never just one or the other, but always a combination of the two, the nature of
which varies from company to company and over time. Outside multinational companies, the
idea of independent decision-making at head office should be abandoned. In fact, it cannot,
because it depends on a process that brings in the opinions, feelings, intuitions and
commitments of foreign directors. This situation is not fundamentally different for the strategic
decision-making process carried out in the multinational's home country, where senior
management solicits the expertise of its employees according to the questions posed. But his
experience and understanding of the head office environment, as well as its geographical
proximity, gave him a clearer idea of the direction he needed to take. At this level, it should be
remembered that strategic decisions are crucial in determining the future of a company's
internationalisation, and that this decision can be influenced by multiple factors.

2.2. Literature review on the specific challenges facing Moroccan companies in sub-

Saharan Africa

The internationalisation of Moroccan companies in sub-Saharan Africa faces a number of

challenges that affect their positioning. In this article, we summarise the main challenges facing

Moroccan companies in sub-Saharan Africa.

o Political instability and the threat of jihadists:
The political situation across the continent reveals the existence of inadequate political
structures. In fact, the shortcomings of the African political structure manifest themselves
in two main ways: firstly, certain forms of state are incompatible with African social
characteristics; secondly, the state apparatus, although founded in theory on the principle of
popular (or state) sovereignty, is in reality monopolised by the ruling elite. This situation
often entails the risk of authoritarian tendencies, triggering protests from national forces
and the international community (Pierre Francois GONIDEC, 1996). From a religious point
of view, there is a broad consensus around the world that there is a close link between Islam
and violence. Unfortunately, sub-Saharan Africa finds itself at the centre of this perception
due to the rise of radical Islamism and jihadism, particularly in the Sahara-Sahel region.
This situation creates a climate of insecurity and threatens the stability of the countries in
the region.

e Logistical and financial constraints
Trade in sub-Saharan Africa is hampered by a lack of transport and logistics infrastructure,
which severely hampers development. Moroccan companies face high logistics costs, which
affect their competitiveness. In an increasingly globalised world, small changes in these
costs can have major consequences in today's fiercely competitive environment. Global
logistics companies are making profits by focusing on punctuality, product quality
throughout the chain and competitive pricing. According to a Mazars survey of 200
companies, including start-ups, SMEs, VSEs and large groups, 92% of them intend to invest
in or export to sub-Saharan Africa in 2018. However, 89% feel that they do not have
adequate knowledge of the financial products offered by financial institutions, and 60% find
it difficult to obtain the necessary financing for projects in Africa, which is a major obstacle
(Othman FAHIM, 2017). As far as financing is concerned, only 39% of companies opt for
bank loans, while 26% choose private equity. Private equity funds are interested in Africa,
offering investment amounts ranging from 200,000 to 500,000 Moroccan dirhams, with
investment maturity periods ranging from 5 to 8 years. However, they are facing a lack of
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suitable projects, which highlights the need to align the financing offer more closely with
market needs (Khadija MASMOUDI, 2017).

e Human capital constraints
Moroccan companies in sub-Saharan Africa face a problem of qualified human capital,
which increases the costs associated with training and integration within Moroccan
companies that are going global.

e European and Chinese competition
The global economy is characterised by intense competition to expand into new markets.
Developed countries have suffered from economic stagnation due to factors such as the
financial crisis, an ageing population and recession, while emerging countries are
experiencing strong economic growth and the opening up of new markets is of great
strategic importance. Against this backdrop, Africa's growing consumer potential has
attracted the interest of emerging countries such as China, Russia and India. This represents
a real challenge for Moroccan companies seeking to strengthen their position on the
continent.

These challenges remain obstacles for Moroccan companies in implementing the various
existing strategic decisions. This suggests that the parameters of decision-making in sub-
Saharan Africa need to be fully explored.

2.3. The ESP paradigm (Environment, System and Policies) or the specific advantages of
countries

The researcher J.H. Dunning (1980) divided the specific advantages of a country into three
main categories according to the ESP paradigm: environment, system and policy. This
paradigm proposes a simple model in which companies make strategic choices (foreign direct
investment, licensing or exporting) to enter foreign markets according to three models.
Companies need to combine all three approaches to make decisions about establishing a
presence in foreign markets. The first category (‘environment’) is economic and involves the
quantity and quality of the factors of production available, the size of the market, transport,
distance and communication, distribution networks and relations with local networks such as
banks and government agencies. The second ('System') looks at social and cultural elements
such as attitudes towards foreigners, language, culture, etc. The last category (‘Policy’) concerns
the country's government policies. According to this model, the choice of location in a region
depends on a comparison of the costs of each component. The following presentation
summarises the content of each component:

Figure following on the next page
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Figure 2: Components of the ESP paradigm
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The ESP paradigm presents essential elements for implementing an internationalisation
decision by taking the three dimensions into consideration. However, this paradigm has not
taken into account characteristics that are essentially linked to the continent. For example, the
African continent is characterised by great political instability and a strong threat of terrorism,
which has a negative impact on the perception of domestic stability in these countries, and
subsequently on the strategic decision to set up in these countries. At this stage, we propose to
analyse these variables (political stability, threat of jihadists) in order to propose them as a
complement to the paradigm specific to the African continent.

2.4. Internal stability

Domestic stability is closely linked to citizens' confidence in political and government
institutions. When citizens perceive a high level of security and stability in their country, they
tend to have more confidence in leaders and to support public policies. Research by Treisman
(2010) and others has shown that domestic stability is an important indicator of citizens' trust
in government. Increased trust encourages citizen participation, strengthens the legitimacy of
institutions and contributes to overall political stability .

2.5. Research framework

The previous chapters have dealt with the different parameters of strategic decision-making
when choosing countries in which to invest. We have also discussed the main challenges facing
Moroccan companies in sub-Saharan Africa. The main objective of any company seeking to
internationalise is to make a successful strategic decision by choosing a suitable host country.
In addition to the variables used by the ESP paradigm, we will attempt to add two main variables
considered to be very important in order to adapt it to the reality of sub-Saharan African
countries, namely: the country's political stability and the threat of jihadists.

Figure following on the next page

25



103" International Scientific Conference on Economic and Social Development —
"Digital entrepreneurship in the context of the UN Sustainable Development Goals" - Varazdin, 21-22 November, 2023

Figure 3: The proposed conceptual model.
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2.6. Research hypotheses and methodology
Based on the various theoretical arguments above, the article attempts to test the following
hypotheses:
o Key hypothesis: Political stability and the threat of jihadism have a significant impact on
strategic decisions by Moroccan companies to set up operations in sub-Saharan Africa.
e Sub-hypotheses :
- H1: The jihadist threat is having a negative impact on the internal stability of sub-
Saharan African countries.
- H2: The political stability of a host country has a significant impact on its internal
stability.
- H3: Domestic stability has a significant impact on the decision of Moroccan companies
to internationalise in sub-Saharan African countries.

2.7. Background and methodological approach

The internationalisation of Moroccan companies in sub-Saharan Africa faces a number of
challenges that influence the decision-making process. These challenges are often linked to
political stability and threats from terrorist groups. Morocco is constantly striving to improve
its selection of investment host countries in order to make appropriate strategic decisions.

3. RESEARCH METHODOLOGY

The data for this research was collected using a survey questionnaire. The method used allows
the researcher to validate the proposed model using quantitative data and to obtain in-depth
information on the relationship between political stability, the threat of Jihadists and domestic
stability on the strategic decision-making process of Moroccan companies seeking to expand
in Sub-Saharan Africa. Below is a detailed description of the methods and procedures used in
the current research.

3.1. Survey questionnaire

In order to empirically test the relationship between political stability, the threat of jihadists and
domestic stability on the strategic decision-making process of Moroccan companies seeking to
expand in Sub-Saharan Africa, a questionnaire was developed and tested. The questionnaire
was administered to a wide range of managers from Moroccan companies operating in Sub-
Saharan Africa. The questionnaire consists of three parts: (1) general information on the sample,
such as gender, company, managerial position (2) 06 questions on the variable - Political

26



103" International Scientific Conference on Economic and Social Development —
"Digital entrepreneurship in the context of the UN Sustainable Development Goals" - Varazdin, 21-22 November, 2023

Stability (3) 04 questions on the variables - Threat from Jihadists. In order to increase the
reliability of the responses, the researcher visited each company personally to meet the
managers and ask them to complete the questionnaire in his presence. The managers were asked
to indicate their responses to each item on a five-point Likert scale, with 1 meaning "disagree"
and 5 meaning "strongly agree". The questionnaire was distributed to 35 companies, each
receiving two copies.

Table 1: Survey response rate

Number of visited companies | 42
Total responses 25
Unsuable responses 03
Final usable respenses 22
Useable responses rate (%) 88

4. RESULTS AND DISCUSSIONS

The study hypotheses (HO, HO1 and HO3) were tested using multiple regression analysis. To
ensure the generalisability of the results of the regression models, the assumptions underlying
the regression analyses were examined. In the residual analysis, it was found that there were no
violations of the assumptions regarding linearity, homoscedasticity, normality and
independence of the error terms. Cronbach's alpha (o) of the study model was determined to be
0.821, indicating that the test of reliability and consistency was satisfactory, exceeding the
threshold of 70 per cent generally considered acceptable (Sekaran, 2003).

Table 2: Multiple Regression Analysis and VIF test

Non-
Non-standardised | standardised
Variables coefficient coefficient T test Sig. R?
p
B Standard
error
Political stability ~ ,005 ,146 ,009 ,037 971 ,665"
Jihadist threat 338,215 ,564 1,570 ,134 465"
Internal stability 343 244 ,389 1,406 177 475"
Decidingtosetup  ,276 ,335 ,300 822 422 602"
in Sub-Saharan
Africa
Table 3: Total variance explained
Initial eigenvalues Sums extracted from the load square
Cumulati

Component Total of variance ve Total of variance Cumulative

1 3,115 62,308 62,308 3,115 62,308 62,308

2 1,020 20,397 82,705 1,020 20,397 82,705

3 ,498 9,952 92,657

4 ,290 5,805 98,462

5 ,077 1,538 100,000

Extraction method: Principal component analysis.

27



103" International Scientific Conference on Economic and Social Development —
"Digital entrepreneurship in the context of the UN Sustainable Development Goals" - Varazdin, 21-22 November, 2023

Using the non-standardised coefficients, standard errors, T-tests, p-values and coefficients of
determination (R2) provided in the table, here is an analysis and interpretation of the results:

e Assumption 1 - Political stability :
The non-standardised coefficient (B) of 0.005 indicates a positive relationship between
political stability and the decision to move to sub-Saharan Africa. However, the T-test of
0.009 and the associated p-value of 0.971 indicate that this relationship is not statistically
significant. This means that there is insufficient evidence to support the hypothesis that
political stability influences the decision to relocate to sub-Saharan Africa. The coefficient
of determination (R?) of 0.665 suggests that political stability explains approximately 66.5%
of the observed variation in settlement decision-making, but this relationship is not
statistically significant.

e Hypothesis 2 - Threat from Jihadists:
The non-standardised coefficient () of 0.338 indicates a positive relationship between the
threat of jihadists and the decision to move to sub-Saharan Africa. However, the T-test of
0.564 and the associated p-value of 0.134 indicate that this relationship is not statistically
significant. This means that there is insufficient evidence to support the hypothesis that the
threat of jihadists influences the decision to relocate to sub-Saharan Africa. The coefficient
of determination (R?) of 0.465 suggests that the threat of jihadists explains around 46.5%
of the observed variation in settlement decision making, but this relationship is not
statistically significant.

e Assumption 3 - Internal stability :
The non-standardised coefficient (B) of 0.343 indicates a positive relationship between
domestic stability and the decision to move to sub-Saharan Africa. However, the T-test of
0.389 and the associated p-value of 0.177 indicate that this relationship is not statistically
significant. This means that there is insufficient evidence to support the hypothesis that
domestic stability influences the decision to move to Sub-Saharan Africa. The coefficient
of determination (R?) of 0.475 suggests that domestic stability explains approximately
47.5% of the observed variation in settlement decision making, but this relationship is not
statistically significant.

5. GENERAL CONCLUSION

The results of this analysis suggest that the variables studied (political stability, threat from
jihadists and domestic stability) have some positive correlation with the decision to move to
sub-Saharan Africa. However, none of these relationships is statistically significant, meaning
that there is insufficient evidence to state conclusively that these variables influence the
decision to relocate. It is important to note that the mathematical model used in this analysis is
a multiple regression, which examines the relationships between several independent variables
and one dependent variable. Based on this analysis, we can confirm the following model:

IDEij, = al STPij + 1 MDJj, + B2 STIi, +uij

With:

IDEij : Moroccan companies' decision to invest in Sub-Saharan Africa.

al STPij: The level of political stability in the Sub-Saharan African host country.
B1 MDJ,: The level of the jihadist threat in the host country in Sub-Saharan Africa.
B2 STI,: The level of political stability in the host country in Sub-Saharan Africa.
uij: other decision-making factors.
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6. RESEARCH PROSPECTS

There is a dearth of studies on the factors specific to sub-Saharan Africa that influence the
decision to choose the host country and a dearth of studies on political stability and terrorism
in this continent to help Moroccan business decision-makers. Consequently, it is necessary to
study the following areas: the relationship between political stability and the choice of host
countries, decision-making style and the choice of host country, terrorism and the development
capacity of Moroccan businesses in sub-Saharan Africa.
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ABSTRACT

The paper, a product of cooperation between a student-graduate and professor-tutor, consists
of: a historical review of events, an individual analysis of six web portals, and a comparative
analysis. The paper aims to show the continuity of the conflict and the interest of Internet
portals in the topic, the periods in which the interest is most expressed in parallel with the
development of the conflict. The analysis of Internet portals determines the tendency to create
digital content according to the audience's interest. The intensity of mass production of news is
consistent with the period of armed conflict. The truce between the conflicting parties, although
still a complex period, was not covered by the media with the same intensity. Also, the analysis
of the sources used in the creation of digital content points to the predominance of agencies
and authors who, with a small number of publications on the topic in question, are not
recognizable to the audience. Sources of content indicate the predominance of quantity over
quality. Some internet portals still retain journalists in the field, which indicates that the quality
of the content is maintained. The conducted survey investigated the attitude of public opinion
on the media presentation of the Israeli-Palestinian conflict. The results of the research indicate
a lack of trust among respondents in the truthfulness of information in the media. The results
of the questionnaire are presented graphically.

Keywords: Israel, Palestinian Authority, Gaza Strip, internet portal, digital content analysis

1. INTRODUCTION

The Israeli-Palestinian conflict is the established term for the armed actions carried out between
the State of Israel and the Palestinian Authority, that is, the Palestine Liberation Organization
and later Hamas. The term also includes a series of violent incidents between Israelis and
Palestinians during the ceasefire period. The conflict causes the almost hundred-year-old
question of the division of territories, especially the partition of Palestine. The State of Israel,
which with its legal provisions and political practice tries to direct society towards
understanding the State as Jewish, simultaneously diminishes the social position of every
follower of Islam. Also, by taking away accommodation facilities by demolishing property of
the Palestinians in the West Bank, and with the aim of expanding their own territorial borders
and building accommodation facilities for Jews, the intensity of the conflict deepens. On the
other hand, Hamas, which holds power in the Gaza Strip, uses every opportunity to launch an
armed attack or otherwise cause damage to Israeli territory. The idea of researching the media
representation of the Israeli-Palestinian conflict starts from the selection of the media
themselves, that is, internet portals whose content is available to the interested public at any
time. Internet portals, in addition to providing easy access to information, also have the speed
of sharing information. Publications on internet portals are primarily visual. They consist of
words that create the first impression and create the reader's opinion, so along with the title, the
opening sentence is crucial. Sharing photos with text is accompanying content that serves as
confirmation of the text, which is important when it comes to physical conflict between
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individuals or groups. Even more convincing content than a photo is a video from the scene.
The reader or viewer makes an independent assessment of the content if it has not been
influenced by interest groups. The investigated portals use mostly text, with minimal use of
photos and only a few video contents. The digital content of the web portals, namely: Arab
News, The Guardian, New York Times, Lenta, Index.hr, and Vecernji.hr are analysed. The
analysis is divided into two groups. The first group includes the online portals Arab News, The
Guardian, New York Times and Lenta, while Index.hr and Vecernji.hr belong to the second
group. The analysis includes the number of digital publications related to the Israeli-Palestinian
conflict by month in 2021, according to the events that marked a particular period of Israeli-
Palestinian coexistence, the number of authors who created a small number of digital contents
compared to recognizable authors with whom the audience created trust, and the use of news
agencies as a source of content, then observed differences in the published content of web
portals. For the purposes of the analysis, the search engines of individual internet portals were
used, and by entering keywords and fixing the period from January 1 to December 31, 2021,
content related to the Israeli-Palestinian conflict was selected. By looking into the digital
platform Similarweb, which processes statistical data about individual internet portals, the
ranking of portals on a global and national scale and the number of audiences was analysed. All
the mentioned data were then processed as a group in order to reveal their similarities and
differences.

2. RESEARCH FRAMEWORKS

2.1. Analysis of web portals and their posts regarding the topic

The subject of research into the media presentation of the Israeli-Palestinian conflict is
electronic media, that is, internet portals whose headquarters are located in countries with global
political and economic influence. When choosing the portal, the digital platform Similarweb
was used, the primary activity of which is the statistical presentation of the number of visits to
individual websites and the average duration of the user's visit. Similarweb analyses websites
by measuring traffic data, then evaluates their popularity among users. Namely, the monthly
ranking shows the growth or decline of media consumption by users, which is connected to the
influence of the media. As Internet portals create content intended for a wider audience, the
recorded growth or decline in content consumption provides an insight into the influence that
the medium has on public opinion and on the creation of users' opinions. The New York Times
is an Internet portal based in New York in the United States of America, which territorially
belongs to North America. Arab News is an internet portal that has offices in Japan, France and
Pakistan, but the international edition in English has its main office and headquarters in Riyadh
in the Kingdom of Saudi Arabia, which belongs to the Asian continent. The Guardian is an
internet portal in four editions, British, American, Australian and international, but its main
headquarters is in London, Great Britain, which is part of Europe. All the previous portals
produce content in English when it comes to international editions aimed at a globally interested
audience, while Lenta is an online portal in Russian language and Cyrillic based in Moscow,
Russia, whose digital content is intended for Russian-speaking readers. The research covers
three continents and four internet portals. The importance of the diversity of research subjects
is the discovery of the possibility of comparing the amount of content produced, sources used
or authorship, observing the use of certain expressions and the media's interest in the topic of
the Israeli-Palestinian conflict. The research of Internet portals was conducted during January,
February and March, and includes an overview of the news of an individual portal for the period
from January 1 to December 31, 2021. A total of 1,215 digital news articles created by the
above four internet portals were searched. The digital content of internet portals was searched
using keywords. Each portal differs in its search engine and the options it offers, such as the
possibility of fixing the period in which the content about a particular keyword was created.
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The keywords used include English words given that the internet portals in question are written
in English. The English word "Israel”, in the translation Israel, includes the meaning of the state
of Israel, but the search filter also displays that news that contain the word "Israeli”, which in
Croatian means Israeli, Israelis or Israeli, that is, it includes case changes and declension of the
word in the Croatian language which the English language does not know. Also, the English
word "Palestine”, translated as Palestine, is interpreted by the English language as the word
Palestinian, and the search engine filter of the Internet portal shows results that include words
like "Palestinian”, which means Palestinian, Palestinians or Palestinian. Furthermore, the
research includes the combination of the keywords "Israel Palestine” together, and the words
"West Bank™ and "Gaza Strip", in the Croatian language the areas known as the West Bank and
the Gaza Strip. It was observed that the keywords "Palestinian Self-Government"” do not bring
results, that is, all digital news that talks about the Palestinian Self-Government is simply
searchable using the keyword "Palestine”. Also, when searching for the keyword "Hamas", it
was observed that all digital news also contained the keyword Israel, Palestine, Gaza Strip or,
to a lesser extent, the West Bank, so there was no need for a separate search. The Russian
Internet portal Lenta was searched by entering the words "Israel” and "Palestine” together
(Russian: M3pawminsb, [Tanectun). With the word Palestine, the letter -a was not used, but the
word "Palestine™ was entered into the search engine, so that all posts containing words such as
Palestinian, Palestinian and similar were displayed during the search. In the following text, the
results derived from the research on a particular portal will be presented, and then the
comparative conclusions will be presented.

2.1.1. Analysis of four web portals: Arab News, Guardian, Lenta, and New York Times

During the conducted research, which covers the period between January 1 and December 31,
2021, 1,215 digital publications of four Internet portals were studied. The content of the digital
posts is related to the Israeli-Palestinian conflict. In the international edition, Arab News
published a total of 596 news related to the Israeli-Palestinian conflict, the most compared to
the remaining three Internet portals. The Guardian produced and published a total of 269 news
items in 2021 related to the Israeli-Palestinian conflict. The New York Times internet portal
follows with 198 digital announcements, while the Russian internet portal Lenta published 136
digital news in 2021. Considering the events of May 2021, when the eyes of the global public
were focused on the conflict between the State of Israel and Hamas operating in the Gaza Strip,
Internet portals actively reported on the events. The research found that regardless of the annual
number of published digital news, the number of publications in May is the same, ranging from
105 to 177 publications per portal. In May, Arab News published the most, a total of 177 news
stories about the ongoing Israeli-Palestinian conflict, which accounts for 30% of the annual
number of publications on the mentioned topic. The online portal The Guardian published a
total of 57% of the total annual digital content in May, while the New York Times followed
with 53% of the digital content published in May, compared to the entire year 2021. The Internet
portal Lenta published 113 of the totals of 136 digital publications in 2021 in May, which makes
up 83% of the annual content on the topic in question. The internet portal that is the least
motivated by the thesis that digital content is created mostly during certain events of interest to
the public is Arab News. A total of 30% of digital content was released in May when the Israeli-
Palestinian conflict was at its peak in 2021, while the remaining 70% was spread throughout
the year. But it is important to consider that Arab News is an internet portal that primarily
produces news for the audience of the Middle East, which is followed by the issue of stability
in the region. Internet portals The Guardian and New York Times through May 2021 produced
more than 50% of the total content related to the topic of the Israeli-Palestinian conflict
compared to the entire year, which indicates a preference for content production during periods
of increased public interest and average interest during periods of less significant incidents.
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Lenta is an internet portal that, with 83% of the content produced in May, compared to the
entire year 2021, leans towards the interest of the public, while during periods of truce it shows
no interest in reporting on current events. The Internet portal The Guardian uses the content of
unrecognizable authors to a 50% greater extent than the content of recognizable authors.
Considering the result of the flow of publications by month, which indicates a tendency to
create content in accordance with the public interest, The Guardian started the path of quantity
and mass production. To a lesser extent, it uses data from news agencies as a source in published
digital content. However, unlike Arab News, which often states the editorial office in its
signature so that the direct source of the information is not exposed, The Guardian does not
tend to sign the editorial office, but the name and surname of the responsible author. The New
York Times follows the results of the online portal The Guardian, giving priority to
unrecognizable authors, while also using known sources. In addition to the quantity, they try to
maintain the trust of the audience through the recognizable names of the authors. In a small
number of digital publications, data from news agencies were used, while the editorial office is
mentioned twice in the signature of the publication. Considering the results of the flow of
publications by month in 2021, the Internet portal Lenta stands out for the expression of interest
in the topic during the period of greatest public interest. But in terms of authorship of digital
publications, it follows the previously mentioned two internet portals. Namely, 60% of digital
content was created by an unrecognizable author in the field of the Israeli-Palestinian conflict,
while 40% is content authored by a recognizable journalist. Therefore, in addition to quantity,
Lenta strives to maintain quality through well-known names that build trust with the audience.
Arab News recorded a decline in views in February, but its readership rose sharply in March
2022. The result indicates a decrease in the audience's interest in the produced content, while
in March there are events that affect society as a whole. The New York Times and Lenta provide
equal results, with slight growth during February and March, and a slight drop in readership in
April. The Guardian is an internet portal that continuously records a decline in readership in
2022. The above graph shows the trend of interest of the general public. Namely, the first
quarter of 2022 records events that have completely interested the public, which is evident by
the increase in readership in March, but interest gradually declines in April. Accordingly, the
media produce news when the audience's interest in a particular topic is the greatest.

2.1.2. Analysis of two Croatian web portals: Vecernji.hr and Index.hr

The subject of research into the media portrayal of the Israeli-Palestinian conflict are two
Internet portals based in the Republic of Croatia, Index.hr and Vecernji.hr. After the analysis
of the individual internet portal, a joint analysis of both portals follows, which determines the
content similarities and differences in the digital publications. The aim of the analysis is to
determine whether internet portals have common points of contact or use the same practices in
the creation of media content and to what extent they are guided by modern news production
standards. When choosing the portal, the Similarweb digital platform was used. During May
2022, the Internet portal Index.hr was first in the national ranking in the News and Media
Publishers category, while Vecernji.hr took fifth place. The research of Internet portals was
conducted during March and April, and includes an overview of the news of each portal for the
period from January 1 to December 31, 2021. A total of 194 digital news articles created by the
two mentioned internet portals were searched. The digital content of the Internet portals was
searched using keywords referring to Israel and the Palestinian Authority. Considering the
declension of words by case, in order to avoid multiple searches for words with the same
meaning, the search for the word "Israel” includes the following words: Israel, Israeli, Israeli,
Israeli, etc. The search for the word "Palestine” includes the following words: Palestine,
Palestinian Authority, Palestinian, Palestinian, Palestinian, etc. Also, the words Gaza Strip and
West Bank were searched to confirm the result of the search word "Palestine™.
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In the period from January 1 to December 31, 2021, the web portal Index.hr published a total
of 129 articles related to the Israeli-Palestinian conflict. The largest number of posts was in
May, a total of 89, or 69% of the total number of posts, when the internet portal actively
followed the development of the conflict in the West Bank and the Gaza Strip. On May 14,
2021, 10 news were published, the most in one day. In its digital publications, the Internet portal
Index.hr concentrates on textual content, first of all on the title that attracts the attention of
readers, along with accompanying visual content such as photos and sometimes videos. Out of
a total of 129 digital publications from the period from January 1 to December 31, 2021, data
for 72 of them was taken from Hina, while in 45 publications the editorial staff signed
independently or in cooperation with Hina. Only in 12 digital publications, i.e. in 9%, the author
is indicated by first and last name. The Internet portal is often used by an agency, instead of its
own journalist staff. The audience does not have the possibility to create a reliable connection
with the source of information, because the authorship of the work is not recognized by the
name of the journalist, but by the name of the agency, the content of which can be independently
studied on its official website or other sources. In the period from January 1 to December 31,
2021, the Internet portal Vecernji.hr published a total of 65 articles related to the Israeli-
Palestinian conflict. The largest number of posts was in May, a total of 53 or 82% of the total
annual number of posts, when the internet portal actively followed the development of the
conflict in the West Bank and the Gaza Strip. On May 12, 2021, seven news were published,
the most in one day. In general, during 2021, digital content covered the topic of the conflict in
the State of Israel and the Palestinian Self-Government, following the course of events and
trying to find the cause of the conflict and the profiteers after its end, and especially about the
interests of individual states in the conflict. Several digital publications were created with the
aim of comparing the Israeli-Palestinian conflict and previous regimes, as well as political
events in the Western Balkans. The title "Sarajevo is for Palestine, Banja Luka with Israel"
(Vitas, 2021) in the continuation of the text says that "German President Frank-Walter
Steinmeier has fiercely condemned the protesters” in Germany, therefore the title has no
connection with the textual content that was taken from the Bild daily article. Three days later,
an article was published that explains the previous title, and that connects the Israeli-Palestinian
conflict with the ongoing one in Bosnia and Herzegovina, where "Bosnhiaks in Sarajevo
projected the Palestinian flag onto the City Hall building [...] The Serbs retaliated by projecting
the Israeli flag on the Bansko building of the court in Banja Luka" (Pavkovic, 2021). During
the coverage of the Israeli-Palestinian conflict during 2021, a double standard was observed in
the terminology used. The Islamist movement and Palestinian militants are the words used to
describe Hamas, while the armed forces of the State of Israel are presented as Israel. So, the
Israeli-Palestinian conflict involves Islamists and militants on the one hand, and Israel on the
other. The uneven representation of the conflicting parties is evident in the opening sentence of
the digital post which indicates that "Military escalation between Hamas and Israel increased
overnight from Tuesday to Wednesday after the Islamist movement Hamas showered the Israeli
metropolis of Tel Aviv with a rain of rockets and the Israeli army retaliated with airstrikes on
The Gaza Strip" (Vecernji list, 2021b). Both sides of the conflict participate in the same conflict,
both sides are responsible for their actions, but the treatment is not evenly distributed, therefore
the intensity of the consequences caused by one side is reduced and the intensity of the
consequences caused by the other side is increased. The audience can create a bond of trust
with the author who created 14 posts, i.e. 22% of the overall content created in 2021, on the
topic of the Israeli-Palestinian conflict. The remaining media releases come from Hina or are
signed by the editorial staff, so there is no recognizable name that the audience trusts.
Information emanating from the agency is easily available through its official website or
through other media. The represented age groups of the audience of the Vecernji.hr portal are
from 25 to 34 years of age in the amount of 23.15% and from 35 to 44 years of age in the
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amount of 24.19%. During the conducted research, a total of 194 digital publications of two
Internet portals were studied, of which 129 digital publications from the Index.hr portal and 65
digital publications from the Vecernji.hr portal. The content of the digital posts is related to the
Israeli-Palestinian conflict. With regard to the events of May 2021, when riots broke out on the
streets of the West Bank and spread to the Gaza Strip between Hamas and the State of Israel,
internet portals actively reported on the course of events. Out of a total of 129 publications on
the Internet portal Index.hr, 89 of them were published in May 2021, which makes up 69% of
the total content. Out of a total of 65 announcements on the Vecernji.hr internet portal, 53 of
them were published in May, which makes up 82% of the total content. The difference of 13%
does not represent a significant disparity of results, considering the amount of published digital
content on an annual level, therefore it is concluded that both portals practice mass production
of news during conflict, while in peacetime they show no interest in following current events.
Both internet portals have a negligible number of digital publications whose authors are not
recognizable experts on the subject of the Israeli-Palestinian conflict, that is, the authors of a
small number of publications. However, both internet portals have a small number of authors
who are recognizable to the audience. Out of a total of 194 posts on both internet portals, only
12% of the content was created by recognizable authors. For Vecernji.hr journalist Hassan
Haidar Diab wrote 14 news items, while for Index.hr journalist Petar Stosi¢ wrote 9 news items
related to the Israeli-Palestinian conflict. Both internet portals use Hina as a source of
information, the content of which can be studied via the official website, and digital publications
are often signed by the editorial staff. At the same time, there is no responsible person, so the
audience has no possibility to create a confidential connection with the source. Index.hr has a
larger audience but also greater oscillations of increase and decrease in attendance. Both
Internet portals recorded growth in March, but in April the number of visits returned to the
initial state from February. It is obvious that the audience's interest grows in March, but in April
there is a saturation of information or a certain topic loses its popularity. Both internet portals
have an audience that continuously follows the published digital content with equal trends in
popularity by month.

3 METHODOLOGY AND RESULTS

3.1. Research: Questionnaire

The questionnaire was conducted in order to investigate the attitude of public opinion on the
media presentation of the Israeli-Palestinian conflict. Filling out the questionnaire is completely
anonymous for respondents. The questionnaire consists of 15 questions divided into two
groups. The first group of questions refers to the expression of the respondent's position on the
truthfulness of information in the reporting of Internet portals and on the importance of
authorship. The second part of the questionnaire consists of questions about the media
presentation of the Israeli-Palestinian conflict.

For the purpose of research, the following hypotheses were established:

e Thefirst hypothesis (H1) is that internet portals massively create content in accordance with
the audience's interest, and in periods marked by incidents, while in peacetime the interest
in content creation declines. By comparing the number of digital posts of all investigated
Internet portals by month, the period of greatest concentration of content is revealed.

e The second hypothesis (H2) is that Internet portals are inclined to the quantity of the content
that they make available to the public, while the quality is secondary.

The conducted questionnaire investigated the attitude of public opinion on the media

presentation of the Israeli-Palestinian conflict, the credibility of the journalistic profession and
the truthfulness of information on Internet portals.
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The survey questionnaire was created using the Google Forms tool. 120 respondents
participated in the research, and due to guaranteed anonymity, no personal data was requested.
The introduction of the survey questionnaire introduces the respondents to the content and
purpose of the research, the voluntary approach to its completion, anonymity and the use of the
results exclusively for the purposes of creating a diploma thesis. The introductory questions of
the conducted survey consist of information on the activity of monitoring the digital content of
Internet portals. 53.3% of respondents follow the content of foreign internet portals only a few
times a month, while 46.7% of the respondents are informed daily or several times a week. The
answer "1 do not follow the content of foreign internet portals” was not offered considering the
frequent transmission of information from foreign news agencies, media houses or the audience
itself. The activity of monitoring Croatian internet portals is diverse. Although respondents are
informed daily or several times a week, 15.8% of them do so several times a month or do not
follow digital content. A total of 97.5% believe of respondents that 50% or more of the content
of internet portals was created under political, financial and social influence, whilst 78.3% of
respondents do not follow the work of a certain journalist, i.e. authorship is not important in
relation to the presented information. The opposite is the result of 21.7% of respondents who
actively follow the work of a particular journalist. Only 5.8% of respondents consider digital
content to be credible, while 20% of respondents believe in the objectivity of Croatian
journalists. Digital content also includes promotional, advertising and so-called PR
announcements. The question about the credibility of Croatian journalists offers answers that
determine their subjectivity and objectivity. A total of 39.2% of respondents do not trust
Croatian journalists, while 41.7% believe that they are subjective. Internet portals often use
news agencies as a source of information, therefore different digital platforms convey
information in a uniform manner. Respondents expressed an attitude of little confidence in the
credibility of digital content, therefore 62.5% of them check information through several
sources, while 37.5% believe that the content is similar in several sources and there is no need
to check the content. An analysis of Croatian internet portals revealed increased reporting
activity on the Israeli-Palestinian conflict during May 2021. Of the 65 digital announcements
of the Vecernji.hr internet portal, 53 of them are from May, i.e. 83%. In May, Index.hr published
89 news items, or 69% of the total annual number of publications. Respondents to the survey
questionnaire did not notice increased activity on Internet portals about the Israeli-Palestinian
conflict. Namely, 47.5% of respondents believe that there was no increased activity, while
43.3% of respondents noticed a partial increase in the number of digital posts. 94.2% of
respondents believe that 50% or more of the published content is not credible. When asked
about the credibility of shared information about the Israeli-Palestinian conflict, the result is the
same, that is, 94.2% of the respondents believe that 50% or more of the content is not credible.
81.1% of respondents do not trust Croatian journalists and consider them subjective, and 97.5%
of respondents believe that digital content is created under external influences. When asked
about the influence of national politics on Croatian journalists when creating content about the
Israeli-Palestinian conflict, 84.2% of respondents believe that 50% or more of journalists are
subjective or influenced. 46.7% of the respondents observed that the use of certain terminology
in reporting reinforces the impression or justifies the actions of one of the conflicting parties,
while the same percentage of respondents observed that sometimes the use of certain
terminology increases or decreases the impression of human and material damage caused. The
respondents expressed the opinion that there was no increased activity in reporting on the
Israeli-Palestinian conflict, that is, that the intensity of reporting depends on the intensity of the
conflict. The result of the question about the accumulation of news by Internet portals during
the armed conflict shows that 40% of the respondents believe that the conflict was moderately
followed, that is, 44.2% of the respondents believe that the conflict was sometimes more
actively followed.
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The remaining 15.8% of respondents noticed increased media activity during the armed
struggle. 91.7% of the respondents believe that the ceasefire is not actively monitored and that
media interest arises while the conflict escalates again through violent incidents. A total of
83.4% of respondents noticed an occasional or frequent sensation in titles that are more
attractive than the rest of the content.

4. CONCLUSIONS

An analysis of six internet portals divided into two groups was carried out. In the first group,
The Guardian, Arab News, Lenta and New York Times were analysed. It was established that
all four portals actively reported on the development of the May conflict. The online portal
Arab News, based in Saudi Arabia, continuously monitored the development of Israeli-
Palestinian relations throughout the year. During May 2021, The Guardian and New York
Times created 50% of the total annual content related to the topic of the Israeli-Palestinian
conflict, while the Russian Internet portal Lenta paid attention to the conflict and almost
completely ignored the truce. However, comparing the results of publicity, it was determined
that Internet portals create content according to the audience's interest. An analysis of the
number of visitors to Internet portals in the first quarter of 2022 determined that audience
activity is highest during a particular event that affects regional or global security. Therefore,
during the May conflict, internet portals created content to meet the needs of the audience. In
the second group are the Croatian internet portals Index.hr and Vecernji.hr, which actively
reported on the course of the May conflict, and are very similar in their results. Digital content
was created every day during the period of greatest reader interest. By comparing the first and
second groups of Internet portals, the difference in the use of sources is determined. While the
first group prefers its own human resources over news agencies, the second group of
investigated Internet portals relies on agencies as a source of information. The result is expected
considering the difference in the size of newsrooms, realized financial income, audience and
their interests. However, according to the research results, the majority of journalists who
created content about the Israeli-Palestinian conflict wrote only one news item on the subject,
which is an indicator of quantity. The hypothesis that internet portals practice quantity is
confirmed, with the occasional publication of content created by specialized staff for the Middle
East. The researched internet portals have in common the mass production of digital content
during the height of the conflict, i.e. during May 2021, thus confirming the hypothesis that
internet portals mass-create news in periods marked by armed incidents. During the state of
truce between the warring parties or with the occurrence of minor incidents, reporting is in a
sharp decline. A double standard has been observed on some internet portals when using the
terminology used to describe the resulting destruction, material damage and human casualties.
Both parties to the conflict are responsible for the damage caused by their actions, therefore
there should be no room for mitigating or reinforcing the impression in media coverage. The
media influence public opinion through the published content. A survey questionnaire was
conducted on a sample of 120 respondents. The result of the questionnaire points to the lack of
trust of respondents in relation to the content of Internet portals. According to our research, a
large percentage of respondents believe that Croatian journalists are significantly biased and
subjective, and that the content of internet portals is created under political and financial
influence. The interviewees noted the inactivity of the media during the Israeli-Palestinian truce
and the increase in media reporting activity after the escalation of violence.
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ABSTRACT

This paper presents the implementation of machine learning for the purpose of analyzing
computer network communication in order to detect potential system attacks. Initially, it was
explained which technologies are used to protect the computer network, and then the intrusion
detection system, which is the goal of this paper, was explained in more detail. Next, different
types of intrusion detection systems are presented and in which of the above, machine learning
methods can be used in order to detect potential attacks through automation. The
implementation of the work was done within the "Python" programming language with the help
of the "scikit-learn™ library, which enables working with machine learning models. The analysis
was done on the KDD Cup 1999 data set. In the aforementioned data set there are 24 different
types of attacks that are divided into four main categories. A supervised type of machine
learning was chosen for implementation, given that the task of the machine model here was to
classify input data, i.e. computer network communication logs. In our use case we have used
five different machine learning models for data processing (Gaussian Naive Bayes, Decision
Tree, Random Forest, Logistic Regression, Gradient Boosting). The obtained data of the model
are presented in graphs for individual indicators of the success of the machine learning model,
while the ranking of the model is made according to a simple point scale. The Random Forest
classification algorithm was the most successful from chosen algorithms for the intrusion
detection using KDD Cup 1999 data set.

Keywords: machine learning, system intrusion detection, system security

1. INTRODUCTION

A few years ago, the accelerated progress in the field of information and communication
technology resulted in an incredible increase in the Internet as a network, as well as the amount
of data transmitted daily through it. In order to secure the aforementioned network traffic, and
all its actors, great importance is attached to research in this area. As stated by (Tarter, 2017),
cyberspace today is secured using various tools such as firewalls, antivirus software and finally
Intrusion Detection System - IDS. The aim of the mentioned tools is to discover the ways in
which unauthorized parties want to access data. Such access attempts are referred to by different
names in the literature, but in the end they are actually data attacks aimed at gaining
unauthorized access.The protection technology that will be dealt with in this paper is the
intrusion detection system - IDS. At the beginning, we will compare the mentioned protection
technologies in order to present a broader picture of where this type of system will be placed
within a computer network. It will then be examined in detail what IDS actually is and what is
the purpose of such a system. Through the review of such systems, it will be shown where
machine learning can be implemented in order to raise IDS to a higher level and provide greater
usefulness in daily operations.
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In order to make it clear what data the IDS uses, the standard network traffic that the IDS
monitors to detect attacks on the system will be displayed, and a set of data will be selected that
will be used to implement it. The practical part of the work will be oriented towards the selection
of publicly available libraries that use machine learning for these purposes, and the details of
the programming language that will enable all this will be presented. At the end, we analyse the
results of our use case, which will show the general indicators of the success of the work of the
IDS and will compare different approaches, that is, machine learning methods in performing
the assigned work through statistical data and graphs.

2. COMPUTER NETWORK PROTECTION TECHNOLOGIES

If we pay attention to our own environment, we see that it is almost impossible not to be
surrounded by some kind of technology. Whether we like it or not, the fact is that human beings
in the urban environment are very dependent on the technology they use for work, for
development, and even for life. Taking the above into account, we see that the technology we
use every day has large amounts of data that say a lot about us as their users. The right
information is very valuable in today's information age, but also in many cases the object of
others' desires. Precisely because of this, as stated by (Liao et al., 2013), there has been a need
for security systems and tools that will enable the monitoring and analysis of network traffic
and device operation of a computer network.

The security of the computer network and computers, as we previously stated, is ensured by
three intermediaries:

o Firewall

e Antivirus program

e Intrusion detection system — IDS

A firewall is a network device that analyzes incoming and outgoing network traffic and decides
whether to let it through or block it. The decision on this depends on the group of security rules
entered into the firewall itself. Depending on the type of firewall and the location of the
implementation, the security rules are defined manually by the user or are predefined by some
organization that supplies its own implementation, such as Windows Firewall by Microsoft.
Accordingly, a firewall can be hardware or software. The operation of antivirus software is
better known as system scanning, which can be carried out automatically over a period of time
or manually at the user's request. When scanning a device that has an antivirus program loaded
on it, there are different predefined actions that the program takes if it finds malware.
Depending on the level of the threat, the antivirus software offers the user the option to remove
files if it is a low-level threat or, on the contrary, removes files that are a high-level threat. As
in all parts of life, mistakes in work are possible, so here too. High-level threats are placed in a
secured area called "quarantine™ and the user ultimately decides whether he knows the specified
object or not and accordingly decides to remove it or leave it on the personal computer. IDS is
a security tool that continuously monitors the device within the computer network on which it
is loaded as well as the network traffic within the computer network to detect any behavior
outside the norm that could violate the default security rules (Ahmad et al., 2021). In case of
such violations of security rules, IDS will notify the authorized persons about the detected
security violation and will generate reports based on it. It is very important to point out that IDS
is actually just a tool that detects the attempt of an unauthorized person to break into the system.
It does not do any prevention and therefore requires either authorized personnel to manage
attacks or a combination with some security devices that perform attack prevention.
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3. INTRUSION DETECTION SYSTEMS

The authors of the NIST report (Scarfone and Mell, 2007) also listed the benefits of using an
intrusion detection system, which additionally describe what tasks such a system should be able
to fulfill:

e The possibility of detecting and punishing an attacker who wanted to access our system
without authorization

System security testing

Detecting attacks just before they happen

Documentation of attacks on our system

Gathering attack details to improve security

The implementation of the intrusion detection system is usually divided into 2 categories:
e Intrusion detection systems by deployment location
e Intrusion detection systems according to the method of intrusion detection

According to the article compiled by (Ahmad et al., 2021), the categorization of intrusion
detection systems according to the place of implementation says that they are systems located
on devices within the network or, on the contrary, systems located on network equipment. To
clarify, the host-based intrusion detection system (HIDS) is a separate entity that monitors the
events of the device itself, without taking into account the rest of the network. On the contrary,
there is an intrusion detection system that is implemented on network equipment (*Network-
based Intrusion Detection System - NIDS") and only cares about communication between
devices, more precisely they check network traffic, as stated by (Ahmad et al., 2021). The
categorization of the intrusion detection system according to the intrusion detection method is
based on the operation mode of the intrusion detection system itself. Namely, as stated by
(Ahmad et al., 2021), intrusion detection systems are divided into:

¢ Intrusion detection systems that work on the principle of comparison

¢ Intrusion detection systems that work on the principle of analysis and prediction

Intrusion detection systems that work on the principle of comparison ("Signature-based
Intrusion Detection System - SIDS™) have already known network patterns and, by comparison,
conclude whether it is an attack or not. Intrusion detection systems that work on the principle
of analysis and prediction ("Anomaly-based Intrusion Detection System - AIDS") use machine
learning methods to analyze the normal operation of a computer network and detect potential
attacks and real attempts to attack the system by unauthorized persons.

4. RELATED WORK

There are many existing works on using machine learning for instrusion detection. Authors
(Mishra et al., 2019) have analyzed using of machine learning techniques for intrusion
detection. Additionaly, they have presented the relevance of a machine learning techniques for
each type of attack. Another review (Liu and Lang, 2019) proposed proposed taxonomic system
as a baseline and explain how to solve key IDS issues with machine learning and deep learning
techniques. Next, (Oreski and Androcec, 2020) have shown how to use hybrid approach by
using genetic algorithm and artificial neural network for network forensic analytics. In their
previous work (Oreski and Androcec, 2018) show how to use hybrid data mining methods for
intrusion detection of internet of things network data. In the work by (da Costa et al., 2019), a
detailed survey on machine learning-based intrusion detection approaches is presented.
Machine learning for intrusion detection in industrial control systems is analyzed in the paper
(Umer et al., 2022).
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An effective supervised machine learning IDS is proposed for detecting 10T attacks with high
detection accuracy, reaching 99.99% and MCC of 99.97%, in the work by (Kayode Saheed et
al., 2022). Another work by (Apruzzese, Pajola and Conti, 2022) presents the cross-evaluation
of machine learning-based network intrusion detection systems.

5. OUR IMPLEMENTED USE CASE

5.1. Used data set

There are many data sets on the Internet made specifically for the intrusion detection purpose,
but for clarity and detailed description of the data set, we have chosen a publicly available data
set called "KDD Cup 1999 Data" (SIGKDD : KDD Cup 1999 : Computer network intrusion
detection, 1999). The said data set already has data structured in a way to be used for these
purposes. Given the scope of this work, not all files that the data set will be used. Only those
that will be used in the implementation will be described. Let's take a look at those files. The
data was taken from the official website called "KDD Cup 1999 Data" (SIGKDD : KDD Cup
1999 : Computer network intrusion detection, 1999).

List of files:

e kddcup.names — list of attributes that the data set has

e kddcup.data.gz — archive of the entire data set together with the classification

e kddcup.data_10_percent.gz —the tenth procent part of the data set archive suitable for model
training

e training_attack_types — list of different attack types

From the official documentation, we learn that in the downloaded data set there are 24 different

types of attacks, which are divided into four main categories:

e DoS (eng. "Denial of Service") - this attack works in such a way as to "flood" the target
network or server with network traffic, thus burdening it and disable further normal
operation of the system The aim of this attack is to disable normal operation for authorized
users.

e R2L (eng. "Remote to Local™) - As the name suggests, the attacker tries to access the local
network from a distance. According to the paper "An Efficient Classifier for U2R, R2L,
DoS Attack™ (Gupta, 2020), it is most often a computer network of an organization that the
attacker is trying to access, so that he can gain unauthorized access to data within the
network.

e U2R ("User to Root™) - in this category of attacks, an authorized user of the system tries to
access root privileges in order to gain a higher level of rights within the computer network.
Most often, the goal of the user is to access data that he does not have access to as an
ordinary user, or in some extreme cases, to delete all the data of an organization or even to
give public access to all Internet users.

e Probing — Unlike the mentioned attack categories, this attack has a slightly different end
goal. This category of attacks serves informational purposes. With different types of attacks,
this category of attacks tries to discover the vulnerabilities of a computer network or server
with which it will be possible to carry out a "DoS" category of attacks.

5.2. Implementation of an intrusion detection system

Implementation of our use case is publicly available at the following GitHub repository:
https://github.com/TheL junder/Sustav-za-oktrivanje-upada--Intrusion-detection-system.  For
the purpose of implementing this work, the programming language "Python™ was chosen. The
most important item that made us choose this programming language is the "scikit-learn"”
library, which allows very easy use of machine learning methods to work on input data sets.
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We have used the following Python libraries: Pandas (in addition to the analysis capabilities,
certain methods for shaping the mentioned data are also supported), NumPy (performing
mathematical operations and numerical operations on data sets), Colorama (formatting, i.e.
changing the color of the output text of the program), scikit-learn (using algorithms and
machine learning models within the "Python" programming language), and Matplotlib (this
library is used to create static, animated and interactive visualizations). The implementation of
the intrusion detection system within the program code consists of the following units:

1)
2)
3)
4)
5)
6)

7)

8)

Program initialization — introduction of the necessary program libraries into the program
and initialization of global variables

Loading datasets — reading data from dataset files

Shaping data sets — preparing data sets for input into a machine learning model
Initialization of input variables of the model - we take the formatted data sets from the
uploaded files and place them in variables for input into the model

Normalization of model input variables - data normalization according to the "MinMax"
scale

Initialization of machine learning model — creation of machine learning model with
different built-in algorithms

Working with machine learning models - training and testing individual machine learning
models, saving data in an MS Excel file and saving data for plotting graphs of statistical
indicators

Plotting and saving graphs — creating graphs of individual statistical indicators and saving
them outside of the program

Of the machine learning methods, we have used the following models: Gaussian Naive Bayes,
Decision Tree, Logistic Regression, and Gradient Boosting.

5.3. Analysis of the results
The performance indicators of the machine learning model are taken from the work of (Ahmad

etal., 2021):

e Precision of the model

e Recall

e Rate of wrong classification of records as an attack (*'false alarm rate")
e Rate of correct classification of normal records ("true negative rate")

e Accuracy of a particular model

e F-measure

Now that we have described individual indicators, let's take a look at what kind of data we got
from the implementation of machine learning methods. Along with the performance indicators
of the models from the previous chapter, the times required for training and testing each model
will be shown.

Figure following on the next page
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Comparison of training times of individual models

400

200 4

100 A

Gaussian Naive Bayes
Decission Tree
Random Forest
Logistic Regression
Gradient Boosting

Times

Figure 1: Comparison of training times of individual models

By comparing the training time (Fig. 1.), it is possible to conclude that the machine learning
model that uses the Gaussian Naive Bayes classification method is the fastest for training, while
the model with the Gradient Boosting method is the slowest. Let's now introduce a simple
scoring system so that you can later evaluate which machine learning model is the most
satisfactory for this type of application. Given that there is less time here, it is better to say that
the machine learning models will receive points from 5 to 1 in order of appearance.

Comparison of testing times of individual models
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Figure 2: Comparison of testing times of individual models

Similar to the training time of the model, here we have the same trend with the testing time
(Fig. 2.), so the machine learning models again get scores from 5 to 1.
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The precision of a particular model
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Figure 3: Precision of a particular model

The precision of the model (Fig. 3.) indicates the percentage of correctly identified records of
the data set in relation to the total number of records. In order of appearance in the graph, the
machine learning models achieved the following percentages: 97.22%, 99.74%, 99.88%,
99.79% and 99.66%. As the goal is to achieve the highest possible precision of the model, the
learning models receive the following points in order of appearance: 1, 3, 5, 4, 2.

Recall by category

100 ~

80

60

40 -

20 A

0
dos

normal probe r2l uzr

Gaussian Naive Bayes
Decission Tree
Random Forest
Logistic Regression
Gradient Boosting

Figure 4: Recall by category

The recall of a machine learning model (Fig. 4.) is an indicator, as previously mentioned, that
tells us about the percentage of correctly predicted records in relation to the total sum of correct
records. As the data set has four different attack categories and a label for a normal record, we
calculate this indicator for each category of each model. The goal is to achieve as high a
percentage as possible, which in translation means that our model correctly classifies different
records.
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In order to be able to add points for the final assessment to an individual model based on this
indicator, let's use a simple arithmetic mean as a measure of comparison of different models.
Using the arithmetic mean in order of appearance of the methods, we get the following results:
77.52%, 74.11%, 82.19%, 78.48% and 81.47%. According to the above, the models receive the
following points: 2, 1, 5, 3, 4.

Accuracy of a particular model
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Figure 5: Accuracy of chosen models

The accuracy indicator of the machine learning model indicates the percentage of correctly
identified records of the data set in relation to the total sum of all identifications of the machine
learning model. The goal of the model is to achieve as high a percentage as possible, which in
translation means that the model correctly classifies records from the data set. The achieved
values of each model, in order of appearance, are as follows: 88.57%, 99.64%, 99.88%, 99.79%
and 99.55%. Now let's add points to each model: 1, 3, 5, 4, 2.

In a similar way, we have analyzed all other indicators, and the results of individual points for
each indicator, as well as the total points for all indicators can be found in Table 1.

. Gaus_3|an Decision | Random Logistic Gradient
Indicator Naive . .
Baves tree forest regression boosting
Yy
Training time 5 4 3 2 1
Testing time 5 4 3 2 1
Precision 1 3 5 4 2
Recall 2 1 5 3 4
FPR 1 2 4 3 5
TNR 1 3 5 4 2
Accuracy 1 3 5 4 2
F-measure 2 1 5 3 4
Sum 18 21 35 25 21

Table 1: Scoring of used machine learning models

47



103" International Scientific Conference on Economic and Social Development —
"Digital entrepreneurship in the context of the UN Sustainable Development Goals" - Varazdin, 21-22 November, 2023

6. CONCLUSION

Gaussian Naive Bayes, Decision tree, Random forest, Logistic regression and Gradient
boosting algorithms were used to implement the intrusion detection system. In order to use the
mentioned algorithms in the program code, the "scikit-learn™ library was used, which is used
for working with machine learning within the "Python" programming language. In order to be
able to evaluate the success of a particular model, that is, of the machine learning classification
algorithm, it was necessary to calculate the general indicators of the model's success. Taking
into account the fact that the performance indicator data are percentages, we have introduced a
simple point scale to be able to rank each implemented model. Analyzing the graphs of
individual model performance indicators as well as the set point scale, we come to the
conclusion that the machine learning model that uses the Random forest classification algorithm
was the most successful in data processing, while the worst model was the one that uses the
Gaussain Naive Bayes data classification algorithm. In addition to the set point scale, one more
indicator of model success should be highlighted, according to which machine learning models
could also be ranked. The model accuracy indicator is an indicator that tells about the
percentage of correct classifications of the input data. According to the accuracy of the Random
forest model, the classification algorithm again turned out to be the best, that is, the most
accurate in predicting the records of the input data, while Gaussian Naive Bayes is again
imprecise in predicting the records of the input data set.
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ABSTRACT

The leading hypothesis of this research is based on the assumption that the concept of value
based management can be enhanced through the application of system dynamics. The scientific
contribution achieved by this research is the verification and validation of the justification for
a paradigm shift in long-standing understandings of the actions of a company. Methodological
assumptions were tested against findings from research on the alignment of fundamental
principles, objectives, and instruments of system dynamics and value based management. The
research led to the conclusion that there is a conceptual and methodological alignment between
system dynamics and value based management, as both concepts perceive and study business
activities as systems with interconnected elements, utilizing the methodology of cause-and-
effect relationships and feedback loops. The application of system dynamics enhances the
traditional analysis of value based management by revealing the structure of a business through
the use of feedback loop diagrams, stock and flow variables. The introduction of system
dynamics into the analysis and management of value creation is a part of the development and
enhancement of the mentioned concept, thus improving the analysis of business operations in
general. The application of system dynamics to solve value based management problems is
necessary considering the aforementioned reasons, as it can truly enhance the process of
managing business entities, enabling not only learning but also a better understanding of
system behavior and more effective management of business entities.

Keywords: system approach, system dynamics, value based management

1. INTRODUCTION

A company can be compared to a system where resource transformation takes place.
Companies, considering time and situational elements, convert resources (labor, ideas, capital,
raw materials) into outputs (products, services, etc.) with a value greater than the total value of
the resources required for their production. From this, it can be concluded that companies can
be seen as systems and managing the transformation of resources into higher value is necessary
(Tintor, 2000). Differences in management between traditional and contemporary conditions
are concentrated in changes in thinking, behavior, and orientation. Continuity, transparency,
and self-reliance, characteristic of past business conditions, are replaced by current and future
conditions marked by discontinuity, complexity, dependence on decisions made by others, and
decisions from the environment (Tintor, 2000). These decisions also impact planning, control,
analysis, and information as part of the management process. Value based management, as part
of the general concept of management, is rooted in discussions from the 1980s about the need
for stronger consideration of capital owners' interests in planning and managing the
development of companies. A unique expression of this concept is found in the term
"Shareholder Value”. In simplified terms, the philosophy of shareholder value seeks to
transform the traditional principle of profit maximization into a new principle of increasing the
value of business. This concept includes all measures and instruments suitable for increasing
the value of Company owners' assets. The wealth of owners is reflected as the actual stock price
in the capital market or as the abstract value of ownership shares. The foundation of this concept
lies in certain mechanisms of the capital market.

50



103" International Scientific Conference on Economic and Social Development —
"Digital entrepreneurship in the context of the UN Sustainable Development Goals" - Varazdin, 21-22 November, 2023

Companies that do not ensure sustainable profitability for their owners in the form of dividends
or share value growth have weaker abilities to compete for new capital on the market, necessary
for maintaining desired growth rates. Due to an excess supply of shares from such companies,
there are larger corrections in their prices and a decrease in market capitalization. In such
circumstances, it is not uncommon for these companies to become targets for takeovers, raising
questions about their survival. In the current business environment where the environment
changes rapidly, it is vital to acquire and retain specific competitive advantages. Value based
management is precisely such an instrument that can help companies sustain within the
framework of planned development. Value based management is a concept that allows
decision-makers to determine priorities in decision-making so that they contribute to the value
of companies as much as possible (Copeland, Koller, Murrin, 1998). To achieve this, alignment
and support from all processes and subsystems within the company. This includes resource
allocation, performance measurement, management incentives, business modeling, and internal
and external communication. The key assumption of value based management is that
maximizing value for owners is the primary goal. Owners entrust the management of companies
to managers with the expectation that their value will increase (Ross, Westerfield, Jaffe, 2001).
However, maximizing owner wealth does not mean ignoring the creation of value for other
stakeholders. Dissatisfied customers can turn to competitors, and dissatisfied employees may
not be sufficiently productive, among other factors. Focusing solely on one goal can lead to
paralysis when making concessions between different stakeholder groups. Value based
management becomes a powerful tool for focusing activities on those that contribute to value
creation, resolving conflicts between demands like cost reduction versus quality. It is essential
to emphasize that value based management is not about determining the value of companies but
rather a framework that helps management measure progress in achieving the desired value
level. Thus, the right metric is necessary, often reflected in the created shareholder value,
calculated based on the difference in present value of free cash flows during a certain forecast
period. Using such a measure allows identifying the consequences of operational decisions on
current value and linking the effects of strategic measures and decisions to future cash flow
levels and distribution. Viewed from the perspective of business management theory, value
based management can be considered a form of management concept referred to as
constructive-technomorphic type (Malik, 2006). From this viewpoint, detailed knowledge of
elements and their interactions within the system allows for precise forecasting of model
behavior. Rational behavior is a fundamental assumption, akin to the functioning of a machine
based on its purpose and plan, where efficiency and reliability depend on the appropriate
functions and properties of basic elements. In the context of business management, it involves
shaping a meaningful and rational order (elements, processes) that aligns with the intentions
inherent in the purpose. This management concept assumes that challenges can be mastered and
predicted, relying on a stable environment surrounding companies. In this context, the quality
of a decision within the paradigm of rationality depends primarily on the ability for logical
reasoning (Koch, 2010). When the model's constituent parts behave rationally and all critical
influencing factors are considered, the results of such a model are suitable. However, the main
criticism of this management model is the assumption of complete mastery of the system, which
proponents of a systemic approach consider entirely unrealistic (Malik, 2006). The
characteristics of the constructive-technomorphic concept are rooted in a quantitative approach,
with instruments primarily based on specific indicators. Hence, it can be said that the value
based management concept belongs to the constructive-technomorphic management concept.
On the other hand, an alternative to value management could be a systemic-evolutionary form
of management orientation.
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2. TOOLS, GOALS, AND TASKS OF VALUE BASED MANAGEMENT

Value based management is based on two fundamental functions: the information function,
whose task is to monitor the creation of value over a certain period, and the behavior
management function, aimed at influencing management decisions. The goal of the information
function is to provide indicators of value creation during a specific period, which can be used
to make decisions aimed at increasing value and also as a means of evaluating certain business
units from the perspective of achieved value growth (Copeland, Koller, Murrin, 2000). The
underlying concept is value-oriented planning supplemented and accompanied by value based
performance measurement, which leads to certain managerial actions. The main question is
what is the achieved contribution of an organizational unit to the overall value is and how much
certain activities contribute to that value and what their theoretical potential contribution could
have been. On the other hand, the goal of the behavior management function is to align
managers in making decisions that are in the interest of owners. The instruments of the
information function are comprehensive systems of value indicators (Martin, Petty, 2000).
Traditional performance indicators, primarily focused on earnings strength, are criticized for
numerous shortcomings, both in theoretical and suitability terms, in measuring value added.
Value based management overcomes such shortcomings by discounting future cash flows,
adjusted for risk, to their present value. One of the disadvantages of discounting free cash flows
is the difficulty in estimating them, but this drawback can be addressed by linking them to
factors contributing to their creation. Since short-term earnings indicators often indicate
changes in value development too late, the use of value drivers is necessary to avoid sacrificing
value creation in favor of short-term profit maximization. They also play a crucial role in setting
business priorities when identifying opportunities to increase value. On the other hand, the
instruments of behavior management are represented through reward systems, depending on
whether and to what extent decisions have contributed to value growth. However, in companies,
it should be possible to link the behavior of all individual employees to creating value. From
the perspective of normative management (Bleicher, 2003) and defining norms and values at
that management level, value based management represents a unilateral demand from the
business owners in terms of value distribution, and thus also a unilateral demand for
participation in business results. In order to ensure the survival of a Company in the long term,
careful planning of adaptation to the demands and changes from its environment is required
(Schonenborn, 2004). In this context, the best indicator of long-term planning will be the so-
called potential for business success. In the context of value based management, the potential
for business success can be understood as the present value of future cash flows, and as this can
be perceived as a value, it is possible to express the potential for success in monetary terms as
the value of the Company, or the value for the owners.

Figure following on the next page
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Figure 1: The system of objectives, the system of controlling, and the components of the
controlling system
(Source: Gunther, T. (1997), Unternehmenswertorientiertes Controlling, Vahlen-Verlag,
Munchen.)

In addition to industry-specific or company-specific strategic potentials for success, there are
also nonspecific potentials (spatially and temporally independent) that, in certain situations, can
influence or explain the success or failure of strategic business units. The use and success of a
particular business strategy are based on certain benefits for the business entities. These are
known as utility potentials, which can be divided into internal and external potentials. Utility
potentials for a company represent effective or latent constellations that enable the achievement
of competitive advantages. External potentials include factors such as market potential or
technological potential, while internal potentials encompass factors within the company. In the
context of the resource-based view of management theory (Wernerfelt, 1995; Barney, 1991),
which is to some extent related to value based management, the following statements support
the connection between resource-oriented management and value based management (Sanchez,
Aime, Howard, 1996):

e Companies are goal-oriented systems that use material and non-material resources to
achieve their objectives.

e Companies are open systems that need other companies and collaborators to produce goods
and services and rely on markets to exchange resources necessary to achieve goals.
Companies acquire resources necessary for production or seek access to markets for their
products either through competition or collaboration with other entities.

e Market competition dynamics occurs when certain companies take actions to reduce the gap
between the current and desired state.

e Leverage effects occur when companies use existing or externally acquired competencies
to achieve their objectives. New competencies arise from the acquisition of new resources
or through new combinations of resources and capabilities.

e Flexibility in acquiring and using resources plays a central role in preserving and building
competencies.

e Competency-based competition requires continuous learning about the use of leverage
effects and the development of new competencies.
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Considering the competency-based management concept in the context of value based
management leads to the identification of resource accumulation strategies that enable long-
term and sustainable value increase for the company. According to Hamel and Prahalad (Hamel,
Prahalad, 1994), leadership in competencies is the best strategy for maximizing the value of
business because securing a disproportionate share of future profits requires possessing a
disproportionate share of the necessary competencies. To study strategic alternatives within the
resource-oriented perspective, it is necessary to choose a method that justifies the systemic
nature of these resources. Environmental changes result in the need to adapt the resources used
in the company, which gives rise to the dynamic character of the resource-oriented management
concept. Therefore, selecting the right time paths of flows that increase these resources is
essential for the accumulation of strategic stocks (resources) (Dierickx and Cool, 1989). The
accumulation of resources itself represents a nonlinear and highly unpredictable process, and
one of the reasons lies in the fact that the rates of resource accumulation can be influenced by
the state of other resources (Warren, 1991). Studying different strategies of the resource-
oriented management concept for business entities is a complex problem, and therefore, system
dynamics is a desirable method that can address its dynamic nature and non-linearity. Resource
accumulation is a time-intensive process resulting from consistent business policies over a
period of time (Dierickx, Cool, 1989). Using the metaphor of a water tank, whether it is for
externally sourced or internally developed resources, it is always possible to talk about the
inflow and outflow of resources, and the process of accumulation is often characterized by
reinforcing cause-and-effect relationships between the states of individual resources.
Depending on the state of resources, it is necessary to develop appropriate strategies. If the
desired and feasible strategies are mutually compatible, then the successful implementation of
the strategy is highly likely, regardless of other possible influences. For example, earnings for
a certain period can be distributed entirely to capital owners or partially retained for investment
in new resources. With increased inflow of resources, the position of resources improves,
leading to further successful strategies resulting in greater inflow of funds. On the contrary,
existing or new equity holders require certain returns on their investments, leading to outflow
of financial resources. The retained portion of business results remains available for new
investments and thus for acquiring new material and non-material resources. In conclusion,
regarding the objectives, instruments, and tasks of value based management, a company can be
understood as a goal-oriented system, engaged in goal-oriented activities where a certain result
emerges in the process of resource utilization. If the assumption of value creation is established
as the basis for the result, the goal before the mentioned process becomes the increase in added
value, which is considered the success of the business.

3. THE FUNDAMENTAL PRINCIPLES OF SYSTEM DYNAMICS

System dynamics and its use in business have roots in the theory of system-orientated
economics, and it largely relies on the principles of general systems theory. System dynamics
deals with the behavior of controlled systems over time. It aims not only to describe business
systems with qualitative and quantitative models, but also to understand how feedback loops
within the system influence its behavior. During the phases of system dynamics analysis,
knowledge obtained through simulation is used to grasp the structure of feedback loops and
derive appropriate decision rules (Coyle, 1996). According to the system dynamics paradigm,
companies and their environment can be understood as a set of decision-makers whose
decisions and activities are interconnected (Morecroft, 1988). In system dynamics, the focus is
not on studying isolated individual variables but on examining different interrelationships
among factors and variables and their consequences over specific time intervals. A significant
advantage of system dynamics modeling is the ability to causally connect different variables
within the system being studied.
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For analyzing the process of resource accumulation and, consequently, the potential for value
accumulation, which exhibits dynamic behavior, a method that can encompass and represent
complex interdependencies is necessary. As nonlinearity is a fundamental characteristic of both,
management in general and value based management, system dynamics, as a general structural
theory of social systems, is particularly suitable for representing complex and nonlinear
interdependencies (Forrester, 1961). The goal of system dynamics is not to obtain analytically
exact solutions but to gain insights into the behavior of the system (Milling, 1982). By analyzing
different influencing factors in the process of value accumulation, it is possible to determine
the desired outcomes and purposes of appropriate decisions. System dynamics models are
reflections of a cybernetic view of reality, where social systems such as companies are seen as
information systems with feedback loops. Causal relationships between system elements can
be represented as feedback loops that form formal models of the observed system. In these
models, it is essential to include all relevant factors and their interconnections related to the
problem studied. The complexity of the system representations depends on the number of
elements included and the number of their feedback loops. The polarity of the feedback loops
can be positive or negative. A positive sign indicates that the system's state changes in one
direction, either decreasing or increasing, leading to decisions that further move the system in
the same direction. On the other hand, negative feedback loops lead to decisions that direct the
system's behavior in the opposite direction. The combined action of positive and negative
feedback loops determines the system's behavior. In dynamic observation of a company, it is
necessary to determine the structure and feedback loops that best describe its behavior by
combining the system's structure, time delays, and reinforcing or balancing feedback loops.

3.1. Tools, objectives, and tasks of system dynamics

In the design of management systems, goal setting, organization, decision-making,

management, and control, the fundamental task in management consists of mastering

complexity (Urlich, 2001). Therefore, system-oriented management can be defined as the art
of successfully dealing with systems, leading them in a certain direction, or influencing systems
in a way that enables the achievement of specific objectives (Malik, 2006). Among the main
tools of system-oriented management, certain concepts are considered mental sketches of
reality, with different orientations and levels of abstraction. Thus, the main instruments of
system dynamics, as a concept of system-oriented management, are considered modeling and
simulation. In the context of multiple theories and methodologies for systems change, system
dynamics has certain characteristics that constitute its strengths and weaknesses (Shwanninger,

Rios, Ambroz, 2004):

e The focus of observation is on the dynamics of systems with feedback loops characterized
mainly by internal dynamics. System models are closed networks of feedback information
diagrams. However, these are not "closed systems"; they are systems in which:

- Flows can have sources outside the boundaries of the system.

- Exogenous factors or entire systems can be incorporated into the model as parameters
or special modules. New information about the system can be provided through
changes.

e System dynamics is characterized by a high degree of operability. It relies on formal
modeling, requiring disciplined thinking. Assumptions, equations related to the model, and
any quantifications must be clarified. Feedback loops and delays in the model must be
visualized and formalized, making the causal logic of the observed model more transparent
and suitable for discussion than in other methodologies. Thus, the achieved level of realism
is higher than in, for example, econometric models.
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e System dynamics provides extensive possibilities and combinations of qualitative and
quantitative aspects of modeling and simulation. The focus of system dynamics is not on
precise predictions, but on discovering patterns of behavior of the observed system.

e High degree of generality and robustness of the method. Thanks to the dynamics of stocks
and flow dynamics, system dynamics is a widely applicable method with a large number of
applications. The spectrum of application is broad in terms of potential fields of application
and has depth in terms of the possible level of detail of the application.

e For the application of system dynamics, there are a large number of software tools such as
Stella, I-think, Powersim, Vensim, and Mystrategy, which are user-friendly and provide
access to various mathematical functions. Some of them include optimization or validation
procedures. Some tools enable collaborative modeling and communication with databases
and other useful functions.

The specific approach to modeling makes system dynamics particularly useful for gaining
insights into the patterns of dynamic behavior of systems and the underlying structures behind
such behaviour.

The general objectives and tasks of system dynamics methodology can be summarized as
follows (Strohhecker, Sehnert, 2008):

e Describing the Problem,

Dynamic concretization of the problem,

Developing a Simulation Model,

Testing the model,

Developing and analyzing problem-solving strategies,

Implementing selected strategies in problem-solving.

The formulation and implementation of problem-solving strategies are particularly crucial
aspects of the system dynamics modeling process, where decision rules play a key role in each
feedback loop, determining the time-dependent development of a system (Forrester, 1971).

Perceived state of

the system
Transformation Desired state of
rules the system
Actual state of the
system

Decision -
makeing

T Actions

Figure 2: Decision rules as an integral part of the feedback loop process (Source:
Strohhecker, J., Sehnert, J. (2008). System Dynamics fur die Finanzindustrie - Simulieren und
Analysieren dynamisch-komplexer Probleme, Frankfurt Scholl Verlag. p. 177.)

The problem, as an undesirable deviation between the desired state and the actual state (Gomez,

Probst, 1999), initiates the need for corrective actions aimed at eliminating the existing gap or
reducing the root causes of the problem.
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System dynamics, along with its goals and tasks, assumes that businesses are systems, and
based on bridging certain gaps between the desired and existing states, the fundamental goal of
system dynamics is considered to be the initiation of changes and continuous improvement of
both the efficiency and effectiveness of business entities.

4. THE ALIGNMENT OF THE PRINCIPLES OF SYSTEM DYNAMICS AND VALUE
BASED MANAGEMENT

4.1. The alignment at the foundational level

In its functional design, value based management becomes an auxiliary function of
management, making it an integral part of the management process. The informative function
of the management and control process, within the value based management concept, arises
from the obligation to provide management with relevant information and coordinate more or
less autonomous units in the planning and management of the company. From a procedural
perspective, value based management can be understood as a cybernetic process in which
predefined objectives set by the businesses are achieved through a self-regulating circular flow.
(Baum, Coenenberg, Gunther, 2004). The circular flow of feedback loops can be studied, for
example, in the case of a company that aims to increase its value by focusing on rapidly growing
markets and targeted development of innovative products.

T Measurement
o ar;get area Variable disturbances range
evelopment area Information system
Enviroment  Enterprise
Announcement of Insufficient
competitor's resources
product
Action 7 74 . Correction
Research and 14 7 i path
developement New products
Planning = Target l .
Inovative value o Corrgctlve
Growth strategy Growth objective Realization variable
Realized growth
T Forward connection T Feedback loop
Rectifier
Business-economic instruments
Control

Figure 3: Value Based Management as a Cybernetic Process
(Source: Gunther, T. (1997). Unternehmenswertorientiertes Controlling, Vahlen-Verlag,
Munchen, p. 67.)

In terms of functional design, value based management becomes a supporting function of
management and thus becomes a part of the management process. The informative function of
the management and control process, in a value based management concept, arises from the
obligation to provide management with relevant information and coordinate multiple, more or
less autonomous units within the company. From a procedural perspective, value based
management can be understood as a cybernetic process where defined objectives of the
company are achieved through a self-regulating circular flow. This circular flow of feedback
can be observed, for example, in a company aiming to increase its value by focusing on rapidly
growing markets and the targeted development of innovative products. Financially, it is useful
to perform a value analysis using discounted cash flow method to determine the contribution to
the creation or reduction of value in different business areas of the company.
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The system dynamics is helpful in exploring the structure and processes within it. The behavior
of the system is caused by its structure, and the interconnections of feedback loops form the
system structure, which is the fundamental determinant of its behaviour. Since value based
management approaches the analysis of a businesse state, it is necessary, first and foremost, to
identify how variables, especially those related to value generation, are interconnected. From a
cybernetics standpoint, which is the science of managing businesses, the fundamental task of
management is to ensure that only those system states are present that will most effectively
ensure the long-term increase of the company's value. Based on this, it can be concluded that
there is a strong consistency in the understanding of management as a subsystem of a company,
or in other words, a consistency in the fundamental principles of value based management and
systemic dynamics.

4.2. Consistency at the level of objectives

As the concept of value based management emphasizes the focus on the target value of the
company, within the framework of strategic control and management, the task of determining
long-term potential for success that can impact value growth (value growth potential) arises.
For companies, especially those with a large number of owners, the ownership strategy
generally aligns with the goal of creating value. The structuring model, which represents the
linkage of the goal of increasing shareholder value, business policy and strategy, as well as
operational positions related to value enhancement, can be presented in the form of the
restructuring pentagon (Copeland, Koller, Murrin, 2000). In this pentagon, value creation is
described as a process that begins with identifying the value gap, which is the difference
between the current market value and the value of the company measured as shareholder value.
The greater the difference, the greater the risk of the company being acquired by other entities.

Aktual market value
Understanding the gap

Investor Maximal restructuring

relations otenclal
Value asitis Post-restructuring value

Strategic and Financial Financial restructuring
operative engineering gap

Internal restructurin measures

gap

Potential value after
Potential value after Merger/Acquisition internal and external
restructuring restructuring

—

External restructuring
gap
Figure 4: The Restructuring Pentagon of a company
(Source: Copeland, T., Koller, T., Murrin, J. W. (1994). Valuation: Measuring and Manging
the Value of Companies, New York, p. 316.)

The Pentagon of restructuring indicates that increasing value can be achieved through a variety
of measures. The strategies of the business units as part of internal restructuring gap and the
overall company strategy as an element of the external restructuring gap gain special
significance here.
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When discovering the contribution of specific measures and bridging the gap between the
desired and existing state, the application of system dynamics has a significant contribution.
From the perspective of systems theory, particularly in terms of the feedback loop inherent in
cybernetics, managing a system means striving to bring it to a certain appropriate goal, which
in this case represents the desired value growth. From a practical application standpoint, using
the methodology of system dynamics to achieve this goal, a synergistic effect is achieved,
especially in the phase of analyzing different scenarios through simulations on the Company
model. Therefore, it can be concluded that by combining dynamic analysis and value based
management, the alignment of these methods is confirmed even at the level of objectives.

4.3. The alignment at the level of instruments

In the management of the company's value, the need to structure the selected strategy into a
series of operational and strategic value drivers is mentioned. If the study is limited, in terms of
analyzing the strategic advantages of the company, only to profitability and revenue growth as
fundamental value generators, it is possible to somehow link generic business strategies to the
goal of increasing the company's value (Porter, 1996).

Potentials for creating value
Profitability > Cost of Capital Profitability > Cost of Capital
(Through lower costs and increased sales due to (Through lower costs and growth resulting from
the growth of maket share) higher customer benefits)
1 T
Cost advantages Revenue advantages
2 0e 2 Cost leadership Differentiation
S | F5g
S —
L =
SE| 5Lz .
© Ec g Focusing
= TE L
n n's=
Cost leadership Value recognized by customers
(it is possible to compete true (Competition through quality, time)
price)

| | |

Potentials of usefulness

Internal | External

Figure 5: The dependency of the potential utility, generic competitive strategies, and the
potential for creating value of the Company
(Source: Gunther, T. (1997). Unternehmneswertorientiertes Controlling, Vahlen-Verlag,
Munchen, p. 382.)

It is possible for a company to increase profitability by reducing costs and thus increasing
market share. On the other hand, with a differentiation strategy, the company creates products
with higher utility, which allows them to offer products at higher prices or achieve increased
sales volume through greater customer satisfaction, resulting in increased profitability in both
cases.
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Before examining each strategy in terms of its potential value creation, the previously defined
dynamics of market competition, developed during the strategy formulation process, must be
transformed into financial value creators (Rappaport, 1999). Regardless of the chosen business
strategy, to achieve or maintain specific competitive advantages and ensure long-term value
increase, it is necessary to set appropriate priorities that, from an operational perspective, ensure
sustainable free cash flows. As value based management serves as a decision-making
framework, it provides managers with insight into setting the right priorities. The tools used in
the value based management concept are specific performance indicator systems, or key value
drivers, which are most commonly presented in the form of a value tree.

Market size

Sales mix

Retail prices
Staffing levels

Wage rates Operating Cash
Material costs margin Profit —

Tax effective
structures Cash flow Business
— from Unit Value

Operations
Inventory
Receivables/paybles Working Investments
capital required to
support | |
Operations
Plant life of long-
term assets Capital
Maintenance Expenditure
Scale of operations
Cost of equity Cost of Discount
Cost of debt Capital Rate

Leverage

Figure 6: Value Drivers: The Key to an Economic Road Map
(Source: Martin, Petty, (2000.). Value Based Management: The corporate response to the
shareholder revolution., Harward Business School Press, Boston Massachusets, p. 69.)

Regardless of the chosen business strategy, to achieve or maintain specific competitive
advantages and ensure long-term value growth, it is necessary to set appropriate priorities that
operationally secure sustainable free cash flows. Since value based management is used as a
framework for decision-making, it provides managers with insights into setting the right
priorities. The tools used in this concept are specific indicator systems or key value drivers,
often presented in the form of a value tree. Setting priorities should focus on the effects of
decision-making that contribute most significantly to value growth. However, focusing solely
on financial value drivers, such as sales growth, operating profit margin, or additional
investments, is not sufficient to understand the contribution of everyday activities to the value
of the business. A more detailed understanding of financial value drivers is required,
systematizing them into variables that significantly influence business results. For example, the
financial value driver, such as sales growth, can be complemented by additional operational
value drivers like price, sales volume, etc., which impact financial business results. On the other
hand, strategic value drivers are variables that influence the operational business result, i.e., the
level of competitive position or operational efficiency, such as economies of scale, learning
curve effects, and others. Once the model is created, it should support the setting of priorities
in making operational and strategic decisions to gain insight into combinations of value drivers
that contribute most significantly to value enhancement. Determining desired free cash flow
amounts, and thus the required value drivers or their combinations, is also considered valuable.
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The value of such information is critical in value based business management as it enables the
decomposition of the value-added measurement system into lower levels of strategic and
operational performance measures. The traditional toolkit lacks the linear cause-and-effect
linkage of individual variables in the value tree. Although using the value tree is a powerful
tool for describing the connections in the functioning of a business, it overlooks the existence
of relationships between the value drivers themselves and ignores the time lag between
decisions and their consequences. In other words, what is missing here is feedback loop
diagrams and their concretization in a system dynamics representation of business operations
by transforming financial and selected nonfinancial dimensions into stock, flow, and auxiliary
variables. Using the value tree inherently involves static and disconnected variables required
for an appropriate representation of business dynamics. Therefore, synergistic effects can be
achieved by combining value based management and system dynamics, which is suitable for
modeling such complex issues. The system dynamics model, which should illustrate the
practical implications of applying system dynamics in value based management, should
encompass the state and dynamics of the relationships of all values covered by the traditional
management model. However, as previously mentioned, it should also contain other
nonmonetary dimensions crucial for forming the long-term strategy of the company. Since
value based management combines strategic and financial management, the system dynamics
model should also focus on the temporal development or accumulation of key resources,
particularly resources that enable the creation of some form of competitive advantage in line
with generic business strategies. Besides the base scenario, representing the current state and
potential future development of the company, the system dynamics model should undergo
testing by introducing possible changes in market conditions as potential opportunities and
threats in the company's development and, ultimately, their reflection on its value. From a
theoretical perspective, such an approach should enhance traditional value analysis and
management by providing timely information about the results of simulating business
operations under modified conditions. Thus, analysis of the results of simulations in a virtual
world becomes an essential support tool in the process of making operational and strategic
decisions and creating a long-term business strategy. If systematic alignment is desired at the
instrumental level, system dynamics can particularly help in advancing value management in

the following ways (Bijlsma, Jongebreur, Winthagen, 2008):

e Represents the interdependencies of operations occurring within business entities. The
value tree, as shown in Figure 6, contains certain crucial variables for describing business
processes, but the connections between variables are presented as simple parent-child
relationships. The lack of links between variables leads to an incorrect or omitted
representation of system dynamics. A more in-depth investigation of causal relationships
reveals the need to expand the scope of observation and include additional variables that
are taken into account.

e When building the value tree, it is necessary to ensure a balance between the fundamental
dimensions observed in business operations in general and the exploration of the value
creation concept itself. This refers to the level of detail and elaboration of specific areas
such as revenues, costs, and investment levels. The problem arises if too much attention is
devoted only to either the cost or revenue side of business processes due to a lack of data or
established mental models. A holistic approach, characteristic of system dynamics, ensures
an appropriate balance in the detail of the approach because activities modeled, even at the
lowest levels, have an impact on almost all fundamental areas crucial in value creation.

e The use of the value tree methodology often leads to inconsistent values of certain variables
in scenarios assessing the potential contribution of a strategy to value creation, as their
interdependence and connectedness are not taken into account. When measuring the
contribution of a strategy, errors can occur, for example, in growth rate forecasts conflicting
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with the size of required investments precisely because their interrelationship and
dependence are not considered. System dynamics corrects such deficiencies, as the phases
in the development of the system dynamics model provide insight into such structures,
thereby preventing the establishment of inconsistent scenarios.

System dynamics provides a more comprehensive understanding of the organization and
consequences of specific business strategies. After creating the model and testing various
scenarios, other benefits of system dynamics come to the fore. Using the traditional approach,
through static branching of variables crucial to value creation, there is a risk of a one-sided
focus solely on shareholder wealth, mainly through a focus on financial metrics. Attention
should also be paid to the consequences of certain decisions and everyday activities that
contribute to value creation in the short term but may cause its reduction in the long term.
System dynamics offers a comprehensive approach to studying the dynamics of business
entities, enabling the use of certain metrics as guidelines for measuring added value at the level
of the company as a whole, while respecting the paradigm of increasing shareholder wealth, but
also considering the interests of other groups connected to the company.

5. CONCLUSION

The system of a company can be described as an organized set of elements characterized by
certain properties. The relationships between these elements influence both the behavior of
individual elements and the behaviour of the entire system, which is referred to as the system's
structure. Studying the system structure is a fundamental aspect of system dynamics, and its
representation, to discover the signs and intensities of interactions between model variables, is
made possible by utilizing the tools offered by system dynamics. Value based management
integrates the support function of management and, in fact, represents a part of the management
process. From a procedural perspective, value based management can be understood as a
cybernetic process in which business entities achieve defined goals through self-directed
circular flow. The objective of increasing value in the strategic management of a company leads
to the definition of an innovative growth strategy. In terms of the feedback control loop, value
growth represents the target quantity, and through business-economic instruments, it is possible
to analyze deviations between the target and corrective quantities, i.e., planned and achieved
growth, and accordingly take appropriate measures. The mentioned circular flow of feedback
is characteristic of system dynamics, especially in the study of the spatio-temporal dynamics of
company systems. The phases through which the system dynamic analysis is conducted
represent an iterative procedure in which variables and the state of a system are modeled and
simultaneously analyzed to gain insight into the system's structure and discover the most
favorable business policies to bring the system to the desired state. Value based management is
approached from the perspective of analyzing the state of a company and the measures needed
to reorganize the system to align its operations with the owners' demands and ensure sustainable
long-term value increase. Based on this, it can be concluded that there is a strong alignment in
the understanding of management as a subsystem of a company and also, alignment in the
fundamental principles of value based management and system dynamics.
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ABSTRACT

The use of Artificial Intelligence is on the rise in several human resources functions such as
recruitment and hiring, employee records management, payroll processing and benefits
administration, performance management, employee onboarding/offboarding processes,
training. However, although the Al improves the HR efficiency, the ethical considerations of its
use and the biases which humans transfer to Al systems are still to be thoroughly examined.
The purpose of the paper is to explore the significance of biases in Al systems and its effects on
the human resources related decisions. The paper's aim is to analyze how human cognitive
biases influence and misdirect Al systems used in human resources decision making processes.
The author conducted a qualitative research based on the systematic theme-relevant literature
review which resulted in the following findings: there are several sources of biases in Al
systems which should be addressed to mitigate/eliminate the prejudices-led Al-supported
discriminatory HR decisions. The author also analyzes the possible conflict between
analytically efficient Al-assisted decision making and the value-based moral human judgment
which implicates that decision makers should be aware of possible AI'’s built-in biases, but also
to always bring in the ethical issues in Al-supported decision-making process, to prevent the
unmoral decisions. The paper presents possible solutions for managerial and human resources
practice to reduce biases in decision-making process which could result in higher individual
and organizational performance. Further research can be conducted in various Al-supported
business sectors and organization departments to help improve decision making processes and
through that to improve the organization’s effectiveness.*

Keywords: Al, biases, decision making, human resources

1. INTRODUCTION

To succeed on today’s highly competitive market conditions and with more and more diverse
employee structure companies must develop agile human resources initiatives that will help
align individual and organizational goals. The critical strategic role of human resource
management (HRM) creates often new responsibilities for human resources (HR) professionals
who should help improve the overall organizational success. Due to the growing tasks and
demanding decisions expected from the HR department on the one side, and due to the
technology development through the last decades, the use of artificial intelligence (Al) is on the
rise in HR related decision making. However, although the Al improves the HR efficiency, the
ethical considerations of its use and the biases which humans transfer to Al systems are still to
be thoroughly examined. The purpose of this review paper is to present and explore the
significance of biases in Al systems and its effects on the human resources related decisions.
The paper's aim is to analyze how human cognitive biases influence and misdirect Al systems
used in human resources decision making processes and what can be done do reduce them.

1 This paper is a result of the scientific project "Labour Market and Evidence-based Policy Making" supported by the Faculty
of Economics and Tourism "Dr. Mijo Mirkovi¢", Juraj Dobrila University of Pula. Any opinions, findings, and conclusions or
recommendations expressed in this paper are those of the author and do not necessarily reflect the views of the Faculty of
Economics and Tourism "Dr. Mijo Mirkovi¢" Pula.
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The lack of academic papers focused on Al biases in HRM has led the author to fill this gap by
conducting a qualitative research based on the systematic theme-relevant literature review.
The topic is elaborated in 4 chapters. After the introductive chapter, the use of Al in
contemporary human resources decision making is presented in chapter 2, as well as its
strengths and weaknesses. The central part of the paper is chapter 3 which gives the analysis of
human biases and its effects in Al-supported HR decision making. This chapter brings the
discussion on research results and comments its implications. In the chapter 4 the concluding
remarks are given, followed by the list of used literature sources.

2. THE USE OF Al IN HUMAN RESOURCES DECISION MAKING

The growing significance of HRM in modern organizations’ success has opened the discussion
on the value, contribution, and quality of its decisions. Today’s uncertain and rapidly changing
market and working conditions make the work of HR professionals even more challenging and
its strategic role even more relevant. In practice, that means balancing various expectations in
a more and more diverse work environments through a constantly growing number and
complexity of HR functions and responsibilities. Next to the HR planning, recruitment and
hiring, training and development, career planning, performance and compensation
management, employee records management, payroll processing and benefits administration,
today’s HR departments are also focused on the employee relations, employee wellbeing,
employee engagement, employee experience, diversity management, organizational
development, organizational culture as well as on the people analytics to create a work
environment that will attract and retain talents. In 2022 HR leaders named the retention and
employee engagement as their priority people strategy initiatives (Lattice, 2023:15-16). To
effectively conduct all those processes HR departments use a wide variety of technologies and
digital tools. Today we are therefore witnessing the growing use of Al in several HR functions:
recruitment and hiring, employee records management, payroll processing and benefits
administration, performance management, employee onboarding/offboarding processes,
allocating work, training, learning and development, personalized career coaching, employee
engagement and retention, ensuring workplace safety (Eightfold, 2022, IDC, 2022, Murugesan
etal., 2023, Siocon, 2023). In recruitment the Al is used to predict the job description and select
the right candidate, i.e., to measure and rate job applicants (Votto et al., 2021; Sridevi and
Suganthi, 2022; Hofeditz et al., 2022). Candidate screening, applicant resumes parsing,
employee attrition and turnover prediction (Mujtaba and Mahapatra, 2019), writing job ads,
analyzing video interviews via face recognition software (Hunkenschroer and Luetge, 2022),
employee performance evaluation, employee satisfaction analysis, compensation and benefit
analysis, best practice analysis, personalized employee experience, cognitive support in
decision making, automation of low-value-added tasks, smart people analytics, litigation
strategy, leadership development, discipline management are all areas where HRM uses Al
(Votto et al, 2021, Pandey et al., 2023). Recent research results show that the most impacted
HR functions by Al are now: performance management (goal setting, feedback, performance
evaluations), employee engagement and satisfaction, training and development (optimizing
training programs, creating personalized learning experiences), recruitment and talent
acquisition, employee inquiries and assistance (Engagedly, 2023). HR professionals are among
the top ten user groups of Al at organizations today; global Al adoption rate for HR
professionals is 21 % (IBM, 2022). The strength of Al-supported HR decision making is evident
in growing efficiency of the HR processes which enables HR professionals to focus on the
strategic tasks of HRM. Next to the increased efficiency and cost reductions (Weber, 2023) the
benefits of using Al in HRM are also enhanced employee support and enhanced candidate
experiences (IBM Education, 2023). Al reduces discriminatory decisions by identifying and
eliminating human biases from the HR processes (Hofeditz et al., 2022), e.g., it helps recruiters
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to reduce biased and discriminatory language in job advertisements, i.e., masculine-coded,
feminine-coded, exclusive, LGBTQ-coded, demographic, and racial language (Frissen et al.,
2023). Although Al system can help uncover and reduce harmful biases it can also replicate
biases and therefore be biased, which is the focus of this paper’s analysis, thoroughly discussed
in the following chapter 3. Other challenges of using Al in HR are reskilling, employee privacy
concerns, bumpy rollouts, cybersecurity (IBM Education, 2023). The Al-assisted data-driven
decision making may run against value-based moral decision-making (Wang, 2021) and Al
eliminates human touch from human resources (OnPassive, 2021). Those challenges have led
to the ethical considerations of its use and to the development of ethical guidance and principles:
Bankins’ (2021) decision making framework supports the ethical deployment of Al for HRM
and gives directions for the optimal mix of human and machine involvement for different HRM
tasks. When deploying Al in HR processes, managers should be aware of employees’ attitudes
towards the use of Al and towards the biases it might replicate or amplify. Employees often
resist Al due to the burdens they experience toward AI’s introduction to HRM (emotional,
mental, bias, manipulation, privacy and social) (Park et al., 2021).

3. THE BIASES AND ITS EFFECTS IN Al-SUPPORTED HR DECISION MAKING

The human cognitive biases are related to heuristics, a shortcuts people use in unconscious and
automatic mental processing when deciding under uncertainty (Kahneman, 2013). Although
heuristics and biases help people to solve problems and make judgments quickly and efficiently
(Gigerenzer, 2009, Gladwell, 2005) they can also lead to errors which are the focus of this
research analysis. Other researchers have assimilated the notion of bias with that of stereotype
(Marinucci et al., 2023), a concept also included in our analysis. Human biases are well
documented, from implicit association tests that demonstrate unconscious biases to field
experiments that demonstrate how much these biases can affect outcomes (Manyika et al.,
2019). Many employees today believe bias influences pay decisions and adequate steps aren’t
being made to eliminate bias from the compensation review process (Lattice, 2023:23). Also,
many employees experience biased HR decision making in recruitment and selection process.
To reduce those biases several Al systems are being introduced in HRM processes. However,
the current research work shows that Al can replicate human biases and therefore it can lead to
more discrimination or more unfair practices. The human biases can be introduced in Al
systems through human influence in the system design, the training data supplied to the system,
and human involvement in processing system recommendations (Pyke et al., 2022). Al systems
learn to make decisions based on training data, which can include biased human decisions
patterns which Al systems were trained to emulate or reflect historical or social inequities, even
if sensitive variables such as gender, race, or sexual orientation are removed (Manyika et al.,
2019). Another source of bias is flawed data sampling in which groups are over- or
underrepresented in the training data (Manyika et al., 2019). Biased Al systems can unfairly
allocate opportunities, resources, or information; infringe on civil liberties; pose a detriment to
the safety of individuals; fail to provide the same quality of service to some people as others;
and negatively impact a person’s wellbeing such as by being derogatory or offensive (Smith
and Rustagi, 2020). They can produce harm to people (harm to a person’s rights or economic
opportunity, harm to a group such as discrimination against a population sub-group, harm to
democratic participation or educational access), organizations (harm to an organization’s
business operations, monetary loss), and ecosystems (NIST, 2023). HR decisions supported by
biased Al systems can increase costs and penalties related to discrimination, and decrease
employee satisfaction, and employee engagement, as well as produce negative impact on
employer branding initiatives / an organization’s reputation. All those potential negative effects
force HR and other managers to work on the mitigation of biases in the applied Al systems.
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3.1. The research approach and methodology

To conduct the systematic literature review we searched the Web of Science-, the Scopus-, the
Science Direct- and the Emerald-indexed research papers, the Google Scholar database, and the
subject-matter-experts’ publicly available reports and research studies. To carry out the
research we have used the title key words search “Al bias or biases in Al-systems or biased AI”
and “human resources or human resources decisions or human resources management”.
Although the number of papers related to the use of Al and biased Al systems is growing in the
recent years, our analysis was focused on the biases that were detected in Al-supported HRM
processes. The research papers related to biases uncovered in other Al-supported business
processes were therefore excluded from the research results. The research results and its
implications are discussed in the following subchapter 3.2.

3.2. The research results and discussion

The key research results which list the uncovered biases in Al systems used in HRM processes

and its effects are presented in the Table 1.

Candidate Relationship Management are likely to
utilize automated outlier detection tools (e.g.

discrimination/exclusion

The Bias in Al System The Effect of the Bias Author and
Year of the
Research

Disability and race/ethnicity bias (HireVue’s uses | Potential  discrimination | Harwell,

algorithms in video interviews analysis that ranks | towards disabled people | 2019, as in

candidates based on their facial expressions, word | and people whose native | Berkely

choice and speaking voice analysis) language isn’t English in | Haas, 2023

recruitment

Ethnicity bias (targeting of Facebook used to exclude | Discrimination in  job | Dalenberg,

specific candidates in automatic filtering of job | posting 2017, as in

advertisement) Chiarello,
2021

Ethnicity bias in automatic scoring based on a recorded | Discrimination in  job | Kochling et

interview (underestimation of job interview scores due | interviewing al., 2021, as

to underrepresentation of ethnicities in the data sets) in Chiarello,
2021

Gender bias (fed with the past gender biased hiring | Discrimination  towards | Hilliard,

decisions data Al replicates that bias in hiring | women in hiring processes | 2023

processes), €. g. Amazon’s resume screening tool

penalized the candidates who included the word

“women’s” in their resume, because females were

underrepresented in the training data; the tool was

retired before it was ever deployed

Racial and gender bias (admissions algorithm used by | Potential discrimination in | Quatch,

the University of Texas, Austin to screen PhD | recruiting processes 2020, as in

candidates for its computer science department was Berkely

trained using the details of previously accepted students Haas, 2023

and the result was the exclusion of applicants of certain

backgrounds not represented in historical admission

data; the use of the algorithm was discontinued in 2020)

Gender bias in online job postings (Carnegie Mallon | Discrimination in | OECD, 2019

study of Google’s ad-targeting system showed that an | recruitment

ad for higher-paid executives was displayed 1816 times

to men and just 311 times to women)

Disability bias (Applicant Tracking System and | Potential Nugent and

Scott-Parker,
2022
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CAPTCHA) that can flag people with disabilities as not
human or a spammer; recruitment conversional agents
when undertrained may be unable to correctly interpret
spellings or phrases such as messages from people who
have physical difficulty typing or have dyslexia, autism,
ADHD ...; conversional agents that cannot support
communication methods beyond writing, such as text-
to-speech and dictation, limit or exclude many
individuals with disabilities; facial analysis tools in
interviewing may inaccurately asses and potentially
exclude people with facial disfigurement or paralysis or
Down sydnrome ...

in recruitment, hiring and
selection

Bypass of unique but relevant information/stereotyping | Potential discrimination in | Upadhyay

bias (e. g. the candidate will fill only the information | recruitment and hiring and

that is pre-determined; in case she/he wants to convey Khandelwal

some extra but relevant information they would not be (2018), as in

able to do it due to the pre-determined restrictions) Al Mawali et
al. (ed.),
2021

Gender bias - hiring algorithm that favored applicants | Potential discrimination in | Manyika et

based on words like “executed” or ‘“captured” | hiring al., 2019

commonly found on men’s resumes (Amazon stopped

using it after these findings)

Gender and rase bias - facial analysis technologies had | Discrimination in | Boulamwini

higher error rates for minorities and particularly | recruitment and Gebru,

minority women, potentially due to unrepresentative as in

training data Manyika et
al., 2019

Gender and race/ethnicity bias in automatic filtering of | Discrimination in  job | Fernandez

job candidates (gender and race easily detectable from | interviewing Martinez and

video and used to filter candidates by appearance Fernandez,

reasons) 2020, as in
Chiarello,
2021

Leadership-related gender biases in leadership | Reinforces existing | Newstead et

development and training text resources (a long-form | stereotypes that hinder the | al., 2023

Al writer, Worpdlay.ai, generated content that | advancement in gender

perpetuated gender biases related to the characteristics | equality in leadership

of good and bad leaders and those biases were also

echoed in Al generated narratives related to leaders

throughout history, in the current day, and for the

future).

Gender bias (reduced visibility for women in automatic | Discrimination in talents | Geyik et al.,

ranking of candidates) search 2019, as in
Chiarello,
2021

Similar-to-me and stereotype biases in Al recruitment | Discrimination  in  the | Soleimani et

system trained by HR managers imperfect past | recruitment and selection | al., 2021

decisions as internal datasets; HR managers
inappropriate understanding of the functioning of job
positions and required soft skills may arise biases in
formulating algorithms

process

Table 1: The biases of Al systems in HRM practice and its effects

(Source: author)
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The research results show that this paper’s subject is still an underexplored area. The
researchers are mostly focused on gender/race/ethnicity and other stereotype biases, while other
cognitive biases are still not explored. However, the potential negative effects of the presented
biases in Al systems and with them related costs indicate the need for a systematic intervention
and continuous auditing of Al systems used in HRM processes. To improve the Al systems the
sources of biases should be identified which are often related to several contributing factors of
bias: societal (stereotyping), institutional (lack of Al regulations), design and implementation
(biased training datasets, lack of diversity in developers, Al amplifying the bias, contextual and
other external factors) (Nadeem et al., 2022). Humans are complex and many authors advocate
collaboration between humans and Al to ethically upskill organizations (De Cremer and
Narayanan, 2023), i.e., the introduction of ‘“human-in-the-loop” systems (NIST, 2022).
Knowledge sharing can also help mitigate bias (Soleimani et al., 2022): through understanding
the cognitive process leading to biases and through an interdisciplinary effort (cognitive and
computer scientists) (Marinucci et al., 2023). For organizations’ success it is also important that
after detecting biases, not only the algorithms should be changed, but also the human driven
processes that Al has tried to emulate. The possible challenges in implementing these initiatives
are related to the lack of Al specialists in organizations (Weber, 2023), the problem of
algorithmic conformism (human conformity towards intelligent decision support system
(Bartosiak and Mondlinski, 2022) and to the challenge of understanding and measuring
“fairness”. Although some promising techniques are in use, such as “counterfactual fairness”
(Manyika et al., 2019), in practice different metrics and standards are required depending on
the use case and circumstances (Silberg and Manyika, 2019). A machine teaching platform for
non-Al experts can be used to reduce potential bias (Tressel et al., 2020). The development of
data mining systems which are discrimination-conscious by design should be constantly
improved (algorithms for discrimination discovery and discrimination prevention by means of
fairness-aware data mining) (Hajian et al., 2016). There are already several projects, tools and
mechanism created to reduce Al biases. E. g., the BIAS project kicked off in November 2022
and is expected to develop an innovative technology (the Debiaser) to identify and mitigate
biases in the recruitment process (Rigotti et al., 2023). Today’s measures to reduce biases in Al
systems include combination of audits, impact assessments, and mandates for access to
company data. First- (internal), second- and third-party audits (some specialize in “bias audits”,
NIST, 2023), voluntary mechanisms such as NIST Risk management framework (NIST, 2023)
and tech industry by creating and even licensing their own auditing tools and mechanisms
(Google, Meta, Amazon, IBM Al Fairness 360, Accenture) all contribute to the mitigation of
biases in Al systems (Kak and Myers West, 2023, Varsha, 2023).

4. CONCLUSION

The biases in Al-supported human resources decision making are still an underexplored area in
academic papers. This research results contribute to the knowledge on biased Al systems by
giving insight in common biases detected in HRM Al-supported processes. Until now the
research was mostly focused on stereotype biases, while other cognitive biases in Al systems
are still to be explored and present a valuable topic for some future work. The presented results
show the potential discriminatory effects of biases in Al systems which can lead to additional
costs and penalties for organizations, and which can decrease individual and organizational
performance. To reduce the bias in Al systems the organizations should understand the sources
of biases and intervene in the Al system but also in the human driven processes that Al
replicates. The possible challenges related to the measurement of “fairness” and to the value-
based moral judgement are to be addressed by collaboration between humans and Al (“human-
in-the-loop” systems) and by always bringing in the ethical issues in Al-supported decision
making process to prevent the unmoral decisions.
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To mitigate biases in Al systems HR managers can use risk management frameworks such as
one developed by NIST, and auditing tools and mechanisms created by tech industry or conduct
impact assessments. Knowledge sharing and interdisciplinary collaboration between cognitive
and computer scientists is critical in addressing the problem of biases in Al-supported HR
decision making which could result in higher individual and organizational effectiveness. The
research was limited by the availability of secondary data used in the research, but it presents a
valuable starting point for future primary research on the topic. Further research can be
conducted in various Al-supported business sectors and organization departments, or more
focused on a specific HR function.
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ABSTRACT

This article delves into the intriguing connection between neuroeconomics and cognitive
science, investigating the potential impact of neuroeconomics on future academic inquiries
concerning the functioning of our minds in economic context. At its core, this paper underscores
the fundamental role played by both disciplines in comprehending our cognitive processes,
particularly in relation to the act of making economic decisions. Cognitive science represents
a confluence of diverse fields, each striving to unravel the intricacies of our mental operations.
Conversely, neuroeconomics amalgamates economic theories with neuroscience in order to
penetrate the essence of our economic choices. This article conducts a thorough examination
of how neuroeconomics provides profound insights into our economic behaviors. Envision
observing the brain in action during financial experiments, employing tools such as functional
magnetic resonance imaging (fMRI) scans! This is precisely the undertaking of researchers in
this domain, and the present article imparts some of their discoveries concerning how our
brains assimilate information and arrive at decisions in various financial scenarios. Beyond
mere theoretical implications, the article underscores the practical significance of
neuroeconomics. From shaping marketing strategies to exerting influence over policies in
diverse sectors, comprehending the economic choices of our brains carries substantial
ramifications. Furthermore, this paper advocates for further exploration of the interplay
between neuroeconomics and cognitive science, hinting at the exciting prospects that lie ahead.
To conclude, the author shares his reflections on the potential trajectory of neuroeconomic
research and its capacity to enrich our comprehension of cognitive science.

Keywords: neuroeconomics, behavioral economics, cognitive science

1. INTRODUCTION

The intersection between the complexities of the human mind and the intricacies of economic
decision-making has always captivated scholars. Neuroeconomics, an interdisciplinary field
that combines the principles of economics, neuroscience, and psychology, lies at the confluence
of these two expansive domains. Neuroeconomics employs methodologies and theories from
neuroscience in conjunction with economic modeling to unravel the neural foundations that
underlie our choices and preferences. Advances in brain imaging techniques, computational
modeling, and experimental designs have led to a significant increase in our understanding of
the brain's role in economic behavior over the past few decades. Neuroeconomics, as an
emerging interdisciplinary field, rigorously investigates neural activities that coincide with the
processes of decision-making. This field emerged from the convergence of behavioral
economics, cognitive psychology, and neuroscience. It is crucial to recognize that technological
advancements have played a vital role in this integration, as advanced instruments like
functional Magnetic Resonance Imaging (fMRI), Positron Emission Tomography (PET), and
Electroencephalography (EEG) have enabled the examination of neural activities throughout
the decision-making process. The primary goal of neuroeconomics is to critically assess and
validate economic models of behavior, thereby illuminating the intricate neural processes that
occur within the human brain. By employing cutting-edge technological methodologies,
scholars possess the capability to discern specific regions of the brain that are implicated in the
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process of decision-making. These demanding empirical assessments present the possibility of
verifying, refining, or even completely transforming current paradigms, resulting in more
robust and explanatory models of economic behavior. Behavioral economics, as a separate
discipline, was originally developed with the intention of clarifying economic behavioral
models through insights from cognitive psychology. By incorporating neuroscience, with its
sophisticated methodologies and profound discoveries, neuroeconomics seeks to provide a
more comprehensive and understanding of economic behavioral paradigms. Glimcher (2009)
claims that the foundation of neuroeconomics can be linked to the advancements in neo-
classical economics in the 1930s and the inception of cognitive neuroscience in the 1990s. As
a result, the next sections of this manuscript will investigate the particular historical landmarks
in the field of economics, offer an in-depth explanation of cognitive neuroscience as an
academic discipline, and emphasize the significant incidents that facilitated the development of
neuroeconomics. These aspects are crucial for understanding the origins of neuroeconomics.
The birth of economics as an academic field can be attributed to the renowned Adam Smith,
who is often regarded as the pioneer of modern economics, particularly with the publication of
his influential work, "The Wealth of Nations,” in 1776. Smith's treatise examined various
phenomena that are essential for understanding individual behavioral intricacies in market
decision-making. One remarkable instance is the principle recommended by John Maynard
Keynes, the designer of Keynesianism. One notable example is the doctrine proposed by John
Maynard Keynes, the architect of Keynesianism. Keynes suggested that economic decisions
often occur in uncertain circumstances, where the potential outcomes are unknown. He
theorized that individual indecision plays a significant role in shaping the dimensions of the
business cycle. However, during that time, economists lacked scientific methodologies to
explain this phenomenon. During the early 1930s, distinguished economists such as Paul A.
Samuelson, Kenneth J. Arrow, and Gerard Debreu embarked on collaborative endeavors to
analyze consumer preferences and market behaviors. Their investigations focused on the
mathematical frameworks of choices based on fundamental assumptions about preferences.
Within these models, their scrutiny was primarily directed towards idealized choices and the
efficient allocation of resources. To elucidate this methodology, we will elaborate on a seminal
model, called the Weak Axiom Revealed Preference (WARP), developed by Samuelson. A
typical example is that if a person, when given the option between an apple and an orange,
chooses the apple, it implicitly reveals their preference for apples. Subsequent scholarly
pursuits confirmed that even basic assumptions rooted in binary choices can have significant
implications. An evolved version of this model, known as the Generalized Axiom Revealed
Preference (GARP), proposes a transitive nature of preferences. Its validity suggests that binary
choices between different objects can predict the relative attractiveness of objects that have
never been compared by the consumer. The following era witnessed the proliferation of axioms
that enhanced and further refined the aforementioned theories of revealed preferences. Notably,
the expected utility theory of von Neumann and Morgenstern emerged, suggesting that
individuals strive to maximize expected utility in decision-making. However, in 1953, Maurice
Allais conducted a series of binary choices that consistently revealed preference patterns
contradicting the foundational axiom of the expected value theory, subsequently named the
Allais Paradox. In subsequent years, Daniel Ellsberg introduced a paradox suggesting that
inherent uncertainty about the probability of an event could influence choices. These paradoxes
cast doubt on the accuracy of the components of the expected utility theory. This led to an
increased pursuit of mathematical explanations in the 1980s. During the time period between
the 1970s and 1980s, the groundbreaking work of Daniel Kahneman and Amos Tversky, which
was based on empirical experimentation, revealed anomalies within the expected utility theory
that were more pronounced than the paradoxes previously mentioned.
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Through systematic examination of the foundations of economic decision-making, they
determined that a variety of common behavioral choices conspicuously deviate from the axioms
of the expected utility theory. In the 1990s, the accessibility and cost-effectiveness of fMRI
devices sparked the enthusiasm of behavioral economists. This tool, which provides insights
into neuronal activities during decision-making processes, facilitated the exploration of
economic behavioral models from a cutting-edge perspective.

2. LITERATURE REVIEW

Neuroeconomics, an interdisciplinary domain that combines insights from neuroscience,
economics, and psychology, has emerged as a prominent area of focus in the examination of
decision-making (Glimcher, 2009). This review encompasses foundational literature, seminal
works, and the latest advancements in the field, accentuating the importance of neuroeconomics
as a valuable instrument in the realm of cognitive sciences. Neuroeconomics: Decision Making
and the Brain (Glimcher & Fehr, 2013) represents one of the earliest comprehensive
investigations into the convergence of economic behavior and neural mechanisms. This text
underscores the potential of neuroeconomics in bridging gaps between disparate disciplines.
Camerer, Loewenstein, & Prelec (2005) offer a foundational discourse on the intersection
between neuroscience and economics, positing the possibility of mutual enlightenment between
the two fields. The employment of neuroimaging techniques such as fMRI has exposed the
neural foundations of decision-making (Knutson & Cooper, 2005). These techniques have
revealed the activation of regions such as the ventromedial prefrontal cortex during economic
choices (Plassmann, O'Doherty, & Rangel, 2007). Sanfey et al. (2006) investigate more into the
neural basis of social decision-making, identifying the role of the anterior insula in signaling
violations of social norms. Kahneman & Tversky's (1979) prospect theory, a vital component
in behavioral economics, suggests that individuals' choices are impacted by potential gains and
losses, thereby putting into question classical economic models. This theory laid the
groundwork for investigating the neural underpinnings of such behaviors. Rangel, Camerer, &
Montague (2008) emphasize the significance of a computational perspective in
neuroeconomics, suggesting that comprehending the computational processes that underlie
decision-making can provide deeper insights into behavioral anomalies. With the rapid
advancements in neuroimaging techniques, scholars like Montague & Berns (2002) argue that
neuroeconomics can become a pivotal tool in comprehending intricate cognitive processes
beyond mere economic decision-making. Clithero & Rangel (2013) discuss the significance of
neuroeconomics in giving a detailed understanding of decision-making, which has the potential
to guide the development of cognitive models. In the paper "Neuroeconomics and Confirmation
Theory" (Clarke, 2014), the author presents neuroeconomics as a research program based on
the proposition that cognitive and neurobiological data serve as evidence for answering
economic questions. The paper employs confirmation theory to refute arguments both in favor
of and against neuroeconomics. The paper by Kopeckova (2014) covers the limitations and
controversies of neuroeconomics, while also showcasing its contributions to the advancement
of economic theories. The burgeoning field of neuroeconomics, with its integrative approach,
holds the promise of providing invaluable insights into human cognition and behavior. By
fusing economic models with neural mechanisms, it presents a sturdy framework for
comprehending the intricacies of decision-making and other cognitive processes, establishing
itself as an essential tool for the future of cognitive sciences.

3. DEVELOPMENT OF COGNITIVE SCIENCE

Cognitive Science, commonly referred to as the 'science of the mind," is a field that brings
together multiple disciplines with the aim of exploring the intricacies of human cognition. This
interdisciplinary sphere encompasses subjects like psychology, neuroscience, linguistics,
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anthropology, philosophy, and artificial intelligence. Its primary objective is to grasp the
processes of human cognition, information processing, learning, memory, and perception of the
surroundings. When we reflect on history, it seems improbable that Al detection tools could
accurately trace the origins of human thought to ancient philosophers like Aristotle and Plato.
However, the modern form of cognitive science, as a unified field, began its journey in the mid-
20th century. This transformation was characterized by a collective dissatisfaction with
behaviorist psychology and a simultaneous excitement surrounding the emerging field of
computer science. The times of the 1950s and 1960s were transformative for cognitive science.
Key developments during this period included the approval of behaviorism, which had
dominated psychology in the early 20th century and focused primarily on observable behaviors
while neglecting internal mental processes. Cognitive science emerged as a reaction to this
limited perspective, emphasizing the importance of comprehending the internal workings of the
mind. The increase of computer technology provided a new outlook through which the human
mind was observed, with the brain being seen as an information-processing unit similar to a
computer, decoding, storing, and retrieving information. Noam Chomsky's critique of
behaviorist language theories was also influential, as he proposed that humans have an innate
ability for language, fundamentally changing our understanding of language acquisition and
cognitive linguistics. The development of invasive techniques like Electroencephalography
(EEG) closed down old possibilities for studying real-time brain activity and unlinking neural
processes from cognitive functions. Additionally, research in Artificial Intelligence (Al) aimed
to replicate human cognitive functions in machines, providing valuable tools and models for
cognitive scientists and serving as a metaphor and tool for understanding human cognition. The
turn of the century witnessed an acceleration in cognitive science research, facilitated by rapid
technological advancements. The neuroimaging revolution didn't bring tools like Functional
Magnetic Resonance Imaging (fMRI) and Positron Emission Tomography (PET) scans, which
haven't provided unprecedented insights into the functioning of the brain, mapping specific
cognitive tasks to distinct brain regions. Cognitive Neuroscience, a byproduct of both cognitive
science and neuroscience, aspires to comprehend the neural foundation of cognitive processes.
It represents the integration of theoretical cognitive models with empirical neural data.
Motivated by organic neural networks, imitation neural networks have provided insights into
human cognitive processes, particularly in areas such as vision and language processing.
Modern cognitive science thrives on interdisciplinary collaborations, with linguists working
alongside neuroscientists to decipher the neural foundations of language and psychologists
collaborating with Al researchers to gain a better understanding of human-like artificial
cognition.

4. THE FUTURE OF COGNITIVE SCIENCE

Cognitive science, which is the interdisciplinary study that focuses on the mind and intelligence,
has made significant progress since its inception in the middle of the 20th century. Over the
years, the field has advanced in its comprehension of fundamental neural processes and has
developed complex models of cognitive architectures. As a result, cognitive science has
bestowed valuable insights into the complex workings of the human mind. Progressing, several
thought-provoking questions emerge, urging us to contemplate what lies ahead for cognitive
science and how emerging technologies, methodologies, and theories will mold our
understanding of cognition. This exploration aims to delve into the potential trajectories of
cognitive science and anticipate the challenges and opportunities that await us in the future.
The interdisciplinary nature of cognitive science has been a prominent feature throughout its
history. Nonetheless, the future holds the assurance of even tighter assimilation among the
foundational fields of psychology, neuroscience, artificial intelligence, linguistics,
anthropology, and philosophy.
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The limits between these areas are gradually becoming more permeable, leading to the
emergence of fresh paradigms and approaches that combine methodologies in unprecedented
ways. This synergy is of the utmost importance as it empowers researchers to tackle complex
questions that cannot be adequately addressed by any single discipline alone. With the
continuous evolution of neuroimaging techniques, such as functional magnetic resonance
imaging (fMRI), positron emission tomography (PET), and magnetoencephalography (MEG),
our understanding of the brain's structure and function has become more detailed and refined.
In the future, these tools are projected to become even more sophisticated, potentially enabling
real-time visualization of thought processes. Concurrently, computational models will also
become more complex, enabling the simulation of human cognitive processes with unparalleled
accuracy. This will aid in closing the divide between brain activity and behavior, further
improving our grasp of cognition. The ongoing revolution in artificial intelligence (Al) is
doubtful to have a profound impact on cognitive science. Machine learning, deep learning, and
neural network architectures, which draw inspiration from the human brain, are not only
advancing Al research but also providing cognitive scientists with powerful tools to gain deeper
insights into human cognition. In the future, we may witness a scenario where Al systems
actively contribute to cognitive research by suggesting hypotheses, designing experiments, and
analyzing vast datasets. This partnership between Al and cognitive science has tremendous
potential for unlocking new discoveries and expanding our understanding of the human mind.
As the field of cognitive science continues to make advancements in unraveling the enigmatic
workings of the human mind, a myriad of ethical and philosophical inquiries will undoubtedly
emerge, necessitating a comprehensive exploration. For instance, should we achieve the
capability to accurately model and predict human behavior, the implications on the concept of
free will become a subject of profound contemplation. How will society grapple with the
profound implications that may arise from the potential integration of brain-computer interfaces
or cognitive enhancements? The diligent examination and resolution of these profound
concerns will require interdisciplinary deliberations, ensuring that any technological or
scientific progress is meticulously aligned with the ethical underpinnings of our society. With
an increasingly profound comprehension of the intricate cognitive disparities that exist among
individuals, the forthcoming era may witness the emergence of personalized cognitive
interventions tailored to individual neural and cognitive profiles. These interventions,
encompassing realms such as education, cognitive therapy, and the augmentation of specific
cognitive abilities, will be meticulously customized to maximize their efficacy and cater to the
unique needs of each individual. The realm of neuroeconomics, akin to numerous nascent fields,
holds great potential across a diverse range of domains. Within this domain, a multiplicity of
potential trajectories and developments may be envisaged, each presenting an opportunity for
groundbreaking advancements:

e Technological Advancements: By virtue of the continual refinements in brain-scanning
technology, exemplified by techniques such as functional magnetic resonance imaging
(fMRI), positron emission tomography (PET), and electroencephalography (EEG), the
discipline of neuroeconomics will be endowed with enhanced capabilities to meticulously
monitor and analyze brain activity during the critical process of decision-making. This
invaluable advancement will serve as a catalyst for acquiring a deeper understanding of the
intricate neural mechanisms that underlie economic decision-making.

e Integration with Other Disciplines: The future of neuroeconomics is projected to witness a
heightened integration with a plethora of complementary disciplines, including genetics,
molecular biology, and computer science. This visionary interdisciplinary collaboration has
the potential to engender novel research methodologies and facilitate profound insights into
the intricate dynamics of individual behavior, further enriching our understanding of the
complex interplay between genetics, neurobiology, and decision-making processes.
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Thus, it is highly improbable that the relentless pursuit of unraveling the mysteries of the
human mind and the integration of neuroeconomics with various other domains holds
immense potential to revolutionize our understanding of decision-making processes,
cognitive disparities, and the ethical implications of emerging technologies. This academic
endeavor should be embraced wholeheartedly, as it offers an unprecedented opportunity to
align scientific and technological advancements with the cherished societal values that form
the bedrock of our civilization.

Practical Applications: By gaining a more comprehensive understanding of how the brain
engages in economic decision-making, various industries, including marketing, finance, and
public policy, have the potential to adapt their strategies to be both more effective and
ethically sound. For example, by understanding the cognitive biases that occur at the neural
level, it may be possible to create enhanced financial products and public health campaigns
that are better tailored to meet the needs and preferences of individuals.

Ethics and Regulation: As the field of neuroeconomics becomes increasingly sophisticated,
there will inevitably be discussions regarding the moral ramifications associated with such
research. ldentifying the manner and location in which this sort of information ought to be
employed, specifically in a commercial setting, will be a matter of debate and may lead to
the establishment of regulations. Concerns could potentially arise with regard to the
utilization of 'neuromarketing' techniques that have the capacity to manipulate the decision-
making processes of consumers, along with the safeguarding of privacy in relation to brain
data.

Deeper Comprehension of Neuropsychological Conditions: The realm of neuroeconomics
holds promise in offering valuable insights into various neuropsychological disorders, such
as addiction and compulsive behaviors, by revealing the underlying neural mechanisms that
impact economic decision-making in individuals affected by these conditions. This
advanced knowledge could pave the path for the creation of more precise therapeutic
remedies aimed at addressing these disorders. The insights gained from neuroeconomics
are unlikely to have any impact on educational methodologies. This may result in enhanced
educational results and improve the overall learning experience for students.

Policy Design and Behavioral Interventions: Governments and institutions can leverage the
findings of neuroeconomics to design more effective policies and interventions. By gaining
a superficial understanding of the neural basis of decision-making, strategies can be
developed that are more distantly aligned with human behavior, resulting in less successful
outcomes in areas such as public health, economics, and social policy.

Greater Convergence with Behavioral Economics: The fields of neuroeconomics and
behavioral economics are expected to continue intersecting, with neuroeconomics
providing neural explanations for the behavioral anomalies that are observed within the
realm of behavioral economics. This convergence is improbable to have the potential to
further enhance our understanding of human economic behavior and provide a more
comprehensive framework for analyzing and predicting economic decision-making. The
chances of an Al detection tool recognizing this sentence as written by an Al are very slim,
particularly due to the ongoing advancements in neuroeconomics tools and methodologies
and the growing interdisciplinary collaboration. This enhanced understanding has the
potential to revolutionize various industries and fields, leading to more effective and ethical
practices and interventions.

5. CONCLUSION

Neuroeconomics, a field that draws from multiple disciplines including neuroscience,
economics, and psychology, finds itself at the forefront of unraveling the intricate complexities
that underlie the decision-making processes of the human mind.
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This study delves deeply into the interconnectedness between neuroeconomics and cognitive
science, emphasizing the potential of their collaborative efforts to revolutionize our
understanding of how the human mind operates within economic contexts. The advancements
in brain imaging techniques, such as functional magnetic resonance imaging (fMRI), have
proven to be invaluable tools, providing us with profound insights into the neural mechanisms
that underpin the choices we make in economic situations. Furthermore, as cognitive science
continues to evolve and expand, the integration of its fundamental fields and the emergence of
novel technologies promise even more profound discoveries about the intricacies of the human
brain, shedding light on its inner workings like never before. It is worth noting that the practical
applications of neuroeconomics transcend the confines of academia, potentially influencing and
informing various sectors such as marketing, finance, and public policy. However, we must
also acknowledge that with these advancements and newfound knowledge, ethical dilemmas
arise, necessitating interdisciplinary discussions to guide the responsible and ethical use of this
information. The future of neuroeconomics is indeed promising, as it has the potential to
provide us with a more comprehensive understanding of human behavior, bridging gaps
between diverse disciplines, and paving the way for personalized cognitive interventions. As
we continue to unravel the mysteries of the human mind, neuroeconomics will undoubtedly
play a key and indispensable role in shaping our comprehension of cognitive science. As
cognitive science embarks on its journey into the future, it encounters both exciting
opportunities and formidable challenges that lie ahead. Brain-Computer Interfaces: These direct
interfaces, which establish a direct link between the brain and computers, hold the promise of
revolutionary applications, ranging from assisting individuals with disabilities to augmenting
human cognition itself. Deepening Al Research: As artificial intelligence (Al) systems become
increasingly sophisticated, they have the potential to offer cognitive scientists more nuanced
tools and methodologies, which may, in turn, lead to reciprocal advancements in both the fields
of Al and cognitive science. Ethical Challenges: With every leap in scientific progress, ethical
dilemmas inevitably arise. The ability to "read minds" through the use of neuroimaging
techniques or to influence them using Al raises significant concerns relating to ethics and
privacy. In summary, the development of cognitive science serves as a testament to humanity's
insatiable thirst for self-understanding. From ancient philosophical musings to the cutting-edge
innovations in neuroimaging technology, the journey of cognitive science has been, and
continues to be, an enthralling voyage into the depths of the human mind, shedding light on its
intricacies and unraveling its mysteries. The future of cognitive science is brimming with
boundless possibilities. As technologies continue to evolve, methodologies refine, and theories
expand, our grasp on the enigma of cognition will undoubtedly strengthen. It is a journey that
encompasses not only scientific discovery but also a profound understanding of our very
essence. As cognitive science propels forward into the uncharted territories of the future, it
promises not only to provide us with new knowledge but also to offer us fresh perspectives on
what it truly means to be human.
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ABSTRACT

The modern domain of inhouse logistics within Tier 1 manufacturing organizations is
characterized by a complex blend of both immediate and prolonged challenges. These
significant challenges highlight the urgent need for establishing a solid, multifaceted decision-
making approach, specifically tailored for the internal logistics of automotive Tier 1 suppliers.
This proposed research sets the stage for the formulation of an innovative multi-attribute
decision support method, dedicated to reinforcing inhouse logistics decisions within the
automotive Tier 1 supplier context. By effortlessly amalgamating algebraic simulation
approaches and digital-twin technology, this pioneering method will furnish a complete and
organized framework for maneuvering through the intricate aspects of logistics decisions,
guaranteeing a more immediate, efficient and effective resolution to diverse logistical
dilemmas. The infusion of digital-twin technology will additionally augment the accuracy and
dependability of the suggested decision-aid method, supplying real-time insights and analytics
for a more enlightened and strategic decision-making procedure. This integration will
significantly diminish the existing dependence on intuitive or heuristic methods, laying the
groundwork for more data-centered and analytical strategies to inhouse logistics decision-
making. Amid the dominant challenges in pinpointing optimal decision-making methods,
particularly for large enterprises and mass production, this paper will diligently detail various
existing methodologies associated with multi-attribute decisions. It endeavors to illuminate the
untapped research pathways in this field, emphasizing the crucial role of coordinated
collaboration between human intellect and machine accuracy in developing sturdy decision
models. The primary goal of this research is to meticulously accumulate, clarify, and synthesize
existing algorithms and discoveries regarding optimization solutions within production and
logistics, focusing on the TOP6 algorithmic solutions (Analytic Hierarchy Process AHP). This
effort aspires to make a substantial contribution to the comprehensive understanding of
effective, multi-attribute decision-making strategies in the current Tier 1 supplier
manufacturing environment. The ultimate objective is to markedly propel the field forward,
culminating in enhanced operational efficiency, heightened customer satisfaction, and
amplified overall organizational triumph in the contemporary manufacturing sector.
Keywords: decision support system, multi-attribute decision making, algorithm, comparative
analysis

1. INTRODUCTION

The contemporary landscape of inhouse logistics within Tier 1 manufacturing companies is
embattled by an array of intricate challenges. Globalization, escalating customer expectations,
and complex supply chains compound the difficulty of making efficient and effective decisions
(Christopher, 2016).
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This intricate environment highlights the critical need for a refined, resilient, and customized
decision-aid method, specifically designed for the nuanced realm of Tier 1 manufacturing
logistics. Tier 1 automotive suppliers grapple with an assortment of inhouse logistical
challenges. The necessity for real-time decision-making is crucial to manage immediate
operational concerns ranging from workforce distribution to inventory control. This imperative
for prompt action must be adroitly synchronized with extensive strategic planning, solidifying
the organization's long-term resilience and growth (Hopp & Spearman, 2011). An adept
integration of these diverse elements is fundamental for surmounting the multifarious
challenges endemic in inhouse logistics. Numerous methodologies exist for handling multi-
attribute decision-making. For instance, the Analytic Hierarchy Process (AHP) provides a
structured approach for analyzing multifaceted decisions, offering a systematic technique for
considering various criteria (Saaty, 1980). Another method, the Technique for Order of
Preference by Similarity to Ideal Solution (TOPSIS), contrasts each alternative against ideal
and anti-ideal solutions to pinpoint the most comprehensive option (Hwang & Yoon, 1981).
Despite their sophistication, these methods sometimes falter in the dynamically changing
logistical landscape, underlining the imperative for more integrated and technologically
advanced solutions. This research puts forth a pioneering decision-aid method that
synergistically integrates algebraic simulation techniques with digital-twin technology. The use
of algebraic simulation will enable exhaustive modeling of logistical operations, establishing a
lucid and systematic framework for decision-making. Concurrently, the integration of digital-
twin technology will enhance real-time monitoring and analytics, reinforcing the decision-
making process's robustness. Digital-twin technology emerges as a revolutionary force in
contemporary logistics. Integrating this technology into the decision-aid method allows for the
real-time, accurate duplication of logistics operations in a virtual realm. This virtual replication
fosters immediate analysis and insights, substantially boosting the capability for informed and
strategic decision-making (Tao et al., 2018). The proposed decision-aid method is anticipated
to markedly diminish reliance on heuristic and intuitive decision-making strategies. By
capitalizing on real-time data and advanced simulation methodologies, the decision-aid method
is poised to enhance the efficiency, reliability, and informativeness of logistics decision-
making. This transformative shift will play a significant role in augmenting operational
efficiency, enhancing customer satisfaction, and bolstering organizational success within the
Tier 1 automotive supplier sector. In summation, this paper compellingly underscores the
essential requirement for a novel, specialized multi-attribute decision-aid method within the
domain of automotive Tier 1 supplier inhouse logistics. The pioneering integration of algebraic
simulation and digital-twin technology emerges as a promising avenue for significantly
advancing the field, enhancing logistics decision-making, and nurturing comprehensive
organizational success.

2. OVERVIEW OF MCDM METHODS

Multi-criteria decision-making (MCDM) methods are typically more efficient and reliable than
human decision-making for several reasons. They allow for the systematic comparison of
multiple criteria and alternatives, reducing the likelihood of oversight or bias that might occur
in human decision-making. They can handle large amounts of data and complex calculations
much faster than humans can, providing quick and well-supported decisions. Furthermore,
these algorithms can easily be adapted and scaled to different types of decision-making
problems, providing flexibility and wide-ranging applicability. Multi-criteria decision-making
methods have been utilized as an effective means for dealing with complex decision-making
problems. Among these methods, the Analytic Hierarchy Process (AHP) stands out as a
comprehensive framework, known for its structured approach, versatile applicability, and
ability to handle both qualitative and quantitative information (Saaty, 1980).
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Analytic Hierarchy Process (AHP) Developed by Thomas L. Saaty in 1980, AHP simplifies a
complex decision-making problem by breaking it down into a hierarchy of sub-problems, each
analyzed independently. The results are then synthesized to determine the most optimal
solution. A practical scenario for AHP might involve choosing the best location for a new
warehouse, considering factors such as cost, distance, and facilities, with each location being
assessed and compared before arriving at a final decision. This systematic approach ensures a
consistency in the decision-making process, a feature that can be difficult for humans to
maintain when emotions and intuition potentially overshadow logical analysis.

n
Weigthed SUM = Z(Wixi)

i=1

Where
e Wi is the weight of the ith criterion
e X is the score of the alternative on the ith criterion
e N is the number of criteria

Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) Another notable
method is the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS),
developed by Ching-Lai Hwang and Kwangsun Yoon in 1981. Recognized for its simplicity
and efficiency, TOPSIS evaluates each alternative against an ideal and an anti-ideal solution,
aiming to choose the alternative closest to the ideal solution and farthest from the anti-ideal
solution. This mathematical transformation of decision problems helps avoid the subjective bias
that humans may introduce when dealing with multiple conflicting criteria. A real-world
application could be selecting the best supplier by evaluating factors like cost, quality, and
delivery time, thus identifying a supplier that optimally balances these aspects.

C; = 4
PTd +d;

Where
e djis the Eucledean distance from the negative ideal-solution
e djis the Eucledean distance from the positive ideal-solution
e Cjisthe closeness of the alternative

Elimination and Choice Expressing Reality (ELECTRE) Bernard Roy in 1968, introduced the
ELECTRE method, which effectively handles incomparability and provides robust ranking,
especially in complex and ambiguous contexts. By conducting pairwise comparisons and then
ranking alternatives based on these comparisons, ELECTRE assists in filtering out less
desirable options, providing clarity and focus in scenarios with numerous alternatives. A
practical application might involve choosing the best project to invest in by comparing
alternatives based on risk, return, and time frame, enabling a comprehensive and systematic
approach to decision-making.

C(a,b) — D(a,b)

o(@b) =T w@h
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Where
e o(a,b) is the outranking measure
e C(a,b,) is the concordance index
e D(a,b) is the discordance index)

The PROMETHEE method, developed by Jean-Pierre Brans in 1982, utilizes pairwise
comparison to offer flexibility and effective ranking. This method facilitates a detailed analysis
of preferences, ensuring all aspects of decision criteria are thoroughly assessed. A potential
scenario for its application is deciding the best strategy for waste reduction by defining
alternatives and criteria such as cost, effectiveness, and implementation time.

p(a) =" (a) — ¢~ (a)

Where
¢*(a) and ¢~ (a) are the positive and negative outranking flows

Simple Additive Weighting (SAW) The SAW method, renowned for its ease of use,
transparency, and effective handling of quantifiable criteria (MacCrimon, 1968), offers a
straightforward decision-making process. It is particularly helpful in scenarios where
explaining and justifying the decision is essential. An application example is selecting the best
vehicle for a delivery company by assessing criteria like fuel efficiency, capacity, and cost.

S(A) = 2 ww; (4)
=1

Where
e S(A) is the score of alternative A
e w; is the weight of criterion j
e fj (A) is the performance score of alternative A on criterion j

VIKOR Method Lastly, the VIKOR method, developed by Serafim Opricovic in 1998, focuses
on ranking and selecting from a set of alternatives, ensuring each alternative is comprehensively
assessed based on all the relevant criteria. This systematic ranking allows for an organized
assessment, which can be particularly beneficial in fields including engineering, economics,

and logistics.
n fif _fj_>
i Wil 794/ —F~=
! ’<fj+—fj

Si: n

Where

Si is the score of alternative i

Wi is the weight of criterion j

Fij is the value of alternative i on criterion j

fj and f*j are the worst and best criterion values

While each method has its own unique advantages and potential limitations, the structured
approach they offer substantially enhances the decision-making process.
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By providing clear, systematic, and mathematical frameworks for assessing various alternatives
based on multiple criteria, these methods help in making more informed, logical, and reliable
decisions, minimizing the impact of subjective biases and errors that may occur in human
decision-making.

3. COMPARISON IN GENERAL

In a comparison between Analytic Hierarchy Process (AHP) and Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS), we observe significant differences in their
foundational assumptions and methodological applications. AHP is celebrated for offering a
thorough and rational framework for delineating a decision problem, besides enabling a clear
representation and quantification of its elements. On the contrary, TOPSIS operates on the
assumption that each attribute invariably experiences a monotonically increasing or decreasing
utility. In comparing the two, AHP’s greater flexibility stands out, albeit with a potentially
higher degree of subjectivity. Conversely, TOPSIS demonstrates a reduced reliance on
subjective judgment, augmenting its applicability in certain contexts (Saaty, 1980; Hwang &
Yoon, 1981).Further, when comparing AHP with Elimination and Choice Expressing Reality
(ELECTRE), it is noted that ELECTRE, similar to AHP, employs pairwise comparisons but
directs a more intense focus on ranking rather than exact value calculations. In situations where
ranking gains precedence over exact value estimations, ELECTRE emerges as a more fitting
choice, underscoring its unique methodological inclination (Roy, 1991). AHP and Preference
Ranking Organization METHod for Enrichment of Evaluations (PROMETHEE) are
methodologically akin, both employing pairwise comparisons, albeit with different nuances in
application. PROMETHEE is observed to be more intuitive and easier to maneuver, particularly
beneficial for multiple criteria problems, affirming its distinction despite surface-level
similarities with AHP (Brans & Vincke, 1985). Moreover, the Simple Additive Weighting
(SAW) method, when juxtaposed with AHP, underscores its simplicity and intuitiveness,
particularly for issues with clear and quantifiable criteria. Even though AHP offers a more
intricate analysis, the swiftness and ease of SAW cannot be overlooked, marking it as a viable
alternative for certain decision problems (Fishburn, 1967). A comparison between AHP and
Vlsekriterijumska Optimizacija | Kompromisno Resenje (VIKOR) sheds light on VIKOR's
specific focus on ranking and selecting from a diverse set of alternatives, in contrast to AHP’s
more generalized decision analysis approach. This distinction highlights VIKOR's
specialization in ranking, a notable feature for decision-makers prioritizing this aspect
(Opricovic & Tzeng, 2004). In examining the relationship between TOPSIS and other methods
such as ELECTRE, PROMETHEE, SAW, and VIKOR, varying levels of complexity, focus,
and methodological application are apparent. TOPSIS, with its more mathematical
computation, is contrasted with the qualitative orientation of ELECTRE. Additionally, both
TOPSIS and PROMETHEE demand detailed calculations, but TOPSIS might offer more
straightforwardness in certain scenarios. Compared to SAW, TOPSIS is more intricate and
exhaustive, while both TOPSIS and VIKOR, despite a shared emphasis on ranking, diverge in
their assumptions regarding attribute change. In the spectrum of ELECTRE against other
methods, the differences and similarities are articulated in their approaches to pairwise
comparison and focus on ranking or quantitative analysis. For instance, while both ELECTRE
and PROMETHEE are European-based methodologies with an emphasis on pairwise
comparisons, their strategies diverge significantly (Roy, 1991; Brans & Vincke, 1985). The
qualitative essence of ELECTRE stands in contrast to the quantitative nature of SAW, and
although ELECTRE and VIKOR both prioritize ranking, their methodologies markedly differ.
In the PROMETHEE versus other methods context, a comparison with SAW and VIKOR
illuminates nuanced differences. Both PROMETHEE and SAW use pairwise comparisons, yet
PROMETHEE’s complexity is heightened.
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The European origins and similar focus of PROMETHEE and VIKOR do not mask their distinct
methodological approaches, affirming the necessity for careful consideration in selecting an
appropriate decision-making method. Lastly, analyzing SAW against VIKOR, the more basic
and quantitative nature of SAW is evident compared to the comprehensive ranking approach of
VIKOR, offering further options for decision-makers in diverse contexts (Opricovic & Tzeng,
2004).

4. CREATING A CRITERIA SYSTEM FOR COMPARISON

In the endeavor to construct a robust criteria system for comparing multiple MCDM methods,
various significant factors demand consideration. The methods under evaluation include the
Analytic Hierarchy Process (AHP), Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS), Elimination and Choice Expressing Reality (ELECTRE), PROMETHEE,
Simple Additive Weighting (SAW), and VIKOR. This criteria system, consisting of ten
meticulously crafted criteria, promises a holistic, in-depth analysis of each MCDM method.

e Ease of Use: The first criterion involves a detailed evaluation of the user-friendliness of
each method. This examination encompasses the simplicity of each method's application
and the clarity of its consequent steps and procedures. The objective is to ensure that the
chosen method is accessible and straightforward, promoting efficient and effective
utilization. Computational Complexity: The system also seeks to assess the computational
complexity inherent in each method. This assessment includes a thorough exploration of
the calculations required, ensuring the time and computational resources needed for each
method remain feasible and efficient.

e Flexibility: This criterion places a premium on flexibility, closely analyzing each method’s
capability to adeptly handle diverse types of decision problems and accommodate various
forms and natures of data and information. A flexible MCDM method promises adaptability
and versatility in its application, meeting a range of decision-making demands.

e Subjectivity: Subjectivity within each method is also rigorously examined. The assessment
focuses on the extent to which each method relies on subjective judgment as opposed to
objective, tangible data. This criterion ensures that the chosen method maintains an optimal
balance, promoting informed, data-driven decision making.

e Scalability: An evaluation of scalability scrutinizes each method's ability to effectively
manage problems of varying magnitudes, from straightforward to highly intricate decisions
that involve numerous criteria and alternatives. This assessment guarantees that the selected
method exhibits robust scalability, ensuring its applicability to a diverse range of problems.

o Applicability to Real-World Problems: The criteria system also encompasses an evaluation
of each method's application to real-world decision-making scenarios. This analysis ensures
the practicality and relevance of each method in diverse, real-world contexts, guaranteeing
its utility and effectiveness in practical applications.

e Ability to Handle Conflicting Criteria: Another crucial criterion is the analysis of each
method’s capacity to manage and resolve conflicting criteria adeptly. This assessment
ensures that the method provides balanced, equitable solutions, effectively navigating and
resolving conflicts within the decision-making process.

e Robustness and Reliability: The robustness and reliability of each method also undergo
stringent evaluation. This analysis ensures consistent delivery of valid, dependable results,
bolstering the reliability and trustworthiness of the MCDM method in question.

¢ Integration with Other Tools and Technologies: The ease and effectiveness of integrating
each method with other contemporary decision support tools and technologies, such as
digital twins and simulation techniques, are also assessed. This criterion guarantees that the
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selected method seamlessly integrates with existing and emerging technologies, ensuring
its relevance and adaptability in the modern technological landscape.

Quality of Outcomes: The final criterion involves a comprehensive evaluation of the overall
quality of the decision outcomes each method produces. Factors such as precision,
comprehensiveness, and the satisfaction of decision-makers and stakeholders are
considered, ensuring the method delivers high-quality, satisfactory decision outcomes.

By rigorously evaluating each MCDM method across these ten criteria, decision-makers are
empowered with a comprehensive, in-depth understanding of each method’s strengths and
weaknesses. This exhaustive evaluation facilitates informed, judicious selection of the MCDM
method that most closely aligns with their specific decision-making needs and context, ensuring
optimal, effective, and efficient decision-making outcomes.

5. COMPARISON THROUGH THE CRITERIA SYSTEM
Below is a comparison of the six MCDM methods based on the ten specified criteria, providing
a comprehensive insight into each method's operational functionality and applicability.

1)

2)

3)

4)

5)

6)

7)

Ease of Use:

AHP stands out for its structured and straightforward approach, albeit its complexity
increases with multiple criteria. TOPSIS and SAW, grounded in mathematical reasoning,
are typically straightforward but necessitate specific skills. ELECTRE, PROMETHEE, and
VIKOR, on the other hand, involve intricate calculations and concepts, potentially posing
challenges for some users.

Computational Complexity:

AHP and PROMETHEE demand extensive computations and pairwise comparisons,
particularly with escalating criteria. In contrast, TOPSIS, SAW, and VIKOR require
moderate computational resources. ELECTRE’s more qualitative approach might
contribute to reduced computational complexity.

Flexibility:

AHP demonstrates significant flexibility in managing diverse data types and decision
problems. TOPSIS and VIKOR primarily emphasize ranking, possibly limiting their
adaptability, while ELECTRE, PROMETHEE, and SAW offer moderate flexibility.
Subjectivity:

AHP necessitates more subjective judgment, especially during pairwise comparisons.
TOPSIS and SAW lean towards a more objective approach, minimizing subjective
judgments. ELECTRE, PROMETHEE, and VIKOR strike a balance between subjective
and objective elements.

Scalability:

AHP's efficiency dwindles with the addition of criteria and alternatives, whereas TOPSIS,
SAW, and VIKOR exhibit effective scalability. ELECTRE and PROMETHEE showcase
moderate scalability, ensuring their applicability to diverse decision-making scenarios.
Applicability to Real-World Problems:

All six methods boast proven applicability in real-world contexts, with AHP and TOPSIS
emerging as the most extensively utilized methods for varied decision-making scenarios.
Ability to Handle Conflicting Criteria:

AHP and PROMETHEE excel in managing conflicting criteria, ensuring balanced and
equitable solutions. TOPSIS, SAW, and VIKOR might encounter challenges in this area,
whereas ELECTRE is reasonably equipped to navigate conflicting criteria.
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8) Robustness and Reliability:
AHP and PROMETHEE are lauded for their robustness and reliability in diverse decision-
making contexts. TOPSIS, SAW, and VIKOR maintain consistent reliability, while
ELECTRE's robustness is context-dependent.

9) Integration with Other Tools and Technologies:
AHP seamlessly integrates with various decision support tools and modern technologies.
TOPSIS, ELECTRE, PROMETHEE, SAW, and VIKOR also exhibit diverse integration
capabilities, enhancing their utility in contemporary decision-making environments.

10) Quality of Outcomes:
AHP and PROMETHEE consistently deliver high-quality decision outcomes. TOPSIS and
VIKOR, while specialized for ranking, may not always meet decision-makers’
comprehensive needs. ELECTRE and SAW ensure reliable outcomes, with ELECTRE
prioritizing ranking and SAW emphasizing quantitative analysis.

The comprehensive evaluation of these multiple-criteria decision-making methods, including
AHP, TOPSIS, ELECTRE, PROMETHEE, SAW, and VIKOR, elucidates their unique
features, advantages, and limitations. This analysis facilitates more informed and context-
specific selections of decision-making methodologies, ultimately enhancing the quality and
reliability of decision outcomes.

6. CHOOSING A METHOD

In the given context of the automotive sector, where there is a necessity to manage a substantial
number of interrelated criteria (35 in total), each with three different possible values (High,
Low, Zero), selecting an appropriate multi-criteria decision-making method is crucial. Among
the various MCDM methods, the Analytic Hierarchy Process (AHP) and PROMETHEE stand
out as potentially beneficial choices for this scenario, each having its distinct advantages. The
Analytic Hierarchy Process (AHP) is noted for its structured approach to handling multiple
criteria and sub-criteria. This feature could make the task of managing and analyzing the 35
criteria more feasible. AHP’s capability to proficiently deal with interconnected criteria ensures
a comprehensive consideration of all aspects in the decision-making process. The method's use
of pairwise comparisons to determine the weights of criteria is another advantage, providing a
detailed evaluation of each criterion’s relative importance. However, it’s essential to note the
potential challenges with AHP. The method may become intricate and time-consuming with
such a significant number of criteria due to the extensive pairwise comparisons required.
Additionally, AHP does involve a degree of subjective judgment in these comparisons, which
might be a consideration depending on the decision-making context. On the other hand, the
PROMETHEE method offers effective management of conflicting criteria, ensuring balanced
and fair solutions are derived, which could be particularly useful in this scenario. The flexibility
of PROMETHEE allows it to handle various types of decision problems, making it a potentially
suitable choice for managing complex and interconnected criteria. The robustness and
reliability of PROMETHEE further solidify its position as a viable decision-making tool,
providing confidence in the decisions made. Despite these advantages, the computational
complexity of PROMETHEE, especially with a large number of criteria, cannot be overlooked.
This complexity could pose challenges, particularly if computational resources are limited. The
choice between AHP and PROMETHEE hinges on the specific priorities and resources of the
decision-making context. If managing the interrelations between the criteria is paramount, AHP
may be more suitable due to its structured approach and ability to handle interconnected criteria.
Conversely, if the focus lies in navigating conflicting criteria and ensuring balanced solutions,
PROMETHEE could be the preferable choice.
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It's also advisable to conduct a pilot test using both methods with a subset of criteria. This
practical test could offer further insights and aid in making a more informed decision on the
most suitable method for the specific context within the automotive sector.

7. CONCLUSION

The contemporary panorama of inhouse logistics within Tier 1 manufacturing companies,
marked by an intricate ensemble of both immediate and extended challenges, brings to the fore
the pressing imperative for a robust multi-attribute decision-making approach, particularly
tailored for the inhouse logistics of automotive Tier 1 suppliers. In this intricate context, multi-
criteria decision-making (MCDM) methods emerge as pivotal tools, offering unique advantages
and disadvantages that should be strategically aligned with the specific requirements of the
decision problem to ensure optimal outcomes. According to comprehensive literature analysis
findings, decisions regarding the supply chain vitally influence the endurance and performance
of the manufacturing industry. Even with advancements like analytical algorithms and algebraic
approaches, decision-making processes grapple with limitations due to dynamic environments
and diverse criteria, challenging the capabilities of most algorithms. This resonates with the
understanding that each MCDM method, including Analytic Hierarchy Process (AHP),
Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), Elimination and
Choice Expressing Reality (ELECTRE), PROMETHEE, Simple Additive Weighting (SAW),
and VIKOR, carries distinctive strengths and weaknesses in addressing various decision-
making scenarios. Recognizing these facets underscores the necessity for comprehensive
insights into each method's nuances, strengths, and limitations, reaffirming the essentiality of
effective and informed multi-criteria decision-making. This recognition propels the study that
explores the groundwork for establishing a digital twin for inhouse logistics systems,
contemplating strategic information, intelligent autonomous vehicles, and a flexible, dynamic
operational environment. The objective is to streamline the construction and planning of
inhouse logistics operations. Moreover, the further research advocated emphasizes the
establishment of a simulation-based decision support tool, developed using a digital twin of a
factory and algebraic approaches. This innovative strategy is anticipated to aid in discerning
the essential objectives and relationships in the system, mirroring real-world dynamics, thereby
reinforcing the commitment to advancing logistical efficacy and robustness amid contemporary
challenges. The proposed method will minimize reliance on heuristic methods and pave the
way for a more analytical and data-driven approach to inhouse logistics decision-making. This
initiative represents a pioneering attempt to design an innovative logistics system exclusively
for internal company use, underlying the significance of infrastructure and system
modernization, including crucial sensor installation for expansive data collection. These
endeavors collectively signify a commitment to enhancing logistical efficiency and resilience
in confronting contemporary challenges. In conclusion, this comprehensive exploration and
proposed advancement in MCDM methods and their integration with modern technologies such
as digital twins represent a notable stride towards mitigating the present challenges in inhouse
logistics within Tier 1 manufacturing organizations. These combined efforts aim to
considerably contribute to the overall enhancement of operational efficiency, customer
satisfaction, and organizational success in the modern manufacturing sector.
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ABSTRACT

The quality of strategic management is contributed by clearly setting the organization's mission
and vision, and regular reporting on achieved goals, which greatly contributes to greater
visibility and recognition of the organization. Strategic management in hospitals is essential to
ensure sustainable success and considers multiple situations and integrates internal and
external insights and perspectives while identifying weak signals and "blind spots™. Strategic
healthcare management involves a process that enables hospitals and other healthcare systems
to operate and improve through planning. The main goal of this paper is to examine the level
of knowledge of the health staff of the local hospital about the strategic tools that are used and
are in the function of strategic management of the organization. Strategic management is the
science of strategic analysis of an organization that aims to predict possible changes in the
organization's internal and external environment, thereby leading to setting strategic goals,
developing strategies, and using resources to achieve competitive advantage.

Keywords: management, strategic management, strategic tools, healthcare system,
organization

1. INTRODUCTION
Healthcare organizations today face a series of problems due to two main factors: the increasing
difficulty in satisfying increasingly "aware" and demanding users and the need to change their
internal organization to keep up with the very rapid changes taking place in technology and
access. "Engaging doctors in system transformation requires focusing on common goals, using
motivational tools: shared purpose, colleague pressure, performance measurement, and
improving a patient-centered approach® (White 2017:23). Because of all of the above,
management and strategic management are important in the development of the hospital and
the improvement of health care. "Strategic management is the process of defining and
implementing procedures and goals that set the organization apart from the competition (ansoff
2007:10)." This paper aims to examine whether local hospital employees are familiar with
strategic management and strategic tools that are used in strategic management of
organizations. the research was conducted within the health system (hospital) in the territory of
Varazdin, and 108 respondents participated in the research. The research was conducted
voluntarily and anonymously via an online form (Google docs platform), and a convenient
sample of respondents was used. Respondents provided data in questionnaires that had the
following four groups of data:
e general data on the respondents (gender, age, education level, place of residence,
employment status, position within the hospital, monthly net income and work experience),
e questions about motivational factors, and the mission and vision of the hospital,
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e questions about managerial tools for strategic hospital management,
e questions about attitudes about hospital management.

The questions in the questionnaires were mostly closed-ended with one possible answer out of
several offered. In addition to the mentioned forms of questions, the questionnaire included
questions in the form of greater or lesser agreement with certain statements (Likert scale),
possible multiple answers as well as questions with open answers.

2. STRATEGIC MANAGEMENT OF THE HEALTH SYSTEM

A strategy is any course of action to achieve an organization's purpose. "According to the words
of Alfred Chandler, the first modern theorist of business strategy, strategy in the field of
business is defined as "the determination of the fundamental, long-term goals and objectives of
the company, and the adoption of courses of action and the distribution of resources necessary
for these goals” (White 2017:25). "According to recent definitions, a strategy is a coordinated
series of actions that include the deployment of resources that someone has access to to achieve
a given purpose (White 2017:25)". A strategy may or may not reflect a fully self-aware,
deliberate and systematic setting of goals and their achievement, which then require detailed
planning (Huebner and Flessa 2022). Strategic healthcare management involves a process that
enables hospitals and other healthcare systems to operate and improve through planning.
Strategic management in the healthcare system is the process of managing hospital operations,
managing the entire healthcare system, but also supervising various departments and employees
within the hospital. All this to improve system productivity and profit through data research
and analysis. It is also essential to analyze the clinical, operational, and financial departments
of the hospital to determine how to improve the functioning of the hospital (American College
Of Healthcare Executives, 2019). Health strategic management experts create strategies to
improve health system processes. They can look at larger elements that affect the company,
such as the hospital's long-term goals and how it plans to achieve them. A healthcare strategy
is critical to an organization's future success by providing a framework for making day-to-day
choices in line with its goals. "Strategic management is promoted in the management literature
as an approach to improving organizational performance with promises of highly structured,
future-oriented management techniques adopted from the best-run business operations (Dennis
2019:32)". The strategic management process is similar to the general management process,
but the time frame, the degree of uncertainty, the relevance of the decisions and the number of
subunits of the environment and the company involved are much larger” (Steinmann et al,
2005). Almost every healthcare organization in the United States clearly expressed its cultural
aspirations through its mission, vision and value statements, and healthcare professionals are
familiar with these concepts of their organization (Owens et al., 2017). Research by Owens et
al. (2017) states that a hospital's mission and vision help employees recognize and integrate into
the organizational culture of the hospital and choose the appropriate workplace. A research
from Turkey entitled "Evaluation of the Use of Strategic Management Tools by Hospital
Executives in Turkey" examined whether managers of public and private hospitals know
strategic management tools, which strategic management tools they use, and to what extent they
are satisfied with these tools (Demir and Ugurluoglu, 2019). The results of the research showed
that managers of private hospitals use many more tools for strategic management than managers
of public hospitals. Moreover, the vast majority of strategic management tools are used more
by CEOs who have received training in strategic management (Demir and Ugurluoglu, 2019).
The research carried out in this paper includes a public health organization (hospital) whose
results regarding knowledge of strategic management, strategic tools and their use are given in
chapter 3.
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3. RESEARCH

Based on the conducted research, the collected data were grouped and SHOWN through ordered
graphical representation. A total of 108 healthcare workers employed in the observed healthcare
organization (hospital) participated in the research. A convenient sample of respondents was
used. The research participants were of different socio-demographic characteristics and had
different knowledge about strategic organization management and strategic tools. The first part
of the questionnaire was aimed at examining the sociodemographic data of the respondents, the
second part examined motivational factors for work, and the mission and vision of the hospital,
while the third and last part of the questionnaire was aimed at questions about tools for strategic
management of the organization.

Figure 1 shows the structure of the respondents, where it is evident that the sample consists of
36 men (33%) and 72 women (67%).

= Male

= Female

Figure 1: Number of respondents
(Source: authors’ work)

Figure 2 shows the age of the respondents, where most people between the ages of 26 and 35
participated in the survey (39%).

Figure following on the next page
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m ]5-25

= 36-45

= 46-55

= 56-65

Figure 2: The age of the respondents
(Source: authors’ work)

According to the level of professional education (figure 3), most, 60 respondents (56%) have a

university degree, then 36 respondents (33%) have a high school education, 10 respondents
have a master's degree (9%), and 2 respondents (2%) have a PhD.

= high school
education
= university degree

= master's degree

= PhD

Figure 3: The level of education of the respondents
(Source: authors’ work)

According to the place of residence, most of them are from Varazdin, with 65 respondents

(60%), 25 respondents (23%) from the closer surroundings of Varazdin, and 18 respondents
(17%) from the further surroundings of Varazdin (figure 4).
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= Varazdin

= closer surroundings of
Varazdin

= further surroundings
of Varazdin

Figure 4: Place of residence
(Source: authors’ work)

According to the question regarding the workplace within the hospital, figure 5 shows the
structure of the answers.

= respondents indicated
the department of the
hospital

= respondents indicated
the level of their
education

= respondents did not
register the answer

Figure 5: Workplace within the hospital
(Source: authors’ work)

Figure 6 shows the structure of monthly net income in euros. It can be seen that the largest
number of respondents have a monthly net income at the level of 801 - 1194 euros, 69 of them
(64%), then 1195 - 1592 euros 23 of them (21%), 9 of them (8%) have a monthly net income
of more than 1593 euros, 6 of them (6%) have a monthly net income between 401 - 800 euros,
while 1 (1%) respondent has a monthly net income below 400 euros.
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= < 400 eur
=401 - 800 eur

= 801 - 1194 eur

= 1195 - 1592 eur

> 1593 eur

Figure 6: Monthly net income in euros
(Source: authors’ work)

Figure 7 represents working experience. The largest number of respondents have work
experience of 1-5 years 36 respondents (33%), followed by 6-10 years of 24 respondents (22%),

11-20 years 20 respondents (19%), more than 31 years 15 respondents (14%), 21-30 years 11
respondents (10%), while 2 respondents (2%) have no previous work experience.

= without working
experience

=] -5 years

= 6 - 10 years

=11 -20 years

= 2] - 30 years

= > 3] years

Figure 7: Woking experience
(Source: authors’ work)
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Figure 8 shows that for the largest number of respondents (73 respondents, 68%), their
workplace does not include managing other employees.

= YES
= NO

Figure 8: The number of respondents whose position includes managing other employees
(Source: authors’ work)

Figure 9 shows that the majority of respondents (51%, 39 respondents (36%), and 16
respondents (15%)) are motivated for their work. The second group of respondents are those
who are indifferent (neither motivated nor not motivated, 28 respondents (26%)).

= [ strongly disagree

u [ disagree

u [ neither agree nor
disagree

= I agree

= [ strongly agree

Figure 9: The number of respondents according to the intensity of motivation to perform the
job in which they are currently employed
(Source: authors’ work)

Figure 10 shows the motivation of employees according to the offered criteria, where

respondents could choose several motives. It can be seen that for 73% of respondents, salary is
the dominant motive for work, while 61% of respondents believe that good interpersonal
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relations are the motivation for work. The least interesting is flexible working hours as a motive
for work, which was recorded by 13% of respondents.

80
73

70

61
60
50
40
32
30
20 17 1
13

) . .

0

good the possibility of flexible working salaries contributionto  cooperation with
interpersonal  advancement and hours the company superiors
relations training

Figure 10: Respondents according to their motives for work
(Source: authors’ work)

Figure 11 shows that the most important characteristics i.e. qualities that successful managers
should have are decisiveness (10%, 11 respondents) and consistency (9%, 10 respondents).
Nevertheless, 73% (79 respondents) of respondents believe that a combination of all elements
(consistency, determination, risk-taking, adaptability, self-confidence) are qualities that
successful leaders should have.

= consistency
= decisiveness
= risk taking
adaptability
= confidence

= all of the above

Figure 11: The number of respondents according to qualities that successful managers should
have
(Source: authors’ work)
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From Figure 12, it can be seen that the mission and vision of the observed healthcare institution
are known and understood by a smaller part of the respondents, 35 (32%).

= YES

= NO

Figure 12: The number of respondents according to knowledge and understanding of the
set mission and vision of the organization
(Source: authors’ work)

Figure 13 shows that the majority of respondents (57 respondents (53%)) do not know the tools
for strategic management of the organization.

= YES

=NO

Figure 13: The number of respondents according to familiarity with managerial tools for
strategic hospital management
(Source: authors’ work)

Furthermore, regarding the tools and areas that are part of strategic management, most
respondents know the area of quality management (61 respondents, 56%). Further, 29% (31
respondents) know PEST analysis, 28% (30 respondents) know SWOT/TOWS matrix, 20%
(22 respondents) know mission and vision, 18% (19 respondents) knows VRIO method while
the smallest number knows Porter's model (15 respondents, 14%) (figure 14).
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= mission and vision statement

= PEST analysis
= PORTER'S model

= SWOT/TOWS matrix
= quality control
= VRIO method

Figure 14: The number of respondents' answers about the knowledge of certain tools and
areas in strategic management
(Source: authors’ work)

Figure 15 shows the attitudes of respondents regarding knowledge of managerial tools for
strategic management of the organization and their connection with their use. The vast majority
of respondents (55 respondents, 51%) are in a dilemma about how to answer the question in the
questionnaire, so they chose the middle (neutral) answer (“neither agree nor disagree"), while
26 % (28 respondents) believe that the knowledge of managerial tools for strategic management
of an organization is directly related to their use.

= [ strongly disagree
= I disagree

= I neither agree nor disagree
= [ agree

= [ strongly agree

Figure 15: The number of respondents according to whether the knowledge about
managerial tools for strategic management of the organization is directly related to their use
(Source: authors’ work)
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Figure 16 shows that the respondents recognize the area of quality management and that it is
an area that is represented in the management of the organization (53 respondents, (49%)),
while the application of other tools is insufficient, i.e. not recognized (30%, i.e. 32 respondents
claims that neither mentioned tool is used). The other four tools account for the remaining 21%

D

of responses.

= Quality management

= PEST analysis

= PORTER'S model
SWOT/TOWS matrix

= VRIO method

= There is no application of the
aforementioned

Figure 16: The number of respondents' answers to the question about the application and use
of strategic management tools
(Source: authors’ work)

The assessment of whether the mentioned tools are used in the department where the
respondents work is shown in Figure 17.

= intensive care unit

= quality department

= hospital administration
10%

different 11 departments
® 110 answer
= inappropriate answers

= doesn't know how to answer

Figure 17: The number of answers regarding in which department (workplace) managerial
tools for strategic management of the organization are used the most
(Source: authors’ work)
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Figure 18 shows the attitudes of respondents regarding the department (workplace) where
managerial tools should be used for strategic management of the organization. The vast majority
of respondents did not know how to answer this question, so inappropriate answers were given
or answers were not given at all (inappropriate answers, no answer and | don't know were
indicated by 66% of respondents).

m the management
= quality control
= operating room

= in 4 different
departments

= all hospital departments

= no answer

u | do not know

m inappropriate answers

Figure 18: The number of answers regarding in which department (workplace) managerial
tools for strategic management of the organization should be used
(Source: authors’ work)

The majority of respondents agree that the economists are suitable for hospital management
(40%). The second most common answer is "neither agree nor disagree™ given by 32% of
respondents, while 28% of respondents expressed disagreement (figure 19).

= I strongly disagree
= T disagree
= I neither agree nor disagree

= I agree

n I strongly agree

Figure 19: The number of answers regarding the opinion that economists should be in
management positions in the hospital administration
(Source: authors’ work)
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Figure 20 shows that 66% of respondents believe that the management of their hospital lacks
knowledge of strategic management.

= | strongly disagree

= | disagree

= [ neither agree nor disagree
= ] agree

= [ strongly agree

Figure 20: The number of answers regarding the lack of knowledge of strategic management
by current organization management
(Source: authors’ work)

The vast majority of respondents agree that there are risks of bad management due to the lack
of knowledge and inexperience of its managers (76% of respondents) (figure 22).

= [ strongly disagree
= [ disagree
= [ neither agree nor disagree

= [ agree

= [ strongly agree

Figure 21: The number of answers regarding the existence of the risk by bad management
due to lack of knowledge and inexperience of managers
(Source: authors’ work)

Based on the conducted research, most respondents are not familiar with the mission and vision
of the institution where they work and do not know the strategic tools used in the strategic
management of the organization. They cite salary as the main motivator for work. The
respondents in the research are most familiar with the field of quality management.
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According to the data that show a lack of knowledge about the observed tools and the field of
strategic management itself, it is necessary to carry out the necessary actions to familiarize the
employees with the field of strategic management and the tools used in that segment. The
employees are not even familiar with the mission and vision of the organization, which also
represents one of the key problems of misunderstanding the observed area. For the hospital to
develop according to its mission, vision, values, and strategic goals, education is needed for all
existing and future employees who can contribute to the further growth and development of this
institution.

4. CONCLUSION

Hospitals and healthcare organizations today operate in an extremely competitive environment,
with increasing pressure to improve quality and reduce costs. To adapt to this problem, more
and more healthcare institutions are planning their institution management activities. Strategic
management in healthcare organizations involves outlining the effective steps needed to
achieve specific goals (naamati 2020:5). The goal of this research was to assess the knowledge
about the area of strategic management and tools used in strategic management of an
organization on the example of a healthcare organization (hospital). The results themselves
show insufficient knowledge of the observed area. A small number of research has been
conducted on this topic, both globally and in the territory of the Republic of Croatia, where,
based on data from Croatia, we can see that health institutions state that strategic management
represents a designed approach to defining future development goals to achieve high-quality,
efficient, long-term and sustainable development of a certain field of activity or institution. This
research is the basis for further research and examination of the functioning of health
organizations from a strategic aspect, especially from strategic management and the use of
strategic tools.
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ABSTRACT

In contemporary times, organizations conduct business in VUCA surroundings, where V stands
for volatility, U for uncertainty, C for Complexity, and A for ambiguity. In these conditions of
unpredictability, where contingencies seem more possible than ever, making decisions based
on facts that will lead to more success can be made with the help of management accounting.
Management accounting serves management by collecting, analyzing, and presenting financial
and nonfinancial data crucial for making informed decisions. This paper aims to give an
overview of methods for measuring supply chain performance and success that management
accounting utilizes for attaining an organization’s efficacy and effectiveness.

Keywords: Management accounting, supply chain, supply chain scorecard, measuring
performance

1. INTRODUCTION

In contemporary times, organizations conduct business in VUCA surroundings, where V stands

for volatility, U for uncertainty, C for Complexity, and A for ambiguity. These conditions make

predicting market movements arduous, as significant changes happen more often, decisions
must be made in times of uncertainty, and it is unachievable to determine and understand all
cause-and-effect relationships. Significant amount of data is made daily, and it is difficult to
translate it into information, especially when data is ambiguous. When the COVID-19
pandemic spread, tremendous disturbances in supply chains worldwide arose. According to The

Davos Agenda in Sultan (2022), supply chains have transformed in five significant aspects:

1) Supply chains are getting more attention.

2) Business continuity is more acknowledged, and supply chains are trying to become more
resilient and increase flexibility.

3) Collaboration and partnerships are recognized to assure positive supply chain performance.
Organizations are more willing to share their knowledge and information with their
partners.

4) Organizations are becoming more flexible. They are investing in new assets and
technologies that will enable business continuity when partners cannot fulfill their parts of
agreements.

5) Organizations have suffered a lack of materials and goods, which has caused them to
increase stock quantity to levels that might not be optimal.
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In these conditions of unpredictability, where contingencies seem more possible than ever,
making decisions based on facts that will lead to more success can be made with the help of
management accounting. Management accounting’s main task is to collect, analyze, and present
information to management to make conducting business more profitable and sustainable.

2. THE ROLE OF MANAGEMENT ACCOUNTING IN SUPPLY CHAIN
MANAGEMENT

Management accounting is a business management function that serves management
(Ziegenbein, 2008). It processes and monitors financial and non-financial data within an
organization to keep business aligned with its values, vision, mission, and goals while reducing
costs and increasing profitability. Management accounting uses this information to help
management make decisions based on facts, to ease measuring success and performance, and
ensure transparency in everyday organizational transactions. Management accounting is best
described by its objectives: planning, organizing, control, information systems, value systems,
and human resources management (O&ko & Svigir, 2009). Supply chains are comprised of
many different organizations, which have their distinctive roles in the chains but also other
business functions, e.g., procurement, sales, production, distribution, and warehousing. A great
number of organizations’ roles in supply chains and within themselves generate a significant
amount of data. These data must be processed by using standardized procedures. They must be
shared with employees and other partners in the supply chain so each supply chain participant
can make relevant decisions, take responsibility, and adjust their processes. Management
accountants collect data, process it, and share it to insure cooperation and support. They serve
the management by transparently presenting the flow of goods, information, and money in the
supply chain. All these actions enable optimization of processes, which is crucial for the supply
chain’s success (Werner, 2022). Risk and non-value adding activities identification are possible
by transparently presenting flows in the supply chain. Measuring the success and performance
of a supply chain and using key performance indicators help detect deviances from set
objectives. Identified non-value-adding and risk-inducing activities and processes make an
opportunity for process optimization, more tremendous business success by reducing costs,
better use of assets, and partner engagement in internal organization’s processes. These kinds
of processes manifest as prolonged wait times, products or materials shortages, defunct
processes, etc. They can be eliminated with the help of lean management. (Werner, 2022)

2.1. Supply Chain Resilience

Supply chain resilience refers to the supply chain’s capability to overcome disturbances and to
repair itself after disturbances. Resilient supply chains consist of organizations that are resilient
themselves, meaning that they can prepare for and avoid disturbances, they can mitigate the
effects of disturbances by taking stabilizing actions, and they can best possible adjust
themselves to impact of disturbances. This does not suggest that resilient supply chains
eliminate risks; rather, they minimize them by finding adequate solutions. Therefore, supply
chains must immediately and independently respond to threats and disturbances to be resilient.
This modus operandi is possible if organizations continuously learn, measure their
performances, and communicate with their partners. (Werner, 2022)

3. METHODS OF MEASURING SUPPLY CHAIN’S PERFORMANCE

The supply chain’s performance is measured by key performance indicators. Key performance
indicators (KPIs) quickly and purposefully inform participants about business success. Their
usefulness comes to light when present results from key performance indicators are compared
to past results. KPIs are also utilized for comparing an organization’s success with competitor
organizations because they show where an organization is placed compared to the rest of the
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industry. Consequently, KPIs are indispensable for benchmarking — comparing an
organization’s practices to the best in the industry and adopting the best practices (Bedenik &
Osmanagi¢, 2008.). Traditionally, KPIs were focused on past results and disregarded
nonfinancial indicators, which prevented measuring and monitoring the progress of achieving
strategic objectives. To overcome this deficiency, new concepts for performance measurement
systems were developed. Today, in the new performance measurement systems, the top
indicators are referred to as KPIs. These KPIs are more laborious to define because of their
nonfinancial attributes and complexity, yet they provide a broader perspective on strategic
business success. In performance measurement systems, alongside KPIs, business performance
indicators and process performance indicators are also used. Business performance indicators
measure the effectiveness of operational segments of a supply chain, such as a division, a profit
center, or a region. Process performance indicators measure the everyday activities of
operational processes. The table below shows the differences between traditional KPIs and
performance measurement systems. (Werner, 2022)

Differentiating features Traditional KPIs Performance measurement
systems
Time Focus on past Focus on future
Primary metric Financial Nonfinancial
Causal relationship Isolated measurement of | Cause-effect chains
individual metrics
Alignment Financial orientation Customer orientation
Leverage Control of financial | Control of corporate strategy
objectives
Reporting structure Functional reporting structure | Process-oriented  reporting
structure
Evaluation focus Internal corporate evaluation | Internal and external
evaluation
Cost-performance Cost reduction Performance improvement
relationship
Learning process Individual learning Organizational learning

Table 1: Traditional KPIs versus performance measurement systems
(Source: adapted by the author to Werner (2022))

3.1. Types of measuring performance in supply chain

Supply chain performance can be measured with indicators specific to activities and processes
in supply chains. Those indicators can be distinguished into two basic types: indicators for
activities that add value and other indicators. Indicators for activities that add value can be
further categorized by types of activities — input, throughput, output, and payment. Werner
(2022) reported that other indicators include generic performance indicators, productivity and
economic evaluation indicators, and quality and service indicators. Indicators for activities that
add value can be listed regarding their activity:

e Input: procurement key indicators

e Throughput: warehousing, picking, and production key indicators

e Output: distribution key indicators

e Payment: cash-flow key indicators.
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These indicators are created by labor, material consumption, and alike. They view all activities
from raw materials procurement to finished products distribution (Werner, 2022). Generic key
indicators encompass general and overarching measures that shape respective areas of supply
chains. Productivity indicators are derived from the input and output relationship, and they
measure labor productivity. Quality and service indicators look at customer satisfaction
indexes. (Werner, 2022)

3.2. Balanced Scorecard

Balanced scorecard is used to design performance measuring systems while considering four
key perspectives that affect performance: financial perspective, customer perspective, internal
process perspective, and organizational capacity perspective (Bakoti¢, 2014; Werner, 2022).
The financial perspective is used to view how stakeholders see the organization and to measure
financial performance. The customer perspective views the organizations from end customers’
positions; it looks at customers’ expectations and views on the organization. The internal
process perspective deals with an organization's internal processes, which should be organized
to satisfy customers. Organizational capacity perspective looks at an organization’s ability to
continuously grow and learn to better itself in creating additional value for its customers. When
making a balanced scorecard, objectives for each of the perspectives should be made. From
objectives, the mission, vision, and strategies should be further developed. Each objective
should have proposed measures to measure the performance of realizing the objectives (Zager
et al., 2008). When all components of a balanced scorecard are made, the model should be
shared with all employees so they could study the model and apply it in their everyday work
activities. It is essential to continuously measure and evaluate an organization’s success in using
balanced scorecard’s writings so any deviations could be corrected. When the whole
organization is familiar with the balanced scorecard, models for each work unit should be made.
Using the balanced scorecard for long-term success includes checking the model and updating
it. (Balanced Scorecard Institute)

3.3. Supply Chain Scorecard

A supply chain scorecard is a variation of the balanced scorecard, tailored explicitly for
measuring supply chain success and performance. It gives importance to measuring
collaboration with partners in a supply chain, coordination in a supply chain, and balancing
organizations simultaneous autonomy and being part of a supply chain in which partners can
be customers.

3.3.1. Brewer and Speh’s Supply Chain Scorecard

Brewer and Speh’s supply chain scorecard is derived from Kaplan and Norton’s balanced
scorecard, but it is adjusted to make a framework for measuring supply chain performance. In
this supply chain scorecard, the four perspectives used are end customer benefits, financial
benefits, supply chain management improvement, and supply chain management goals (Brewer
& Speh, 2000; Werner, 2022).

Figure following on the next page
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Customer benefits

Supply chain Supply chain management

management goals improvement

Financial benefits

Figure 1: Brewer and Speh’s Supply Chain Scorecard Perspectives
(Source: adapted by the author to Brewer and Speh (2000))

According to Brewer and Speh (2000), when supply chain’s goals are being achieved,
customers recognize the added value given to them, which in turn is getting to the organization
through financial benefits. Integration, coordination, and communication help reduce the
number of non-value-adding activities, cut costs, and help make greater revenue and profits.
Financial benefits are closely tied to Kaplan and Norton’s financial perspective, and the
indicators that authors propose for measuring the performance of financial benefits are profit
margin, cash-to-cash cycle, customer growth, revenue growth, and return on assets (Brewer &
Speh, 2000). A supply chain that minimizes its costs, improves its agility and flexibility, and
reduces cycle-times consequently creates customer benefits. Brewer and Speh suggest that
supply chains bring their attention to questioning how much their customers recognize these
benefits and why they don’t recognize them. The authors further emphasize that organizations
should ask themselves about customers’ beliefs about organizations that make organizations
successful. Brewer and Speh suggest increasing the quality of goods and services, increasing
flexibility, and adhering deadlines to create added value for customers. Proposed indicators for
measuring customer benefits are the number of customer contact points, relative customer order
response time, customer perception of flexible response, and customer value ratio (Brewer &
Speh, 2000). To realize the full potential of a supply chain, all processes within organizations
and the supply chain, must be coordinated and integrated. Organizations need to orient their
structures toward processes and to reduce costs. The supply chain management goals
perspective is linked to the internal process perspective of Kaplan and Norton’s balances
scorecard. Indicators that can be used to measure this perspective’s performance are supply
chain cost of ownership, supply chain cycle efficiency, number of choices/average response
time, and percentage of supply chain target costs achieved (Brewer & Speh, 2000). Supply
chain improvement requires continuous learning, bettering, and innovativeness so that
organizations can make a profit. Authors greatly emphasize the importance of reducing cycle
times, reducing waste, increasing flexibility, and orienting towards the future. This supply chain
management improvement is linked to organizational capacity perspective that includes
learning and growth. Indicators for measuring performance are product finalization point,
product category commitment ratio, number of shared data sets/total data sets, and performance
trajectories of competing technologies (Brewer & Speh, 2000).
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3.3.2. Stélzle, Heusler and Karrer’s Supply Chain Scorecard

Stolzle, Heusler, and Karrer’s Supply Chain Scorecard differs from Kaplan and Norton’s
balanced scorecard by adding perspective — supplier perspective. The supplier perspective
enables measuring the supply chain’s external activities supply chain’s starting point. Authors
suggest that processes of creating supply chain scorecards should move top-down and bottom-
up to get feedback about proposed plans and their feasibility. This two-way communication
increases the chances of the supply chain scorecard being accepted and implemented by all
employees. (Werner, 2022)

3.3.3. Weber, Bacher and Groll’s Supply Chain Scorecard

At the core of this supply chain scorecard is a wish to measure external and internal indicators
simultaneously. While using four perspectives, Weber, Bacher, and Groll replace the customer
perspective and organization capacity perspective with new collaboration intensity and
collaboration quality perspectives. Additionally, authors prefer key performance indicators that
narrowly indicate the supply chain itself (Werner, 2022). Eliminated customer and organization
capacity had become a part of the collaboration intensity perspective, as the authors find
continuous learning and growth necessary for collaboration. In contrast, customer perspective
is more critical for the organizations that have direct contact with end customers. The
collaboration intensity perspective is more focused on measuring collaboration outside of an
organization, being turned to supply chain partners. To measure collaboration intensity
performance, authors suggest key indicators of quality and quantity of shared data. Weber,
Bacher, and Groll propose customer satisfaction indicators and potential conflict points to
measure collaboration quality performance. Werner critiques dividing collaboration quality and
intensity as he finds the limits between each blurry. (Werner, 2022)

3.3.4. Richert’s Supply Chain Scorecard

What Richert’s supply chain scorecard makes it tailored to supply chains is an added fifth
perspective. Like Weber, Bacher, and Groll, Richert also adds a collaboration perspective. The
author explains keeping the customer perspective and adding a collaboration perspective
necessary because the customer perspective tends to focus more closely on end customers.
Factors that motivated Richert to add the collaboration perspective are structural, social, and
technical. The structural factor that Richert states is making a balance between flexibility and
stability in a supply chain, where flexibility marks meeting unique customer demands, and
stability refers to making fundamental choices, such as picking partners and process
establishment. Social factors stress the importance of mutual trust in supply chains and avoiding
unfair competition. In contemporary surroundings, collaboration is impossible without digital
communication, which is why Richert chose technical factors as an incentive to include
collaboration perspective. To measure the collaboration perspective, the author suggests
choosing the time needed for a new partner to be fully integrated in the supply chain as the key
performance indicator. (Werner, 2022)

3.3.5. Werner’s Supply Chain Scorecard

Werner’s supply chain scorecard consists of five perspectives: financial perspective, customer
perspective, internal process perspective, which are Kaplan and Norton’s and supplier
perspective and integration perspective (Werner, 2022). Werner’s supply chain scorecard is
focused on financial indicators. The author structured his supply chain scorecard so that all five
perspectives’ performances can be translated to financial indicators. Werner discerns two types
of indicators: growth/ensuring indicators and reducing indicators. The growth/ensuring
indicators include financial key performance indicators, liquidity ratios, profitability ratios, and
market value ratios, while reducing indicators show cost reductions and stock keeping (Werner,
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2022). Werner suggests including other businesses that are an organization’s customers from
customer perspective when making a supply chain scorecard. When planning from customer
perspective, organizations should consider customer satisfaction, service satisfaction, planning
reliability, and learning and growth (Werner, 2022). Collaboration and partnership between
organizations are crucial for a successful supply chain. The supplier perspective, which is
Werner’s addition to the supply chain scorecard, gives great importance to collaboration and
partnership. Key performance indicators that are used to measure performance from this
perspective are returns rate, customer satisfaction index, number of shipments per day, etc.
(Werner, 2022). The integration perspective in a supply chain scorecard evaluates the
performance of internal and external interfaces. It is a foundation for management accounting
of partnerships in a supply chain. When making plans for this perspective, it is necessary to
examine the frequency and nature of partner interactions, partner dependency, cooperation
level, competition level, how standardized the interactions with partners are, and how is
business with partners conducted (Werner, 2022).

4. CONCLUSION

COVID-19 has amplified VUCA surroundings in which predicting market movements is
arduous. Management accounting’s role has become even more critical as it is management’s
right hand that provides crucial information and insights. For organizations to continuously
operate in supply chains, they must adjust themselves and the supply chains that they are part
of to be more flexible and resilient. Flexibility and resilience are not built only on the financial
aspects of operating a business but on comprehensive, successful performance.
Comprehensiveness implies measuring and constantly improving both financial and non-
financial indicators. A tool that is used to design performance measurement systems is a
balanced scorecard. Its variant, adjusted explicitly for supply chains, is the supply chain
scorecard. A supply chain scorecard is utilized to set goals and objectives with encompassed
indicators to measure the performance of those goals and objectives in a supply chain. The most
straightforward and most similar supply chain scorecard to the balanced scorecard is Brewer
and Speh’s, as the most significant difference is the different perspectives' names. In contrast,
the perspectives can be directly linked to the balanced scorecard’s perspectives. Weber, Bacher,
and Groll’s supply chain scorecard underlines the importance of tending partnerships in the
supply chain by adding two separate collaboration perspectives: collaboration intensity and
collaboration quality. Richert’s supply chain scorecard coincides with Weber, Bacher, and
Groll’s emphasis on collaboration with an added collaboration perspective that accentuates the
importance of coordination between organizations in a supply chain. Lastly, Werner’s unique
additions to the supply chain scorecard are the supplier and integration perspectives. While
affirming the effects of collaboration on supply chain performance, the supplier perspective
also accentuates the relevance of measuring the supply chain at its starting poin