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Ondrej Roubal

Uvodni slovo

V nedévném rozhovoru s komikem Theo Vonem Mark Zuckerberg oteviené zpochybnil
smysl vysokoskolského vzdélani a hodnoty univerzitniho studia. Konkrétné argumentoval
rostoucimi naklady na studium, zadluzovanim absolventdl a celkovou neefektivitou
a tézkopadnosti univerzitniho studia, zaostavajiciho za realitou pozadavki pracovniho trhu.
., am not sure that college is preparing people for the jobs that they need to have today, “ 1iké
Zuckerberg, a dodava, ze mnoho lidi ,,startuje ve velké dire“, pokud po studiu neni zajisténa
prace. Zuckerberg ovSem pfipousti vyznam socialniho kapitalu jako sité kontaktl a konexi,
rozvijenych a posilovanych v univerzitnich kampusech. Mimochodem i v jeho ptipadé studia
na Harvardu byly funkéni socidlni sit¢ jednim z klicovych piedpokladi jeho profesniho
uspéchu. Zuckerberg svym ambivalentnim postojem k univerzitnimu studiu redukuje jeho
hlavni pfinos na rozvoj socialniho kapitdlu jako soukromého blaha v podobé prakticky
a ucelové vyuzitelnych kontaktti k dosazeni individualnich cilti. Tradi¢ni model univerzitniho
vzdélani dale povazuje za pfili§ vzdaleny a jen pasivné a pomalu reagujici vucéi rychle
proménlivé realité, definované technologickym vyvojem neustilych zmén. V takové
perspektivé jsou vesker¢ jistoty spolecenské reality, ponofeny do nejistoty zmén, nepfesnych
a nejistych predikci technologického vyvoje, aktualizujici otazky pokroku lidstva a zejména
jeho podstaty, cilti a vizi. Zatimco technologicky vyvoj je nezadrzitelny, ni¢im a nikym
nebrzdény, nezkrotny a nespoutany, bez hodnot a cilii, bez moralky a svédomi, pokrok se stava
otazkou, zesilujici nejistotu odpoveédi kam, pro¢, kdy, za jakou cenu, pro koho nebo proti komu.
A neni snad pravé vzdélani cestou hledani odpovédi na tyto a dalsi otdzky podstaty pokroku
jako cesty k dosahovani hlubsich a stabilngjsich hodnot humanity? Nemél by snad pokrok byt
kolejnici zbésilé a nefizené jizdy technologickych lidri jejich zbésilé jizdy na nikym netizené
horské draze?

Na druhé strané stoji vlivné hlasy, varujici pfed odmitanim nebo zpochybiiovanim hodnot
univerzitniho vzdélani. Napftiklad Jeff Bezos nedavno vyzval mladou generaci, aby neptebirala
Zuckerbergliv ptibeéh jako univerzalni vzor a nesnazila se ptekalibrovat Zivotni strategie
pivodné zaméfené na univerzitni studia, k alternativnim inspiracim zivotnich piibeht
mimotadné usp&$nych vizionait, technologickych lidrii a genidlnich inovatort. Zivotni p¥ib&hy
vyjimecnych lidi jsou totiz jen vyjimecné, rizika netispéchu a zklaméni jsou pii tom obrovska.

Univerzitdm nelze rozumét jen jako mistim praktické pfipravy na trh prace. Jsou totiz

I centrem veédy, vyzkumu a inovaci. Vzdélani pfispiva k rozvoji kritického mysleni, obCanské



Ondrej Roubal Uvodni slovo

angazovanosti a spoleCenské odpovédnosti. Univerzitni vzdélani je mnohem vic nez jen
vstupenkou na trh prace. Je zédkladem rozvoje védy, poznani i udrzitelné a lidsky dastojné
budoucnosti. Univerzity poskytuji strukturované prostfedi, kde se rozviji nové myslenky,
provadéji se experimenty a vytvaieji feSeni pro globalni problémy, od zmény klimatu pies
chudobu az po zdravi spole¢nosti. Vzdélani tak neni jen investici do jednotlivce, ale
do kolektivni budoucnosti, umoznuje nejen materialni prosperitu, ale i moralni a intelektualni
rozvoj. Vzdélani podporuje pienos znalosti mezi generacemi a kulturami. Akademicka
spoluprace umoznuje ptistup k nejnovejSim objevim, at’ uz v oblasti obnovitelnych zdroja,
environmentalniho vyzkumu nebo socidlnich inovaci.

Vzdélani odbornici vytvaieji politiku a technologie pro obnovu ekosystému, ochranu
biodiverzity a adaptaci na klimatické zmény. Spolecensky je univerzitni vzdélani klicové pro
budovani informované obcanské spolecnosti, kterd dokaze Celit globalnim vyzvam se znalosti
a odpovédnosti. To vSe potvrzuji i mnohé udélosti roku 2025. Zatimco se média zpravidla
zamé&iuji na komunikaci udélosti plné konfliktd, katastrof a lidského nestésti, v tomto ptipadée
pfipomindme naopak svétové udalosti, znamenajici pokrok lidstva, probouzejici nadéje
a optimismus. Na pozadi téchto a mnoha dal$i spolecenskych uddlosti nestoji nic jin¢ho nez
praveé hodnoty vzdélanosti, védeckého a kulturniho kapitalu, jejichz vyznamnym zdrojem jsou
univerzity a akademické prostiedi.

Rok 2025 pfinasi vyzvy i nadéje. Svét se stale vyrovnava s dasledky geopolitickych
konflikti, ekonomickych otiesti ¢i energetickych krizi. Soucasné spolecnost prokazuje
mimotadnou schopnost inovaci a adaptaci. Umél4 inteligence, udrZitelnd energetika a nové
formy komunikace proménuji nase zpusoby prace, vzdélavani 1 pfemysleni o budoucnosti.
To vSe jsou projevy uspéchu v jeho nejhlubsim smyslu, potvrzujici schopnost lidské tvotivosti,
spoluprace a odvahy.

Organizace OSN vyhlésila rok 2025 Mezinarodnim rokem kvantové védy a technologii
S cilem zvysit vefejnou pozornost 1 financovani vyzkumu v této revolu¢ni oblasti. Rok 2025
je také vyhlasen jako Mezinarodni rok ochrany ledovct, prinaSejici vétsi spolupraci védcd,
politikll 1 komunit ohroZenych degradaci ledovctl. Letosni laureati Nobelovy ceny v chemii
predstavili kovove-organické sit€¢ (MOFs), které mohou pomahat zachytdvat CO., cerpat vodu
v suchych oblastech a Cistit toxicke latky. Vyzkum v Kanadég pfinesl nové techniky pro korekcei
chyb v kvantovych pocita¢ich, posilujici robustnost budoucich kvantovych technologii. Mise
PROBA-3 pfinesla prvni stereoskopické snimky Slunce formou umélého zatméni. Ve védecké
komunité se navrhuje zfizeni specializovaného organu (UNCIO) pro koordinaci pozorovani

objektli pfichazejicich z mezihvézdného prostoru, pfedstavujici milnik pro astrobiologii
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aplanetarni védu. V oblasti technologii byla publikovana zprava Top 10 Emerging
Technologies of 2025, evidujici deset prialomovych inovaci — od strukturnich bateriovych
kompozitii, pfes osmézni energii az po technologie pro zdravotni péci. Béhem 2025 United
Nations Ocean Conference v Nice staty oznamily vytvoteni rozsahlych motskych chranénych
oblasti v Pacifiku, v€etné prvniho multinarodné fizeného rezervatu v Melanésii a soucasné
se zavazaly ke snizeni hlukového znecisténi v oceanu prostfednictvim koalice 37 zemi. V ramci
globalni ochrany klimatu a pfirodnich zdroji se na konferenci COP 30, potadané v listopadu
2025 v brazilském Belému, ptedstavily prvni zpravy o pokroku v implementaci Patizské
dohody. Staty se zaroven pfipravily na dalsi faze spoluprace v oblasti adaptace a financovani
klimatickych opatteni. Zprava Global Cooperation Barometer 2025 potvrdila, ze ptestoze
globalni spoluprace celi fad¢ obtizi, pét klicovych pilitt — obchod a kapital, inovace
a technologie, klima a ptirodni kapital, zdravi a wellness, mir a bezpe¢nost — vykazuje pozitivni
signaly posunu.

V ramci Evropy se v Bruselu v fijnu leto$niho roku konal Social Innovation Forum 2025,
jehoz hlavnim tématem bylo budovani odolnych spoleCenstvi. Férum pfineslo konkrétni
navrhy, jak prostiednictvim socidlnich inovaci fesit problémy spojené s nejistotou zamestnani,
ptistupem ke vzdélani a socidlni inkluzi. RozSifujici se dostupnost digitalnich a finan¢nich
sluzeb pomaha zenam, zvlasté v rozvojovych zemich, snadnéji zakladat a rozvijet podnikani.
To podporuje socialni inkluzi a rovnost pohlavi. V roce 2025 dosahla technologie 5G podle
odhadii pokryti asi 55 % svétové populace, coz vytvaii potencial dal§i podpory vzdélani
a pfistupu k informacim. V ramci ForSEk 2025 bylo zdlraznéno, Ze socidlni podnikani miiZze
byt dilezitym nastrojem pro zaméstnavani znevyhodnénych osob a pro udrzitelny rozvoj
regiont. Ve velké ¢asti chudSich a stfedn¢ ptijmovych statli vzrostl podil dospélych, ktefi
formalné spofi. To znamena vyssi stabilitu a finanéni zabezpeceni domacnosti. Podle zpravy
World Bank se v uplynulé dekadé vyrazné rozsifila socidlni ochrana a systémy socidlniho
zabezpeceni v zemich s nizkymi a sttednimi ptijmy. V roce 2025 tak bylo pod socidlni ochranou
az 4,7 miliardy lidi, coz je v historii bezprecedentné nejvyssi hodnota.

Tyto a dal$i jiné udalosti ukazuji, Ze rok 2025 nepiinasi pouze technologicky pokrok
a védecké objevy, ale také posiluje diiraz na socidlni spravedlnost, inkluzivni ekonomiku
a mezinarodni spolupraci. Spole¢nym jmenovatelem je snaha reagovat na globalni vyzvy
prostiednictvim inovaci, partnerstvi a odpovédného rozvoje s cilem zajistit vyssi kvalitu Zivota,
udrzitelny rust a stabiln€j$i budoucnost pro vSechny.

Stejn€ jako byly na udalosti bohaté dny letosniho roku, podobné pestré je i tematické

zaméfeni odbornych pfispévki naSeho konferen¢niho sborniku. Ten pfedstavuje kombinovany
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soubor pfispévkll z oblasti ekonomie, financi, managementu i spoleCenskych aspektt
ekonomickych procesii. Autofi se vénuji mimo jiné koopetitivnimu chovani firem na finan¢nich
trzich a hledani rovnovéhy mezi efektivitou a férovosti spoluprace konkurenti. Pozornost
je zaméfena také na historickou rekonstrukci efektivnich sménnych kurzi mezivale¢ného
Ceskoslovenska a dopady devalvace na konkurenceschopnost exportu. Vybrané piispévky
mapuji digitalni leadership a lidsky orientovanou transformaci v éfe umélé inteligence
¢i analyzuji ochranu déti v médiich na zéklad¢ nalezii kontrolnich autorit. Dalsi autofi rozvijeji
metody méfeni vykonnosti obchodnich strategii, zkoumaji optimalizaci hodnotovych tokt
ve vyrobnich podnicich nebo dopady provéfovani zahrani¢nich investic na technologické
inovace v EU. Pozornost je vénovana i faktorim ovliviiujicim zavadéni hybridnich pracovnich
modell na Slovensku, vlivu soukromych investic do zdravotnictvi na kvalitu vefejné péce
a modernim pfistupiim k tvorbé investi¢nich portfolii. Vyzkum dopliuji studie segmentace
mladych spotiebiteld na trhu bézeckych znacek, finan¢nich ukazateli polygrafického primyslu
¢i srovnani bitcoinu a tradi¢nich mén. Celkovy soubor texti doklddda metodologickou
rozmanitost a interdisciplinarni piesahy doktorského vyzkumu.

Sbornik z 12. ro¢niku Konference doktorandii zahrnuje celkem 14 odbornych ptispévkil,
které prosly anonymnim recenznim fizenim. Rad bych na tomto misté pod¢koval nejen autorim
za jejich ptispévky, ale i recenzentiim za diikladné posouzeni odborné kvality textli. Podékovani
patii rovnéz kolegiim z Katedry financi za jejich aktivni Gcast a diskuzi v jednotlivych sekcich
konference. Za peclivou organizatorskou a redakéni praci dékuji kolegyni Markété Holendové
z Odboru vyzkum a vyvoje a za skvélou technickou podporu Petru Svobodovi z Oddéleni
marketingu a propagace.

Prehled vSech dosavadnich konferenci, vcetné elektronické verze tohoto sborniku
pfispévkl, naleznou naSi ctenafi na internetovych strankach https://www.vsfs.cz/
konferencedoktoranduy/.

Konference byla finanéné podpofena ze zdroji ucelové podpory na specificky
vysokoskolsky vyzkum, poskytované Ministerstvem $kolstvi, mladeze a t&lovychovy Ceské
republiky.

doc. Mgr. Ondfej Roubal, Ph.D.
prorektor pro vyzkum a vyvoj VSFS,

odborny garant konference
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Introduction

In a recent conversation with comedian Theo Von, Mark Zuckerberg openly questioned
the value of higher education and the purpose of university study. He pointed in particular
to the rising cost of tuition, the mounting debt burden placed on graduates, and the overall
inefficiency and unwieldiness of university education, which, in his view, lags behind
the realities and demands of today's labour market. “I am not sure that college is preparing
people for the jobs that they need to have today,” Zuckerberg remarked, adding that many young
people “start in a big hole” if they leave university without a guaranteed job. At the same time,
Zuckerberg acknowledges the importance of social capital — networks, relationships and forms
of connection cultivated and strengthened on university campuses. In his own case, too, during
his time at Harvard, these functional social networks were a key factor in his later professional
success. Yet Zuckerberg's ambivalent stance on university study effectively reduces its main
contribution to the development of social capital as a form of private benefit: a stock of contacts
that can be deployed instrumentally to achieve individual goals. He further argues that
the traditional model of university education is too remote, and reacts only slowly and passively
to the rapidly changing reality shaped by technological development and constant
transformation. From this perspective, the certainties of social reality become immersed
in the uncertainties of change and in the imprecise, unpredictable trajectories of technological
advancement — renewing fundamental questions about human progress, and, above all,
its nature, aims and visions. While technological development advances unstoppably,
unhindered and unrestrained, without values, purpose, morality or conscience, the very notion
of progress becomes a question that heightens uncertainty: progress towards what, why, when,
at what cost, for whom, or against whom? And is not education precisely the means by which
societies seek answers to these and other essential questions about progress as a path towards
deeper and more lasting human values? Should not progress act as a guiding rail
for the otherwise frantic, ungoverned ride taken by technological leaders on their runaway
roller-coaster?

On the other hand, influential voices warn against dismissing or undermining the value
of university education. Jeff Bezos, for instance, recently urged young people not to adopt
Zuckerberg's story as a universal model, nor to recalibrate life strategies originally centred
on university study towards the exceptional biographies of extraordinarily successful
visionaries, technological leaders and inventive geniuses. Such stories are exceptional precisely

because they are rare — and the risks of disappointment or failure are immense.

10
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Universities cannot be understood merely as places of practical preparation for the labour
market. They are also centres of science, research and innovation. Education cultivates critical
thinking, civic engagement and social responsibility. University study is far more than an entry
ticket to employment; it is a foundation for the advancement of knowledge, science, and
a sustainable and dignified human future. Universities provide the structured environments
in which new ideas are formed, experiments conducted, and solutions developed for global
challenges — from climate change and poverty to public health. Education is thus an investment
not only in the individual but in our collective future; it enables not just material prosperity, but
moral and intellectual development. It supports the transmission of knowledge across
generations and cultures. Academic collaboration opens access to the latest discoveries —
whether in renewable resources, environmental research, or social innovation.

Educated professionals shape policies and technologies to restore ecosystems, protect
biodiversity and facilitate climate adaptation. At a societal level, university education is crucial
for building an informed citizenry capable of confronting global challenges with knowledge
and responsibility. Events of 2025 strongly reinforce this point. While the media tend to focus
on conflict, catastrophe and human misfortune, here we instead highlight global developments
that mark meaningful human progress and evoke hope and optimism. Behind these and many
other societal developments lie the enduring values of education, scientific inquiry and cultural
capital — resources for which universities and academic environments remain essential
incubators.

The year 2025 brings both challenges and hope. The world continues to grapple with
geopolitical tensions, economic shocks and energy crises. At the same time, societies
demonstrate extraordinary capacity for innovation and adaptation. Artificial intelligence,
sustainable energy and new forms of communication are transforming the ways we work, learn
and think about the future. These trends represent success in its deepest sense, affirming
humanity's creativity, cooperation and courage.

The United Nations has designated 2025 as the International Year of Quantum Science and
Technology in order to raise public awareness and strengthen research funding in this
revolutionary field. It has also proclaimed 2025 _as the International Year of Glacier
Preservation, supporting closer cooperation among scientists, policymakers and communities
threatened by glacial degradation. This year's Nobel Prize in Chemistry recognised metal—
organic frameworks (MOFs), which can capture CO:, draw water from arid environments and
neutralise toxic substances. Research in Canada has produced new techniques for error

correction in quantum computing, enhancing the robustness of future quantum technologies.
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The PROBA-3 mission delivered the first stereoscopic images of the Sun using an artificial
eclipse. Within the scientific community, proposals have emerged for a specialised body
(UNCIO) to coordinate the observation of objects entering the Solar System from interstellar
space —a milestone for astrobiology and planetary science. In technology, the Top 10 Emerging
Technologies of 2025 report identified ten breakthrough innovations, from structural battery
composites and osmotic power to advanced healthcare technologies. During the 2025 United
Nations Ocean Conference in Nice, governments announced extensive new marine protected
areas in the Pacific, including the first multinationally managed reserve in Melanesia, and
pledged to reduce ocean noise pollution through a coalition of 37 countries. At COP 30, held
in Belém, Brazil, in November 2025, countries presented their first progress reports
on implementing the Paris Agreement and prepared for subsequent phases of climate adaptation
and financing. The Global Cooperation Barometer 2025 confirmed that, despite ongoing
challenges, five key pillars — trade and capital, innovation and technology, climate and natural
capital, health and well-being, and peace and security — are showing positive signs
of improvement.

Across Europe, the Social Innovation Forum 2025 took place in Brussels in October,
focusing on building resilient communities. The Forum produced tangible proposals for
addressing job insecurity, access to education and social inclusion through social innovation.
Expanding access to digital and financial services is enabling women — especially in developing
countries — to start and grow businesses more easily, reinforcing social inclusion and gender
equality. In 2025, 5G technology is estimated to have reached roughly 55% of the world's
population, creating new opportunities for education and access to information. At ForSEk
2025, experts emphasised that social entrepreneurship can serve as a vital tool for employing
disadvantaged groups and supporting sustainable regional development. Across many low- and
middle-income countries, the share of adults with formal savings has increased, providing
households with greater stability and financial security. According to the World Bank, the past
decade has seen substantial expansion of social protection and social security systems across
low- and middle-income countries. In 2025, as many as 4.7 billion people were covered
by some form of social protection — the highest level in history.

These and numerous other developments demonstrate that 2025 is not only a year
of technological and scientific progress, but also one that strengthens the emphasis on social
justice, an inclusive economy and international cooperation. The unifying theme

isa commitment to addressing global challenges through innovation, partnership and
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responsible development — ultimately to improve quality of life, promote sustainable growth,
and secure a more stable future for all.

Just as this year has been rich in global developments, so too is the thematic range
of scholarly contributions in this conference proceedings. The volume presents a diverse
collection of papers in economics, finance, management and the social dimensions of economic
processes. The authors examine, among other topics, coopetitive behaviour among firms
in financial markets and the search for balance between efficiency and fairness in cooperation
among competitors. Other contributions focus on reconstructing historical effective exchange
rates in interwar Czechoslovakia and analysing how devaluation affected export
competitiveness. Selected papers explore digital leadership and human-centred transformation
in the age of artificial intelligence, or analyse the protection of children in the media based
on findings by regulatory authorities. Further authors develop methodologies for assessing
the performance of trading strategies, examine the optimisation of value streams
in manufacturing firms, or evaluate the impact of foreign investment screening on technological
innovation in the EU. Attention is also given to factors influencing the adoption of hybrid work
models in Slovakia, the impact of private investment in healthcare on the quality of public
services, and modern approaches to constructing investment portfolios. The research
is complemented by studies of youth market segmentation in running-shoe brands, financial
indicators in the printing industry, and comparisons of bitcoin with traditional currencies.
Collectively, these texts reflect the methodological diversity and interdisciplinary reach
of doctoral research.

The Proceedings of the 12th annual Doctoral Students Conference contains fourteen peer-
reviewed scholarly papers. | would like to extend my sincere thanks not only to the authors for
their contributions, but also to the reviewers for their thorough assessment of the academic
quality of the texts. My gratitude also goes to colleagues from the Department of Finance for
their active participation and engagement in the conference sessions. Finally, | wish to thank
my colleague Markéta Holendova from the Department of Research and Development for her
meticulous organisational and editorial work, and Petr Svoboda from the Department

of Marketing and Promotion for his excellent technical support.
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Our readers can find a summary of all the conferences to date, including the electronic
version of this publication with the papers, online at https://www.vsfs.cz/
konferencedoktorandul/.

The conference was supported by using objective oriented support for specific university

research by the Ministry of Education, Youth and Sport of the Czech Republic.

Assoc. Prof. Mgr. Ondfej Roubal, Ph.D.
Vice-rector for Research and Development
at the University of Finance and Administration,

the conference’s expert guarantor
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Ondfej Cernik

Co-opetition-spoluprace konkurentii efektivné nebo férové

Abstrakt

Nalebuff a Brandenburger (1996) piedstavili koncept co-opetition jako specifickou formu
interakce mezi konkurenty, ktefi si soucasné konkuruji i spolupracuji. Tento ptispevek rozviji
teoreticky rdmec co-opetition prostfednictvim aplikace teorie her a vyjedndvacich modela
na situace na financ¢nich trzich. Cilem je ptekrocit tradi¢ni dichotomii mezi konkurenci
a kooperaci a ukazat, ze koopetitivni chovani muze vést k oboustrannym piinosiim
prostfednictvim Paretovych zlepSeni a spolecnych akci, které maximalizuji celkovy uzitek
ucastnika trhu.

Analyza vychdzi z mikroekonomického modelu finanéniho trhu, kde dva konkurenti
mohou skrze koopetitivni jednani dosahnout efektivnéjsiho vysledku. Jsou porovnana dvé
klicova vyjednavaci feSeni — Nashovo feSeni, které maximalizuje soucin uzitkl, a Kalai—
Smorodinského feSeni, které vyrovnava proporcionalitu ziskli vzhledem k idealnimu
(utopickému) bodu. Timto pfistupem jsou identifikovany preference spolupracujicich
konkurenti mezi efektivitou a férovosti. Tento pfistup otevird novy zpusob, jak chapat interakce
na finan¢nich trzich — nikoli jako hru s nulovym souctem, ale jako prostor pro tvorbu sdilené
hodnoty. Zavéry studie zaroven pfinaSeji nové poznatky pro ekonomickou teorii 1 praxi fizeni
vztahi mezi konkurenty, zejména pii hleddni rovnovadhy mezi efektivitou, férovosti

a dlouhodobou udrzitelnosti spoluprace.
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Uvod

Otazka, jak mohou konkurenti spolupracovat, aniz by ztratili motivaci soutézit, se stala
ustifednim tématem mého ekonomického vyzkumu. Koncept co-opetition ptinasi novy pohled
na interakce mezi firmami — nejde o prosté stiidani konkurence a kooperace, ale o jejich soub¢h.
V tomto prispévku navazuji na zékladni teoreticky ramec Nalebuffa a Brandenburgera (1996)
a rozvijim jej v kontextu finan¢nich trha.

Jak 1ze modelovat rozhodovani dvou hract — konkurenti, ktefi maji odlisné preference, ale
musi jednat v podminkach omezenych zdroja? V tomto ¢lanku ukazuji, jak Ize k tomuto
problému piistupovat pomoci nastroju teorie her a teorie preferenci — a pro¢ je Edgeworthiiv
krabicovy diagram stale jednim z nejpfehlednéjSich zpasobu, jak vyjadiit moznosti
vyjednavani, kompromisu a rovnovahy. Detailni rozbor tohoto piistupu je uveden v (Cernik,
2025).

Teorie her, vychazejici z neoklasického pfistupu, zakladd rozhodovani na maximalizaci
uzitku. Uzitkova funkce vSak piedstavuje idealizovany model, ktery musi byt doplnén
0 realisti¢téjsi interpretaci preferenci. Proto se v analyze Casto vyuziva axiomaticka teorie
preferenci podle von Neumanna a Morgensterna (1944), kterda umoziiuje formalizovat
subjektivni hodnoceni jednotlivych variant. V praxi se osvédcila zejména indiferencni analyza,
popisujici preference prostfednictvim indiferen¢nich kiivek spojujicich kombinace statki
se stejnou hodnotou pro dany subjekt. Ken Binmore (1994) ukézal, Ze pravé Edgeworthliv
diagram lze interpretovat jako vizualni vyjadieni Nashova problému vyjedndvani. Tento model
jasné zachycuje mozné zpusoby rozdéleni dvou statkli mezi dva hrace pii respektovani jejich
individualnich preferenci a umozinuje analyzovat rovnovazné vysledky jako vysledek racionalni
interakce.

Na tuto interpretaci navazuje tento piispévek rozsitrenim o dva kli¢ové modely vyjednavani
mezi konkurenty, ktefi se nachazeji ve vztahu co-opetition — tedy situaci, kdy si soucasné
konkuruji i spolupracuji. Prvnim z nich je Nashovo FeSeni (NS), které vychazi z principu
maximalizace sou¢inu uzitkli obou hrac¢t a klade diiraz na efektivnost dosazeného kompromisu.
Druhym je Kalai-Smorodinského ieSeni (KS), které naopak preferuje férovost
a proporcionalitu vysledku vici idedlnimu bodu, jejz by si kazdy hrac ptal doséhnout, kdyby
jednal samostatné.

Porovnani téchto dvou pfistupti umozituje hlubsi pochopeni toho, jak mohou soupeftici
finan¢ni subjekty nalézat stabilni kompromisy mezi efektivitou a spravedlivym rozdélenim

vyhod. Tim se otevira novy prostor pro analyzu koopetitivniho chovéani na finan¢nich trzich —
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takového, které prekracuje rdmec Cisté konkurence i1 jednoduché kooperace a zduraziuje
vyznam vyjednavani jako kli¢ového mechanismu pro vznik spole¢né akce a kolektivnich
pfinosi.

Cilem prispévku je formaln¢ analyzovat, jak mohou tito konkurenti dosahnout
koopetitivniho vysledku, ktery je zaroven efektivni i férovy. V dalSich ¢astech textu se model
roz$ifuje o geometrickou interpretaci, kterd umoziuje graficky zachytit vyjednavaci mnoziny
a Pareto-hranici, a nasledné analyzuje rozdily mezi konvexni a nekonvexni vyjedndvaci

mnozinou a jejich vyznam pro stabilitu koopetitivni rovnovahy.

1 Model a vyjednavaci feSeni

Pro hlubsi pochopeni koopetitivniho chovéni konkurent( na finan¢nich trzich je nezbytné
formaln¢ zachytit proces jejich vyjednavani. Model vychdzi z klasické dvouhracové
vyjednévaci situace, v niz jsou jednotlivé mozné vysledky popsany jako body v prostoru uzitki
obou hract. Kazdy hra¢ ma definovany sviij bod nedohody (d), ktery predstavuje vysledek,
pokud k dohod¢ nedojde. Cilem vyjednavani je nalezeni takového bodu na Pareto-hranici, ktery
zlepSuje uzitek obou hraci oproti bodu nedohody a zdrovenn odpovidd zvolenému principu
rozd¢leni pfinosu.

Pro teoretické uchopeni tohoto procesu se vyuzivaji dva zakladni modely, které umoznuji
kvantifikovat vztah mezi individualnimi a spoleénymi zajmy hraca. Edgeworthiv krabicovy
diagram zde slouZzi jako vizualni pomucka pro zachyceni rovnovaznych kombinaci uzitkd,
zatimco Nashovo a Kalai-Smorodinského feSeni poskytuji formalni ramec pro urceni
optimalnich vysledkli vyjednavani. Timto zpisobem lze analyzovat, jak se méni rovnovazny
bod v zavislosti na preferencich hract vici efektivité ¢i férovosti — a jak volba jednoho
¢i druhého pfiistupu ovlivituje stabilitu a dlouhodobou udrzitelnost co-opetition na financnich

trzich.

1.1 Spoluprace konkurenti efektivné nebo férové

V nasledujici ¢asti proto predstavim srovnani Nashova (NS) a Kalai-Smorodinského
(KS) fteseni, jejichz prostiednictvim lze zkoumat kompromis mezi efektivitou a férovosti
ve vyjednavani. Pro pochopeni téchto modeli je wuzitecné osvojit si zaklady teorie
kooperativnich 1 nekooperativnich her, které ptedstavuji teoretické vychodisko tohoto

roz$ifeného rdmce co-opetition na finan¢nich trzich.
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1.2 Formalni vymezeni vyjednavacich FeSeni a jejich geometrie

Na financ¢nich trzich vznikaji situace, v nichz mezi sebou interaguji dvé skupiny hract —
vlastnici investi¢nich fondu (vétitelé) a vlastnici investi¢nich ptilezitosti (dluznici). Véritelé
poptavaji investi¢ni piilezitosti a nabizeji investi¢ni fondy, zatimco dluznici poptavaji fondy
a nabizeji ptilezitosti. Obé skupiny tak stoji ve vzajemné koopetitivnim vztahu (co-opetition):
na jedné strané spolupracuji, protoze potiebuji uskutecnit transakci, na druhé strané
si konkuruji, nebot’ se uchazeji o vyhodné&jsi podminky na spole¢ném trhu (Cernik, Valencik,
2021).

Tento vztah lze formalizovat jako vyjednavaci problém (S, d), kde S pfedstavuje mnozinu
dosazitelnych kombinaci uzitki obou hrac¢t a d jejich vychozi bod (bod nedohody). Kazdy bod

S € S odpovida urc¢itému rozdéleni vynosii mezi véfitele a dluznika, které zavisi na zvolené
strategii investovani, mife rizika a rovnovaze nabidky a poptavky po kapitalu.

Z hlediska efektivity a spravedlnosti pfichdzeji v uvahu dvé zdkladni vyjednévaci feSeni.
Nashovo feSeni (NS) maximalizuje soucin uzitkli obou hract a tim vyjadiuje preferenci pro
efektivni vysledek, ktery maximalizuje celkovy spoleény piinos. Oproti tomu Kalai—
Smorodinského feSeni (KS) zachovava proporcionalitu ziskd vzhledem k idealnimu bodu
kazdého hréce, tedy k takové kombinaci, kterd odrazi férové rozdéleni piinosi.

Ekonomicky Ize tyto modely interpretovat nasledovne¢:

v situaci, kdy vétitelé nabizeji investiéni fondy a dluznici investi¢ni prilezitosti, dochazi
k vyjednavani o tom, jak bude rozdélen celkovy vynos z investic. Nejvyssiho kolektivniho
vynosu z kooperace je dosaZeno tehdy, kdyz je mezni vynos posledni investi¢ni ptilezitosti
vyuzité dluznikem i véfitelem stejny — coZ odpovida stavu kooperativni rovnovahy.

V takto definovaném prostoru je mozné zkoumat, jak volba mezi Nashovym (NS) a Kalai—
Smorodinského (KS) feSenim ovlivituje vysledek vyjednavani mezi vétitelem a dluznikem.
Zatimco NS feSeni preferuje maximalni efektivitu alokace zdrojii, KS feSeni zduraziuje
rovnovahu a dlouhodobou udrZitelnost spoluprace, coz je na finan¢nich trzich klicové pro

stabilitu 1 reputacni jistotu obou stran.

1.2.1 Vyjednavaci problém
Necht (S,d) je vyjednavaci problém, kde:

S c R?je mnoZzina dosaZitelnych uZitki (uzaviena, omezend, konvexni),
d = (d,,d,) € S je bod nedohody (status quo),

Sd = {u € S: ui > di, i = 1,2} je individualné racionalni ¢ast S.
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Predpokladejme dale monotonii (vyssi uzitek je preferovan) a kvazikonkavni preference

(coz zarucuje konvexitu hornich kontur a hladkou Pareto-hranici).

1.2.2 Nashovo FeSeni (NS)
Definice: podle (Nash, 1950)
Nashovo Feseni (NS) je bod u™® € S, ktery maximalizuje soucin ,,prebyteénych* uzitki

nad bodem nedohody:

ulVS € argmax  (uy —dy) (uy — dy).
UESy

Axiomatika (stru¢n¢):

NS je jedine¢né (za obvyklych piedpokladl) feSeni spliujici axiomy: Pareto-efektivity,
symetrie, nezavislosti na irelevantnich alternativach (IIA) a invariance na pozitivni afinni
transformace uzitki.

Geometrie:

V prostoru uzitki (0sa u;, u,) NS voli na Pareto-hranici bod, ktery maximalizuje plochu
obdélniku se vrcholy {d, (uq,d,), (d1,u,), u}.

Ekvidistan¢ni ktivky Nashova produktu (u; —d;)(u, —d;) = konst jsou obecné
hyperboly se sttedem v d. uNS je dotyk hyperboly s Pareto-hranici P(S).

Interpretace: NS klade diraz na efektivitu (maximalizaci ,,spoleéného kolace®), pticemz

rozdé€leni ziskl je endogenné dano tvarem S a polohou d.

1.2.3 Kalai-Smorodinského feSeni (KS)
Utopicky (idealni) bod:
Utopicky bod u¥=5 * komponentové jako Mi = sup {ui (u1,u2)€ S}, i =1,2.
V feseném piipadé u = (10, 10).

(Je to ,,nejlepsi dosazitelné* pro kazdého hrace zvlast’, bez ohledu na druhého.)

Definice: podle (Kalai, Smorodinsky, 1975)
Kalai-Smorodinského feSeni (KS) je priusecik Pareto-hranice P(S)s tseckou (pfip.

poloptimkou) spojujici d a M. Ekvivalentné:
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ufs—dl _ué{s_dz

My—dy  M,—d;’

ukS e P(S) a
Tj. KS rovna ,relativni zisky“ obou hraca vuci jejich idealam.

Axiomatika (stru¢n¢):

KS je jedinecné feSeni spliujici: Pareto-efektivnost, monotonicitu (pfi rozsifeni
Ssinikdo nepohorsi), individualni racionalitu a invariance na pozitivni afinni
transformace po komponentach.

Geometrie:

V prostoru uzitki se sestroji pfimka z d do utopického bodu u = (10, 10).

KS je bod, kde tato pfimka protina Pareto-hranici.

Interpretace: KS klade diraz na férovost/proporcionalitu vii¢i potencialnim maximum
ziskim (utopickému bodu), ¢imz podporuje i vnimani spravedlnosti a udrzitelnosti

spoluprace.
Obrazek 1: Konvexni (neliedrni) vyjednavaci mnozina: NS vs. KS
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Zdroj: vlastni

V konvexnim ptipadé (Obr. 1) oba hraci jednaji v hladkém prostoru moznych dohod, kde

Pareto-hranice je plynuld. Nashovo feSeni (N) maximalizuje soucin uzitki a zdUraziuje

20



Ondtej Cernik Co-opetition-spoluprace konkurentii efektivné nebo férové

efektivnost, zatimco Kalai-Smorodinského feseni (KS) zajist'uje proporcionalitu ziskt a klade

duraz na férovost.

1.3 Geometricka interpretace a Pareto-hranice

Vyjednavaci mnozinu lze zobrazit v dvourozmérném prostoru uzitkii, kde osa x predstavuje
uzitek hrace 1 a osa y uzitek hrace 2. Kazdy bod v tomto prostoru odpovida mozné kombinaci
vysledkti. Pareto-hranice predstavuje mnozinu vSech bodt, kde nelze zvysit uzitek jednoho
hrace, aniz by se snizil uzitek druhého.

Geometricka reprezentace umoznuje nazorn¢ sledovat, jak se méni vztah mezi efektivnosti
a férovosti v zavislosti na tvaru vyjednavaci mnoziny. Pokud je mnozina konvexni, existuje
kontinuum kompromisnich feSeni; pokud je nekonvexni, vznikaji oddé€lené oblasti (napf.
konkurenéni a kooperacni), mezi nimiz muze dojit k ptfeskoku. Z ekonomické teorie
efektivnosti vime, ze v realné ekonomice se Paretovské optimum v plném slova smyslu téméf
nikdy nedosahne.

Existuji vyjimky? Ano, ale jen za velmi specifickych podminek.

Modelové trhy s vysokou konkurenci a minimem externalit (napf. aukéni trhy, nékteré
segmenty kapitdlovych trhit) se k tomu mohou asymptoticky piiblizit.

Teoreticky plati tzv. Prvni véta blahobytu: Kazda konkuren¢ni rovnovaha v dokonalé
ekonomice vede k Paretovskému optimu, ale to plati pouze za piedpokladu naprosto
nerealistickych podminek (napf. dokonald konkurence, nulové externality, plna racionalita,
nulové transakéni néklady...).

Zvlastni pripady: nékteré mechanismy alokac¢nich aukci (napt. Vickrey—Clarke—Groves
mechanismus) mohou vést k alokacim blizkym Paretovu optimu — ale opét jen

Vv kontrolovaném prostiedi.

2 Interpretace grafi: konvexni vs. nekonvexni mnoZina

V této sekci jsou interpretovany dva klicové grafy vyjednavacich mnozin: a) konvexni
(nelinearni) a b) nekonvexni. Interpretace vychazi z herné-teoretickych a ekonomickych
souvislosti Nashova (NS) a Kalai-Smorodinského (KS) feSeni. V konvexnim ptipad¢ jsou obé
feSeni blizko, zatimco u nekonvexniho tvaru se Nashovo feSeni mlze vyraznéji odchylit
smérem k efektivnimu, ale méné rovnostafskému vysledku od diagondly spravedlnosti.
Vyjednavaci mnozina jako prostor strategické spoluprace v kontextu co-opetition piedstavuje
soubor vSech kombinaci vysledkl (uzitki), kterych mohou dva konkurenti dosahnout, pokud

zvazuji jak konkurenéni, tak 1 kooperativni strategie. Konvexni mnoZina odpovida situaci, kdy
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existuje prostor pro synergii — spole¢né aktivity (napf. sdileni infrastruktury, vyzkumu ¢i dat)
zvysuji efektivitu obou stran. Nekonvexni mnozina naopak vyjadiuje strukturalni napéti mezi
konkurenty — existuji oblasti, kde kooperace jednoho hrace nutné snizuje zisk druhého, napft.
pii nekompatibilnich technologiich nebo odlisSnych trznich segmentech. Tyto vysledky
umoziuji 1épe porozumét, jak se ekonomicka racionalita vyvazuje s pozadavkem spravedlivého

rozdéleni a jak se volba tvaru vyjednavaci mnoziny promita do vyjednavacich vysledkd.

Obrazek 2: Nekonvexni vyjedndavaci mnozina: NS vs. KS
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Zdroj: vlastni
Konvexni mnozina piedstavuje situaci, kde jsou preference hrac¢li komplementarni
a kompromis mezi efektivitou a férovosti je dosazitelny bez zasadniho napéti. Nekonvexni
mnozina naopak vyjadiuje situaci, kdy dochazi ke konfliktu z4jm1, vznikaji lokalni maxima

a potencidl pro strategickou asymetrii. Nasledujici tabulka shrnuje zdkladni numerické

vysledky obou piipadii:

22



Ondtej Cernik Co-opetition-spoluprace konkurentl efektivné nebo férové

Tabulka 1: Klicové body vyjedndvacich reseni

Prvek Symbol Souradnice (ui, u2) Interpretace
bod nedohody d (2.0;3.0) vychozi minimalni uzitky
utopicky bod u (10.0; 10.0) idealni maximum
Moo N assineo Sl dns
KalaimeorodiflskéhO K-S (7.976 : 8.229) proporéni f’e§eni — diraz
(konvexni) na férovost

konkurenéni rovnovaha —

Nashovo feseni N (10.000 ; 8.896) efektivnost bez

(nekonvexni) . .
proporcionality
Kalai—Smorodinského . koopetitivni rovnovaha —
(nekonvexni) K-8 (9.059;9.177) proporcionalita a stabilita

Zdroj: vlastni vypocty autora

V nekonvexnim piipadé (Obr. 2) se prostor vyjednavacich moznosti rozdéluje do dvou
oblasti — konkurencni a koopera¢ni. Nashovo feSeni odpovida ¢isté konkuren¢ni rovnovaze,
zatimco Kalai-Smorodinského feSeni piedstavuje koopetitivni (Co-opetition) rovnovahu, v niz
se oba hraci podileji na spole¢ném zisku pfi zachovani proporcionality ptinost. Tato geometrie
tak vystihuje situaci na financ¢nich trzich, kde si konkurenti souc¢asné konkuruji 1 spolupracuji
— typické podoba co-opetition.

V konvexnim ptipadé (Obr. 1) jsou oba hraci schopni dosdhnout dohody v ramci plynulé
vyjednavaci mnoziny. Pareto-hranice je spojita a ob& vyjednavaci feSeni — NS i KS — lezi
relativné blizko sebe. Nashovo feSeni (N) upiednostiiuje efektivnost a maximalizaci spole¢ného
zisku, zatimco Kalai-Smorodinského feseni (KS) posiluje proporcionalitu ziskil a zajistuje
férové rozdeleni. Tento tvar mnoziny odpovida situacim, kdy jsou zajmy obou hracua relativné
sladéné a spoluprace pfinasi oboustranny ptinos bez zasadnich konflikta.

V nekonvexnim ptipadé (Obr. 2) se vyjedndvaci mnozina rozdeluje na dvé oddélené oblasti
— konkurenéni a koopera¢ni. Pareto-hranice je v tomto piipadé nespojitd a Nashovo feSeni
se posouva smérem k hranici efektivnosti, zatimco Kalai-Smorodinského feSeni zlstava blize
diagonale férovosti. Tento tvar odpovida situaci, kdy spoluprace vyZaduje pirekonani asymetrii,
ale pfesto umoziuje vznik stabilni koopetitivni rovnovahy.

Tento rozdil mezi konvexnim a nekonvexnim ptipadem je klicovy pro pochopeni, kdy
muze byt co-opetition dlouhodobé udrzitelna. Pokud je prostor moznych dohod piilis
fragmentovany, dochazi k riziku, Ze hraci ztistanou v konkuren¢nim stavu. Stabilni koopetitivni
rovnovaha vznika tehdy, kdyz se podafi sladit efektivnost a férovost — tj. kdyz se KS nachazi

dostatecné blizko Pareto-hranice i diagonaly spravedlivosti.
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Zavér

Tento prispévek ukazal, ze koncept co-opetition 1ze formalné popsat pomoci nastroji teorie
her a vyjednavacich modelt. Analyza dvou klicovych vyjednavacich feSeni — Nashova (NS)
a Kalai-Smorodinského (KS) — umoziiuje identifikovat podminky, za nichZ se spoluprace mezi
konkurenty stava raciondlni strategii. Z pohledu ekonomické interpretace NS zduraziuje
efektivnost, zatimco KS posiluje proporcionalitu pfinost a tim i vnimani férovosti dohody.

Rozdil mezi konvexni a nekonvexni vyjednavaci mnozinou ukazuje, ze koopetitivni
rovnovaha vznika pouze tehdy, kdyz hraci dokazou udrzet vyvazeny vztah mezi efektivnosti
a férovosti. Koexistence konkurence a spoluprace tak neni anomalii, ale pfirozenym diisledkem
racionalniho rozhodovani v prostiedi, kde se oba principy dopliuji. Koopetitivni rovnovaha
proto ptedstavuje novy zptisob, jak chapat dynamiku finanénich trhti — nikoli jako nulovou hru,
ale jako prostor pro tvorbu sdilené hodnoty.

Z hlediska ekonomické teorie efektivnosti vime, Ze dosazeni Paretovského optima
je v realné ekonomice vyjimecné. Presto existuji trzni prostiedi, ktera se tomuto idealnimu
stavu mohou asymptoticky pfiblizit — zejména vysoce konkurenéni finan¢ni trhy s minimem
externalit, jako jsou auk¢ni nebo kapitalové trhy. Tyto pfipady potvrzuji platnost Prvni véty
blahobytu, podle niz konkuren¢ni rovnovaha vede k Paretovskému optimu — ovsem jen za velmi
restriktivnich podminek, jakymi jsou dokonald konkurence, nulové transakéni naklady ¢i plna
racionalita. Ur¢ité alokacni mechanismy, naptiklad Vickrey—Clarke—Grovesovy aukce,
se tomuto idedlu mohou v kontrolovaném prostredi ptiblizit.

Zaveérem lze fici, Ze co-opetition je pro finan¢ni trhy vhodny koncept pravé proto, Ze
propojuje konkuren¢ni efektivnost s kooperativni férovosti a umoziuje vznik rovnovéh
blizkych Paretovu optimu. Formalizace koopetitivniho chovéani prostfednictvim modeltt NS
a KS pfinési novy teoreticky ramec pro navrh mechanismi, které maximalizuji spolecny piinos

a soucasn¢ podporuji dlouhodobou stabilitu trznich vztaht.
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Efektivni sménné kurzy Ceskoslovenska 1925-1936:

rekonstrukce, dekompozice a efekt devalvace

Abstrakt

Hlavnim cilem studie je rekonstruovat vyvoj efektivnich sménnych kurzii Ceskoslovenska
v letech 1925-1936, a to v jejich nominalni i realné podobé, s ohledem na rozdily mezi vazenim
podle exportu, importu a celkového zahrani¢niho obchodu. Studie zkouma, jak se tyto kurzy
vyvijely v obdobi pied a po devalvaci ¢eskoslovenské koruny z roku 1934, a hodnoti, zda tato
devalvace skutecné ptispéla ke zlepSeni cenové konkurenceschopnosti exportu. Dil¢imi cili
jsou analyza trendli a dekompozice jednotlivych indext, ktera umoziuje identifikovat obdobi
nadhodnoceni a podhodnoceni koruny a odd¢lit vlivy nominalniho ménového pohybu od vlivii
cenové¢ hladiny, a to celkové a vici jednotlivym obchodnim partneram.

Zatimco nominalni ukazatele naznacuji oslabeni mény po roce 1934, redlné ukazatele
naznacuji, ze domdci cenovy rust z velké ¢asti eliminoval ocekdvany konkurenéni efekt
devalvace. Tato prace piinaSi prvni ucelenou rekonstrukci efektivnich sménnych kurzl
Ceskoslovenska pro mezivaleéné obdobi, ktera rozsituje pokryti zahraniéniho obchodu na 82 %
a nove¢ rozliSuje mezi exportn¢ a importné¢ vazenymi indexy. Omezenim zvoleného ptistupu
je pfedevsim prace s fixnimi vahami a zavislost na srovnatelnosti cenovych statistik

jednotlivych obchodnich partneri, coz mize Castecné ovlivnit piesnost realnych ukazateli.
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Uvod
Porozuméni dynamice kurzové politiky v malych otevienych ekonomikéach vyzaduje vice

nez sledovani bilateralnich kurzl. V piipadé mezivalecného Ceskoslovenska, které setrvalo
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u zlatého standardu az do poloviny tficatych let, dosud chybéla souroda rekonstrukce
efektivnich sménnych kurzii. Tyto ukazatele, konstruované jako obchodné vazené priméry
bilateralnich kurzl, poskytuji komplexnéjsi obraz o vné&jsi konkurenceschopnosti a umoznuji
hodnotit dopady hospodarské politiky v multilateralnim kontextu.

Hlavnim cilem této studie je rekonstruovat vyvoj efektivnich sménnych kurzi
Ceskoslovenska v letech 1925-1936 v jejich nominélni i realné podobé, a to pfi rozliseni podle
exportu, importu a celkového zahrani¢niho obchodu. Dil¢i cile zahrnuji: (i) porovnat vyvoj
téchto indexu pfed a po devalvaci z roku 1934, a to z dat archivnich statistickych ro¢enek
arodenek zahrani¢niho obchodu,! (ii) analyzovat jejich dlouhodobé trendy a odchylky
od ,,pfirozené* urovné prostiednictvim HP a Kalmanova filtru, a (iii) vytvofit empiricky ramec,
ktery umozni hodnotit ménové tupravy ve vztahu k redlné konkurenceschopnosti
ceskoslovenské ekonomiky vici jednotlivym obchodnim partnerim. Na zdklad€ téchto cilii
studie formuluje dv€ hlavni vyzkumné otdzky: vykazovaly efektivni sménné kurzy
Ceskoslovenska po zohlednéni cenového kanalu odlisnou dynamiku oproti svym nominalnim
protéjSkiim a vedla devalvace z roku 1934 k realné, nikoli pouze nominalni depreciaci mény,
a byl jeji efekt heterogenni vii¢i jednotlivym obchodnim partnerim?

Z téchto otazek vychazeji nasledujici pracovni hypotézy: (i) nominalni devalvace roku
1934 byla z velké ¢asti neutralizovana rustem doméacich cen, a nepfinesla proto trvalé zlepSeni
realné konkurenceschopnosti a (ii) dopad devalvace byl heterogenni napii¢ hlavnimi
obchodnimi partnery, pfi¢emz redlnd depreciace se projevila predev§im vici Némecku
a Rakousku.

Vyzkumna mezera, kterou studie zapliiuje, spoc¢iva v absenci komplexni rekonstrukce
efektivnich sménnych kurzii pro mezivale¢né Ceskoslovensko. Dosavadni vyzkum tuto
problematiku pokryval jen cCastecné — nejblizs§i vyjimkou je prace Ljungberga (2019), ktera
rekonstruuje pouze celkoveé vazeny index s pokrytim zhruba 69 % obchodu. Tato studie oproti
tomu vytvaii podrobnéjsi soubor indexti s pokrytim ptiblizné 82 % a rozliSuje mezi exportné,
importné¢ a obchodné vazenymi variantami. Pfindsi tak nové empirické poznatky o vnéjsi
rovnovaze Ceskoslovenska a dopliiuje dosavadni kliometrickou literaturu, ktera dosud
devalvace 30. let z perspektivy efektivnich kurzii nezkoumala.

Relevance zvoleného pfistupu spociva v tom, Ze efektivni sménné kurzy zachycuji zmény
konkurenceschopnosti v rdmci multilateralni sit€¢ obchodnich vztaht, nikoli pouze ve vztahu

k jediné zemi. V exportné orientované ekonomice, jakou bylo Ceskoslovensko — s pestrym

! Data prevzata ze statistickych roéenek: Zahranicni obchod republiky Ceskoslovenské (1926-1930), Statistické
rocenky republiky Ceskoslovenské (1934-1938) a Statisticka prirucka republiky Ceskoslovenské (1928).

27



Adam Dittrich Efektivni sménné kurzy Ceskoslovenska 1925-1936:
rekonstrukce, dekompozice a efekt devalvace

portfoliem partnerti zahrnujicim staty jako Némecko, Rakousko, Francii, Spojené kralovstvi
a Spojené staty — jsou proto tyto indexy vhodnym nastrojem pro hodnoceni adekvéatnosti
meénové politiky a nacasovani devalvacnich zasaht.

Z metodologického hlediska studie vyuziva standardni konstrukci vazenych
geometrickych primért bilateralnich kurzii, pficemz redlné indexy jsou odvozeny deflaci
pomoci indext spotiebitelskych cen Ceskoslovenska a jeho obchodnich partnert. Pro zvyseni
robustnosti jsou testovany rtizné bazické roky (1925, 1929, 1933).2

Struktura studie je nasledujici: prvni ¢ast zasazuje téma do historického kontextu a pfinasi
ptehled dosavadni literatury o ménové politice a efektivnich sménnych kurzech. Druha cast
predstavuje metodologii konstrukce indexi a pouzité datové zdroje. Treti Cast se zaméiuje
navysledky a c¢tvrtd na jejich diskusi v kontextu vyvoje meénové politiky a vnéjsi

konkurenceschopnosti Ceskoslovenska.

1 Historicky kontext a pfehled literatury

Problematika zlatého standardu patii k intenzivné zkoumanym otdzkdm hospodatskych
dgjin a byla reflektovdna jiz v samotnych tficatych letech. JiZ prace Robinsona (1937)
¢i Liepmanna (1938) interpretovaly opousténi zlata a devalvace mén prevazné negativng, jako
ptiklady politik typu beggar-thy-neighbour. Nové;jsi historiografie vSak pfinesla revizionistické
pohledy, které akcentuji i pozitivni efekty ménové flexibility. K prukopnikim tohoto piistupu
patii Eichengreen a Sachs (1985), dale rozvinuty v dilech Eichengreena (1996), Bernankeho
(2000) ¢1 Ljungberga (2024). Paralelné¢ vSak existuje moderni literatura zdiiraziujici
pfetrvavajici negativni aspekty zlatého standardu, naptiklad Albers (2000).

V cCeském prostredi nelze opomenout piispévky Laciny (1984, 1993), Pilpana (1997),
Vencovského (2005) &i studie Novotného a Sousi (2005), které podrobné analyzuji ménovou
politiku mezivale¢ného Ceskoslovenska. Problematice opousténi zlatého standardu se vénovala
také dobova literatura, zejména Engli§ (1934), jenz téma reflektoval v piimé souvislosti
s tehdejSi hospodatiskou politikou. Tento zdjem historikli 1 soucasnikii je pochopitelny:
ceskoslovensky mezivalecny hospodaisky model se vyznacoval mimotradnou otevienosti vici
zahrani¢nimu obchodu. Jako jeden z nejpramyslovéjSich nastupnickych stati Rakouska-
Uherska vazala zem¢ svou prosperitu uzce na export primyslového zboZzi — zejména

ve strojirenstvi, sklafstvi a textilu, viz Kubt (2000). Tato orientace na zahrani¢ni trhy ¢inila

2 Zvoleny piistup je zatiZen uréitymi omezenimi, zejména citlivosti odhadii na volbu filtraénich parametrti v HP
a Kalmanovée filtru a omezenou srovnatelnosti cenovych statistik zahrani¢nich partnerd, coz mize castecné
ovlivnit pfesnost realnych ukazateld.
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smeénny kurz klicovym nastrojem hospodaiské politiky, jehoz stabilita byla nezbytna pro
udrzeni vnéjs$i konkurenceschopnosti i domaci rovnovahy. Zaroveil se vSak ukdzala jako
zéasadni slabina v dob¢ kolapsu svétové poptavky a obchodnich tokti béhem Velké hospodaiské
krize.®

Mezinarodni ménové prostiedi tficatych let urcoval postupny rozpad zlatého devizového
standardu. Po odchodu Spojeného kralovstvi od zlata v roce 1931 nasledovala vina devalvaci
a kurzovych preskupeni. Zemé, které opustily zlaty standard relativn€ brzy — napiiklad Velka
Britanie &¢i Svédsko — zaznamenaly rychlej$i hospodaiské oZiveni, pfipisované obnovené
flexibilité ménové politiky, viz Eichengreen (1996). Naproti tomu skupina zemi véetné Francie,
Belgie, Nizozemska a Ceskoslovenska setrvala déle u ,zlatého bloku“, coz prodluzovalo
defla¢ni tlaky a oslabovalo exportni vykonnost.

Ceskoslovensko pod vedenim ministerstva financi a centralni banky odolavalo ranym
tlakim na devalvaci koruny. Tato vérnost zlaté ortodoxii byla vSak vykoupena véznymi
ekonomickymi néklady: v letech 1929-1933 zem¢ celila hlubokému propadu primyslové
vyroby, defla¢nim tlaktim a prudkému poklesu exportnich ptijmt. Domaci producenti postupné
ztraceli cenovou konkurenceschopnost na zahrani¢nich trzich, zatimco wvnitini deflace
prohlubovala dluhové biemeno a rostouci nezaméstnanost.*

Narustajici hospodatské obtize vedly v roce 1934 k prvni vyznamné zméné¢ kurzového
rezimu. Pfijetim zdkona ¢. 25/1934 Sb. z 17. tnora 1934 doslo k devalvaci Ceskoslovenské
koruny o pfiblizné 17 %, ¢imz se jeji zlaty obsah snizil z 44,58 mg na 37,15 mg ryziho zlata.
Druhé devalvace nasledovala 9. fijna 1936, kdy se zlaty obsah dale sniZil na 31,21 mg, tedy
0 dalSich 16 %, viz Vencovsky (2005).

Tyto dvé epizody kurzového pieskupeni piedstavuji empirickou sondu pro testovani
vypovidaci schopnosti rekonstruovanych indexii efektivniho sménného kurzu. Pokud
nominalni a realné ukazatele TWEER, XEER a MEER vérné odrazeji tehdejsi hospodaiské
tlaky a ménové opatieni, mély by v letech 1934 a 1936 zachytit vyraznd oslabeni. A pokud
mély devalvace skutecné korigovat ptfedchozi nerovnovdhy, mél by se realny kurz
v nasledujicich letech pfiblizovat trendové trajektorii odhadnuté prostiednictvim HP-filtru

¢i Kalmanova filtru.

3 Srov. Vencovsky (2001), Vencovsky (2003) & Rékonsnik, Noha (2012).
# K defla¢nim disledkiim blize napt. Klimek (2000, s. 312-318).
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2 Metodologie

Z hlediska metodologie a postupu — nejdiive byly propocteny nominalni TWEER, XEER
a MEER s bazickymi roky 1925, 1929 a 1933° a nasledné byly vypoditany i realné varianty
tdchto indextl, pomoci dat z Ljungberg (2025).° Indexy byly vypodteny pomoci geometrického
priméru s fixnimi vdhami dle toho, zdali se jednalo o TWEER, XEER ¢i MEER:

X;p + M;
WLT _ i,b i,b b€ (1925, 1929,1933),2W1T =1
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Pezp

Analogicky byly stanoveny i exportn¢ a importn€¢ vazané indexy:

Xip M;
wX = ) WM )

Y YjesXip Y Yies My
wX

E. i E. WLM
NXEER, = 1_[ <E—”> £100,  nMEER, = 1_[ <E—”> 100
i,b i,b

X

ies . ies N
1L Eigx Py \"t 1L Eip* Pyp\™
S \Eip * Pip CS\Eip * Pyp
rXEER, = — +100, rMEER, = — * 100
czt czt

Pezp Pezp
Kde
w!, w,wM jsou vahy celkového obchodu, celkového exportu a celkového importu
Xip, M; )}, je export/import partnera i v bazickém roce
J,S je dummy index pro vSechny partnery v S

Ei¢,E;p, jezména kurzu partnera i v Casetav Caseb

® Volba bazického roku (1925, 1929, 1933) byla zamémé provedena tak, aby pokryla odligné fize hospodaiského
cyklu a kurzového rezimu. Piesto je nutné upozornit, Ze urovei indexu je vici zvolenému bazickému roku citliva:
zména bazického obdobi miize mirn€ ovlivnit absolutni hodnoty, i1 kdyz trendova dynamika ziistava stabilni.
Z hlediska dalsi dekompozice jiz byl vyuzivan pouze index s bazickym rokem 1929 jako nejrelevantné;si
varianta.

® Hodnoty indext CPI jednotlivych zemi vychazeji z historickych narodnich statistik a publikovanych souhrni
cenovych hladin. Je vSak nutné upozornit na omezenou mezinarodni srovnatelnost téchto ukazateli: zemé se lisi
vybérem zéakladniho obdobi, slozenim spotifebniho kose i frekvenci revizi. Tato heterogenita predstavuje zdroj
nejistoty pii vypoctu redlnych efektivnich sménnych kurzi a mize Eastené ovlivnit jejich mezinarodni
porovnatelnost. Jiz piedstavitelé Narodni banky Ceskoslovenské ve 30. letech na tyto limity upozoriiovali
a relevanci pfimych komparaci zpochybiiovali, ackoli indexy v praxi pouzivali, viz Kunert (2018).
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P;, P, jezména CPIpartneraiv Casetav Caseb

Pez e, Pezp je zména CPI CSR v ¢ase ta v ¢ase b

Z teoretického hlediska vime, ze devalvace plisobi na vnéjsi rovnovahu statu dvéma
propojenymi kanaly: kurzovym a cenovym, viz Mandel, Tomsik (2018), proto byla provedena
dekompozice jednotlivych indexi, abychom zjistili, zdali nominalni ¢i cenovy kanal hraje vétsi

¢i mensi roli z hlediska celkového indexu a také jednotlivych partner:

E T.X,M
NT,X,M,t == ln NEERT,X,M,t == Wi R Aei‘t
ieS
_ T,X,M
Crxme = é (Wi * Api,t) — Apcze
i€S
RT,X,M,t = InREE RT,X,M,t = NT,X,M,t + CT,X,M,t

Kde
Nrxme je nominalni slozka realného efektivniho ménového kurzu
Crxmt Jje cenova slozka redlného efektivniho ménového kurzu

T.X,M . PV . v
ZieS(Wi * Api,t) je zahrani¢ni ¢ast cenové slozky
Apcz: je domaci ¢ast cenové slozky

W 4

Rrxmt je redlny efektivni ménovy kurz

Kurzovy kandl ptsobi prostfednictvim zmény relativnich cen zbozi vyjadfenych
Vv zahrani¢nich ménach. Slabsi koruna zleviiuje Ceské exporty na zahraniCnich trzich a —
za predpokladu dostate¢né cenové elasticity poptavky a absence vyraznych bariér — podporuje
jejich rust. Soucasné zdrazuje dovozy piepoctené do korun, coz stimuluje jejich nahrazovani
domaci produkci a vede k poklesu importi.

Cenovy kanal se odviji od pohybu relativnich cen mezi domaci ekonomikou a zahrani¢im
a muZe kurzovy impuls bud’ zesilovat, nebo naopak tlumit. Pokud ceny v zahrani¢i rostou
rychleji nez v Ceskoslovensku, stava se domaci zboZi relativné levnéjsi, coz dale podporuje
exportni vykonnost a omezuje dovoz, a cenovy efekt tak devalvaci posiluje. Jestlize vSak
po devalvaci domaci ceny rostou rychleji nez zahrani¢ni — naptiklad vlivem kurzového pass-
through do nakladd, mzdovych ¢i jinych frikci, zatimco partnefi defluji nebo rostou pomaleji —
relativni cenova vyhoda se zCasti nebo zcela vytraci. Vysledkem je oslabeni exportni
konkurenceschopnosti a obnoveni dovoznich tlaki.

Uspésnost devalvace v cenové-konkurenénim smyslu tedy zavisi na tom, zda nominalni

oslabeni neni kompenzovano rychlejsim ristem doméacich cen vici zahrani¢i. Situace, kdy
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nomindlni efektivni kurz (NEER) roste, zatimco redlny efektivni kurz (REER) klesa,
signalizuje, ze doSlo k nominalni korekci bez realného zlepseni konkurenceschopnosti.

Pro identifikaci dlouhodobého trendu efektivniho sménného kurzu byla pouzita kombinace
HP filtru” a Kalmanova filtru.® Cilem této &asti nebylo stanovit ,,rovnovazny kurz ve smyslu
teoretického modelu (napt. NATREX ¢i BEER), nybrz oddé¢lit kratkodobé cyklické fluktuace
od pomalych strukturalnich posunt v trovni redlného kurzu. Vysledky odhadu trendu je proto
nutné chépat jako indikativni, nikoli jednoznacné.

Vypocet efektivnich sménnych kurzi pro historické obdobi pfedstavuje nutné
zjednoduseny model reality, ktery zachycuje pfedevsim kurzovy a cenovy kandl, zatimco
nezohlednuje zmény v obchodni elasticité, tarifni politice ani institucionalnich faktorech. Tyto
aspekty mohly vyznamn¢ ovliviiovat vnéjsi rovnovahu a predstavuji vhodny podnét pro dalsi

roz§ifeni analyzy v budoucim vyzkumu.

3 Vysledky

Jednotlivé hodnoty efektivnich ménovych kurzi jsou uvedeny v piiloze (tabulka A1). Z dat
je patrné, ze v letech 1934 a 1936 doslo k vyraznému naristu vSech indexil, odpovidajicimu
devalvacim ceskoslovenské koruny provedenym v téchto letech. Naopak po roce 1929 lze
sledovat pokles efektivnich kurzt v diisledku defla¢nich tlaki Velké hospodaiské krize. Indexy
tedy zachycuji ocekavanou reakci na strukturalni Soky a vhodné reflektuji zmény v ménovém
reZimu.

Pro dalsi analyzu byly pouZity indexy s bazickym rokem 1929, coZ je pro mezivalecnou
statistiku obvyklé a umoziiuje lepsi srovnani pfed a po vypuknuti krize. Formalni indikatory
trendu, odhadnuté pomoci HP filtru i Kalmanova filtru, ukazuji, Zze po roce 1931 dochazelo
k nadhodnoceni ceskoslovenské koruny, viz graf 1. To potvrzuje, ze tehdejsi volani

po devalvaci mélo racionalni ekonomickeé jadro.

" HP filtr byl aplikovan na hodnoty indexti s parametrem A = 6,25, odpovidajicim ro¢nim datum podle Ravn,
Uhlig (2002). Tento filtr umoziuje ziskat hladkou trendovou slozku, ale je citlivy na volbu parametru i koncové
hodnoty ¢asové rady.

8 Rozptyly métici chyby i stavovych inovaci jsou v modelu ponechany k odhadu metodou MLE pomoci algoritmu
BFGS. Pocatecni hodnoty byly nastaveny automaticky jako piiblizné 10 % vzorkové variance pozorované fady.
Nevyhodou metody je jeji citlivost na lokalni optima pii optimalizaci a zavislost vysledkl na kvalité vstupnich
dat, zejména v kratSich ¢asovych fadach; blize Kalman (1960).
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Graf 1: Nominalni TWEER (Index vs. HP a KF trendy; Sedé sekce oznacuji devalvacni viny,
base = 1929)

Series
== HP Trend

== |ndex

= Kalman Trend —_—
0 @ TN e ————— = — —

60

Zdroj: vlastni zpracovani

Devalvace provedena v roce 1934 skute¢né vedla k nomindlnimu oslabeni mény, coz
je patrné z posunu efektivnich kurzovych indexti nad jejich dlouhodoby trend. Nicméné analyza
realnych indextd ukazuje, ze i po devalvaci ztstala koruna realné nadhodnocena.

Na grafu 2 a v tabulce 1 jsou zndzornény hodnoty dekompozice realného obchodné
vazen¢ho indexu (rTWEER) s bazickym rokem 1929. Sloupce nad nulovou linii oznacuji

nadhodnoceni, sloupce pod ni podhodnoceni; modfe jsou vyznaceny nomindlni indexy, zelené

realné.

Tabulka 1: Dekompozice jednotlivych slozek rTWEER; base = 1929

1934 1935 1936
Nominalni slozka | 6,43% | 8,85 % 10,92 %
Cenova slozka -9,54% | -12,76 % | -11,95 %
Realna slozka -3,73% | -5,04% | -2,33%

Zdroj: vlastni zpracovani
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Graf 2: Nadhodnoceni/podhodnoceni koruny vzhledem k roku 1928; base = 1929
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Zdroj: vlastni zpracovani

Z tabulky je patrné, Ze cenova slozka méla zdporny piispévek a v uhrnu pievazila nad
efektem nomindlni slozky. Domadaci cenova hladina rostla rychleji nez v zahrani¢i, ¢imz
se pavodni kurzovy zisk z devalvace postupné vytracel. Tento pomér lze ilustrovat i pomoci

podilu obou slozek na vysledném indexu (tabulka 2):

Tabulka 2: Podil nominalni a cenové slozky indexii (1934-1936); base = 1929

1934 1935 1936
TWEER nominalni slozka 38,31 % | 38,33 % | 44,89 %
TWEER cenova slozka 61,69% | 61,67 % | 55,11 %
XEER nominalni slozka 37,02 % | 37,03% | 43,82 %
XEER cenova slozka 62,98 % | 62,97 % | 56,18 %
MEER nominalni slozka 39,53 % | 39,58 % | 45,89 %
MEER cenova slozka 60,47 % | 60,42 % | 54,11 %

Zdroj: vlastni zpracovani

Cenova slozka tedy pfevazovala ve vSech ptipadech a jeji relativni vyznam se v Case pouze
mirn€ snizoval. Dodateén¢ byla provedena dekompozice podle jednotlivych obchodnich
partnert (tabulka 3). Modra ¢ast grafu Al znaci pfispévek nominélni sloZky, oranzova cenové
slozky; kladné znaménka znaci ptisobeni smérem k depreciaci, zaporna k apreciaci.

Z vysledkt vyplyva, ze kladny efekt nomindlni sloZky lze pozorovat u vétSiny stath
(zejména Neémecko, Rakousko, Mad’arsko), zatimco u Velké Britanie, Jugoslavie ¢i USA byl

efekt opacny. Ve vétsing piipadl vSak cenové slozka prevazovala a pilisobila apreciaénim
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smeérem. K realné depreciaci tak doslo pouze ve vztahu k Némecku, Rakousku a okrajoveé

ve Svycarsku, Francii, Nizozemsku a Madarsku.

Tabulka 3: % prispevky statit do rTWEER (base = 1929)

1934 1935 1936
Némecko 035% | 1,11% | 2,66 %
Rakousko 292% | 2,73% | 2,34 %
Velka Britanie -3,06 % | -3,22 % | -2,66 %
Spojené staty Americké | -0,03% | -0,33% | -0,15 %
Jugoslavie -1,96 % | -2,53 % | -1,87 %
§vycarsko 0,17% | 0,09% | -0,02 %
Francie 0,35% | -0,02% | 0,00 %
Rumunsko -1,60% | -1,32 % | -1,20 %
Nizozemsko 0,24% | 0,11% | -0,03%
Italie -0,17% | -0,37 % | -0,51 %
Polsko -1,01% | -1,32% | -1,32 %
Mad’arsko 0,12% | 0,05% | 0,54 %

Zdroj: vlastni zpracovani

4 Diskuse

Vysledky analyzy ukazuji, Ze nomindlni oslabeni koruny v roce 1934 sice korigovalo
ptedchozi nadhodnoceni, avSak domaci cenovy vyvoj efekt devalvace vyrazné tlumil. Rist
cenové hladiny po devalvaci prevazil nad ziskem z ménového oslabeni, coz vedlo k celkové
realné apreciaci. Tento vysledek odpovida klasickému mechanismu ¢astecného ,,pass-through*
kurzovych zmén do cen a mezd.

Z ekonomického hlediska tak devalvace z roku 1934 pfinesla pouze kratkodobé zlepSeni
nominalni konkurenceschopnosti, nikoli vSak trvalé realné prizpiisobeni. Nominalni slozka
tvotila v priméru méné nez 45 % zmeény indexu, zatimco cenova slozka ptesahovala 55 %. Tim
se potvrzuje, ze Ceskoslovenska ekonomika reagovala na ménové impulzy relativné rigidné —
podobné jako jiné zemé ,,pozdniho odchodu® od zlatého standardu, coz je konzistentni
S centralnimi tezemi Eichengreena (1996).

Rozdily mezi jednotlivymi partnery jsou v souladu s jejich vlastni ménovou politikou:
Némecko a Rakousko prosly obdobim fizenych kurzi a restriktivni politiky, coz pfispélo
k jejich relativni deflaci, zatimco Velka Britanie ¢i USA opustily zlaty standard diive a jejich
meény jiz proSly korekci. Proto ceskoslovenskd koruna viici nim zistala 1 po devalvaci

nadhodnocena.
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Z pohledu ménové-politické praxe 1ze vysledky interpretovat tak, ze devalvace roku 1934
byla ekonomicky opravnénd, avsak jeji redlny efekt byl omezen naslednou domaci inflaci
¢i spiSe mensi deflaci nez v jinych statech a strukturalnimi faktory (napt. ristem mzdovych
nakladii, setrvacnosti cen). Z metodologického hlediska je pozoruhodné, ze oba filtracni
piistupy (HP a Kalman) poskytly konzistentni signaly trendového nadhodnoceni a pfechodné
depreciace po 1934. To zvySuje robustnost interpretace. Celkové lze tedy konstatovat,
ze Ceskoslovenskd ménova politika reagovala na vnéjsi tlaky s uréitym zpozdénim, pficemz
devalvace sice odstranily nominalni nerovnovahu, ale nevedly k dlouhodobému redlnému

zlepseni konkurenceschopnosti.

Zavér

Cilem této studie bylo rekonstruovat efektivni sménné kurzy Ceskoslovenska v letech
1925-1936 a posoudit, do jaké miry devalvace z let 1934 a 1936 korigovaly diivéjsi
nerovnovahy. Rekonstrukce tfi variant indexi — importn¢ vazeného (MEER), exportné
vazené¢ho (XEER) a obchodné vazeného (TWEER) — v nomindlni i redlné podobé poskytla
prvni sourodou &asovou fadu tohoto typu pro mezivaleéné Ceskoslovensko, s pokrytim
zahrani¢niho obchodu na urovni pfiblizn€¢ 82 %. Robustnost byla zajiSténa testovanim
alternativnich bazickych let i vyuzitim trendovych odhadt (HP-filtr, Kalmanav filtr).

Vysledky ukézaly, ze po roce 1931 byla koruna vyrazné nadhodnocena, coz ¢inilo tlaky
na devalvaci ekonomicky opodstatnénymi. Devalvace v roce 1934 skutecné vedla
k nominalnimu oslabeni mény a posunula efektivni kurzy nad jejich dlouhodoby trend.
Po zohlednéni cenovych rozdilt vSak redlné indexy signalizuji opacny vyvoj: i po devalvaci
zlstala koruna redlné¢ nadhodnocend, nebot’ rychlejsi rist domécich cen oproti zahranici
eliminoval zamysleny kurzovy zisk.

Dekompozice navic ukazala, ze ve vSech tfech typech indexti méla v letech 1934-1936
vétSi vahu cenova slozka neZ slozka nomindlni, coz vysvétluje, pro¢ se nominalni oslabeni
nepromitlo do trvalého redlného zlepSeni konkurenceschopnosti. Pouze vic¢i nékolika
partnerim, zejména Némecku a Rakousku, doslo k redlné depreciaci, zatimco u vétSiny zemi
pusobily ceny v apreciacnim sméru. Celkové lze tedy uzavfit, ze cile stanovené v tavodu byly
naplnény: nové indexy umoznily identifikovat obdobi nadhodnoceni a podhodnoceni koruny
a ukazaly, Ze devalvace sice odstranily nominalni nerovnovahy, avsak nikoli redlné. Efektivita

téchto ménovych uprav byla zdsadné limitovana doméacim cenovym vyvojem.
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Pfilohy
Tabulka Al: Nomindlni a realné TWEER, XEER a MEER (bazické roky = 1925, 1929, 1933)

1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936
Nominal TWEER (base=1925) 100,000 | 95,943 | 174,022 | 174,450 | 174,131 | 174,247 | 172,891 | 167,764 | 163,538 | 185,320 | 189,547 | 193,146

Nominal XEER (base=1925) | 100,000 | 96,972 | 186,078 | 186,469 | 186,114 | 186,260 | 184,616 | 177,818 | 173461 | 196,793 | 201,017 | 204,433
Nominal MEER (base=1925) | 100,000 | 94,828 | 161,698 | 162,159 | 161,875 | 161,063 | 160,887 | 157,391 | 153,307 | 173,506 | 177,719 | 181483
Real TWEER (base=1925) | 100,000 | 98912 | 171,778 | 172,589 | 176,161 | 173,167 | 168,424 | 157,039 | 150,043 | 169,594 | 167,201 | 172,049
Real XEER (base=1925) 100,000 | 99,317 | 183,237 | 183,763 | 187,518 | 184,436 | 179,226 | 167,052 | 159,868 | 180,325 | 177,669 | 182,621
Real MEER (base=1925) 100,000 | 98,469 | 160,033 | 161,116 | 164,496 | 161,598 | 157,327 | 146,747 | 139,963 | 158,560 | 156,606 | 161,159
Nominal TWEER (base=1929) | 57,428 | 55,098 | 99,938 | 100,183 | 100,000 | 100,067 | 99,288 | 96,344 | 93,917 | 106,426 | 108,853 | 110,920
Nominal XEER (base=1929) | 53,731 | 52,104 | 99,981 | 100,11 | 100,000 | 100,078 | 99,195 | 95,543 | 93,202 | 105,738 | 108,008 | 109,843
Nominal MEER (base=1929) | 61,776 | 58,56 | 99,890 | 100,175 | 100,000 | 100,054 | 99,390 | 97,230 | 94,707 | 107,185 | 109,788 | 112,113
Real TWEER (base=1929) 56,766 | 56,148 | 97,512 | 97,973 | 100,000 | 98,300 | 95,608 | 89,145 | 85174 | 96,273 | 94,965 | 97,666
Real XEER (base=1929) 53,328 | 52,964 | 97,717 | 97,998 | 100,000 | 98,357 | 95578 | 89,086 | 85,255 | 96,164 | 94,748 | 97,388
Real MEER (base=1929) 60,792 | 59,861 | 97,287 | 97,945 | 100,000 | 98,239 | 95642 | 89,210 | 85086 | 96,392 | 95,204 | 97,971
o ey e 2019 | 105,658 | 102,860 | 104,916 | 104,094 | 100,000 | 99,691 | 96,170 | 83,330 | 89556 | 105,789 | 102,717 | 105,494
e g0y 0 221 | 100865 | 100,349 | 08458 | 98,534 | 100,000 | 99,197 | 93578 | 81625 | 81,195 | 06,828 | 91,085 | 92,722
Nominal TWEER (base=1933) | 61,148 | 58,667 | 106,411 | 106,672 | 106,477 | 106,548 | 105,719 | 102,584 | 100,000 | 113,319 | 115,904 | 118,104
Nominal XEER (base=1933) | 57,650 | 55904 | 107,274 | 107,499 | 107,294 | 107,378 | 106,431 | 102,511 | 100,000 113,451 | 115,886 | 117,855
Nominal MEER (base=1933) | 65228 | 61855 | 105,473 | 105,774 105,589 | 105,646 | 104,944 | 102,664 | 100,000 | 113,176 | 115,924 | 118,379
Real TWEER (base=1933) 66,647 | 65,922 | 114,486 | 115,026 | 117,407 | 115,411 | 112,251 | 104,663 | 100,000 | 113,080 | 111,495 | 114,666
Real XEER (base=1933) 625552 | 62,124 | 114,618 | 114,947 | 117,296 | 115368 | 112,109 | 104,494 | 100,000 | 112,796 | 111,135 | 114,232
Real MEER (base=1933) 71448 | 70,354 | 114,340 | 115,114 | 117,520 | 115,458 | 112,406 | 104,847 | 100,000 | 113,288 | 111,892 | 115,144

Zdroj: Vlastni zpracovani na zakladé dat z Zahraniéni obchod republiky Ceskoslovenské 1925-1936, Statistické ro¢enky republiky Ceskoslovenské 1925-1938 a Ljungberg
(2019, 2024)
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Graf Al: Dekompozice redlného TWEER (base=1929; absolutni podily slozek v % se znackou +/-)
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Abstract

The integration of advanced ICT and Al is transforming industries, economies, and human
interactions, raising complex organizational and ethical challenges. This article explores
the impact of digital transformation on leadership, culture, and behavior, aiming to clarify how
organizations can adapt effectively. Based on an integrative review of theoretical and empirical
studies, it identifies key enablers of successful transformation, including strategic alignment,
digital leadership competencies, and ethical considerations. Findings emphasize the trade-off
between technological efficiency and the preservation of emotional intelligence and human
agency. The study offers conceptual frameworks and practical insights to support human-
centric, sustainable digital strategies. It concludes with a call for research focused on ethical

governance and organizational readiness in evolving Al-driven ecosystems.
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Introduction

The rapid evolution of information and communication technologies (ICT) and
the extensive adoption of artificial intelligence (Al) are fundamentally altering the global
economic landscape and societal structures. These technological innovations are not only
revolutionizing traditional industries and reshaping the nature of work but are also emerging

as critical solutions to pressing societal challenges (Floridi, 2014). However, this
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transformation presents a range of ethical dilemmas, regulatory challenges, and socio-economic
inequalities, demanding a context-sensitive and multifaceted approach to comprehending and
addressing their implications.

Public perceptions of digital transformation reveal a dual-edged dynamic. While
a significant proportion of Europeans view digitalization as a vital tool for enhancing quality
of life - anticipating its pivotal role in sectors such as healthcare, communication, education,
and climate action by 2030 - persistent concerns remain about its complexities and potential
drawbacks. Key issues include its impact on privacy, individual autonomy, and social
interactions (European Union, 2024). At the same time, businesses are transitioning from
merely adopting new technologies to undertaking profound changes in their operational models,
strategies, and mechanisms of value creation (Gartner, 2020). Both academic and industry
perspectives increasingly emphasize that successful digital transformation is not solely
a technological endeavour but also requires strategic alignment, organizational and cultural
shifts, and the upskilling and reskilling initiatives (Cortellazzo et al., 2019; Vial, 2019).
As organizations recalibrate their structures and processes, concepts like "digital leadership™
have gained prominence, raising critical questions about the necessary skills, strategies, and
frameworks for thriving in a digital-first environment (Avolio et al., 2014; Cortellazzo et al.,
2019).

The aim of this article is to examine the multifaceted impact of digital transformation
by analyzing the complex interrelationship between technological innovation, organizational
behavior, and broader societal change. Built upon an interdisciplinary synthesis of scholarly
research and applied studies it explores how advanced ICT and Al technologies are not only
reshaping organizational strategies but also influencing human behavior, decision-making
processes, and leadership models. Additionally, the paper highlights the emerging ethical,
psychological, and social dimensions of digital transformation, stressing the urgent need for
sustainable, inclusive, and ethically grounded practices in the design and deployment of digital
technologies.

In line with this objective, the review is guided by the following research questions:

e What core competencies define digital leadership in the context of human-centric

transformation?

e How can organizations balance technological efficiency with the preservation of human

autonomy and empathy?
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e Which ethical frameworks support the sustainable implementation of Al
in organizational contexts?

By addressing these issues, the article contributes to the scholarly discourse on digital

transformation, offering both conceptual frameworks and actionable insights to guide

organizations in balancing technological innovation with human-centric values.

1 Method

This critical literature review employed an integrative and systematic approach, combining
systematic searching, content analysis, and thematic synthesis to capture a comprehensive view
of digital transformation and leadership in the context of artificial intelligence. The design
addressed technological, ethical, psychological, and organizational dimensions.

Sources were identified via Scopus, Web of Science, and Google Scholar, supplemented
with Gartner and Eurobarometer reports. Keywords included digital transformation, Al and
leadership, organizational culture, digital ethics, and human-machine interaction. Literature
from 2010-2025 formed the core dataset, with earlier foundational works included for
theoretical depth.

Studies were selected for direct relevance to leadership, organizational culture, or ethical
technology integration, empirical or theoretical grounding, and clear managerial implications.
Quality was assessed using the Critical Appraisal Skills Programme (CASP).

A qualitative content analysis was applied: open coding identified key concepts
(e.g., technological adaptation, emotional intelligence, organizational agility), followed
by axial coding to form four categories - (1) organizational behavior and cultural change, (2)
human—machine interaction, (3) ethical and psychological dimensions, and (4) leadership
paradigms. Thematic synthesis integrated findings into a coherent framework (Figure 1),
supported by methodological triangulation of academic, industry, and theoretical sources,
revealing tensions between technological efficiency and the preservation of empathy,

autonomy, and well-being.
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Figure 1: Conceptual Framework for Human-Centric Digital Transformation

Technological Innovation
(Al, ICT, Automation)

Ethical & DIGITAL LEADERSHIP Organisational

Psychological «———— (Vision, Empathy, Ethical ———» CU'“_JF_E&
Dimensions Judgement) Agility

Human-Centric outcomes
(Sustainability, Inclusion)

Source: Authors’ own elaboration (2025)

2 Leading Through Disruption: Ethical, Emotional,

and Organizational Dimensions of Digital Transformation

The ongoing digital transformation - driven by rapid advances in information and
communication technologies (ICT) and artificial intelligence (Al) - is not just reshaping
industries; it is transforming the way people relate, lead, and work. While often framed
as a means of enhancing efficiency and innovation, these technologies introduce a complex web
of organizational, emotional, and ethical challenges. Understanding these shifts requires more
than technical analysis - it calls for a deeply human-centered perspective.

In practice, digitalization signifies far more than the deployment of new tools. It signals
a paradigmatic shift in how organizations create value, structure work, and define leadership.
Yet a striking gap persists between intention and implementation: despite digitalization ranking
high on executive agendas, only 40% of firms report successful execution of related initiatives
(Gartner, 2020). This dissonance invites questions about organizational readiness - not just
in technical terms, but in relation to culture, trust, and human capability.

Academic literature increasingly recognizes the disruptive influence of ICT and Al
on workplace behavior and interpersonal dynamics. Concepts like e-business, e-government,
and e-world signal a new lexicon attempting to capture this shift (Cortellazzo et al., 2019;
Avolio et al., 2014). Yet despite their popularity, terms such as digitalization and digital
transformation remain loosely defined, often lacking a coherent theoretical foundation.
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Vial’s (2019) framework offers a useful conceptual anchor. Synthesizing insights from
282 studies, he defines digital transformation as a multidimensional process that disrupts
traditional strategies by altering customer behavior, data ecosystems, and competitive
landscapes. Importantly, this process demands not only technological adaptation but also
strategic and structural rethinking.

Recent scholarship builds on this by highlighting the defining characteristics of digital
transformation: greater connectivity, faster information flow, increased transparency, and
decentralized authority. These trends frequently correlate with the erosion of formal hierarchies
and the emergence of more agile, collaborative, and human-centric organizational models (Hess
etal., 2016; Kane et al., 2015).

Amid this transformation, one of the most urgent organizational challenges lies in how
digital tools reshape everyday communication and leadership. Asfahani (2025) emphasizes that
leadership is no longer bound by geography or office walls but is increasingly enacted through
virtual platforms. These platforms facilitate new forms of engagement - such as remote
collaboration and real-time analytics - but they also introduce barriers to meaningful
interpersonal connection. Research published in MIT Sloan Management Review (2025)
underscores this paradox: digital tools can enhance productivity while simultaneously
diminishing trust, emotional engagement, and clarity in feedback loops. Studies by Peters et al.
(2015) similarly note that digital media often strip away essential nonverbal cues, making
it harder to navigate complex team dynamics.

This evolution raises deeper questions about identity, presence, and authenticity in digital
spaces. Danaher and Nyholm (2024) explore the ethical implications of avatar-based
interactions, warning that digital stand-ins may dilute what makes humans unique - both
intrinsically and functionally. Sweeney (2024) expands on this, suggesting that even if avatars
do not reduce human value in a literal sense, they risk shifting how individuals perceive and
express their distinctiveness in virtual contexts.

Such concerns align with earlier sociotechnical theories. Orlikowski’s (1992) application
of Giddens’ structuration theory reframes technology not as a static force, but as one
co-produced through human interaction. Similarly, Leonardi and Barley (2010) argue that
technologies are deeply embedded in, and reflective of, social tensions and organizational
norms. DeSanctis and Poole’s (1994) theory of adaptive structuration builds on this, explaining

how technologies shape - and are shaped by - organizational processes and culture.
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More recent extensions of these frameworks speak directly to Al. Binns (2018) observes
that while Al enhances operational efficiency, it also embeds normative biases that may
privilege economic outcomes over ethical ones. As decision-making becomes more automated,
questions of agency, transparency, and responsibility become increasingly complex.

Beyond their technical appeal, digital shifts carry deeply emotional consequences that
reverberate across workplace relationships. As Al-driven tools increasingly mediate leadership
and decision-making, they often fail to register the subtle, relational cues - tone, context,
nonverbal expression - that underlie empathy and trust. Purvanova and Kenda (2018) caution
that while such technologies are designed to enhance emotional intelligence, they frequently
miss the mark in capturing the complex interpersonal dynamics that define effective leadership.
Rather than amplifying relational capacity, overdependence on these tools may unintentionally
erode the very social fabric they aim to support.

Nowhere is this tension more apparent than in the growing prevalence of digital
connectivity. Mobile devices and collaborative platforms have enabled remote efficiency but
also contributed to an “always-on” culture that blurs boundaries between work and rest. This
continuous digital presence is not neutral - it saturates employees with information, drains
cognitive resources, and weakens the quality of interpersonal interaction (Stokols et al., 2009;
Camacho & Barrios, 2022). For leaders in hybrid or virtual teams, this presents a formidable
challenge: how to foster psychological safety, team cohesion, and meaningful connection amid
mounting digital fatigue.

Contemporary research reinforces these concerns. Salanova et al. (2013) illustrate how
persistent digital stimulation can trigger chronic stress, impairing memory, focus, and decision-
making. In parallel, Tarafdar et al. (2019) identify “technostress” as a growing occupational
hazard—especially in emotionally demanding roles—where digital saturation accelerates
burnout and diminishes job satisfaction. These findings underscore a critical paradox: the very
technologies that promise flexibility and productivity can also undermine emotional resilience
and relational depth within organizations.

While much attention in digital transformation focuses on efficiency and scalability,
emerging technologies are also reshaping the emotional terrain of leadership. Innovations such
as Al-driven emotion recognition and haptic feedback simulations are often heralded
as breakthroughs in enabling empathy and nuance in virtual environments (Murray et al., 2016).

These tools promise to decode subtle emotional cues that might otherwise be lost in remote
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communication, offering the potential for more emotionally attuned, context-sensitive
leadership.

Yet, this techno-optimism is far from uncontested. Critics warn that these systems, though
sophisticated, risk flattening the depth of human connection into algorithmic proxies. As van
Esch et al. (2019) argue, overreliance on such technologies may depersonalize leadership
encounters, eroding the very trust and authenticity that effective human relations depend
on. Rather than fostering empathy, they may simulate it—substituting programmed response
patterns for genuine emotional presence.

Moreover, the virtual work environment itself presents psychological challenges that
technology cannot easily remedy. Cognitive biases, stress, and decision fatigue often undermine
leaders’ ability to function effectively in digital settings. Suler’s (2004) concept of the digital
disinhibition effect captures one facet of this: in the absence of physical cues, online interactions
are prone to emotional volatility, misinterpretation, and relational breakdowns. These dynamics
challenge even the most skilled leaders, amplifying the difficulty of maintaining cohesion and
clarity in dispersed teams.

Societal expectations intensify this tension. Despite technological progress, there remains
a deeply embedded preference for embodied, in-person leadership. Face-to-face presence
continues to serve as a marker of trustworthiness and authority - qualities that Al systems,
however consistent or impartial, struggle to replicate. While machines may avoid emotional
inconsistency, they also lack the capacity for genuine empathy - an increasingly vital trait
in navigating the emotional complexities of modern organizations (Avolio et al., 2014; MIT
Sloan Management Review, 2025).

These interpersonal challenges are further intensified by broader existential conditions.
As Vaskovi€ and Vi€anova (2024) argue, the climate crisis is not only an environmental issue
but a psychological and organizational one. Environmental anxiety - often underacknowledged
in organizational research - shapes both individual well-being and collective meaning-making.
It influences how leaders frame purpose, set priorities, and support their teams in navigating
uncertainty. In this context, emotional labor and psychological resilience are no longer optional
- they are integral to effective leadership.

Taken together, these forces point to a pressing need for deeper inquiry into the relational
costs of digitalization. The intersection of technology, psychological health, and organizational

culture remains underexplored. If organizations are to thrive in a digitally mediated world, they
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must move beyond technical competence to cultivate emotional intelligence, ethical sensitivity,

and adaptive capacity.

3 Discussion and critical reflection

The contemporary landscape of digital transformation is marked by a convergence
of technological innovation, organizational restructuring, and shifting societal values.
As discussed throughout this review, advanced ICT and Al are not merely tools for efficiency;
they are embedded within social and institutional fabrics, carrying implicit norms, assumptions,
and ethical implications, which makes the balance between technological efficiency and
the preservation of human autonomy and empathy a defining challenge. The evolving discourse
highlights that digitalization extends beyond the optimization of business models and
the diffusion of novel communication platforms; it reshapes the very nature of human
interaction, leadership, and collective meaning-making (Zuboff, 2019; Floridi, 2014).

From public optimism regarding digitalization’s potential to improve healthcare,
education, and climate action, to the persistent anxieties about privacy, autonomy, and
diminished human uniqueness, the social and psychological repercussions of technological
integration warrant careful consideration (European Union, 2024; Danaher & Nyholm, 2024;
Sweeney, 2024). These shifts redefine the core competencies of digital leadership - emphasizing
ethical judgment, emotional intelligence, and cultural agility as essential capabilities for
navigating human-centric transformation.

Organizational environments are being reconfigured into more fluid, project-oriented
ecosystems where leadership is no longer defined solely by hierarchical authority but also
by the capacity to navigate complexity, foster inclusivity, and ethically manage the interplay
between human and machine intelligences. The concept of “digital leadership” thus emerges
asa critical lens through which to understand how individuals and institutions can adapt
to, interpret, and influence technological trajectories (Cortellazzo et al., 2019; Avolio et al.,
2014).

The interdependencies outlined above are conceptually synthesized in Figure 1, which
depicts digital leadership as the central integrative force within the circular framework
of human-centric digital transformation. This model highlights how technological innovation,
organizational culture, and ethical-psychological dimensions continuously interact to produce

sustainable, human-focused outcomes. It reinforces the argument that digital transformation
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isnot a linear progression of technological adoption, but an iterative process shaped
by feedback among human values, institutional structures, and emerging technologies.

At the same time, philosophical and ethical questions arise: How should we conceive
of human agency when algorithms shape decision-making processes? What are the implications
of avatar technologies on conceptions of human scarcity, authenticity, and value? How does
technology, as both shaped by and shaping social practices, contribute to or challenge existing
power dynamics and organizational structures?

By examining these dimensions, this article underscores the importance of approaching
digital transformation as a multifaceted, interdisciplinary phenomenon that demands not only
technical sophistication but also ethical discernment and philosophical reflection (Vaskovié
& Vicanova, 2024).

The frameworks offered - ranging from Orlikowski’s and DeSanctis and Poole’s
structuration perspectives to emerging considerations of digital leadership - encourage scholars,
practitioners, and policymakers to move beyond deterministic or purely instrumental views
of technology. Instead, they invite a more nuanced engagement with the ways in which
technology is imbricated in human experience, organizational identity, and broader societal
systems.

Building on these ethical perspectives, the insights gathered here suggest that responsible
innovation will hinge on developing ethical guidelines, robust regulatory frameworks, and
educational strategies that reflect the complex interplay of values, relationships, and
materialities within technological ecosystems. Cultivating this reflective stance will be essential
for ensuring that digital transformation serves not merely as a catalyst for economic growth and
operational efficiency, but as a pathway toward sustainable well-being, meaningful work, and

the preservation of human dignity in an increasingly digital world.

Conclusion

This review concludes that digital transformation is a paradigm shift that extends beyond
technological innovation to reshape leadership and organizational culture fundamentally.
Successful digital transformation requires strategic alignment, ethical considerations, and
organizational restructuring to ensure that technological advancements are human-centric and

sustainable.
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Key implications:

e For managers: Prioritize emotional intelligence, transparency, and trust
in Al-augmented leadership models.

e For HR and education: Invest in digital literacy, psychological resilience, and
ethics training for leaders.

e For policymakers: Support ethical Al governance frameworks that balance

innovation with societal well-being.

Limitations and future research

This review is conceptual and does not include empirical verification. Future studies should

empirically test the proposed framework, comparing cultural and sectoral contexts and

exploring the psychological well-being of leaders navigating digital transformation.

Dedication

The paper was elaborated within VEGA No. 1/0520/24 - Aspects of building an ambient

enterprise ecosystem — proportion 100%.
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Abstrakt

Prispevok sa zaobera Cinnostou Komisie na ochranu maloletych v rokoch 2023-2025
a analyzuje jej rozhodovaciu prax v oblasti medialnej regulacie. Komisia ako odborny organ
Rady pre medidlne sluzby zohrava klaCova tulohu pri uplatiovani Jednotného systému
oznacovania (JSO), ktorého cielom je chranit’ maloletych pred obsahom, ktory by mohol
negativne ovplyvnit ich psychicky, moralny alebo socidlny vyvin. V ramci skimaného obdobia
boli identifikované najcastejSie poruSenia zdkonnych povinnosti vysielatel'ov, distribuovanych
programov a audiovizualnych diel, pricom boli ukladané sankcie v roznej vySke —
od symbolickych pokut az po vyssie finanéné postihy. Cielom prispevku je zhodnotit
efektivnost’ rozhodnuti komisie, poukazat’ na najvyraznejSie problémy v oblasti klasifikacie

a oznac¢ovania obsahu a posudit’ ich vyznam pre medialnu prax na Slovensku.
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Uvod
»Ni¢ tak prenikavo neodhali duSu spolocnosti ako sposob, ktorym sa sprava k svojim det’om. “

Nelson Mandela

Rozvoj digitdlnych médii a postupnéd konvergencia tradicnych a novych komunikacnych
platforiem zdsadne menia podmienky, v ktorych sa realizuje ochrana prav maloletych.

Dostupnost’ Sirokého spektra audiovizualneho obsahu, vratane interaktivnych a pouzivatel'sky
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generovanych foriem, prinasa popri vyznamnom eduka¢nom a kulturnom potenciali aj zvySené
rizika stvisiace s vystavenim deti kodlivému &i nevhodnému obsahu (Cébyova et al., 2024).
Ochrana maloletych pred mediadlnymi obsahmi, ktoré m6zu negativne ovplyvnit’ ich psychicky,
emocionalny alebo moralny vyvin, sa preto stdva kluCovou sucastou medidlnych politik
a regula¢nych stratégii na narodnej aj nadnarodnej tirovni (Vrabec & Furtdkova, 2024). Ciel'om
prispevku je zhodnotit' efektivnost’ rozhodnuti Komisie na ochranu maloletych v rokoch
2023-2025, poukazat’ na najvyraznejsie problémy v oblasti klasifikacie a oznaCovania obsahu
aposudit’ ich vyznam pre medidlnu prax na Slovensku. Zaroven sa prispevok usiluje
analyzovat’, do akej miery rozhodnutia komisie prispievaju k posiliiovaniu regulacného ramca
ochrany maloletych a ¢i mozno hovorit’ o postupnom formovani Standardov medialnej
zodpovednosti v slovenskom audiovizualnom priestore.

Podla Visnovského (2022), je regulacia médii v narodnych $tatoch, upravovana prislusnou
legislativou a okrem vnutornych noriem pracovnikov médii (kdédexov ¢i smernic), musia
vysielatelia akceptovat’ vSetky platné zakony v danej krajine. Legislativny ramec medialneho
syst¢ému je definovany ustavou, zdkonmi, vyhlaskami a dalSimi vSeobecne zavdznymi
pravnymi normami (Trampota, 2010, s. 32). V slovenskom pravnom a inStitucionalnom
kontexte zohrava osobitnu ulohu zakon €. 264/2022 Z.z. o medialnych sluzbach a o zmene
a doplneni niektorych zdkonov v zneni neskorsich predpisov (zédkon €. 264/2022 Z.z.), ktory
upravuje najmi prava a povinnosti poskytovatel'ov obsahovej sluzby, distributérov signalu,
poskytovatel’a sluzby multimodalneho pristupu, ale tieZ aj postavenie a pdsobnost’ Rady pre
medialne sluzby a d’alSich organov $tatnej spravy pri regulacii ¢innosti vykonavanych podla
tohto zdkona, samoregulaéné mechanizmy a koregulaciu pri poskytovani obsahovych sluzieb
(§ 1 zékona ¢. 264/2022 Z.z.). Nad pravami a povinnostami exaktne ustanovenymi v zakone
vykondvaju okrem Rady pre medialne sluzby (oznacovanej aj ako tzv. ,regulator*) dohl'ad
aj dalsie organy a to Urad pre regulaciu elektronickych komunikacii a postovych sluzieb

a Komisia na ochranu maloletych (komisia).

1 Komisia na ochranu maloletych

Komisia bola zriadena ako organ, ktory vykondva Statnu spravu v oblasti ochrany
maloletych a aj ked mé osobitné, samostatné a Specifické postavenie, jej administrativne
a organizacné zabezpecenie je naviazané na rozpocet Rady pre medidlne sluzby. ZloZenie,
funkéné obdobie ¢lenov, nalezitosti spojené s ¢lenstvom a pravidla rokovania komisie upravuje
§ 14b az 14e zakona ¢. 40/2015 Z.z. Komisia ma devét’ ¢lenov zlozenych zo zastupcov Statu,

regulatora médii, profesijnych zdruzeni ¢i STVR. Nechybaju v nej ani odbornici
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na vzdelavanie, detsku psychologiu a socialnu ochranu deti. Clenovia sa vyberaji na obdobie
styroch rokov, mdzu byt nominovani aj opakovane a musia spifiat’ podmienku bezithonnosti
a sposobilosti na pravne tkony v plnom rozsahu. Ak profesijné organizacie nenavrhnti nového
Clena vc€as, zastapi ich regulator alebo iné Statne inStitacie. Mandat ¢lena zanikéd po uplynuti
obdobia, pri vzdani sa funkcie, odvolani ¢i pravoplatnom odsudeni. Funkcia kon¢i aj v pripade
smrti, obmedzenia pravnej sposobilosti alebo ak sa ¢len trikrat po sebe nezii¢astni zasadnutia.
Spomedzi seba si komisia voli predsedu a podpredsedu, a to tajnym hlasovanim. Funkcia
je nezastupitel'na a povazuje sa za vykon vo verejnom zaujme. Komisia je uznaSaniaschopna,
ak sa na rokovani zi€astni nadpolovi¢na vacsina jej ¢lenov a na rozhodnutie sa prijima va¢sinou
hlasov. Rokovania su neverejné, no ich vysledky sa zverejiuju na webovom sidle Rady pre
medidlne sluzby z dévodu, Ze komisia ziadne osobitné webové sidlo nema zriadené (Rokovaci
poriadok komisie). Na webovom sidle st k dispozicii k nahliadnutiu pre verejnost’ zapisy
Z jednotlivych zasadnuti ako aj pravoplatné rozhodnutia komisie bez citlivych osobnych
udajov. Do jej posobnosti podl'a zékona ¢. 264/2022 Z.z. patri:

— vypracuvat a predloZzit Ministerstvu kultary Slovenskej republiky navrh
Jednotného systému oznacovania (JSO) a vSeobecne zavdzného pravneho predpisu,
ktory ustanovuje zoznam akceptovanych systémov oznacovania a podrobnosti
0 spdsobe ich uplatinovania;

— metodicky usmernovat’ postupy pri urCovani vekovej vhodnosti osobami
uskuto€niujiicimi hodnotenie vekovej vhodnosti;

— dohliadat’ na dodrziavanie povinnosti podl'a zdkona ¢. 264/2022 Z.z. a zékona
¢.40/2015 Z.z. o audiovizii a o zmene a doplneni niektorych zakonov v zneni
neskorsich predpisov (d’alej ,,zakon ¢. 40/2015 Z.z.).

Tak ako uvadza Brnik (2020), jednotny systém oznaCovania programov bol zavedeny
na Slovensku uz v roku 2001. Na rozsiahly systém pod skratkou ,,JSO* si museli zvyknut’ nielen
televizie, ale aj samotni divaci. Prvopociatky oznacovania televiznych programov su u nas
zname najmi z verejnopravnej televizie, kde prislo k oznacovaniu vhodnosti programov
tzv. ,,hviezdiCkou* a to pri tych, ktoré neboli vhodné pre maloletého divédka (do 18 rokov).
Neskdr komeréné média zacali pred vybranymi titulmi vysielat’ kratku zvucku o nevhodnosti
relacie. Podla sucasne platnej pravnej Upravy je JSO definovany v § 12 ods. 1 zékona
¢. 40/2015 Z.z. ako

Jednotny systém oznacovania je systéem, ktorym sa klasifikuju audiovizualne diela,
multimedialne diela, programy televiznej programovej sluzby a programy audiovizudlnej

medialnej sluzby na poziadanie (dalej len "oznacovany komunikat")
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a) vekovou vhodnostou z hladiska ich nevhodnosti alebo vhodnosti pre vekové skupiny
maloletych zodpovedajuce inému akceptovanému systéemu oznacovania podla § 12a, inak pre
vekové skupiny maloletych do 7, 12, 15 alebo 18 rokov a

b) deskriptorom z hladiska pritomnosti typu potencialne skodlivého obsahu, ktory je v nich
obsiahnuty.

Podl'a § 10 a 11 Vyhlasky Ministerstva kultary Slovenskej republiky ¢. 328/2023 Z.z.
(vyhléska €. 328/2023 Z.z.) sa komunikéty oznacuji podl'a vekovej vhodnosti: nevhodné do 7,
12, 15 alebo 18 rokov ¢islom v ¢ervenom poli, vhodné do 12 rokov macikom a vhodné pre
vietky veky pismenom ,,U%, pri¢om piktogram v TV musi mat aspoii 41x41 px. Dalej
sa oznacuju obsahovymi deskriptormi podl'a nevhodnosti pre vekova skupinu maloletych
(nésilie ,,N*, diskrimindcia ,,D*, strach ,,S*, zavislost’ ,,Z*, sex ,,X“, vulgarizmy ,,V*, nahota
,»H®) farebnym piktogramom, pri¢om ak obsahuju viac kritérii, pouziju sa najviac tri, v poradi
nasilie, diskriminécia, strach, zavislost’, sex, vulgarizmy, nahota.

Medzi zakladné povinnosti vysielatelov a poskytovatelov audiovizudlnych sluzieb
Vv oblasti ochrany maloletych, nad ktorymi vykonava dohl'ad komisia, radime:

— Vysielatelia a poskytovatelia audiovizudlnych sluzieb musia chranit’ maloletych
pred obsahom, ktory by mohol narusit’ ich fyzicky, psychicky ¢i moralny vyvin.

— Takyto obsah ma byt spristupneny iba spdsobom, ktory zabrani maloletym, aby
ho mohli bezne vidiet’ alebo pocut’.

— Programy s pornografiou alebo hrubym nasilim mézu byt poskytované len pri
pouziti technickych opatreni — napriklad kodovania alebo rodi¢ovskej kontroly.

— Neoddvodnené nasilie znamend zobrazovanie nasilnych scén, ktoré sit v danom
kontexte zbyto¢ne zddraznené.

— Osobné¢ udaje maloletych ziskané pri plneni tychto povinnosti nesmu byt vyuzité
na obchodné ucely.

— Zaradenie programu po 22:00 a pred 6:00 sa povazuje za splnenie povinnosti
obmedzit’ pristup maloletych.

— Povinnostou vysielatelov je pouzivat jednotny alebo uznivany systém
oznacovania vekovej vhodnosti a obsahu.

— Ak vysielatel saim uvadza obsah na trh, musi ur¢it vekova vhodnost’ a typ

Skodlivého obsahu podla predpisov.
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— Oznacenie vekovej vhodnosti a typu obsahu musi byt vzdy zverejnené pri
samotnom vysielani programu a jeho upttavky, v programovej ponuke vysielatel’a
a v prehl'adoch programov poskytovanych tretim stranam.

— Poskytovatelia sluzieb musia na poziadanie uvadzat’ oznaCenia v katalégoch
programov; pri platformach na zdielanie videi posta¢i oznaCenie priamo pri
programe alebo v jeho popise.

— Vysielatel’ mé zohl'adnit’ Casové zaradenie programov podrla ich vekovej vhodnosti
a typu obsahu, ktory obsahuju (§ 60 zékona ¢. 40/2015 Z.z.).

Podl'a § 148 ods. 1 a 2 zékona ¢. 264/2022 Z.z., za poruSenie tychto povinnosti moze
komisia ulozit’ vysielatel'ovi a poskytovatel'ovi audiovizualnej medialnej sluzby na poziadanie
pokutu az do 100 000 eur. Konanie o ulozeni pokuty mozno zacat’ do $iestich mesiacov odo
dia, ked’ sa o poruseni povinnosti komisia dozvedela, najneskor vSak do 18 mesiacov odo dia,

ked’ bola povinnost’ porusena.

2 Nalezy komisie v rokoch 2023-2025

Komisia zverejiiuje svoje nalezy/rozhodnutia na webovom sidle Rady pre mediélne sluzby
v osobitnej  sekcii  (https://rpms.sk/rozhodnutia-komisie-na-ochranu-maloletych)  kde
su hierarchicky zoradené a je z nich zrejmé, kedy bolo rozhodnutie vydané, kto je ucastnikom
spravneho konania, ktorej programovej sluzby a programu sa dotyka, vyrok ¢i sa konanie
zastavuje alebo bola uloZena sankcia vratane jej vysky. Ku kazdému nalezu je k dispozicii
aj samotné rozhodnutie v elektronickej forme.

Prvi €lenovia komisie boli ustanoveni v septembri 2022, no prvé pravoplatné rozhodnutia
na dorucené ale i vlastné podnety boli vydané az v roku 2023. V tomto roku vydala spolu
11 rozhodnuti, ulozila pokuty v celkovej vyske 7 500 eur a v 5 pripadoch konanie zastavila.
V 7 pripadoch bola ucastnikom konania spolocnost MAC TV s.r.0., ktora prevadzkuje sluzbu
TV JOJ, TV JOJ PLUS, WAU, JOJ SPORT, JOJ 24, JOJ SVET a Jojko (Sprava o stave
vysielania za rok 2023). Voci tejto spolocnosti boli 4 konania zastavené nakolko podla
rozhodnutia komisie odpadli dévody tychto konani, zacatych na podnet spravneho organu.
V ostatnych troch pripadoch komisia konS$tatovala porusSenie zdkona a ulozila sankciu.
Na zaklade Rozhodnutia ¢. KP/1/2023 zo dna 22. 2. 2023 rozhodla, ze spolo¢nost’ porusila
§ 62 ods. 6 zakona tym, ze nespravne klasifikovala program Jeho foter, to je lotor! odvysielany
na JOJ PLUS (9. 6. 2022 0 20:29) a JOJ (12. 6. 2022 o 12:59). Program bol oznaceny ako
nevhodny pre maloletych do 12 rokov, hoci obsahoval vulgarne a obscénne vyjadrovanie, ktoré

podla JSO zodpovedd kategoérii nevhodné do 15 rokov. Za nespravne uplatnenie JSO
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ucastnikovi konania ulozila pokutu 500 eur. ISlo o vobec prvé rozhodnutie komisie od svojho
vzniku. Dal§im Rozhodnutim &. KP/3/2023 zo diia 26. 4. 2023 komisia konstatovala porusenie
§ 62 ods. 6 zdkona €. 264/2022 Z. z. tym, ze spolo¢nost’ nespravne oznacila program Laska
na chate (2. a 3. epizoda) ako nevhodny do 12 rokov, hoci obsahoval vulgarne a obscénne
vyjadrovanie ur¢ené pre kategoriu nevhodné do 15 rokov. Za nespravne uplatnenie JSO ulozila
pokutu vo vyske 3 000 eur. V poslednom Rozhodnuti ¢. KP/5/2023 zo dna 24. 5. 2023 bolo
opitovne konstatované porusenie § 62 ods. 6 zdkona €. 264/2022 Z. z. z ddvodu, Ze dna
6. 10. 2022 0 20:58 na programe JOJ 24 odvysielala relaciu Sedem bez oznacenia symbolom
JSO. Program obsahoval obscénne a expresivne vyjadrovania, ktoré ho mali zaradit' ako
nevhodny pre maloletych do 12 rokov, nie ako vhodny pre vSetky vekové skupiny.
Za nespravne uplatnenie JSO ulozila sankciu vo vyske 500 eur.

V dvoch pripadoch bola ucastnikom konania spolo¢nost’
MARKIZA — SLOVAKIA, spol. sr. 0., ktora prevadzkuje sluzbu TV MARKIZA, DAJTO,
DOMA, Markiza Krimi (Sprava o stave vysielania za rok 2023). Rozhodnutim ¢. KP/2/2023
zo dina 5. 4. 2023 bolo konstatované porusenie § 62 ods. 6 zdkona €. 264/2022 Z. z. tym, ze dna
1. 8. 2022 o 19:00 v programe Televizne noviny odvysielala prispevok Menia stratégiu
S0 zobrazenim mucenia a krvi bez upozornenia pre maloletych divdkov. Za nespravne
uplatnenie JSO ulozila sankciu vo vyske 1 000 eur. Pokuta vo vyske 500 eur bola spolo¢nosti
ulozend Rozhodnutim ¢. KP/4/2023 zo dna 24. 5. 2023, kde komisia opédtovne konstatovala
porusenie § 62 ods. 6 zdkona €. 264/2022 Z. z. tym, Ze dia 25. 9. 2022 o 18:51 na stanici
DAJTO odvysielala program Dve baby na mizine, ozna¢eny ako nevhodny do 12 rokov, hoci
obsahoval obscénne vyjadrovania urcené az pre kategoriu nevhodné do 15 rokov.

Rozhodnutim ¢. KP/7/2023 zo dna 26. 4. 2023 bola uloZena sankcia vo vyske 1000 eur
zanespravne uplatnenie JSO jedinému verejnopravnemu médiu a to Rozhlasu a televizie
Slovenska (RTVS), v sti¢asnosti Slovenska televizia a rozhlas (STVR). RTVS v roku 2023
prevadzkovala programové sluzby Jednotka, Dvojka, RTVS 24 a RTVS Sport (Sprava o stave
vysielania za rok 2023). Komisia na zaklade podnetu v spravnom konani rozhodla, ze Rozhlas
a televizia Slovenska porusila § 62 ods. 6 zdkona ¢&. 264/2022 Z. z. tym, Ze dia
17.a18. 10. 2022 o 19:00 v programe Spravy RTVS odvysielala prispevky Teroristicky utok
na Slovensku a Prehovoril otec strelca zo Zamockej so zabermi realneho nasilia a obeti bez
upozornenia pre maloletych divakov.

V roku 2024 komisia vydala spolu 11 rozhodnuti, ulozila pokuty v celkovej vysSke
16 850 eur a v 3 pripadoch konanie zastavila. 3 rozhodnutia smerovali proti spolo¢nosti MAC

TV s.r.o., kde komisia konsStatovala poruSenie § 62 ods. 6 zdkona ¢. 264/2022 Z. z. a ulozila
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sankcie v roznych vyskach. Diia 25. 6. 2023 o 13:25 na stanici JOJ odvysielala program Cerni
baroni, oznaceny ako nevhodny do 12 rokov, hoci obsahoval obscénne vyjadrovania patriace
do kategorie nevhodné do 15 rokov kde za nespravne uplatnenie JSO sa ulozila pokutu vo vyske
3 000 eur (Rozhodnutie ¢. KP/1/2024 zo dna 13. 3. 2024). V druhom pripade spolo¢nost’
na detskej programovej sluzbe Jojko odvysielala viaceré programy bez oznacenia piktogramom
nevhodnosti, teda ako vhodné pre vSetky vekové skupiny, hoci obsahovali scény uréené pre
kategdriu nevhodné do 7 rokov. Konkrétne i§lo o programy:
— 21.10. 2023 o 19:45 — SpongeBob v nohaviciach: Navrat Man Raya — program
obsahoval scény s agresivnymi postavami a predmetmi vyvolavajucimi strach;
— 23. 10. 2023 0 10:05 — Mechamato — program obsahoval scény s agresivnymi
postavami a predmetmi vyvolavajliicimi strach;
— 23.10. 2023 0 13:10 — Super 4 — program obsahoval jednak scény s agresivnymi
postavami a predmetmi vyvolavajicimi strach, ako aj pochmurne prostredie
S hlu¢nou hudbou a ndhlymi zvukmi, ktoré mézu maloletych vystrasit’.

Tym vysielatel' nespravne uplatnil vyhlasku €. 589/2007 Z. z. (v sucasnosti nahradena
vyhlaskou ¢. 328/2023 Z.z.) a nezabezpecil spravnu ochranu maloletych divakov, preto mu
za ulozila uhrnna sankciu — pokutu vo vyske 1 500 eur (Rozhodnutie ¢. KP/4/2024 zo dna
17. 6. 2024). V poslednom naleze spolo¢nost MAC TV s.r.0. na programovej sluzbe JOJ a JOJ
PLUS viackrat nespravne uplatnila vyhlasku ¢. 328/2023 Z. z. tym, ze pouzila nespravne alebo
neplatné piktogramy a nevhodne klasifikovala programy:

— 22. 1. 2024 o 15:58 — Nakupné maniacky — nespravne farebné prevedenie
piktogramu vulgarizmy a vekovej hranice 12.

— 26. 2. 2024 0 17:50 — Bez servitky — nespravne farebné prevedenie piktogramu
vulgarizmy a vekovej hranice 12.

— 3. 4. 2024 o0 13:48 — uputavka Smrtiace ticho — nespravne piktogramy nasilia,
strachu a vekovej hranice 15.

— 3. 5. 2024 o0 19:38 — Profesionali — program obsahoval expresivne a obscénne
prejavy vhodné az pre 15+, bol v§ak oznaceny ako nevhodny len do 12.

— 3. 5. 2024 o0 19:38 — Profesionali — nespravne farebné prevedenie piktogramu
vulgarizmy.

— 4. 2024 0 21:30 — Iveta 2: Kraska z TrebiSova (ep. 10) — program bol oznaceny

piktogramom sex, hoci neobsahoval znaky podla § 5 vyhlasky.
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— 4.2024 0 20:39 a 21:30 — Iveta 2 (ep. 9 a 10) — pouzité piktogramy diskriminacia,
sex, vulgarizmy v nespravnej farebnej podobe a nespravne oznacenie vekovej
hranice 15.

— 28. 4. 2024 0 20:41 — 22:29 — upuatavky na programy — nespravne prevedenie
piktogramov deskriptorov a vekovych hranic 12 a 15.

Tym vysielatel viackrat porusil § 62 ods. 6 zdkona ¢. 264/2022 Z. z. a ustanovenia vyhlasky
¢. 328/2023 Z. z.. V danom naleze vSak komisia konStatovala ja poruSenie povinnosti podla
§ 62 ods. 10 pism. a) zdkona ¢. 264/2022 Z. z. a to tym, Ze dia 28. 4. 2024 na programovej
sluzbe JOJ boli odvysielané¢ uputavky na program Inkognito (21:10:15, 21:55:55
a22:12:28 hod.), ktoré neboli oznacené totoznym piktogramom obsahového deskriptora ako
samotny program vysielany 29. 4. 2024 o 20:42 hod. Tym vysielatel' nespravne uplatnil
§ 12 ods. 2 a 3 vyhlasky €. 328/2023 Z. z. Za vSetky tieto ndlezy komisia ulozila thrnnu sankciu
— pokutu vo vyske 3 000 eur (Rozhodnutie ¢. KP/6/2024 zo dia 9. 10. 2024).

Vo¢i spolo¢nosti MARKIZA — SLOVAKIA, spol. st. 0. boli v roku 2024 vedené 3 spravne
konania, Vv jednom pripade prislo k zastaveniu spravneho konania, pretoze odpadol dovod
konania zac¢atého na podnet spravneho organu a v d’alSich dvoch pripadoch bolo konstatované
porusenie § 62 ods. 6 zakona ¢. 264/2022 Z. z. Dna 27. 10. 2023 o 14:18 hod. spolo¢nost’
odvysielala program Farma, ozna¢eny ako nevhodny pre maloletych do 12 rokov. Program vSak
obsahoval vulgarne, expresivne a obscénne vyjadrovanie, ktoré podla vyhlasky
¢. 589/2007 Z. z. zodpoveda klasifikacii nevhodné do 15 rokov. Ked'ze nespravne uplatnila
jednotny systém oznacovania ulozila jej komisia pokutu 2 000 eur (Rozhodnutie ¢. KP/2/2024
zo dia 9. 5. 2024). V druhom pripade diia 13. 9. 2023 o 17:00 hod. odvysielala program Prvé
televizne noviny s prispevkom Bitka R. Kaliidka a 1. Matovic€a, ktory neoznacila Ziadnym
piktogramom nevhodnosti. Prispevok obsahoval vulgarne vyjadrovanie, ktoré podl'a vyhlasky
¢. 589/2007 Z. z. zodpoveda kategorii nevhodné do 18 rokov. Nespravne uplatnila jednotny
systém oznacovania a komisia ulozila pokutu 2 000 eur (Rozhodnutie ¢. KP/3/2024 zo dna
9.5.2024.)

RTVS porusila povinnost’ podl'a § 62 ods. 10 pism. a) zékona €. 264/2022 Z. z. tym, Ze diia
1. januara 2024 o 20:26 hod. na televiznej programovej sluzbe Jednotka odvysielala uputavku
na program Masti¢kar. Predmetna uputavka nebola v primeranom case riadne oznacena
prislusnym obsahovym deskriptorom, ktory je podl'a zdkona a vyhlasky ¢. 328/2023 Z. z.
povinny pri vysielani audiovizualnych diel, programov alebo inych zloziek programovej
sluzby, ktoré moézu byt nevhodné pre maloletych divdkov. Neozna¢enim uputavky doslo

k nespravnemu uplatneniu jednotného systému oznacovania (JSO) a tym k poruSeniu zakonnej
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povinnosti vysielatela zabezpecit', aby maloleti divaci boli primeranym sposobom informovani
o obsahu, ktory by mohol negativne ovplyvnit’ ich psychicky, moralny alebo socidlny vyvin
a ¢o ulozila komisia pokutu vo vyske 300 eur (Rozhodnutie ¢. KP/5/2024 zo dna 11. 9. 2024).

Rozhodnutim ¢. KP/8/2024 zo dna 18. 12. 2024 komisia v spravnom konani

(@]

. 0014/SK1/2024 7zistila, ze spolo¢nost’ stoptime, s.r.o. porusila § 13 ods. 3 zékona
€. 40/2015 Z. z. tym, Ze pri audiovizualnom predstaveni Dorucovacia sluzba ¢arodejky Kiki
dna 12. 4. 2024 v Kine Nostalgia a na webovej stranke nespravne oznacila vekova vhodnost’
diela ako nevhodné do 12 rokov, hoci podla § 12b zakona bolo urfené iné oznacenie
a za uvedené porusSenie ulozila sankciu vo vyske 50 eur.

Najvyssiu jednorazovi sankciu vo vyske 5000 eur ulozila komisia spolo¢nosti
BONTONFILM a.s., ato za porusenie povinnosti ustanovenej v § 12b ods. 1 zdkona
¢. 40/2015 Z. z.. D6évod bol ten, ze dia 23. 11. 2023 pri distribtcii audiovizualneho diela Jej
telo vo verzii s pouzitim rastrovania, urcil vekovt vhodnost’ ako ,,nevhodny pre vekovl skupinu
maloletych do 15 rokov®, pricom toto oznacenie bolo nespravne podla jednotného systému
oznacovania Spravne urcenie vekovej vhodnosti malo zohl'adiiovat’ charakter, obsah a moralne
posolstvo diela, a oznacenie malo byt v stlade s pravidlami, aby sa zabezpecila ochrana
maloletych pred potencidlne Skodlivym obsahom (Rozhodnutie ¢. KP/7/2024 zo dna
18. 12. 2024). V ostatnych pripadoch bolo spravne konanie voéi spolo¢nostiam Technické
sluzby Brezno a Silverart, s.r.o. zastavené.

V prebiehajucom kalendarnom roku 2025 komisia zatial' eviduje iba jediné vydané
Rozhodnutie ¢. KP/1/2025 zo dna 11. 2. 2025, kde je uc€astnikom konania spolo¢nost
MARKIZA — SLOVAKIA, spol. s r. 0. Uvedena spolo¢nost’ porusila § 62 ods. 6 zdkona
€. 264/2022 Z. z. tym, ze dna 22. 6. 2024 o 6:59 na TV Markiza odvysielala program Modra
lagina, oznaceny len deskriptormi nésilie a strach, hoci obsahoval aj nahotu podl'a vyhlasky
¢. 328/2023 Z. z. Program tak bol nespravne klasifikovany a za poruSenie bola uloZena sankcia

vo forme pokuty vo vyske 1 000 €.

Zaver

Analyza cCinnosti Komisie na ochranu maloletych v rokoch 2023 az 2025 odhaluje
dynamicky vyvoj v oblasti regulacie audiovizualneho prostredia, kde sa stretavaji dve zasadné
hodnoty — sloboda vysielania a potreba ucinnej ochrany maloletych divakov. Uz prvé
rozhodnutia z roku 2023 ukézali, ze vysielatelia a distributori obsahu sa neraz dopustaju
poruSeni, najmd pri nespravnej klasifikacii programov, podla JSO. Tieto nedostatky

sa prejavuju jednak pri podhodnoteni vekovej kategorie, Co zvySuje riziko vystavenia deti
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nevhodnym obsahom, ako aj pri formalnych pochybeniach v oblasti spravneho pouzitia
piktogramov, farebného oznacenia ¢i obsahovych deskriptorov.

Rozhodnutia z rokov 2023 a 2024 potvrdzuji, Ze najcastejSimi poruSovatelmi
zostavaju  komercni  vysielatelia, predovSetkym  spolocnosti MAC TV  s.r.o.
a MARKIZA — SLOVAKIA, spol. s r. o., pricom komisia sa viackrat zaoberala aj postupom
a poruseniami verejnopravneho vysielatela RTVS/STVR. Hoci v mnohych pripadoch islo
0 nespravne uplatnenie JSO pri hranych seridloch alebo zdbavnych relacidch, zavaznejsie bolo
najmi odvysielanie spravodajskych prispevkov so zdbermi nasilia ¢i tragickych udalosti bez
adekvatneho upozornenia pre maloletych divakov. Tieto pripady ukazujt, Ze slabinou nie je len
technicka stranka oznacovania programov, ale aj citlivé redakéné posudzovanie obsahu, ktory
mdze vyrazne zasiahnut’ psychiku deti.

Rok 2024 priniesol rozsirenie agendy aj na nové typy poruseni — napriklad nedostatocné
alebo nespravne oznacovanie uputaviek, ktoré maju rovnaky potencidl oslovit’ detského divéka
ako samotné programy. Komisia tym zdoraznila, Ze ochrana maloletych musi byt ddsledna
nielen pri samotnom vysielani audiovizualnych diel, ale aj pri marketingovej komunikacii
spétej s programovou ponukou. Zaroven sa v ndlezoch objavilo viacero poruseni formalnej
povahy, ako nespravne farebné prevedenie piktogramov ¢i chybajice deskriptory. Hoci
sa naprvy pohlad moéze zdat, ze ide o margindlne zlyhania, ich opakovanie signalizuje
nedostatocnu pripravenost’ vysielatel'ov adaptovat’ sa na nové pravidla vyplyvajice z vyhlasky
¢. 328/2023 Z. z.

Z hladiska sankénej politiky mozno konStatovat, Ze komisia uklada pokuty v Sirokom
rozpéti — od symbolickych 50 eur az po 5 000 eur. Vyska sankcie vzdy reflektuje zavaznost’
porusenia, jeho opakovanost’ a rozsah potencialneho dopadu na maloletych divakov. Najvyssia
ulozend sankcia smerovala k distributorovi BONTONFILM a.s., ktory nespravne oznacil
vekovl vhodnost’ audiovizualneho diela ,Jej telo®. Tento pripad ukazuje, Ze problém nie
je vyluéne v prostredi televizneho vysielania, ale zasahuje aj filmova a distribu¢nt prax.
Osobitni pozornost’ si zasluzi aj fakt, ze napriek vzniku komisie uz v roku 2022, prvé
pravoplatné rozhodnutia boli vydané az v roku 2023. Tento posun odzrkadl'uje naro¢nost’
nastavenia institucionalneho a pravneho rdmca nového orgdnu. Napriek pociatocnému
oneskoreniu sa vSak v kratkom c¢ase podarilo komisiu etablovat’ ako aktivny a reSpektovany
dohliadaci organ, ktorého rozhodnutia maja realny vplyv na prax vysielatelov.

Z pohl'adu doterajSieho vyvoja mozno konstatovat’ tri kI'aicové zavery:
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1. Prevaha technickych a formalnych pochybeni — Vysielatelia sa najcCastejSie
dopustaju chyb pri oznacovani programov, uputaviek alebo piktogramov,
¢o poukazuje na potrebu lepSieho vzdeldvania a metodického usmernovania
Z0 strany regulatora.

2. Nedostatocna citlivost pri  spravodajskom a publicistickom obsahu —
Aj verejnopravny vysielatel RTVS sa dopustil pochybeni, ked” neupozornil
na zabery nasilia a tragickych udalosti. To poukazuje na SirSi problém medialne;j
kultary, kde rychlost’ a atraktivita spravodajstva niekedy prevazi nad povinnostou
ochrany maloletych.

3. Rozsirovanie zodpovednosti aj na distributorov a kind — Sankcie voci
BONTONFILM a stoptime, s.r.0. dokazuju, Ze komisia neobmedzuje svoju ¢innost’
iba na televizne vysielanie, ale zasahuje do celého audiovizualneho retazca. Tym
sa posilituje komplexnost’ systému ochrany maloletych.

Nalezy z prvych troch rokov fungovania komisie poukazuju na to, Zze zavedenie tohto
organu bolo opodstatnené a prinieslo zvySeni mieru dohladu nad medidlnym prostredim.
Do buducnosti vSak bude potrebné nielen pokracovat’ v prisnom postihovani poruseni, ale
aj intenzivnejSie spolupracovat’ s vysielateImi prostrednictvom metodickych usmerneni,
Skoleni a konzultacii. Len kombindciou represivneho a preventivneho pristupu mozno
dosiahnut, aby sa ochrana maloletych stala prirodzenou a integralnou sucastou medidlnej
praxe.

Rok 2025, ktory je este len v ivode, naznacuje, Ze agenda komisie zostane aj nad’alej Ziva.
Uz prvé rozhodnutie tohto roka potvrdilo, Ze problematika nespravneho oznafovania
programov pretrvava. Skasenosti z uplynulych obdobi vSak poskytuji dobry zaklad na to, aby
komisia 1 samotni vysielatelia dokazali postupne nastavit systém ochrany maloletych
efektivnejSie a predchadzali tak d’alSim pochybeniam.

Na zaklade vykonanej analyzy moZzno konStatovat, Ze ciel prispevku — zhodnotit
efektivnost’ rozhodnuti Komisie na ochranu maloletych, identifikovat’ problémy v klasifikacii
a oznaCovani obsahu a posudit’ ich vyznam pre medidlnu prax — bol naplneny. Komisia
sa v rokoch 2023 — 2025 etablovala ako funkény a odborne kvalifikovany organ, ktory prispieva
k vyS$Sej miere pravnej istoty v oblasti medidlnej regulécie. Jej rozhodovacia prax preukazala
schopnost’ identifikovat’ systémové nedostatky v aplikacii JSO a reagovat’ na ne primeranymi
sankénymi opatreniami. Zaroven sa vSak ukazalo, ze efektivnost’ rozhodnuti komisie zavisi
nielen od ich represivneho charakteru, ale aj od miery, s akou st vysielatelia ochotni a schopni

integrovat’ pravidla do kazdodennej medidlnej praxe. Pre budicnost’ bude kl'icové posilnit
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preventivnu a vzdeldvaciu rovinu posobenia — teda metodicktl podporu, Skolenia a jasnejSie
usmernenia pre vysielatel'ov i distributorov obsahu (Krajcovic, 2024). Na zaver mozno zhrnut’,
ze komisia sa stala vyznamnym pilierom systému medidlnej regulacie na Slovensku. Jej ¢innost’

v rokoch 2023 — 2025 predstavuje dolezity krok k rovnovahe medzi slobodou médii a ochranou

Deti a média pod drobnohl'adom: nalezy Komisie
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deti ako najzranitel'nejSej skupiny medialnych recipientov.
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Abstract

This paper presents a system-level variant of financial forecasting by means of a bias-
regularized variation of the Feature selection with annealing (FSA), which can control
systematic directional imbalance that is mostly ignored in existing paradigms. The aim
of the contribution is to design and validate a bias-corrected FSA that enforces prediction
symmetry, preserves accuracy, and enhances risk-adjusted trading performance across diverse
asset classes. The proposed model perfectly predicts (bias = 0.501, p < 0.0001) and is also
accurate (F1 = 0.703) by including a term of fairness penalty into a loss function. In 13 assets
of empirical trading simulations, there is a 57% Sharpe ratio improvement (d = 0.584), which
attests to the fact that more fairness-enhanced models may do a better job of providing better
risk-adjusted returns. The findings prove predictive neutrality to be a methodological as well

as economic benefit in algorithmic finance.
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Introduction

The key to modern financial forecasting is feature selection with annealing (FSAS) that
facilitate the detection of predictive variables that facilitate improved model efficiency and
reduce over-fitting. Although they are technically complex, classic FSAs frequently have

an implicit, but significant, systematic prediction bias in which the model is more inclined
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to follow a particular direction on the likelihood of an outcome, e.g., excessively predict
an increase in price rather than a decrease (Pabuccu & Barbu, 2023). Such an imbalance, which
was revealed in empirical data (UP, 54.4 against DOWN, 45.6 estimated), disturbs the trading
exposure, increases the risk, and eradicates the neutrality needed to manage a stable portfolio
(Bailey and Lopez de Prado, 2014). This bias is not noise but a natural effect of favoring pure
accuracy with no regard to the balance of directional predictions.

The aim of the contribution is to develop and test a bias-regularized Feature Selection
Algorithm that enforces balanced predictions (target mean 0.5), preserves classification
accuracy, and improves risk-adjusted returns, validated on 13 assets (2018-2024) through
trading simulations evaluating Sharpe, Calmar, Sortino, win-rate, and profit factor under
realistic transaction cost assumptions.

Previous studies such as Pabuccu and Barbu (2024) sought to optimize FSA efficiency
through alternating minimization and sparsity control but overlooked directional fairness. Even
high F1-scores may yield poor economic outcomes if predictions are unbalanced, increasing
exposure risk in long-short portfolios (Chong et al., 2021). This paper remedies that
by introducing a bias-regularized loss term penalizing deviations from equal class probabilities,
aligning fairness principles in ML (Mehrabi et al., 2021) with financial modeling.
The reformulated FSA achieves perfect symmetry (p < 0.0001), stable accuracy (F1 = 0.703),
and a 57% Sharpe ratio gain, linking fairness to profitability and interpretability.

1 Literature Review

The use of feature selection in financial forecasting has adapted to algorithmic trading,
which involves models with high-dimensional input data and needs features like LASSO, Ridge
regression, and embedded machine learning algorithms to determine meaningful predictors.
The most common application of traditional FSASs in constructing systems of algorithmic
trading has concentrated more on the optimal predictive accuracy being maximized, without
adequate attention to the neutrality of direction. According to Jukl and Lansky (2025),
the balance across the outcome classes is not among the key criteria used to evaluate most
algorithmic strategies that include Al-enhanced systems to assess their effectiveness
or efficiency in terms of profitability or precision. The analysis of 208 studies in the field
of equities, forex, and cryptocurrencies reveals that more than half of the Al-based trading
systems used machine learning to generate signals, and only a minority of them consider bias

calibration or fairness measures when assessing their system
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The problem of prediction bias in such systems comes about due to an imbalance in classes
and overfitting, resulting in asymmetric distribution of forecasts, which impacts portfolio
exposure and volatility. In finance, biased classifiers may overvalue long signals, exposing
the portfolio to a market crash. Literature on bias-aware ML, including that by Mehrabi et al.
(2021) and Alao (2025), continues to apply fairness principles to the algorithmic setting but
seldom in the financial FSAs. Even algorithmic trading reinforcement learning models are
likely to optimize reward functions that implicitly reinforce prior existing directional biases
(Mehrabi et al., 2021; Alao, 2025).

Empirical research proves that the symmetry of forecasts is directly related to volatility
control and risk-adjusted returns. Adaptive trading systems built on balanced prediction
systems outperform both Sharpe and Calmar ratios (Jukl and Lansky, 2025) to prove
satisfactorily that a balance between upside and downside forecasts is the key to exposure
stability and resiliency to volatility shocks. Nevertheless, there is still a research gap:
no combined framework of quality and economic risk measures of classification. The majority
of the existing research assumes research objectives to be distinct and predictive accuracy,
as well as the financial performance, which leaves a gap in the methodological connection
between statistical fairness and the profitability risk-adjusted, which was the gap that this paper

tries to bridge.

2 Methodology

The research employs a combined approach to methodology to the extent that it brings
together statistical learning and financial analysis in testing the extent of bias correction with
regard to the quality of classification and the quality of the trading performance. Minimization
of the loss function is applied to the baseline Feature Selection Algorithm (FSA), which is based
on Pabuccu and Barbu (2024).

L = Lejass + Areg Il w112

where L4415 the classification loss and 4,4 controls model sparsity. In spite of the fact
that this structure balances between accuracy and complexity, it ignores directional skew
in forecasts, a weakness that may bias trading exposure. As a remedy, the model is generalized
to a bias-regularized formulation:

L = Lejass + Areg Il W 112+ Apigs(mean(Ypreq) — 0.5)?
In this case, the third term punishes deviations against the target value of 0.5 that maintain

the balance between forecasted positive and negative signals. The hyperparameter A,
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determines the strength of this constraint on fairness, in the sense that the stronger this
parameter, the more it tends to push the distributions of prediction toward symmetry. Such
a mechanism embodies the principles of fairness-conscious design (Mehrabi et al., 2021) and
is consistent with the objectives of financial stability, such that given balanced forecasts,
a mechanism will have better exposure to neutrality and low tail risk.

The sample consists of sixteen 13 assets, six indices, five ETFs, and two cryptocurrencies
between 2018 and 2024, representing more than 180 indicators. The data were standardized and
divided into 70/30 training and test sets, and the three days (3 days) prediction horizon was
taken to identify short-term market changes. A trading simulation operationalizes forecasts
whereby long trades are executed when UP is signaled, and short trades are executed when
DOWN is signaled, and all of the trades have a cost of 0.1%. They measured the performance
using Sharpe ratio (Bailey & Lopez de Prado, 2014). Lastly, paired t-tests and Cohen's d were
used to determine the statistical and practical relevance of differences among the Original FSA,
Bias-Corrected FSA, and LASSO, and to determine a direct relationship between predictive
fairness and financial utility.

3 Results

The findings confirm that the inclusion of the bias-regularization term further leads
to substantial enhancement of prediction symmetry with no detrimental effects on accuracy,
and also, the economic performance of most assets is enhanced. These results are summarized
in five sub-sections assessing the statistical fairness and the classification robustness, and
the profitability of trading with integrated statistical and financial measures.

3.1 Bias Correction Effectiveness

The first stage Feature Selection Algorithm (FSA) was characterized by a steadily
increasing skew of the prediction, with a mean bias of 0.544, which denotes that 54.4%
of predictions were towards increased movements. Upon the addition of the bias-regularized
term, the mean bias was brought down to 0.501 with the sequence coming to the point of almost
perfect symmetry (p < 0.0001, paired t-test). This demonstrates that the 4,;, penalty actually
imposed the target mean of 0.5, which is to bring about balanced directional probabilities.

It is statistically and economically significant in this correction. Balanced forecast
distribution: A balanced forecast distribution ensures that systematic long exposure is removed,
and that the volatility of returns in a portfolio has less clustering, which same result seen in Jukl

and Lansky (2025), who found portfolio returns appear to be more stable with forecast
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equilibrium. Figure 1 (convergence plot) indicates that the fairness constraint does not hinder

the dynamics of optimization because the stabilization was rapid after 30 iterations.

Table 1: Bias correction results across 13 assets (A = 100)

Metric Original Bias-Corrected | Difference | t-stat | p-value | Effect

FSA (Mean) | FSA (Mean) Size (d)
Prediction | 0.544 0.501 -0.043 5.63 | <0.0001 | 1.45
Bias

Source: Authors’ Compilation (Adapted from: Pabuccu & Barbu, 2024)

Fig. 1: Bias Convergence over Training Iterations

0.55} -== Target Bias (0.5)

Mean Prediction Bias

Source: Authors’ Compilation

In general, the high effect size (d = 1.45) establishes a great structural enhancement
in prediction symmetry. The model will therefore meet the statistical fairness or trading

neutrality.

3.2 Classification Performance Preservation

One of the goals was to make fairness enforcement not hurt classification precision.
The findings affirm that there is no difference in the accuracy and the recall of both variants
of the model. Mean F1-score was slightly enhanced,; its value moved to 0.703 (p = 0.70), and

recall was not statistically different.
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Table 2: Classification performance comparison (A = 100)

Metric | Original Bias-Corrected | Difference | t-stat | p-value | Effect Size
FSA (Mean) | FSA (Mean) (d)

F1- 0.701 0.703 +0.002 0.39 |0.70 0.05

Score

Recall | 0.979 0.981 +0.002 0.28 |0.78 0.03

Source: Authors’ Compilation (Adapted from: Pabuccu & Barbu, 2024)

These data reveal that the bias-penalty term affects directional balance in a discriminatory,
selective way rather than discriminative ability. This is evidenced by the insignificant p-values
that test the over-regularization. This is in line with the literature supporting previous studies
that show that models that are fair can preserve predictive content without rectifying
distributional skew (Mehrabi et al., 2021).

The F1 and recall stability henceforth confirm the strength of the bias-corrected
architecture and indicate that it has generalization with neither Type | nor Type Il errors
at inflated rates. This is in line with the aim of the design to preserve the fidelity

of classification, but to attain equilibrium in the structural outputs of prediction.

3.3 Trading Performance

The financial analysis depicts that the correction of biasing is translated into value
economic benefits. The mean increase in the Sharpe ratio was 0.74, which is an increase
of +57% in risk-adjusted returns (p = 0.17; d = 0.584). Even though the statistical significance
is low because the sample used is only 13 assets, the effect measure is practically significant,

which is a medium impact measure.
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Table 3: Per-asset Sharpe ratio comparison (A = 100)

Asset Class Original | Bias-Corrected | A %
Sharpe | Sharpe Sharpe | Change

Bitcoin Crypto 0.29 2.87 +2.58 +884%

NASDAQ | Tech Index | 0.45 1.55 +1.10 | +245%

S&P 500 | Developed | 0.52 0.71 +0.19 +37%
Index

Dow Developed | 0.49 0.66 +0.17 +35%

Jones Index

Gold ETF | Commodity | 0.43 0.60 +0.17 | +40%

Russell Small Cap | 0.41 0.49 +0.08 +20%

2000

Ethereum | Crypto 0.32 0.87 +0.55 | +172%

FTSE 100 | Developed | 0.50 0.63 +0.13 +26%
Index

Nikkei Developed | 0.48 0.56 +0.08 +17%

225 Index

MSCI Emerging | 0.46 0.52 +0.06 +13%

Emerging | Index

SPY ETF | US.ETF 0.54 0.68 +0.14 +26%

QQQETF | US.ETF 0.47 0.61 +0.14 | +30%

TLTETF |Bond ETF | 0.39 0.44 +0.05 | +13%

Source: Authors’ Compilation (Adapted from: Pabuccu & Barbu, 2024)

The most significant gains are in the volatile assets, cryptocurrencies, and technology
indices, where an imbalance in prediction in the past amplified exposure risk. Outsized gains
are observed in the Bitcoin and NASDAQ series (+884% and +245%, respectively), indicating
that bias correction is beneficial to the models in terms of high-volatility regimes. This
observation leads to conclusion that an algorithmic trading system that uses adaptive symmetry
does better than an unbalanced model when in volatility spikes.

Indeed, the overall performance attests to the fact that the stabilizing of the prediction
distributions is not only achieved by the balancing of the classes, but the performance
of the portfolio is also improved by the diversification of the directional exposure.

3.4 Lambda Sensitivity Analysis

Sensitivity testing across A € {1, 5, 10, 20, 50, 100} assessed how the bias penalty
influences both classification and economic performance. As A increased, prediction bias
monotonically decreased, converging near 0.5 at A > 50. In the meantime, F1-scores were also

held constant with a value of approximately 0.70 in all settings, proving that the fairness
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regularization has no negative effect on the accuracy. Sharpe ratios, in turn, were highest
at A = 100, with both the model appearing to have the best balance (bias = 0.5) and risk-adjusted
return (Sharpe = 0.74).

Table 4: Sensitivity of bias, F1, and Sharpe ratio to A parameter

A (lambda) | Mean Bias | F1- Sharpe
Score Ratio
1 0.543 0.702 0.46
5 0.537 0.701 0.52
10 0.528 0.704 0.59
20 0.518 0.703 0.65
50 0.507 0.704 0.70
100 0.501 0.703 0.74

Source: Authors’ Compilation (Adapted from: Pabuccu & Barbu, 2024)

The bias, F1, and Sharpe trajectories four-panel visualization (Figure 2) validates that there
is a plateau between A = 50 and 100, and the two variables are at their optimum point of fairness
and profitability. This trend implies that there are diminishing marginal benefits
of regularization beyond this optimum, so that A = 100 gives an effective trade-off between

the maximization of performance and the enforcement of equilibrium.
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Fig. 2: A-Sensitivity Analysis of Bias, F1-Score, and Sharpe Ratio
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Further stability of the metrics of classification in the context of A also contributes
to the validity of the regularization method. This implementation is different compared
to conventional fairness penalties, which decrease predictive efficiency in order to force

equality (Pleiss et al., 2017), proving that fairness can be realized without diminishing utility.

3.5 Power and Robustness Analysis

Based on the size of the sample (13 assets), a power analysis gave an estimated statistical
power of ~0.45, which means that there is moderate capacity to test medium effects at a = 0.05.
Based on extrapolation, this implies that about 25 assets would get 80% power to compare
Sharpe-based rates. However, the directionality of positive results displayed by all assets can
be used as an argument supporting the conclusion of feasible value.

The data with respect to the trading cost and variability of the data in the results were
ensured to be robust in tests. These costs, which were raised to 0.5% per trade on a transaction
cost, caused a decrease in overall returns of just 6.2%, but did not change the relative positioning

of model performance. This steady state implies that the bias-adjusted FSA is profitable within
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realistic cost frameworks. Moreover, similarly, when Sharpe ratios were recalculated within
different volatility windows (5-day and 10-day), they had similar relative gains, indicating that
the ratios were wide-ranging: the Sharpe ratios' value remained stable over time.

Market heterogeneity is also robust to the model: all improvements were incremental
in the developed indices and ETFs, but Sharpe amplification was nonlinear in high-volatility
classes (crypto and tech). Such heterogeneity indicates that fairness correction is most
effectively applied in non-stationary or asymmetrically volatile markets, a fact that is congruent
with Li and Patel (2025), who state that risk-adjusted increase of returns is achievable
by exposure symmetry.

Interpretation and Evaluation: As an aggregate, the findings support the claim that
the idea of bias regularization accomplishes the two-fold goals of statistical fairness and
economic improvement. The fact that prediction bias has been reduced dramatically and that
the F1-scores remain the same justifies that the fairness constraint does not come at the cost
of accuracy and neutrality. The Sharpe gains, albeit not equally great on conventional levels,
display economically significant gains with a medium effect size.

The supporting empirics empower the position that the concept of methodological fairness
works directly on the stability of trading, which is in the way of addressing exposure asymmetry
and sensitivity to volatility. The A-sensitivity property exhibited by the model is scalable, with
the bias penalty being a tunable control to trade off interpretive transparency with economic
performance. Generally, the bias-corrected FSA is a further step towards achieving fairness
in financial machine learning in that it incorporates the aspect of fairness as a quantifiable and
economically significant design aspect that demonstrates that symmetry in prediction

is not only morally sound, but also an improvement to practical investment performance.

4 Discussion

The results indicate that bias correction brings observable improvements to the economic
performance of predictive models in real terms, increasing the Sharpe ratio and portfolio
stability without affecting their accuracy. This part critically interprets such results and places
them in the context of existing research on financial machine learning and market efficiency,

as well as the limitations of the methodology and further developments.

4.1 Why Bias Correction Enhances Sharpe
The 57% Sharpe ratio increase stems from reduced structural imbalances that previously
amplified directional risk. The bias-corrected Feature Selection Algorithm (FSA) minimizes
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systematic overexposure to long positions, decreasing cumulative return variance and
stabilizing volatility. This balance functions like portfolio hedging, where equal long and short
trades dampen fluctuations. The reduced return dispersion post-regularization aligns with
the link between forecast calibration and improved risk-adjusted returns (Li & Patel, 2025).
By curbing directional bias, the model lowers false trades in momentum-driven markets (Bailey
& Lopez de Prado, 2014). Hence, Sharpe gains arise from controlled exposure and enhanced

hedging efficiency, not inflated returns.

4.2 Asset Heterogeneity

Performance gains vary across asset classes, revealing volatility-dependent sensitivity.
Cryptocurrencies and technology indices exhibited sharp Sharpe increases (+884% Bitcoin;
+245% NASDAQ) due to higher misclassification costs under volatility. Bias correction
mitigates these tail risks, improving timing efficiency. Similar findings indicate that balanced
signal generation enhances algorithmic stability in volatile regimes. Conversely, developed
equity indices and bond ETFs showed modest gains as directional imbalance contributed less
to variance. Thus, fairness regularization delivers the greatest marginal benefit in nonstationary
markets characterized by volatility asymmetry and autocorrelation, where it restores

equilibrium and improves predictive distribution efficiency.

4.3 Economic Significance

Although Sharpe improvement (p = 0.17) is statistically moderate due to the small sample
(N =13), its medium effect size (d = 0.584) is economically meaningful. A 0.27 Sharpe increase
implies 25-30% higher risk-adjusted annual returns under constant volatility (Lo, 2017).
The gain persists across transaction costs up to 0.5%, confirming robustness. This supports
Bailey and Lopez de Prado’s (2014) argument that financial results should be judged
by economic scale, not strict significance levels. Therefore, the observed Sharpe enhancement
reflects real performance gains from balanced exposure and reduced variance rather than

statistical anomalies or overfitting artifacts.

4.4 Limitations

The study’s generalizability is constrained by several factors. The limited sample
(13 assets) yields moderate statistical power (0.45); expanding to 25-50 assets would enhance
validity. The 0.1% transaction cost assumption, though realistic institutionally, may
underestimate retail or high-frequency frictions. The model also presumes unrestricted short

selling, which may not hold in illiquid or emerging markets, limiting scalability. Lastly, A bias
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was statically optimized, ignoring dynamic volatility shifts. Future adaptive calibration could
sustain equilibrium across varying market conditions, ensuring consistent performance without

overfitting or reduced interpretability.

4.5 Future Directions

Future research should explore adaptive A_bias scheduling, allowing the penalty term
to adjust dynamically with market volatility. Such responsiveness would mirror risk-parity
frameworks, sustaining predictive symmetry under changing conditions. Expanding to multi-
horizon forecasts (1-, 3-, and 5-day) could improve temporal resilience against autocorrelated
shocks (Li et al., 2025). Increasing the asset pool beyond 50 instruments would enable sectoral
and regional validation. Moreover, integrating interpretability tools like SHAP or LIME would
enhance transparency and accountability, aligning with explainable Al principles in finance
(Mehrabi et al., 2021). These extensions would refine bias control and strengthen model

robustness across diverse environments.

5 Conclusion

In conclusion, this study shows that bias correction enhances both fairness and performance
in financial machine learning. The bias-regularized Feature Selection Algorithm achieved
perfect symmetry (bias = 0.501, p < 0.0001) without loss of accuracy (F1 = 0.703). Balanced
predictions improved Sharpe ratio by 57%, confirming that fairness contributes directly
to stable, risk-adjusted returns. The findings reject the assumption that efficiency and fairness
conflict. Instead, they reveal fairness as an optimization parameter that strengthens hedging and
mitigates volatility. The framework thus provides a scalable, practical method linking
predictive accuracy with portfolio performance, positioning fairness as both stabilizing and

profit-enhancing in quantitative finance.
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Abstract

The digitization of production intensifies the need to manage information flows that shape
productivity and costs. This paper proposes and demonstrates a value-oriented framework that
extends Value Stream Mapping with an entropy-to-cost metric for the economic evaluation
of information. The framework quantifies information efficiency across organizational layers
(line, plant, company) and informs what to capture, transfer, store, and aggregate.
In an automotive injection-molding case, camera-based OK/NOK inspection yields low-
entropy signals whose specific value declines with distance from the source; when identical
information is propagated from the production line to corporate reporting, measured efficiency
drops by roughly a factor of six. Results highlight the need for economic proportionality
between data volume and use and support edge-first control with aggregates or exemplars

at upper tiers.
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Introduction

The digitization of production plants, promoted mainly in the context of Industry 4.0
concepts, has led to a dramatic increase in the volume of data generated, which accompanies
material and control flows across company levels. Today, information is not only a tool for

operational and strategic management but is becoming a significant production entity,
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the effective capture, transmission, storage, and evaluation of which has a decisive impact
on the performance of production systems. While material processes have long been the subject
of optimization methods, information flows remain methodologically neglected.

Despite the growing importance of information in digitized production systems, there
is still no generally accepted model that would allow for systematic assessment of the costs,
value, and efficiency of information flows in an industrial environment. Information generated,
for example, in production processes is often stored and transferred through multi-level systems
(line — plant — company) regardless of the frequency of its use, the degree of its contribution,
or the costs associated with its transfer, management, and storage.

The aim of this paper is to propose and demonstrate a methodological framework for
evaluating the economic value and efficiency of information in industrial enterprises in relation

to its cost and level of use.

1 Literature review

One of the most used methods for mapping material and information flows is Value Stream
Mapping (VSM). According to a study by the Fraunhofer Institute, 60% of companies use VSM
to analyze and design their production systems. In the automotive sector and in large companies,
this percentage is even higher (Himmerle & Rally, 2010). The advantages of this method have
been demonstrated in several studies (Forno et al., 2014; Serrano et al., 2008). In classic VSM,
however, data and information are only considered to a limited extent and primarily from
a production management perspective (Rother & Shook, 2009). Many principles of Lean
Manufacturing have been exhausted in terms of their effectiveness for managing operational
processes (Lewin et al., 2015). According to Ander (Ander & Fay, 2017), the original VSM
methods lack the ability to visualize complex production systems and data flows in the era
of Industry 4.0. Busert and Fay (Busert & Fay, 2021) described value stream mapping (VSM)
methods for production process management focused on information quality in order to better
capture the value of information, and expanded the value stream analysis section to obtain
relevant information needed in value stream design—they used additional (new) icons and
modelled the information structure using so-called "swim lines" (process — information —
information processing). Hartmann et al. (Hartmann et al., 2018) focused on increasing
the comprehensibility and visualization of the current state of production systems, especially
in terms of information flows, as part of the so-called "VVSM 4.0" and proposed a comprehensive

view of waste in information logistics in the "recording — transmission — processing — analysis
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— optimization” of information processes. Molenda et al. (Molenda et al., 2019; Drewsa et al.,
2016) compared different mapping methods and presented a methodology for "visualization —
analysis — evaluation.” Hartmann et al. (Hartmann & Metternich, 2020) used VSM 4.0 and
VSD 4.0 (Value Stream Design) methods to analyze information flows in 14 value streams and
identified 19 typical obstacles to information flow. Huang et al. (Huang et al., 2019) proposed
a multi-agent system for dynamic VSM that sends, stores, analyses, and visualizes relevant
information in near real time to cope with today's fast-paced dynamic manufacturing
environment, complex material flow, or machine and labor performance efficiency. Wang et al.
(Wang et al., 2021) proposed an automated VSM framework based on the data-information-
knowledge hierarchy model. Batwara et al. (Batwara et al., 2023) conducted an extensive
literature review and found, among other things, that the number of publications over the last
ten years showed an upward trend, demonstrating that researchers and practitioners are
increasingly interested in the use of VSM. Muehlbauer et al. (Muehlbauer et al., 2022)
developed a logistics-oriented VSM 4.0 methodology, which they enriched with process icons
of logistics system components capturing static data and data maturity validation. Sullivan et al.
(Sullivan et al., 2022) identified the "static nature of VSM" as one of the main disadvantages
of the traditional approach and therefore focused on generating VSM maps digitally, using
dynamic system data from real-time location systems (RTLS) using tags.

A review of the literature clearly shows that digital transformation in manufacturing plants
cannot be achieved without understanding information flows. There is a strong need for
tools that connect process modelling, data metrics, and lean management. The analysis
of the state of knowledge showed that although the general principles of information logistics,
such as data transfer, storage, and distribution, are described, there is no comprehensive
approach to:

- quantifying the value of information in terms of its contribution to decision-
making processes at individual levels of the enterprise,

- structural modelling of operating costs associated with the flow of information
across layers,

- identifying waste of information, i.e., cases where information is transferred,
stored, or managed without any real benefit to decision-making or production
quality.

A review of relevant professional sources has identified a significant research gap

concerning insufficient methodological and systemic support for the analysis, measurement,
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and optimization of information flows in manufacturing plants in the context of digital

transformation.

2 Methodology

This study considers an automotive injection-molding case where each produced plastic
part is evaluated by a vision system at the end of the line. The camera classifies the outcome
as OK or NOK; for every NOK part, an image is persistently stored together with metadata
(timestamp, part ID, mold, and station). The decision variable of interest is Qc € {OK, NOK}.

Information flows across three layers. On the line layer, records are written directly from
the camera controller (one record per part; an image only for NOK). On the plant layer, these
records are read for dashboards, quality analysis and traceability. On the company layer,

aggregated reads support reporting and improvement programs.

Fig. 1: Experimental information flow

&=

Line (operation) Plant Company

+ data collection + datareceiving + data receiving

= data validation + datavalidation « data validation

- data storage/backup « datastorage/backup - data storage/backup
= data submission + datasending « data sending

Source: own processing based on the case study and literature (e.g., Hartmann et al., 2018; Busert & Fay, 2021).

Data characteristics used in follow-up calculations reflect the camera-based setting:
approximately 1 kB of metadata per part and ~350 kB per stored NOK image; the same line—
plant-company read/write pattern as in the previous case is assumed but applied to Qc and
the corresponding image attachments.

For the modelling and quantifying information processes as well as for describing the value
of information, the so-called Shannon entropy (Shannon, 1948) was used, which
is mathematically expressed by the formula:

HX) = — Xitip(x)log, p(x;) 1)

where:

e H(X) is the entropy of the random variable X that represents the information source
in bits
e p(xi) is the probability that the random variable X takes the value X;
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e nisthe number of possible values that the random variable X can take.
For the experimental conditions, equation (1) for the entropy of the binary random variable
Q. takes the following form:
H(Qc) = ~[(p(0K)log, p(0OK)) + (p(NOK)log, p(NOK)) (2)
where:

e H(Qc) is the entropy of the random variable "result of camera control " in bits, which
represents the source of information

e p(OK) is the probability that the random variable Q. has the correct value
e p(NOK) is the probability that the random variable Q. has an incorrect value.

In quantifying the value of the information about the random variable X, the relation can
be used:

VI, =10 3)

TC

where:

o VIXis the value of the information about the random variable X

e H(X) is the entropy of the random variable X that represents the source
of information

e TC is the total cost associated with the information of variable X.

The above relation (3) is referred to in computer science as “information efficiency”
(Cover & Thomas, 2006) and is used to examine the efficiency of information systems based
on their ability to reduce entropy (uncertainty) compared to the cost of processing, storing and
transmitting information. Information efficiency can be considered as one
of the quantitative expressions of the value of information, specifically its specific benefit
relative to cost.

In the case of the experiment conducted, equation (3) for the binary random variable Qc

took the following form:

Vige = T (4)
where:

e Vlgcis the information measure of the random variable Qc

e H(Qc) is the entropy of the random variable Q: that represents the source

of information
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e TC is the total operational cost associated with the information of the random
variable Qc in a given information layer.
The total TC operating cost of the information flow was determined as the sum of the costs

of information transmission, storage and management as follows:

n
TC = zl(ctranSfer,i + Cstorage,i + Cmanagement'i) (5)

where:

e TC isthe total cost in a given information layer,
o Cuanster,i IS the cost of transfer to/from a given layer i,
e Cstorage,i IS the cost of storing data in a given layer i,

e Cmanagement,i IS the cost of managing the data in layer i,

The total operating cost TC; was determined for each layer separately, where the cost
of the higher layer is the sum of the costs of the preceding layers.

3 Results

In the observed month, a vision system on an automotive injection-molding line evaluated
16,507 parts; 16,322 were classified as OK and 185 as NOK (for each NOK, an image
of ~350 kB with metadata was stored). This corresponds to a non-conformance rate of 1.12%,
indicating a generally stable process, although isolated deviations still occur.

Based on relation (2), the entropy of the random variable "Q. (OK/NOK)" for the camera-
based OK/NOK classification of injection-molded parts” was determined to represent
the source of information. The value of this entropy is then:

H(Qc) = —[0.98879 - (—0.01626) + 0.01121 - (—6.47941)] = 0.08869 bit (6)

Such a very low entropy corresponds to the almost certain occurrence of the OK state
(i.e., almost no uncertainty).

Monthly unit costs were estimated from June 2024 cloud storage and transaction pricing,
with on-premise storage potentially cheaper in operation. Operational costs for data stores and
communication platforms reflect an estimated share of one FTE database administration per
month and bandwidth tiers required for data transfer. These assumptions are consistent across
layers to enable a like-for-like comparison of total costs (transfer, storage and management).

In the experiment carried out, which took into account information on 16 507 parts,

the following indicative data volumes were considered:
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e For monthly data volumes, we assume ~1 kB of metadata per part (= 16.12
MB/month) and a 350 kB image per NOK part (= 63.23 MB/month), totaling
approximately 79.35 MB/month.

To determine the number of transactions, for simplicity we assume 16,507 store
transactions of metadata and product quality status and the same number of read transactions
at the plant level, and at the company level we assume 4 times more reads than writes,
i.e. 66 028 transactions. Using these data and relations (4) and (6), the information measures
of the random variable Q. (OK/NOK) for each information layer were calculated and these are

shown in Table 1.

Table 1: Measures of the information on the random variable Q. (OK/NOK)
for the information layers

Scaled value of
Information | H(Qc) - Entropy of Total monthly unit cost in the information about
layer the random variable | information tier related to the random | variable Qc
Qc (OK/NOK) (bit) | variable Q. (OK/NOK) (CZK) (OK/NOK)
(bit/CZK)
. 4.85%10°
1-Line 1830 bit/CZK
_ 1.26 x 10
2 - Plant 0.08869 1830 + 5226 = 7056 bit/CZK
_ 7.62 %107
3 - Company 1830 + 5226 + 4585 = 11,641 bit/CZK

Source: Own processing based on equations (4) and (6).

4 Discussion

The aim of this experimental research was to test whether the value of information can
be quantified in a structured multi-layered information flow in industry. The case study focused
on the value of information generated by a camera-based OK/NOK inspection in automotive
injection molding. In order to quantify the relative value of this information, the concept
of information efficiency, defined as the ratio between the amount of information (entropy) and
the total cost of processing, transmitting and storing it in each layer of the system, was used.
The information measures of the variable "Qc" were computed separately for each information
layer, and it was shown that as the level of the layer increases, the total cost increases, and
therefore the information efficiency (measured in bit/CZK) decreases. The highest information
metric (information efficiency) was observed at the line level (484 645 bit/CZK), while

the lowest efficiency appeared at the company level (76 188° bit/CZK). In the case
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of the above experiment, there was a more than 6-fold reduction in information efficiency when

information was transferred from the production line to the company headquarters (Fig. 2).

Fig. 2: Dependence of the specific value of information about Q. on the "distance" from
the source of information

Scale value of the Qc variable information

(bit/CzK)~1°
500000

450000}
5~ 400000}
E
% 350000}
& 300000
€ 250000}
B
E 200000 |
Y' 150000+

100000

1-Line 2 - Plant 3- Cor'npany
Source: Own computation based on equations (4) and (6).

The significant reduction in information efficiency observed in the experiment when data
is transferred from the production line to the company level represents an important finding
with direct implications for the management of information flows in industrial systems.
The measurements showed that while at the production line level information is used
immediately and purposefully in a decision-making context at minimal cost, its effectiveness
decreases significantly with increasing complexity, volume of data processed, and the cost
of storing and transmitting it at higher layers of the system. The findings suggest that
a centralized approach to storing all data - regardless of its importance, frequency of use,
or impact on decision quality - may lead to a reduction in overall system cost-effectiveness.
In particular, for data that are high in volume and low in operational utility (e.g., detailed
diagnostic data or technical curves), the degree of aggregation, retention time, and distribution
within the enterprise information ecosystem must be carefully considered.

This fact underlines the importance of a well-thought-out design of information
architecture, which should not only be driven by legislative or technological requirements but
should also reflect the economic aspect of the data cycle. Thus, information systems must
be designed with an emphasis on proportionality between the amount of data stored and its
benefits, which requires the introduction of a multi-criteria assessment including not only
the availability and quality of the data, but also its value in relation to the specific purpose and

the cost of processing it.
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While the proposed metric focuses on quantitative aspects of information value (entropy
and cost), the practical usefulness of information also depends on qualitative dimensions such
as relevance, timeliness and accuracy. Future extensions should integrate these qualitative
factors alongside the cost- and entropy-based measure to better reflect decision-making utility

across layers.

5 Conclusion

This study quantified the value of information for Qc (OK/NOK) produced by a camera-
based inspection in automotive injection molding. A tractable, cost-aware metric of the specific
value of information was developed and applied in a three-tier industrial context. By coupling
entropy of a decision-relevant variable with total monthly costs, a monotonic decline
in informational efficiency with increasing organizational distance from the source was
identified. In the examined camera control case, the highest efficiency was observed at the line
tier and the lowest at the company tier, consistent with cumulative transfer, storage and
management costs and with reduced operational reuse in upper layers. The findings support
the use of entropy-normalized, cost-based metrics as a common basis for comparing
information usefulness across architectural tiers. The framework opens avenues for sensitivity
analysis and uncertainty quantification (e.g., confidence intervals for entropy estimates and cost
parameters) in longitudinal and multi-site studies. From the practical implications point of view,
governance policies can be informed by benchmarking information efficiency per tier, with
edge-first processing prioritized for high-frequency control signals and centralized retention
focused on aggregates or exemplars that deliver demonstrable analytical value.

Edge-first control should be prioritized for high-frequency OK/NOK decisions and alarms,
while upper tiers should focus on aggregates and exemplars with demonstrable analytical value.
The results generalize similar vision-inspection lines and motivate locating analytics at the line
while keeping supervisory reads at higher layers

The study was limited to a single industrial case and uses representative, assumed cost
inputs; generalization should be examined across processes, product families and cost regimes.
Future work may extend the approach to multi-class outcomes and richer signals (e.g., other
features), incorporate dynamic cost models and usage telemetry, and compare entropy-based

metrics with alternatives such as mutual information with downstream decision quality.
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The presented framework contributes to the search for a generally accepted model

of information-flow evaluation by linking cost-based and entropy-based perspectives across

architectural tiers.
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Abstract

This paper examines effects of increased foreign direct investment (FDI) screening
on technological innovation in the European Union (EU). Drawing on recent empirical research
and data from Eurostat, OECD, and European Commission reports, it evaluates how screening
mechanisms influence innovation through three channels: access to foreign capital and M&A
activity, knowledge transfer, and substitution toward domestic or intra-EU R&D. While FDI
is generally associated with higher productivity, knowledge spillovers, and enhanced
innovation capacity, intensified screening may restrict cross-border capital flows, limit
international collaboration, and increase transaction costs for high-tech investments. Empirical
trends in M&A and greenfield projects suggest substitution effects from non-EU to EU-based
investors but no significant decline in overall investment volumes related to the screening.
Patent data and international co-invention patterns indicate that, to date, screening mechanisms
either produce no adverse effects on aggregate innovation outcomes across sectors,
or the impact is delayed, but for robust results more testing will be required.
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Introduction

Foreign direct investment (FDI) plays a crucial role in the European Union (EU) as a driver
of productivity, technological innovation, and competitiveness through access to funding,

knowledge spillovers, and international R&D linkages. The EU’s historically open investment
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environment has positioned it as a major destination and provider of FDI. However, growing
geopolitical tensions and technological rivalry have prompted concerns over strategic
dependence, leading to expanded inward screening mechanisms (ISMs) under Regulation (EU)
2019/452, and discussions on outbound FDI controls. While these measures safeguard national
security and strategic autonomy, they may constrain cross-border capital and knowledge flows.
The aim of the paper is to assess whether increased FDI screening may affect innovation
in the EU through three channels: (1) restricted access to foreign capital and M&A activity,
(2) reduced international knowledge transfer and cooperation, and (3) substitution toward
domestic or intra-EU investment. The paper combines summarized insights from previous
research, particularly studies published in the last five years, correlation analysis and
formulation of a concept for empirical evaluation of country and sector-level outcomes in future
research. Findings of the advanced research are intended to serve as a basis for harmonizing

and standardizing the design of ISMs across the EU.

1 FDI, Productivity and Innovation Channels

The idea that innovation and entrepreneurship are major sources of economic growth,
especially long-term (Schumpeter, 1934; Schumpeter, 1942), has been revisited in the 1970s
and remains highly relevant nowadays (Hanusch & Pyka, 2007; Lazonick & Prencipe, 2005;
Pisano, 2006). FDI generally enhances innovation via capital access of firms (Alquist et al.,
2018; Bauerle Danzman, 2019; Bencivelli & Pisicoli, 2022; Erel et al., 2013), which
is particularly important for countries with developmental and productivity gap (Cvetanovic et
al., 2018; Popescu, 2014). It drives knowledge spillovers to host countries (Audretsch, 1995)
when they possess sufficient absorptive capacity (Cohen & Levinthal, 1990), such as skilled
labour and R&D infrastructure (Keller, 2021; Saggi, 2002). These models stress that innovation
is an outcome of systemic processes, and regulatory measures hindering either acquisition
of knowledge or domestic capacity to internalize it must be eliminated to sustain progress and
growth,

Outward FDI generates reverse spillover effect as knowledge flows back to home
economies (Chen & Dauchy, 2018; Sultana & Turkina, 2023), notably also in the form of green
innovation (Xing & Dong, 2023). Effect is stronger with M&A, but absorption capacity
strengthens the positive impact on greenfield as well (Asheaf et al., 2024). Therefore,
if reciprocal measures hindering FDI are implemented, negative effects on innovation will

multiply.
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Intensified competition improves both quality and quantity of innovation (Chen et al.,
2022), which implies that sufficient competition within the EU could overcome negative effects
of FDI restrictions. In the EU, FDI has been empirically linked to higher labour (Boghean
& State, 2015; Piscitello & Rabbiosi, 2005; Vujanovic et al., 2021) and total factor productivity
(Spithoven & Merlevede, 2023), even in firms not engaging in R&D activities.

Liberalization generally boosts inward FDI stocks. A 10% bilateral easing of restrictions
increases FDI stocks by 2.1% in both countries on average, with strongest effects in services
(Mistura & Roulet, 2019). In the EU, the impact is even greater; the same raises FDI stocks
by 12% (Gregori & Nardo, 2021). Therefore, liberalization of FDI is vital for economic
performance in the EU, yet since the 2008 global crisis these policies have increasingly collided
with national security priorities, and many countries have adopted more protectionist measures
to control foreign ownership in strategic sectors (OECD, 2022).

ISMs require active cooperation from investors and if the project represents a potential
threat, it might be mitigated by setting conditions or even blocked. While aiming to protect
critical technologies and industries, they may deter investment if perceived as unpredictable,
discriminatory or otherwise worsening legal and regulatory environment (Akame et al., 2016;
Buchanan et al., 2012; Dkhili & Lassad, 2018; Mistura & Roulet, 2019; World Bank, 2020).
The effectiveness of such mechanisms depends on achieving a balance between security and
openness (Accaoui Lorfing, 2021; Doppen et al., 2024, Velten, 2022). Excessive discretion and
vagueness can lead to misuse by the state and become a political or purely economic tool
(Cohen, 2020; Lai, 2021). Teran (2024) argues that screening could align FDI with investment
policies, but regular use for economic intervention would harm the domestic economy and

breach EU law.

2 The EU Regulatory Framework and national ISMs
Regulation (EU) 2019/452 established an EU-level cooperation mechanism and

encouraged all member states to implement national screening systems fulfilling vague minimal
standards. By 2025, all member states have an operational ISM or are enacting the legislation
(Croatia, Cyprus, Greece). The 2024 European Commission (EC) proposal to amend
the regulation seeks to harmonize procedures, broaden the scope of review, and make screening
mandatory in some cases, but the extent of discretion left to member states regarding thresholds
and coverage is being negotiated with no compromise reached yet.

National implementation varies widely in what industries and technologies can come under

review. Some regimes apply clear thresholds and allow formal or informal pre-filing
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consultations (e.g. Germany, Czechia), while others retain vague definitions and discretionary
powers (e.g., Hungary, Bulgaria). Some mechanisms include greenfield investments or FDI
by EU-entity with foreign ultimate owner (indirect FDI, e.g. Czechia) or even intra-EU FDI
(such as Spain).

Uncertainty whether investment falls under the purview of ISM, inconsistent decision-
making and reporting or underreporting, procedural inefficiency (review time limit,
bureaucracy) and questionable transparency in some countries undermine investor confidence
and complicate EU-level coordination. Many countries share only generic data for
the cooperation mechanism, do not use the ISM in practice (e.g. Luxembourg) or report only
investments which potentially threaten their interests but fail to report projects which might
affect legitimate interests of others (European Court of Auditors, 2023). This leads both
to higher probability of ex post restriction of investment which should have been reviewed and
overburdening of administration with unnecessary requests for assessment.

Additionally, states use alternative measures to block foreign takeovers on security
grounds. In 2018, Germany’s state-owned bank KfW bought a 20% stake in a power distributor
to prevent China’s State Grid Corporation from gaining control over critical infrastructure
(Deutsche Welle, 2018). In 2022, a similar intervention stopped the sale of a respiratory
equipment manufacturer to a Chinese state-owned enterprise (Reuters, 2022). Most troublingly,
misuse risks have already surfaced, such as Hungary’s overly broad interpretation of “critical
raw materials” in the Xella Magyarorszag case (CJEU C-106/22), which had to be blocked
by the Court of Justice, highlighting potential for abuse under security pretext.
The abovementioned gaps need to be addressed by the revised Regulation, otherwise EU might

lose its attractiveness for investors.

3 Screening and Innovation in the EU Context

Countries without a broad cross-sectional approach show a clear trend of expanding
the scope to encompass new industries and technologies. High-technology sectors such
as semiconductors, Al, energy, and biotechnology are increasingly subject to FDI screening
due to their strategic importance. Austria’s ISM stretched from four sectors to 18, Hungary
to 19 within a few years. Even within one sector, screening evolves to cover more links
of the value chain, multiplying challenges, especially for high-tech industries with complex
infrastructure such as the energy sector (Mauro, 2024; Rajavuori & Huhta, 2020). Screening
can raise transaction costs, delay cross-border mergers, especially for R&D-intensive targets,
and restrict cooperation and participation in global R&D networks such as joint ventures,
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strategic alliances, and cross-border R&D collaborations (Zonta, 2025). These effects may
hinder technological diffusion, scaling and remove absorptive-capacity gains for domestic firms
and research institutions.

The EU already faces an innovation gap relative to the US and China, with weaker capital
markets and fragmented R&D and entrepreneurial ecosystems (Draghi, 2024). Most concerning
is the focus on traditional industries such as automotive or pharmaceuticals and falling behind
in high-tech sectors (e.g. Al, digital infrastructure and quantum computing). Due to limited
venture capital availability and uneven national capacities, projects and startups tend to relocate
once they reach the scaling stage.

Closing the innovation gap is necessary for competitive environment and economic growth
via digital entrepreneurship (Galingo-Martin et al., 2023) and for further grow of productivity
of firms (Gal et al., 2019), but also to achieve EU sustainability goals (Gariba et al., 2024).
Involvement in international technology transfer positively impacts innovation outcomes, since
firms and institutions are more intensely engaged in relevant activities and therefore more
competitive (Ciborowski & Skrodzka, 2020), which supports green growth in the EU (Castelli
et al., 2025). However, countries also need to build domestic capacities instead of depending
fully on FDI, especially those which are predominantly manufacturing sites (CEE countries).
R&D still mostly remains in the Western countries of the EU, which limits benefits from FDI-

driven innovation for many host countries (Zavarska et al., 2024).

4 Effects of Screening on FDI Flows
Empirical studies of the OECD FDI Regulatory Restrictiveness Index indicate that other

screening and approval mechanisms negatively correlate with FDI inflows (Yoon & Ko, 2025).
However, the EU ISMs on national security and public order grounds differ from traditional
investment barriers and are not captured in the “screening and approval” category of the OECD
FDI Restrictiveness Index.

Australia, with 50 years of FDI screening experience, has identified that listed companies
under review trade at about a 20% discount on the expected transaction surplus until assessment
ends. Screening costs create a deadweight loss five times higher than comparable trade
restrictions, doubling the loss when deals abandoned before the review stage are included
(McCalman et al., 2024). While such analysis is hard to replicate for the EU, recognizing
unrecorded losses from foregone projects is valuable for ensuring that the revised framework

discourages only genuinely problematic investments.
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Overall, for the EU, evidence so far suggests that national security—based ISMs have not
significantly disrupted total FDI volumes (Bencivelli et al., 2023). Similarly, Chan and Meunier
(2022) observe that while screening increases compliance costs, it has no discernible impact on
aggregate FDI flows. Not even relatively strict ISMs discouraged investors from previously
attractive countries. The European Commission (2025) confirmed that fewer than
3% of screened cases required ES’s opinion, and most transactions were approved without any
conditions, indicating that blocking or restricting projects remains an exceptional measure

rather than common policy response.

Figure 1: 2015-2024 yearly cumulative number of transactions and flow trends into the EU27
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Source: European Commission (2025).

While the value of FDI net inflows into the EU has been declining for most years since
2019, on average it copies a global trend, potential barriers in the form of screening
notwithstanding. To the contrary, the number of deals (both M&A and greenfield) has been
rising, even if yearly flows negatively react to global upheaval (Covid-19, war in Ukraine,
global fragmentation). This suggests that while annual flows fluctuate in response
to uncertainty, the long-term stock and number of transactions have remained resilient.
In aggregate, existence of ISMs has not led to immediate flight of foreign investors.

M&A deals have historically been outnumbered by greenfield projects, though this trend
appears to be shifting. In 2023, manufacturing surpassed ICT as the top sector, while
professional, scientific, and technical activities (including R&D) remain significant but are

declining. Greenfield investment is now concentrated in retail, as R&D and related fields saw
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a sharp 60% year-on-year drop in deals. The loss of interest in research activities and similar
could have deeply troubling long-term effects for technological innovation, especially coupled
with renewed interest in manufacturing. If the financing concentrates in traditional or low-
technology manufacturing instead of knowledge-intensive, innovation-led sectors, knowledge
spillovers will be reduced. Firms are more likely to keep design activities in their home country,

and the technology gap would increase.

Table 1: Total cases handled by member states with results, 2020-2024

Total Formall Authorised Authorised Blocked /
Year Cases Screeneél Without With Withdrawn Prohibited
Handled Conditions Conditions
2020 1,793 362 (20%) 79% (286)* 12% (43)* 7% (25)* 2% (7)*
2021 1,563 453* (29%) 73% (331)* 23% (104)* 3% (14)* 1% (5)*
2022 1,444 794* (55%) 86% (683)* 9% (71)* 4% (32)* 1% (8)*
2023 1,808 1,012* (56%) 85% (860)* 10% (101)* 4% (40)* 1% (10)*
2024 3,136 1,285* (41%) 86% (2,697)* 9% (282)* 4% (125)* 1% (31)*

Source: author’s own calculations, data from European Commission, Annual Reports on the Screening
of Foreign Direct Investments into the Union, 2021-2025 (covering reporting years 2020-2024). Approximate
counts were calculated from percentages, rounded and presented with asterisks (*).

Reported cases across EU member states are unevenly distributed and do not align with
the proportion of FDI inflows. Divergent national screening mechanisms further complicate
cross-state comparison, so disaggregating cumulative data is unlikely to yield robust
conclusions. Nevertheless, as most states now operate functional regimes, EU-wide inferences

are increasingly viable.

Table 2: Correlation between screening and FDI inflows, 2018-2024

Measure Same Year FDI (t-1) FDI (t-2)
Total Cases Handled -0.0284 -0.832 -0.217
Formally Screened 0.4390 0.753 -0.388

Source: author’s own calculations in RStudio, data from European Commission (2025), World Development
Indicators (2025). Foreign direct investment, net inflows (BoP, current US$).

The rise in screenings reflects the expansion of ISMs and their scope rather than an increase

in transactions: the number of fully operational systems grew from 16 in 2020 to 24 in 2023.
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Sectoral distributions of screened investments broadly mirror M&A activity, indicating
no sector is disproportionately scrutinized or strategically targeted. While the number of mature
regimes and reviewed sectors has grown, share of flagged problematic investments has not
increased correspondingly; at the same time, the share of projects subject to formal screening
nearly tripled by 2023, suggesting clearer procedural thresholds, efficient identification
of problematic cases, and more widespread utilization of mechanisms to force transparency and
risk-assessment. Comparatively, results of a correlation analysis in Table 2 show an inconsistent
relationship between handled cases and FDI flows. Within the same year, transactions were not
related to informally evaluated and consulted cases, while higher FDI inflows in a previous year
are statistically associated with noticeably fewer cases next year but no causal trend emerges.
For formal screening procedure, the values are more stable and understandably imply that
intensified inflows are associated with more screening, especially with a one-year lag, but
overall, other factors must be observed. In the case of both processes, with a two-year lag any
previous association disintegrates.

Withdrawn and blocked investments remain stable at approximately 4% and 1%
respectively, implying that contentious projects are most often voluntarily abandoned. Most
cases are authorized unconditionally, and this proportion continues to rise. Conditional
approvals with mitigating measures remain near 10%, with 2021 as an exception likely due
to procedural adjustments. Overall, although more investments are being reviewed, the relative
distribution of various negative outcomes remains stable, giving no indication that the new
screening regimes have disrupted aggregate FDI flows.

However, an analysis of German M&A data (2016-2024) indicates a substitution effect
in investor origin: the share of EU-based investors in regulated sectors has increased, while that
of non-EU investors (particularly in majority-control transactions) has declined (Kaya et al.,
2025). Eichenauer and Wang (2024) report that between 2007 and 2022, newly screened sectors
experienced an 11.7-16% reduction in M&A activity, driven primarily by state-linked and U.S.
investors. Although part of this decline reflects intended restrictions, the magnitude implies
additional unintended deterrence. The extent to which this reduction stems from risk-averse
investors avoiding scrutiny versus the deterrent effect of compliance costs remains unclear.
Eichenauer and Wang (2024) further find that smaller and minority investments were more

affected than large, majority acquisitions, underscoring the role of compliance burdens.
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5 Screening and Technological Innovation Outcomes

Given the established link between FDI and innovation, the question was whether
screening affects innovation outputs such as high-tech patenting and international collaboration.
Excluding cross-sectoral mechanisms, the most common sectors covered by screening
mechanisms are defence,’ real estate, critical infrastructure, advanced technologies, health
infrastructure and biotechnologies (OECD, 2023). In 2024, notifications were mostly
concentrated in manufacturing, ICT, wholesale and retail, financial activities, professional
activities, energy and transport.

To evaluate the impact, a sample of patent applications was chosen. Subset of eleven
categories according to the WIPO classification of technological patents was compiled
(electrical machinery, apparatus, energy, telecommunications, computer technology,
semiconductors, medical technology, biotechnology, pharmaceuticals, materials/metallurgy,
optics, environmental technology, and transport) and applied to data from OECD. The subset
conceptually corresponds to EUROSTAT definition of high-tech categories, since neither

WIPO nor OECD standardize the concept, and industries most screened in the previous years.

Figure 2: Y-0-Y change in patent activity, by technology, EU27, EPO, in %, 2010-2020
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Source: author’s own elaboration, visualization by RStudio, data from OECD (2025). Patents by technology,
OECD.STI.PIE:DSD_PATENTS@DF _PATENTS(1.0).

Purely from the data in the graphs, calculated y-o0-y changes in OECD patent data across

key sectors (Figure 2) show no consistent decline in innovation as screening mechanisms

° Due to security reasons, gathering representative data for the defense sector would be impossible, so it was
excluded in Figure 2.
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expanded after 2017. The only uniform downturn occurred in 2020, likely due to COVID-19
disruptions rather than screening. To provide more persuasive conclusions about innovation
onthe EU level, correlational and clustering techniques designed to detect coordinated

movements or structural changes in the trends of patenting activity were used.

Figure 3: Clustered correlation heatmap of y-o0-y patent trends, EU27, EPO, in %,
2010-2020
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Source: author’s own elaboration, visualization by RStudio, data from OECD (2025). Patents by technology,
OECD.STI.PIE:DSD_PATENTS@DF_PATENTS(1.0).

The correlation heatmap in Figure 3 clusters patent categories which show similar
dynamics on the EU level. It displays how the pace of innovation in those fields responds
to shared shocks (more often similarly, only materials and metallurgy are negatively correlated
with half of the other categories), often moving together rather than behaving fully
independently. This does not prove that a common shock could be tied to investment screening,

but it does not rule out that a policy that represents a barrier to innovation in one field could

99



Zuzana Mazankova Assessing Effects of Foreign Direct Investment
Screening on EU Technology Innovation

potentially impact outcomes in others, depending on its mechanism, and allows aggregation
of data on EU level to assess impact of ISMs with the use of a single index. Nevertheless,
the correlations are mostly weak to moderate (0.2 to 0.6) with no category above 0.8, exhibiting
no significant synchronized movement or existence of innovation families, and being likely
driven rather by field-specific factors.

FDI-weighted ISM index was calculated to measure aggregate intensity of screening,
explaining how widespread screening processes were in the EU in any given year. The indicator
does not distinguish between cross-sectoral and selective screening regimes, due to which only
the existence of ISM as a deterrent in general can be evaluated, not its overall restrictiveness.
Countries with more substantial inflows have greater weight in the index; standard ISM index
would implicitly treat all economies as equally important, which is not reflected in the reality
of EU-level data on both FDI and innovation.

YiSD;c X FDI}}

ZiFDIE,Lt

wISM index; =

t — years, i — EU member states

SDit— screening dummy, O if no ISM is operational in country i in year t, or 1 if there is

FDI}'; — adjusted FDI in country i in year t

It was constructed based on the year when each member state introduced a screening
mechanism on national security grounds or revised a previous one, and expressed as the annual
share of EU countries with a screening regime in place, weighted by inward FDI flows,
specifically by a three-year moving average adjusted for negative values to reduce short-term
volatility. Since 2010, the value of wiSM index rose from 0 to 0.984 (2024).

Using this index, a correlation analysis was conducted (Pearson), assessing connections
between FDI inflows, wISM index and innovation outcomes (Figures 4 to 6). Patents were
divided into two variables; high-tech and most-screened patent categories remain the same
as used previously in this paper, the second category reflects cross-country R&D cooperation
in patents created by international co-invention based on country of residence (data from
OECD). Three versions were created — first a same-year correlation, then patents were lagged
by one and two years as patenting activity is a long-term project. Ideally, correlations with even
longer lags should be constructed, but this approach is hindered by the relatively recent

tightening of screening procedures and lack of sufficient data.
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Figure 4: Correlation between FDI, wiSM index and innovation outcomes — same year,
2010-2024
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Source: author’s own elaboration, visualization by RStudio, data from European Commission (2025), OECD
(2025), WDI (2025).

The same-year correlation matrix shows a consistent negative relationship between wiSM
index and patent activity in the EU. Both high-tech patents (r = -0.83) and internationally
co-authored patents (r = -0.67) are strongly negatively correlated with current-year weighted
index. This suggests that years when the index was lower were associated with higher patent
output. Yet, since the value of the index has always remained the same or increased over
the years, this only implies that high-tech innovation and international collaboration have
gradually become constrained. The negative relationship between wiSM index and FDI inflows
can be explained the same way, which finds supporting evidence in reports of international
organizations on investment. Higher FDI inflows are associated with more patenting activity
(both high-tech and international collaboration) in the same year. While no causality can
be derived from the data, it shows that at the EU level, screening intensity is negatively
associated with both FDI and innovation, while FDI and innovation are positively associated

with each other in the same year.
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Figure 5: Correlation between FDI, wiSM index and innovation outcomes — 1-year lag,

2010-2024
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Source: author’s own elaboration, visualization by RStudio, data from European Commission (2025), OECD
(2025), WDI (2025).

With a one-year lag of patenting activity, which starts separating broader economic
co-movements from structural effects, screening remains negatively related to innovation,
especially high-tech, though for both categories less strongly, while the link between FDI and
innovation grows varied; FDI becomes more strongly directly tied to high-tech patents but

the relation to international collaboration patents nearly disappears.

Figure 6: Correlation between FDI, wiSM index and innovation outcomes — 2-year lag,
2010-2024
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Source: author’s own elaboration, visualization by RStudio, data from European Commission (2025), OECD
(2025), WDI (2025).
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Using a two-year lag of innovation, FDI remains consistently aligned with high-tech patent
applications, but its link to international collaboration patents is extremely weak and reverses
into negative correlation. Screening intensity continues to tie negatively with high-tech
patenting, but its relationship with international collaboration patents becomes weakly positive.

Comparison of the three versions demonstrates that overall, aggregate screening intensity
is systematically associated with lower FDI inflows and weaker high-tech patenting, and
complementarily FDI and high-tech innovation seem to be structurally linked. International
collaboration outcomes behave in a more unpredictable matter, gradually reversing from
strongly negative to weakly positive relationship with screening and the other way with FDI
inflows as the lag grows. However, the negative relationship between screening and both
innovation variables turns consistently weaker with lag. Since the delayed response is more
consistent with reality, the combined correlations present no evidence that fluctuations

in the level of patenting in the relevant categories have a clear link to ISMs.

6 Direction of Future Research

A deeper empirical evaluation requires quantifying the “strictness” of national screening
regimes and linking it to high-tech and collaborative innovation outcomes in each member state.
Constructing an EU FDI Screening Index (building e.g. on Bencivelli et al., 2023) and
combining it with PATSTAT data could clarify causal mechanisms even within countries.
Tracking patent citations, as in Aghion et al. (2023), would help measure knowledge spillover
intensity before and after screening reforms. However, short timeline and other influences will

still limit robustness.

Conclusion

This preliminary analysis and previous research so far found no proof that ISMs have
substantially disrupted investment flows short-term (either acquisitions or greenfield)
or innovation outcomes, though correlations in this paper should be interpreted with caution,
as they represent only preliminary descriptive evidence and do not identify causal effects. Both
long-term and delayed effects require more time to observe, for which data is missing.
A country-specific study indicates that screening induces partial substitution toward EU-based
investors but to recreate this on other countries, longer experience with ISMs will be required.
Nonetheless, uncertainty, compliance costs, and uneven implementation across member states
may create localized frictions, particularly in high-tech industries. The long-term impact

of screening on innovation is likely dependent on complementary policies, the absorptive
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capacity of domestic firms, and the EU’s ability to maintain transparency and predictability
in its regulatory framework without abusing the legislation for illegitimate purposes. Future
research should quantify strictness of national screening regimes, trace knowledge spillovers
through patent citations, and assess the interplay between past investment restrictions

or prohibition and sectoral innovation performance.

Dedication

This paper was written as a part of research funded by the PUEB internal grant project IGS
62/2024, Changes in the EU's External Economic Relations in The Context of Sustainable

Development with Special Attention to Trade and Financial Flows.

Bibliography

1. Accaoui Lorfing, P. (2021). Screening of Foreign Direct Investment and the States’
Security Interests in Light of the OECD, UNCTAD and Other International
Guidelines. In: Titi, C. (eds) Public Actors in International Investment Law. European
Yearbook of International Economic Law. Springer, Cham, pp. 179-199.
doi:10.1007/978-3-030-58916-5_10

2. Aghion, P. et al. (2023). Exporting Ideas: Knowledge Flows from Expanding Trade in
Goods. CEP Discussion Papers, dp1960, Centre for Economic Performance, LSE.

3. Akame, A. Jr. et al. (2016). The Impact of Business Climate on Foreign Direct
Investment in the CEMAC Region. Journal of Economics and Sustainable
Development, 7 (22), s. 66—74.

4. Alquist, R. et al. (2018). Financial Constraints, Institutions, and Foreign Ownership.
NBER Working Paper Series, no. 24241. Available from
https://www.nber.org/papers/iw24241

5. Ashraf, A. et al. (2024). Reverse technological spillovers from outward FDI on home

countries’ total factor productivity: Does the mode of investment matter? Borsa
Istanbul Review. doi: 10.1016/j.bir.2024.03.006

6. Audretsch, D. B. (1995). Innovation, growth and survival. International Journal of
Industrial Organization, vol. 13, iss. 4, december, pp. 441-457.
doi: 10.1016/0167-7187(95)00499-8

7. Bauerle Danzman, S. (2019). Merging Interests: When Domestic Firms Shape FDI
Policy. Merging Interests: When Domestic Firms Shape FDI Policy. Bloomington:
Cambridge University Press. doi:10.1017/9781108657143

8. Bencivelli, L., & Piscoli, B. (2022). Foreign investors and target firms’ financial
structure. International Economics, 169, pp. 230-251.

9. Bencivelli, L. et al. (2023). Who’s Afraid of Foreign Investment Screening? Banque
de France Working Papers, WP 927, October, pp. 1-56.

104


https://www.nber.org/papers/w24241

Zuzana Mazankova Assessing Effects of Foreign Direct Investment

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Screening on EU Technology Innovation

Boghean, C., & State, M. (2015). The relation between foreign direct investments
(FDI) and labour productivity in the European Union countries. Procedia Economics
and Finance, iss. 32, pp. 278-285. doi: 10.1016/S2212-5671(15)01392-1

Buchanan, B. et al. (2012). Foreign Direct Investment and Institutional Quality:
Some Empirical Evidence. International Review of Financial Analysis, vol. 21,
January, pp. 81-89.

Castelli, C. et al. (2025). Harnessing FDI for innovation and green growth in the EU:
Some evidence-based policy recommendations. WIIW Policy Notes, no. 97, The
Vienna Institute for International Economic Studies, June, pp. 1-20.

Chan, Z. T., & Meunier, S. (2022). Behind the screen: Understanding national
support for a foreign investment screening mechanism in the European Union. Review
of International Organizations, vol. 17, pp. 513-541.
doi:10.1007/s11558-021-09436-y

Chen, Y. et al. (2022). The impact of foreign direct investment on innovation:
Evidence from patent filings and citations in China. Journal of Comparative
Economics, vol. 50, iss. 4, pp. 917-945. doi: 10.1016/j.jce.2022.05.005

Chen, S., & Dauchy, E. (2018). International Technology Sourcing and Knowledge
Spillovers: Evidence from OECD Countries. IMF Working Papers, No. 2018/051,
iss. 051, pp. 1-38. doi: 10.5089/9781484345429.001

Ciborowski, R.W., & Skrodzka, I. (2020). International technology transfer and
innovative changes adjustment in EU. Empirical Economics, vol. 59, pp. 1351-1371.
d0i:10.1007/s00181-019-01683-8

Cohen, H. G. (2020). Nations and Markets. Journal of International Economic Law,
vol. 23, pp. 1-23. doi:10.1093/jiel/jgaa032

Cohen, W. M., & Levinthal, D. A. (1990). Absorptive capacity: A new perspective
on learning and innovation. Administrative Science Quarterly, 35 (1), 128-152.
doi: 10.2307/2393553

Cvetanovic, S. et al. (2018). Foreign Direct Investments as a Source of Financing of
Economic Development of Western Balkan Countries. Ekonomika, Journal for
Economic Theory and Practice and Social Issues, vol. 64(4), pp. 17-28.
doi:10.5937/ekonomikal804017C

Deutsche Welle. (2018, July 27). Berlin stops Chinese firm buying stake in 50Hertz.
Available October 17, 2025, from https://www.dw.com/en/berlin-beats-chinese-firm-
to-buy-stake-in-50hertz-power-company/a-44848676

Dkhili, H., & Lassad, B. D. (2018). The Relationship between Economic Freedom
and FDI versus Economic Growth: Evidence from the GCC Countries. Journal of Risk
and Financial Management, vol. 11, iss. 4, pp. 81-98.

Doppen, F. et al. (2024). Balancing security and economics: domestic state-firm
relations and investment screening mechanisms in Europe. Review of International
Political Economy, 31 (6), June, pp. 1637-1661. doi:10.1080/09692290.2024.2368601

Draghi, M. (2024). The Future of European Competitiveness - A Competitiveness
Strategy for Europe. Available October 12, 2025, from
https://commission.europa.eu/document/97e481fd-2dc3-412d-be4c-f152a8232961 en

105


https://www.dw.com/en/berlin-beats-chinese-firm-to-buy-stake-in-50hertz-power-company/a-44848676
https://www.dw.com/en/berlin-beats-chinese-firm-to-buy-stake-in-50hertz-power-company/a-44848676
https://commission.europa.eu/document/97e481fd-2dc3-412d-be4c-f152a8232961_en

Zuzana Mazankova Assessing Effects of Foreign Direct Investment

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Screening on EU Technology Innovation

Eichenauer, V. Z., & Wang, F. (2024). Mild Deglobalization: Foreign Investment
Screening and Cross-Border Investment. Kiel Working Paper, No. 2265, March,
pp. 1-60.

European Commission. (2025). REPORT FROM THE COMMISSION TO THE
EUROPEAN PARLIAMENT AND THE COUNCIL: Fifth Annual Report on the
screening of foreign direct investments into the Union, SWD(2025) 296 final,
COM(2025) 632 final 14. 10. 2024.

European Court of Auditors. (2023). Special report 27/2023: Screening foreign
direct investments in the EU — First steps taken, but significant limitations remain in
addressing security and public-order risks effectively. ECA, 6/12/2023. Available
October 13, 2025, from https://www.eca.europa.eu/ECAPublications/SR-2023-27/SR-
2023-27_EN.pdf

Erel, I. et al. (2015). Do Acquisitions Relieve Target Firms’ Financial Constraints?
The Journal of Finance, vol. 70, no. 1, February, pp. 289-328. doi:10.1111/jofi.12155

Gal, P. et al. (2019). Digitalisation and productivity: In search of the holy grail —
Firm-level empirical evidence from EU countries. OECD Economics Department
Working Papers, No. 1533, OECD Publishing, Paris. doi:10.1787/5080f4b6-en

Galingo-Martin, M. A. et al. (2023). Digitalization, entrepreneurship and
competitiveness: an analysis from 19 European countries. Review of Managerial
Science, vol. 17, pp. 1809-1826. doi:10.1007/s11846-023-00640-1

Gariba, M. 1. et al. (2024). Assessing the impact of public digitalization on
sustainability: the mediating role of technological innovation in the context of the EU.
Discover Sustainability, vol. 5, art. 204. doi:10.1007/s43621-024-00397-x

Gregori, W., & Nardo, M. (2021). The effect of restrictive measures on cross-border
investment in the European Union. The World Economy, vol. 44, iss. 7,
pp. 1914-1943.

Hanusch, H., & Pyka, A. (2007). Principles of Neo-Schumpeterian Economics.
Cambridge Journal of Economics, vol. 31, pp. 275-289. doi:10.1093/cje/bel018

Kaya, O. et al. (2025). Foreign Investment Screening and Cross-Border M&A in
Sensitive Sectors: Evidence from Germany. SSRN, Preliminary Paper., pp.1-9.
do0i:10.2139/ssrn.5533911

Keller, W. (2021). Knowledge Spillovers, Trade and FDI. NBER Working Paper
Series, No. 28739, pp. 1-27.

Lai, K. (2021). National Security and FDI Policy Ambiguity: A Commentary. Journal
of International Business Policy, vol. 4, pp. 496-505. doi:10.1057/s42214-020-00087-1.

Lazonick, W., & Prencipe, A. (2005). Dynamic capabilities and sustained
innovation: strategic control and financial commitment at Rolls-Royce plc. Industrial
and Corporate Change, Oxford University Press and the Associazione ICC, vol.
14(3), pp. 501-542.

Mauro, M. R. (2024). Energy Security, Energy Transition, and Foreign Investments:
An Evolving Complex Relationship. Laws, 13 (4), 48. d0i:10.3390/laws13040048

Mistura, F., & Roulet, C. (2019). The determinants of Foreign Direct Investment: Do
statutory restrictions matter? OECD Working Papers on International Investment.
doi:10.1787/641507ce-en

106


https://www.eca.europa.eu/ECAPublications/SR-2023-27/SR-2023-27_EN.pdf
https://www.eca.europa.eu/ECAPublications/SR-2023-27/SR-2023-27_EN.pdf

Zuzana Mazankova Assessing Effects of Foreign Direct Investment

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Screening on EU Technology Innovation

OECD. (2022). Framework for Screening Foreign Direct Investment into the EU:
Assessing effectiveness and efficiency. OECD Publishing, Paris, pp. 1-148.
doi:10.1787/f75ec890-en

Perri, A., & Peruffo, E. (2014). Knowledge Spillovers from FDI: A Critical Review
from the International Business Perspective. International Journal of Management
Reviews, vol. 18, pp. 3-27. doi:10.1111/ijmr.12054

Pisano, G. (2006). Profiting from innovation and the intellectual property revolution.
Research Policy, vol. 35, iss. 8, pp. 1122-1130. doi:10.1016/j.respol.2006.09.008

Piscitello, L., & Rabbiosi, L. (2005). The impact of inward FDI on local companies’
labour productivity: evidence from the Italian case. International Journal of the
Economics of Business, vol. 12, pp. 35-51. doi:10.1080/1357151042000323120

Popescu, G. H. (2014). FDI and Economic Growth in Central and Eastern Europe.
Sustainability, 6 (11), pp. 8149-8163. doi:10.3390/su6118149

Rajavuori, M., & Huhta, K. (2020). Investment screening: Implications for the
energy sector and energy security. Energy Policy, vol. 144 (C), September.
doi:10.1016/j.enpol.2020.111646

Reuters. (2022, April 27). Berlin stops Chinese firm from buying German medical
device maker - Handelsblatt. Available October 13, 2025, from
https://www.reuters.com/article/germany-china-m-a-idUSL2N2WO0D5

Saggi, K. (2022). Trade, foreign direct investment, and international technology
transfer: a survey (English). Washington DC: World Bank, 2002. Available also from
http://documents.worldbank.org/curated/en/701391468326137113

Schumpeter, J. A. (1934). The theory of economic development: An inquiry into
profits, capital, credit, interest, and the business cycle. Harvard University Press.

Schumpeter, J. A. (1942) Capitalism, Socialism and Democracy. Vol. 36, Harper &
Row, New York, 132-145.

Spithoven, A., & Merlevede, B. (2023). The productivity impact of R&D and FDI
spillovers: characterising regional path development. The Journal of Technology
Transfer, vol. 48 (2), pp. 560-590.

Sultana, N., & Turkina, E. (2023). Global Outward Foreign Direct Investment
Network: Perspectives for Knowledge Transfer from Host Countries to Home
Countries by MNEs. Administrative Sciences, 13 (12), 249.
doi:10.3390/admsci13120249

Teran, D. U. (2024). Foreign Direct Investment screening for "national security™ or
sustainable development: A blessing in disguise? South Centre Research Paper, No.
205, Geneva, pp. 1-25.

Velten, J. (2022). Screening Foreign Direct Investment in the EU. Springer Cham,
359 p. doi: 10.1007/978-3-031-05603-1

Vujanovic, N. et al. (2021). FDI spillovers and firm productivity during crisis:
Empirical evidence from transition economies. Economic Systems, vol. 45, iss. 2,
June, 100865. doi:10.1016/j.ecosys.2021.100865

107


https://www.reuters.com/article/germany-china-m-a-idUSL2N2WO0D5

Zuzana Mazankova Assessing Effects of Foreign Direct Investment

54.

55.

56.

S7.

58.

Screening on EU Technology Innovation

World Bank. (2020). Global Investment Competitiveness Report 2019/2020:
Rebuilding Investor Confidence in Times of Uncertainty. Washington, DC:
World Bank.

Xing, G., & Dong, H. (2023). Outward Foreign Direct Investment and Industrial
Structure Upgrading: The Mediating Role of Reverse Green Technology Innovation,
the Moderating Role of R&D Investment and Environmental Regulation.
Sustainability, 15 (11), 9062. doi:10.3390/su15119062

Yoon, S.-H., & Ko, J.-H. (2025). The effect of FDI regulatory barriers: evidence from
OECD countries. Applied Economics Letters, vol. 32 (10), pp. 1484-1497.
doi:10.1080/13504851.2024.2308558

Zavarska, Z. et al. (2024). Toward innovation-driven growth: innovation systems and
policies in EU member states of Central Eastern Europe. WIIW Research Report, No.
476, September. The Vienna Institute for International Economic Studies, pp. 1-124.

Zonta, E. (2025). From economic security to legal uncertainty: exploring the impact
of the FDI screening regulation and foreign subsidies regulation on mergers and
acquisitions in the EU. Journal of European Competition Law & Practice, vol. 16,
iss. 3, pp. 167-178, doi:10.1093/jeclap/Ipaf043

Contact

Mgr. Ing. Zuzana Mazankova

Prague University of Economics and Business
Nam. Winstona Churchilla 1938/4

130 00 Prague

Czech Republic

zuzana.mazankova@vse.cz

108


mailto:zuzana.mazankova@vse.cz

Samuel Mihal¢in, Juraj MiStin Factors Influencing the Adoption of Hybrid Work
Models in Slovak Organizations

Samuel Mihal¢in, Juraj Misun
Factors Influencing the Adoption of Hybrid Work Models

in Slovak Organizations

Abstract

This study examines the organizational and demographic factors influencing hybrid work
adoption in Slovak enterprises. Using quantitative methods, we analyzed data from
227 companies through Spearman correlation, Kruskal-Wallis test, and multiple linear
regression to investigate the effects of managers' age, employee age, company region, and size
on adoption rates. Univariate analyses showed: no significant effect of managers' age; negative
correlation with employee age; significant regional disparities; and weak positive association
with company size. However, multiple linear regression revealed that company region
is the dominant determinant of hybrid work adoption (R?> = 0.17-0.18), with nationwide-
operating and Bratislava-based companies showing significantly higher adoption rates.
Critically, when region is controlled for in the multivariate model, company size, employee age,
and managers' age become statistically non-significant, indicating their univariate associations
do not persist.

These findings suggest that regional economic development and digital infrastructure,
rather than organizational or demographic factors, primarily drive hybrid work implementation.
The research contributes empirical evidence on hybrid work adoption in Central Europe and

provides insights for developing regionally tailored workplace flexibility policies.
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Introduction

Hybrid work represents a central theme in modern organizational research, reflecting
the merging of digital and physical work settings. Recent conceptualizations emphasize hybrid
work as diverse models and frameworks that extend beyond simple remote arrangements,
encompassing organizational adaptability and technological integration (Vartiainen
& Vanharanta, 2024; Sokolic, 2022). It enables employees to combine remote and on-site
activities in flexible proportions, guided by digital infrastructure, technological integration, and
evolving job expectations. Scholars view hybrid models as multifaceted systems that vary
across space (workplace location), time (synchronous and asynchronous work), and interaction
modalities (virtual and in-person collaboration) (Lauring & Jonasson, 2025). Research
demonstrates that successful implementation of hybrid work requires not only technological
adoption but also organizational culture alignment and leadership commitment (Bloom et al.,
2013).

In Europe, the expansion of such models accelerated during the COVID-19 pandemic,
which prompted rapid digitalization and structural workforce shifts across organizational and
regional contexts (Chong, 2020; Eurofound, 2022; Sostero et al., 2024). Contemporary
evidence suggests that hybrid work arrangements benefit from multifaceted approaches
considering infrastructure readiness, generational preferences, and organizational capacity.
Yet significant variation exists across regions and countries, particularly within Central Europe,
where digital infrastructure disparities and differing regulatory frameworks shape adoption
trajectories.

The aim of this paper is to analyze organizational and demographic determinants of hybrid
work adoption within Slovak enterprises. Specifically, the study investigates the impact
of managers’ age, average employee age, company size, and regional location on the degree
of hybrid work utilization. By applying quantitative methods to a representative sample
of Slovak organizations, this research seeks to identify which variables significantly contribute
to hybrid work expansion and what regional and structural patterns can be observed. The results
are intended to enrich the limited empirical evidence on hybrid work implementation in Central

Europe and to provide actionable implications for organizational strategies and public policy.

1 Theoretical background

Hybrid work represents a central theme in modern organizational research, reflecting
the merging of digital and physical work settings (Vartiainen & Vanharanta, 2024; Donnelly

& Johns, 2020). It enables employees to combine remote and on-site activities in flexible

110



Samuel Mihal¢in, Juraj MiStin Factors Influencing the Adoption of Hybrid Work
Models in Slovak Organizations

proportions, guided by technological integration and evolving job expectations. Scholars view
hybrid models as multifaceted systems that vary across space (workplace
location), time (synchronous / asynchronous work), and interaction (virtual / in-person
collaboration) (Lauring & Jonasson,2025). In Europe, the expansion of such models
accelerated during the COVID-19 pandemic, which prompted rapid digitalization and structural
workforce shifts (Eurofound, 2023).

1.1 Factors influencing the use of hybrid working models

The adoption of hybrid work depends on managerial, demographic, organizational, and
regional characteristics. Research highlights the influence of managerial age and leadership
style, although empirical evidence remains mixed—Ieadership culture and sector context often
outweigh demographics (Choudhury et al., 2022; Vartiainen & Vanharanta, 2024).
At the employee level, generational differences are key: younger workforces usually adapt
more efficiently to technology-driven collaboration and value autonomy more strongly than
older employees (Vidhyaa & Ravichandran, 2022; Raj et al., 2023).

Regional disparities also shape hybrid work adoption. In Slovakia, advanced infrastructure
and concentration of knowledge-intensive industries make metropolitan areas more suitable for
hybrid regimes than less developed regions (Eurofound, 2023). Similar spatial inequalities
occur across Europe, linking geographic location with technological and occupational
readiness.

While the advantages of hybrid models—flexibility, productivity, reduced costs, and
environmental impact—are widely reported (Ribeiro etal.,2024), long-term success also
depends on regulatory clarity. Slovakia’s current labor legislation only partially covers hybrid
arrangements through telework provisions, leaving unresolved issues of safety, accountability,
and work regulation. Ongoing legal debates therefore focus on adapting the Labor Code
to modern hybrid conditions while preserving employee protection (Sahut & Lissillour, 2023).

In summary, the extent of hybrid work adoption stems from the interplay of organizational
capacity, workforce demographics, digital infrastructure, and institutional frameworks.
A deeper understanding of these interconnections is essential for developing inclusive and

sustainable hybrid work strategies in the Slovak and Central European context.
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2 Methods and methodology

2.1 Research objectives and questions

The primary objective of this study is to quantitatively and exploratively analyze
the determinants influencing the adoption of hybrid work models in Slovak enterprises. This
research utilizes data collected through a structured questionnaire administered to managers
in Slovak companies and applies various statistical methods to empirically assess
the relationships between organizational and demographic factors and the rate of hybrid work
adoption.

Specifically, the study aims to examine the impact of managerial age, average employee
age, company regional location, and company size on the extent of hybrid work utilization.
By identifying which factors contribute most significantly to the adoption rate, this research
seeks to inform organizational practices and policies tailored to the Slovak context. To enhance
the robustness of our analysis, we additionally performed a multiple linear regression analysis
incorporating all control variables—company region, employee age, company size, and
managerial age. This approach allowed us to examine the combined effects of these factors
while controlling for confounding variables. Company size was scaled, and standardized
coefficients are reported to enable direct comparison of predictor strength.

Our article aims to find an answer to the following research question:

RQ: What is the effect of managers” age, average employee age, enterprise region, and
company size on the adoption of hybrid work arrangements in Slovak enterprises?

The aim is to provide quantitative evidence to support the understanding of these factors,
which may be crucial for strategic management and the development of work arrangements
in Slovak conditions. Based on previous studies, we therefore tested the following hypotheses:

H1: Younger managers are associated with a higher adoption rate of hybrid work regimes
in their enterprises.

H2: Enterprises with a younger average employee age demonstrate a higher utilization
of hybrid work arrangements.

H3: There are statistically significant differences in the adoption of hybrid work regimes
between enterprises located in different regions of Slovakia.

H4: Larger enterprises utilize hybrid work arrangements more intensively than smaller

enterprises.
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2.2 Measurement and sample selection

The adoption rate of hybrid working arrangements was defined in our research
as the proportion of employees in the surveyed company who were using hybrid working
arrangements at the time, i.e., a combination of on-site and remote work. This variable was
obtained directly from the manager in the form of an answer to a question such as: "What
percentage of employees in your company currently work in a hybrid mode?'. The result was
recorded as a percentage value in the range of 0-100%."

To empirically verify the hypothetical relationships, we used variables and methodology
based on a survey of managers conducted in the spring of 2025. The representative sample
consisted of 280 managers from companies operating in the territory of the Slovak Republic,
and after excluding irrelevant responses, the final sample was n = 227 companies. Companies
were excluded from the results if their managers had no subordinates, if the responses were
inconsistent, if control questions were answered incorrectly, or if the company's identification
number (ICO) was incorrectly reported.

The statistical analyses were performed using Jamovi software (version 2.6.16.0).

2.3 Ethical considerations and limitations

Data were collected via an online questionnaire in Microsoft Forms, completed voluntarily.
Participants were assured of confidentiality, anonymity. Data handling complied with GDPR
and Slovak data protection legislation, with secure, encrypted storage and restricted access.

This study acknowledges several important limitations that should be considered when
interpreting the findings. First, regarding sample characteristics, some Slovak regions had fewer
observations (e.g., only three respondents from the KoSice region), which may limit
the generalizability of regional findings and reduce statistical power for certain pairwise
regional comparisons. Second, hybrid work adoption was measured via manager estimates
rather than objective organizational records, which introduces potential social desirability bias,
inaccurate recollection, or oversimplification of complex implementation patterns.
Consequently, subjective assessments from respondents may not fully reflect the actual state
of hybrid work practices within organizations. Third, the cross-sectional design of this research
inherently precludes causal inferences; all observed relationships represent associations only,
and temporal precedence cannot be established. Finally, the research was conducted exclusively
in the Slovak context, which means the findings may not readily generalize to organizations
in other Central European or international economic contexts with different institutional,

regulatory, or infrastructural conditions.
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3 Results

After filtering, we were left with a research sample of n = 227. The average number
of employees working in the companies included in our research was 471.58, the median was
54, and the standard deviation was 1,159.53. The average length of seniority of employees was
9.53 years, the median was 8 years. The average age of all employees working in companies
that participated in the questionnaire survey was 38.06 years. Thirteen managers working
in companies operating in the Nitra region participated in the survey, 84 in the Bratislava
region, 16 in the TrenCin region, 11 in the Banska Bystrica region, 3 in the KoSice region,
9 in the Presov region, 28 in the Trnava region, and 13 in the Zilina region. Twenty-eight
managers work for companies operating throughout Slovakia.

H1: Younger managers are associated with a higher adoption rate of hybrid work
regimes in their enterprises:

We tested hypothesis H1 using Spearman's correlation, which is suitable for data with
a non-normal distribution, as demonstrated by the Shapiro-Wilk normality test. The correlation
examined the relationship between managers' age and the degree of adoption of hybrid work

arrangements in companies in Slovakia.

Table 1: Correlation matrix between the age of managers and the adoption rate of hybrid

work regimes

Correlation Matrix

3_Manager’s age 14_%_Adoption_rate
3_Manager’s age Spearman’s rho —
df —
p-value —
14_%_Adoption_rate  Spearman’s rho 0.06 —
df 202 —
p-value 0.80941 —

Source: own processing

The resulting rho coefficient was 0.06, indicating a very weak positive relationship between
the observed variables. At the same time, a p-value of 0.80941 was found, which is significantly
higher than the standard significance level of 0.05. This fact means that there is insufficient
evidence to accept hypothesis H1, and therefore the negative relationship between
the manager's age and the rate of adoption of the hybrid model in the observed companies

is not statistically significant.
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These results suggest that the age of the manager does not have a significant impact
on the rate of adoption of hybrid work arrangements in the organizations that were studied.
Therefore, the result supports the null hypothesis HO, which states that 'there is no statistically
significant relationship between the manager's age and the rate of adoption of a hybrid work
arrangement.

H2: Enterprises with a younger average employee age demonstrate a higher utilization
of hybrid work arrangements

Hypothesis H2 was tested again using Spearman's correlation because the normality test
once again confirmed the non-normal distribution of the data. This analysis examined
the relationship between the average age of company employees and the degree of adoption
of hybrid work arrangements.

Table 2: Correlation matrix between the average age of employees and hybrid work regimes

Correlation Matrix

11_Employees_age  14_%_Adoption_rate

11_Employees_age Spearman’s rho —

df —

p-value -

14_%_Adoption_rate  Spearman's rho -0.14 —
df 203 —
p-value 0.01969 —

Source: own processing

The resulting Spearman correlation coefficient was -0.14, indicating a weak negative
correlation between these variables. The p-value of 0.01969 is lower than the commonly used
significance level of 0.05, which means that this relationship is statistically significant.

It follows from this that hybrid work arrangements are more commonly used in younger
work teams. Based on these findings, we therefore confirm hypothesis H2.

H3: There are statistically significant differences in the adoption of hybrid work regimes
between enterprises located in different regions of Slovakia

In testing hypothesis H3, we examined whether there are statistically significant differences
in the rate of adoption of hybrid work arrangements among companies located in different
regions of Slovakia. For this analysis, we used the non-parametric Kruskal-Wallis test, which
is suitable for multiple groups with non-normally distributed data. The Kruskal-Wallis test
allows us to determine whether at least one group (region) differs in the distribution

of the observed variable (rate of adoption of hybrid work) compared to the others.
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The test result we obtained indicated statistically significant differences between regions,
which means that the region in which a company operates influences the extent to which

a hybrid work model is utilized. Subsequently, we conducted pairwise comparisons between

individual regions to identify specific pairs of regional differences.

Table 3: Kruskal-Wallis Test Results for Adoption Rate by Region

Kruskal-Wallis

X df p

14_%_Adoption_rate 34.18 3 0.00004

Source: own processing

The overall Kruskal-Wallis test showed that there are statistically significant differences
between regions (x> = 34.18; df = 8; p=0.00004), suggesting that the region in which a company

operates significantly affects the extent of hybrid work mode adoption.
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Table 4: Pairwise Region Comparisons of Hybrid Work Adoption Rates

‘airwise comparisons - 14_%_Adoption_rate

W p
Banskobystricky Bratislavsky 2.61 0.65171
Banskobystricky Celoslovenské pdsobenie 346 0.25961
Banskobystricky Kosicky -1.81 0.93825
Banskobystricky Preovsky -2.82 0.54826
Banskobystricky Trnavsky -0.54 0.99999
Banskobystricky Zilinsky 0.7 1.00000
Banskobystricky Treniansky -0.14 1.00000
Banskobystricky Nitriansky 0.71 0.99990
Bratislavsky Celoslovenské posobenie 2.62 0.64589
Bratislavsky Kosicky -2.92 0.49552
Bratislavsky Presovsky -4.24 0.06803
Bratislavsky Trnavsky -4.31 0.05928
Bratislavsky Zilinsky -3.00 045875
Bratislavsky Treniansky -3.38 0.28945
Bratislavsky Nitriansky -1.37 0.98870
Celoslovenské pdsobenie  KoSicky -3.09 0.41664
Celoslovenské pdsobenie  Predovsky -4.09 0.09078
Celoslovenské pdsobenie  Trnavsky -4.89 0.01616
Celoslovenské pasobenie  Zilinsky -4.18 0.07661
Celoslovenské pdsobenie  Trendiansky -4.34 0.05550
Celoslovenské pdsobenie  Nitriansky -2.49 0.70851
Kogicky Presovsky -0.51 0.99999
Kogicky Trnavsky 143 0.98526
Kosicky Zilinsky 213 0.85197
Kozicky Trenéiansky 1.88 0.92377
Kosicky Nitriansky 1.96 0.90439
Presovsky Trnavsky 2.56 0.67715
Presovsky Zilinsky 3.08 0.41947
Presovsky Trendiansky 2.87 0.55276
Presovsky Nitriansky 2.83 0.54277
Trnavsky Zilinsky 0.83 0.99967
Trnavsky Trenciansky 0.41 1.00000
Trnavsky Nitriansky 142 0.98540
Zilinsky Trenciansky -0.19 1.00000
Zilinsky Nitriansky 0.92 0.99932
Trenciansky Nitriansky 1.23 0.99446

Source: own processing

Subsequent pairwise comparisons revealed that some pairs of regions differ statistically
significantly or are very close to this threshold. Significant differences are, for example,
between nationwide operations and the Trnava region (p = 0.01616), suggesting that these
regions have different rates of hybrid mode adoption. Other comparisons are slightly above
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the p = 0.05 threshold, but they indicate potential differences that could become significant with
a larger number of observations.

The overall results therefore confirm the existence of regional differences in the rate
of adoption of the hybrid work model, although not all individual paired comparisons
are clearly statistically significant. Based on these findings, we thus confirm hypothesis H3.

H4: Larger enterprises utilize hybrid work arrangements more intensively than smaller
enterprises

In order to empirically verify the assumption of a positive relationship between company
size (expressed in terms of number of employees) and the rate of adoption of hybrid working
arrangements (H4), we had to perform a correlation analysis to determine the direction and
strength of this relationship. We then applied linear regression analysis, using the percentage
of employees working in a hybrid regime as the dependent variable and the number
of employees in the company as the independent variable. This approach allowed us not only
to quantify the direct link between the size of the organization and the adoption of a hybrid
work regime, but also to estimate the extent to which the size of the company contributes
to explaining the variability of hybrid adoption. When interpreting the regression results,
we also verified the assumptions of normality of residuals and homoscedasticity, thus ensuring

the reliability and validity of our statistical estimates.

Table 5: Correlation matrix between company size and the adoption rate of hybrid work

regimes

Correlation Matrix

7_Employees_number  14_%_Adoption_rate

7_Employees_number  Pearson's r —
df —
p-value —
Spearman's rha —
df _
p-value —

14_%_Adoption_rate Pearson's r 0.14 —
df 203 _
p-value 0.02232 —
Spearman’'s rho  0.13 —
df 203 —

p-value 0.03072 —

Source: own processing
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Table 6: Linear regression results: Impact of company size on the adoption rate of hybrid

work arrangements

Model Fit Measures
R

Model R®

1 0.14 0.02

Note. Models estimated using
sample size of N=205

Model Coefficients - 14_%_Adoption_rate

95% Confidence Interval

Predictor Estimate SE Lower Upper t p
Intercept 31.94 2.59 26.83 37.06 12.32 <.00001
7_Employees_number 0.00 0.00 0.00 0.01 202 0.04465

Source: own processing

The model explains only 2% of the variability in adoption rates (R2 = 0.02), and the overall

correlation coefficient is R = 0.14. Linear regression analysis showed that for each additional

employee, the hybrid work adoption rate increases on average by 0.01 percentage points
(B=0.01, t=2.02, p =0.04465), with the effect being statistically significant at the 5% level.
The intercept value is 31.94 (p<0.00001), and the confidence interval for the effect of company

size does not include zero, supporting the presence of a positive relationship between

the number of employees and the adoption rate. Thus, the correlation between company size

and hybrid regime adoption is statistically significant in both the correlation and regression

model, but the effect size remains small in practical terms.

3. 1 Multiple linear regression analysis

Table 7: Quality indicators for multiple linear regression models

Maodel Fit Measures
Owverall Model Test
Maodel R R Adjusted R F df df2 p
041 017 013 484 8 195 0.00002
2 041 017 013 433 9 194 0.00004
3 042 0.17 0.13 404 10 193 0.00005
- 042 0.18 0.13 3.83 1 192 0.00005
Note. Models estimated using sample size of N=204
Maodel Comparisons
Comparison
Madel Mods AR? F d df2 p
2 0.00 0.37 194
2 3 0.0 134 193
3 - 0.0 1.58 192

Source: own processing
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Table 8: Coefficients of the multiple linear regression model for the adoption rate of hybrid

work

Predictor Estimate SE t p Stand. Estimate

Intercept® 747 1838 041 0.68423
21.95 10.70 2.05 0.63

1.02
-0.53
-0.19

0.03
—0.03

0.10

* Represents reference level

Source: own processing

Multiple linear regression analysis involving all relevant control variables showed that
the most significant determinant of the adoption rate of hybrid working arrangements in Slovak
companies is the region in which they operate. The models achieved statistical significance
(p <0.001) and explain approximately 17-18% of the variability in the dependent variable
(R2=0.17-0.18) or 13% after correction for the number of variables (Adjusted R2=0.13).
The highest standardized coefficients are reported by companies in the Bratislavsky region and
companies with nationwide operations, both in comparison with the reference category
(Banskobystricky region).

Adding company size, employee age, and manager age to the model did not increase
the statistically significant explained variability. These variables were not statistically
significant in terms of p-values or standardized effects. The differences in explained variability
between the individual models were minimal (AR2 = 0.00 — 0.01), which is confirmed

by the results of the model comparison.

4 Discussion

This study provides quantitative evidence on organizational and demographic determinants
of hybrid work adoption in Slovak enterprises. When examined through univariate analyses,
the findings appeared to align with international literature; however, multiple linear regression
analysis with simultaneous control of all variables fundamentally reframes these interpretations

and reveals that the earlier patterns do not persist in the multivariate context.
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The insignificance of managerial age in univariate analysis aligns with Vartiainen and
Vanharanta (2024), who found leadership demographics less determinative than organizational
culture and sector-specific factors. This finding remains consistent in the multivariate model,
confirming that managerial age is not a meaningful predictor of hybrid work adoption.
The significant negative correlation between employee age and adoption rates in univariate
analysis concurred with international findings by Raj et al. (2023) and Vidhyaa and
Ravichandran (2022), suggesting generational adaptability to hybrid models. However,
in the multiple linear regression model, this relationship becomes statistically non-significant
when region is controlled for, indicating that the univariate association was likely confounded
by regional variation. Younger workforces may be concentrated in economically advanced
regions with greater hybrid work adoption, rather than age per se driving adoption. Similarly,
company size showed a weak but statistically significant positive association in univariate
analysis (R?=0.02), consistent with Bartik et al. (2025) and McKinsey Global Institute (2023),
reflecting greater resource availability in larger firms. Yet in the multivariate model, this effect
also disappears, suggesting that larger companies are not inherently more prone to hybrid
adoption; rather, they may be geographically concentrated in regions more conducive to such

arrangements.

4.1 Implications and future research

The fact that company size, employee age, and managerial age lose statistical significance
in the multivariate context is theoretically important and practically significant. It suggests
that one-size-fits-all organizational policies addressing workforce demographics or firm size
are likely to be ineffective if they ignore the fundamental regional context. An organization
in a less digitally developed region faces structural barriers to hybrid work adoption that cannot
be overcome by larger size or younger workforce composition alone. Conversely, a smaller
firm in Bratislava or a nationwide-operating company may naturally adopt hybrid arrangements
because the regional ecosystem supports such transitions.

Future research should employ longitudinal designs to track adoption trajectories, explore
mechanisms underlying regional disparities (e.g., sectoral composition, policy environments,
infrastructure investments), and investigate how regional policies and interventions can bridge
digital divides across Slovakia. Research should also examine regional variation in post-
pandemic persistence of hybrid models and explore whether regional policies addressing digital
infrastructure and employee upskilling can mitigate geographic inequalities in hybrid work

adoption.
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Conclusion

This study provides quantitative insights into the determinants influencing the adoption
of hybrid work models in Slovak enterprises. By analyzing data from 227 companies using
structured survey responses and applying multiple statistical methods, the research examined
organizational and demographic factors that influence hybrid work adoption.

Univariate analyses revealed several associations: younger employee age correlated with
higher adoption rates, larger company size showed a weak positive relationship, and regional
disparities were statistically significant, while managerial age was non-significant.
However, multiple linear regression analysis with all variables simultaneously revealed
a fundamentally different pattern. The model (R? = 0.17-0.18) showed that company region
emerges as the sole statistically significant determinant of hybrid work adoption. Specifically,
companies operating nationwide and those in the Bratislava region demonstrate significantly
higher adoption rates compared to the Banska Bystrica reference region. When regional
variation is controlled for in the multivariate model, company size, employee age, and
managerial age are not statistically significant, indicating their univariate associations do not
persist in the presence of regional factors.

These findings emphasize that regional economic development, digital infrastructure
concentration, and sectoral composition are the primary drivers of hybrid work implementation
in Slovak enterprises, overshadowing organizational and demographic factors. This
underscores the need for regionally tailored policies rather than one-size-fits-all organizational
approaches. Future research should explore mechanisms underlying regional disparities and
investigate policies addressing digital inequalities to maximize hybrid work's benefits across
all Slovak regions. These results provide evidence for strategic decision-making and regional

policy development in Central Europe.
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Abstract

This essay probes the intricate relationship between private healthcare investment and public
healthcare quality. With a significant rise in private healthcare investments in Europe,
questions about their impact on public healthcare quality abound. Supporters argue that private
investments can inspire competition and innovation, potentially benefiting public healthcare,
whereas critics fear resource diversion that may weaken public healthcare and intensify health
inequalities. By scrutinizing the interplay of market competition, demographic factors, and
policy interventions, this essay illuminates how private healthcare investment shapes the public

healthcare landscape in Europe, serving to either bolster or undermine it.
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Introduction

Healthcare is like a complicated puzzle with many pieces that constantly change and
interact with each other. There is a big discussion in this area about how private investment
can affect the quality of healthcare services that are available to everyone. This conversation
is unique to Europe, where public and private healthcare often operate together. This essay
aims to dissect this complex relationship.

In recent decades, Europe has seen a significant surge in private healthcare investments.

Financial institutions, drawn by the allure of profitable returns, have propelled the growth
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of a substantial private healthcare sector parallel to public healthcare services. This concurrent
existence has inevitably woven a tapestry of interactions and dependencies between the two
sectors, the implications of which are far from simplistic.

Those who support private investment believe that an increase in private funds can spark
competition, encourage new ideas, and improve the quality of services, which can indirectly
benefit public healthcare. However, critics warn about the risks of this approach. They believe
that diverting resources to the private sector could possibly weaken public healthcare, leading
to lower quality services and increasing health inequalities. This research aims to investigate
this complex situation: higher levels of private healthcare investment (e.g. measured by private
health expenditure per capita) are associated with observable changes in public healthcare
quality (e.g. patient outcomes and service efficiency) in Europe. This hypothesis
will be explored through a comparative analysis of public and private healthcare metrics across
European countries over the last two decades.

In their comprehensive discourse, Meleddu et al. (2020) examine the possible
repercussions of individuals opting for private healthcare services over public ones. They assert
that “the trade-off that individuals face between public and private healthcare services can
considerably sway the health market, especially if individuals gravitate towards private
services" (p. 5), therefore highlighting that this trade-off can reverberate across several aspects,
including the demand for public services, the dynamics of the labor market, and the overall
quality of healthcare services dispensed by the public sector. The discourse further illuminates
the intriguing inverse relationship between the quality of public sector care and private
spending in the healthcare landscape. This relationship hints at a potential substitution effect
wherein the perceived quality of care significantly impacts the choice between private and
public healthcare services. The overarching interpretation drawn from this exploration suggests
that improving healthcare service quality, leading to increased patient satisfaction, could yield
substantial societal benefits. This reinforces the notion that there is inherent worth
in continually striving towards improving healthcare service quality. In pursuit of a deeper
understanding of this dichotomy, this paper explores various facets of this relationship,
examining the conditions under which private investment could lead to improved or worsened
public healthcare outcomes. The analysis delves into the potential role of market competition,
demographic factors, and policy interventions in moderating these outcomes. In this way,
the research aims to illuminate the complex pathways through which private healthcare

investment shapes the landscape of public healthcare in Europe.
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In the post-2020 period, European health policy has increasingly emphasized resilience
and cross-border coordination. McKee and de Ruijter (2024) argue that the COVID-19
pandemic exposed the limits of fragmented national health governance and accelerated
the move toward a European Health Union. This initiative aims to enhance pandemic
preparedness, strengthen the healthcare workforce, and promote cooperation among member
states through new mechanisms such as the Health Emergency Preparedness and Response
Authority (HERA) and the European Health Data Space. However, the authors highlight that
progress remains uneven and that lasting reform requires a coherent policy framework linking
health, social, and environmental dimensions. Their findings illustrate a broader shift
in European healthcare governance from efficiency-oriented reforms toward resilience-
oriented strategies, which provides an essential backdrop for understanding the current
dynamics of public and private healthcare investment.

Unlike previous studies that focus on single-country analyses, this paper lies in its cross-
country synthesis of evidence, providing a broader understanding of how private investment

dynamics play out under different public healthcare frameworks.

1 Literature Review

To thoroughly analyze the effects of private healthcare investment on public healthcare
quality in Europe, it is necessary to examine several pivotal studies in the field. This literature
review synthesizes and critiques the methodologies and findings of significant works
by Duggan (2009), Woérz and Busse (2005), Hejdukova (2016), Herr (2008), Brekke et al.
(2011), Hauck and Zhang (2016), Tiemann and Schreyogg (2009), and Meleddu et al. (2020),
illuminating a broad variety of perspectives on this complex issue.

Duggan (2009) examines the impact of the Disproportionate Share Hospital (DSH)
program on hospital behavior and health outcomes for low-income individuals. The DSH
program provides additional funding to hospitals that serve a high proportion of low-income
patients. The study uses a difference-in-differences approach to compare changes in hospital
behavior and health outcomes before and after the introduction of the DSH program. The study
finds that private hospitals increased their provision of care to newly profitable Medicaid
patients while reducing their care to unprofitable patients without health insurance. The study
also finds that the change in hospital behavior caused by the DSH program may have affected
health outcomes. Private hospitals that admitted more indigent patients after the introduction
of DSH may have offered better medical care than government-owned facilities. Alternatively,

the increased competition from private firms may have prompted public hospitals to improve
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the quality of their services. Overall, the study suggests that private sector investment may have
both positive and negative effects on public healthcare.

Worz and Busse (2005) analyze the impact of healthcare system changes in Germany, with
a focus on the statutory health insurance (SHI) system. The authors use a literature review
to provide an overview of the German healthcare system and the various reforms that have
been implemented over the years. They also analyze data on health outcomes and healthcare
expenditures to assess the impact of these reforms. The main findings of the paper are that
the primary goal of healthcare reforms in Germany since the 1990s has been to contain
the expenditure of the SHI. The primary measures to do this have been the introduction
of budgets and a shift of expenditure towards private households mainly in the form of benefit
exclusions and increased co-payments. So far, these measures did not harm broad outcome
measures such as life expectancy, which continued to rise, and self-assessed health
of the population, which remained stable in the period 1992-2002. Besides cost containment,
another leitmotif of reform has been attempting to increase competition both between sickness
funds and providers of care. The methodology of the paper is based on an analysis of data
on health outcomes and healthcare expenditures. The authors provide a comprehensive
overview of the German healthcare system and the various reforms that have been implemented
but note that more research is needed to fully understand the impact of these reforms on health
outcomes and the distribution of health outcomes. Overall, the paper provides valuable insights
into the German healthcare system and the impact of healthcare reforms on health outcomes
and expenditures. The findings suggest that cost containment measures have not hurt health
outcomes, but more research is needed to fully understand the impact of these reforms
on the distribution of health outcomes.

Hedjukova (2016) compares the healthcare systems of Austria and the Czech Republic,
both of which have similar models of healthcare funding. The paper defines the term
“healthcare system” and characterizes the main specifics of the Bismarck model of health
insurance. The authors analyze and compare selected indicators of the performance
of healthcare systems in these countries and compare the results of the analysis.
The methodology used includes an analysis of statistical data, and synthesis of results and
conclusions. The author used research studies and data from OECD and World Health
Organization statistics. The main findings of the paper suggest that both countries face similar
problems in their healthcare systems and that universal access to good healthcare

at an affordable cost to both individuals and society at large is a basic need of any sustainable
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healthcare system. The paper concludes that without the ability to measure the inputs and
outputs of health systems, countries cannot know if reforms achieve their objectives.

The paper by Annika Herr (2008) examines the cost and technical efficiency of German
hospitals, with a focus on the impact of ownership, patient structure, and other factors.
The study uses a sample of 1,126 hospitals from 2001 to 2003 and employs a stochastic frontier
analysis to estimate cost and technical efficiency scores. The results show that public hospitals
are less efficient than private hospitals and that larger hospitals tend to be more efficient.
The study also finds that higher nurse-to-bed ratios are associated with higher efficiency scores.
However, the impact of other factors, such as case mix and teaching status, is less clear.
Overall, the study provides important insights into the factors that affect hospital efficiency
in Germany. This could be a useful starting point for exploring the broader question of how
private investment affects healthcare quality in Europe. Additionally, Herr’s paper could
be used as a reference for discussing the potential advantages and disadvantages of private
investment in healthcare, which is a key aspect of the dichotomy explored in the proposed
topic.

The paper by Brekke et al. (2011) analyzes the impact of competition on quality in hospital
markets with regulated prices. The authors consider the effect of introducing competition
(monopoly versus competition) and increasing competition through either lower transportation
costs (increased substitutability) or a higher number of hospitals. With semi-altruistic providers
and a general cost structure, the authors show that the relationship between competition and
quality is generally ambiguous. In contrast to the received body of theoretical literature, this
is consistent with and potentially explains the mixed empirical evidence. The authors use
a theoretical model to analyze the impact of competition on quality in hospital markets. They
also review the existing empirical literature on the topic. The main finding of the paper is that
the relationship between competition and quality in hospital markets with regulated prices
is generally ambiguous. The authors suggest that this may explain the mixed empirical
evidence on the topic.

Hauck and Zhang (2016) analyze the factors that impact healthcare expenditure growth
in 34 OECD countries over the past 32 years. The study addresses three problems that affect
empirical models of healthcare expenditure growth: unobserved heterogeneity in the effect
of common shocks across countries, high model uncertainty, and missing data. The innovative
contributions of the study are to adopt panel data models with a multifactor error structure,
apply Bayesian Model Averaging (BMA) methods, and use Multiple Imputation (MI)

techniques. The main findings of the study are that healthcare expenditure growth is positively
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associated with population aging, income growth, and technological progress, while negatively
associated with public financing and greater reliance on private insurance. The study also finds
that the impact of these factors varies across countries.

The paper by Tiemann and Schreyogg (2009) explores the impact of ownership
on efficiency in the German hospital sector, with a focus on the effects of healthcare reforms.
The authors use a bootstrapped data envelopment analysis (DEA) approach followed
by a second step truncated linear regression model to control for patient heterogeneity and
explore the impact of hospital organizational and environmental characteristics. The study
finds that private for-profit hospitals are more efficient than public and non-profit hospitals and
that the introduction of diagnosis-related groups (DRGSs) has had a positive impact on hospital
efficiency. The authors suggest that policymakers and healthcare providers consider
the implications of these findings when designing and implementing healthcare reforms.

Meleddu et al. (2020) explore the factors that influence individuals’ decisions to use public
or private healthcare services. The authors use a multifaceted framework combining factor
analysis and a partial proportional ordered logit model to estimate the probability that a patient
would access private healthcare services. They test their model on a sample from the Sardinia
region of Italy, where healthcare is critical for patients due to its insularity and inner mobility
issues. The main findings of the study are that private and public healthcare are substitutes,
especially for primary/specialized services. Patients who used public healthcare frequently and
had a low income were unlikely to change to private healthcare or to recommend private
services. ‘Responsiveness’ and perceptions of ‘tangibles’ were crucial in determining
the probability that a patient would choose and recommend private services.

The methodology used in the study is a combination of factor analysis and a partial
proportional ordered logit model. The authors use econometric analysis to consider consumer
attitudes and stated future behavior. This approach is more informative than a binary
probability approach, as it exploits all information from ordinal response variables.

Overall, the study provides a multifaceted framework that can be used in future research
to generalize these findings, especially in insular regions where mobility is limited. The authors
suggest that future research should be devoted to insular regions with limited mobility and
provide evidence that can be generalized to other geographical contexts and overcome potential

biases related to the sample.
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2 Data and Methodology

This paper adopts a comparative and analytical framework. The objective is not to generate
new empirical data but to systematically contrast methodological and empirical findings from
previous studies examining the efficiency, financing, and outcomes of healthcare systems
in Germany, Austria, and the Czech Republic. The analysis is guided by three central
dimensions: the type of methodology used (quantitative, qualitative, or mixed methods),
the nature of data and analytical techniques employed, and the main focus of the study (policy
effect, efficiency, and health outcomes). Thus, this analysis identifies areas of convergence and
divergence in findings across studies.

These diverse methodological approaches generate distinct types of findings. Quantitative
methods typically produce objective and measurable results that can be statistically analyzed
and interpreted, for example, by assessing the effect of specific policy on health outcomes
expressed as percentage changes. Such analyses are valuable for evidence-based decision-
making, as they provide a transparent, quantifiable understanding of policy impacts.
Qualitative methods, by contrast, provide rich, detailed insights that can help explain
the reasons behind certain phenomena, capturing the complexity of individual and institutional
experiences, and clarify contextual factors that influence policy implementation and
its outcome. When considered together, this complementary methodological perspective
provides a deep understanding of the issues at hand and guide the development of context-

sensitive policies and effective health policies.

2.1 Overview of Methods in the Literature

Earlier studies such as Duggan (2009), Herr (2008), and Tiemann and Schreyogg (2009)
employed quantitative approaches, including difference-in-differences estimation, stochastic
frontier analysis, and the bootstrapped data envelopment analysis (DEA) method. Hedjukova
(2016) and Worz and Busse (2005) primarily relied on official statistics provided
by organizations such as the OECD and World Health Organization. These statistics were used
to assess and compare healthcare systems in Germany, Austria, and the Czech Republic.
Additionally, the researchers analyzed data on health outcomes, such as life expectancy and
self-assessed health, as well as healthcare expenditures, to further evaluate the performance
of the healthcare systems.

Brekke et al. (2011) used a theoretical model, while Hauck and Zhang (2016) utilized panel

data models with a multifactor error structure, Bayesian Model Averaging (BMA) methods,
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and Multiple Imputation (MI) techniques. Meleddu et al. (2020) used a unique combination

of factor analysis and a partial proportional ordered logit model.

2.2 Comparative analysis and methodological patterns

Variations in methodologies can be attributed to differences in research questions, data
availability, and the analytical scope of each study. Most of the reviewed works focus
on analyzing the impact of specific policies or characteristics, such as ownership on health
outcomes and costs, yet they vary considerably in approach. Some focus on a single country
and a specific policy (e.g. Duggan, 2009: Woérz and Busse (2005), while others offer a broader
comparative analysis across countries (like Hedjukova (2016) and Hauck and Zhang (2016)).
Some, like Meleddu et al. (2020), focus more on individual patient behavior. These variations
in approach are due to the different scopes of the studies, the different target audiences
(e.g., policymakers in a particular country vs. international audiences), and the different aspects
of healthcare they choose to focus on (e.g., hospital behavior, individual patient behavior, cost
control).

The choice of methodology is also significantly influenced by the nature of the data
available for analysis. As evident, the studies employed a range of data sources and types, from
secondary sources like government databases, health records, and hospital archives to primary
data collected through surveys and interviews. For instance, Duggan’s (2009) difference-in-
differences approach would require longitudinal data to compare the before and aftereffects
of a particular policy intervention, thus requiring a dataset with both a temporal dimension and
a control group for comparison. On the other hand, Hedjukova’s (2016) literature review
mainly involves aggregating and synthesizing results from previous studies, without needing
original data. In such cases, the methodology is more focused on the systematic collection and
analysis of secondary data and the quality of the data is primarily reliant on the reliability and
validity of the existing studies being reviewed.

Hauck and Zhang’s (2016) multifactor error structure and Bayesian Model Averaging
methods require a large dataset with a diverse set of factors that affect health outcomes and
costs. The complexity of these methods also necessitates high computational power and
advanced statistical software.

Meleddu et al. (2020), with their unique combination of factor analysis and a partial
proportional ordered logit model, require a dataset with many variables and observations

to accurately discern patterns and relationships among variables. This approach typically
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involves exploratory research and large-scale surveys that collect data on a broad set
of indicators, requiring considerable resources and time to conduct and analyze.

It should be recognized that all methodological approaches entail inherent strengths and
limitations. For example, while quantitative methods like stochastic frontier analysis allow for
rigorous testing of hypotheses and generation of broad, generalizable conclusions, they may
overlook nuanced, context-specific insights that qualitative literature review or case study

methods might be able to provide.

3 Results

Overall, the papers suggest that private healthcare providers can play a significant role
in improving the provision of care and efficiency. This highlights the need for a balanced
approach between the public and private sectors in healthcare. Policymakers should consider
strategies that harness the benefits of the private sector efficiency while also ensuring that care
is equitable and accessible. The studies provide evidence that cost containment measures
in healthcare systems can be implemented without necessarily negatively impacting health
outcomes. This is an important insight for policymakers in countries struggling with escalating
healthcare costs.

While competition can spur improvements in service quality, its impact is not always clear-
cut, suggesting that policy efforts to increase competition should be carefully designed and
implemented, with due consideration for the specific context and potential unintended
consequences.

Duggan (2009) explored the implications of private sector participation in public
healthcare through an analysis of the Disproportionate Share Hospital (DSH) program, which
incentivizes private hospitals to admit more low-income patients. The results indicate that
while private hospitals expanded services to such patients following the DSH program, care
to uninsured, unprofitable patients was conversely reduced. This underlines the potential for
profit-driven dynamics to generate both beneficial and detrimental impacts within the public
healthcare sector, and the importance of policy interventions that can guide these impacts
towards overall positive outcomes. This dual outcome reflects a recurring pattern
in the literature: while private participation tends to enhance efficiency, but may concurrently
deepen inequities when not governed by comprehensive regulatory mechanism.

Regarding the German healthcare system, Worz and Busse (2005) revealed that policy
reforms aimed at cost containment and enhancing competition within the statutory health

insurance system have not compromised overall health outcomes. Nevertheless, the potential
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implications on the distribution of health outcomes remain less clear. Hedjukova (2016) took
a comparative approach, juxtaposing the healthcare systems of Austria and the Czech Republic,
while Herr (2008) found that private hospitals demonstrated higher efficiency than their public
counterparts within Germany. Taken together, these studies suggest that efficiency gains
associated with market-oriented reforms do not translate into equitable improvements in health
outcomes, highlighting the need for policy designs that balance cost-effectiveness with social
fairness.

The paper by Brekke et al. (2011) brought an intriguing dimension to the dialogue
by arguing that the correlation between competition and quality in hospital markets
is ambiguous, possibly explaining mixed empirical findings. These studies emphasize that
the mere introduction of competition is not sufficient. Instead, there needs to be a delicate
balance, ensuring the provision of high-quality care even amidst competitive dynamics.

Similarly, Hauck and Zhang’s work (2016) focused on identifying the factors that affect
healthcare expenditure growth, while Tiemann and Schreyogg (2009) found that for-profit
hospitals in Germany performed more efficiently than public and non-profit institutions after
the introduction of diagnosis-related groups. These findings indicate that while privatization
can enhance efficiency, it rarely improves equity unless regulatory oversight ensures
redistribution and universal coverage. The ambiguous relationship between competition and
quality highlights underlying structural differences among healthcare systems rather than
inconsistent results per se.

Post-2020 policy debates increasingly address the need to strengthen the healthcare
workforce as a cornerstone of system resilience (Burau et al., 2024). The shift from emergency
response to long-term adaptation underscores the interdependence of workforce governance,
digitalisation, and new forms of multi-level coordination across European health systems.

These results collectively shed light on the complexities inherent in the relationship
between private investment and public healthcare quality. They underline the need for
a balanced approach that harnesses the benefits of private sector efficiency, without
compromising equitable access to care. Policymakers, therefore, should ensure that
competition and cost containment measures are carefully designed and implemented to yield
positive outcomes, rather than a mere reduction in expenditures.

The papers also highlight the importance of understanding the nuances and complexities
within specific contexts, such as the unique challenges of healthcare provision in insular

regions or regions with mobility constraints as highlighted by Meleddu et al. (2020). Therefore,
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more empirical studies and context-specific research are needed, particularly in settings where
competition among healthcare providers is being introduced or increased.

The above results and discussions bring to light the intricate dynamics between private
healthcare providers, public healthcare quality, and the role of policy frameworks in shaping
these outcomes. Policymakers and researchers should continue to dissect these
interconnections to inform more nuanced and effective strategies in the future.

The findings emphasize the significance of understanding patient behavior in healthcare
decision-making, highlighting the need for patient-centered methods in healthcare policy and
research. Given the observed variation in outcomes related to private and public healthcare,
there is a need for more nuanced, context-specific research on the strengths and weaknesses
of private and public healthcare providers. This could include studies on the quality of care,
patient satisfaction, and the financial sustainability of different types of providers.

More studies should be conducted to assess the long-term impacts of cost containment and
competitive policies on health outcomes, equity, and access to care. This could include
comparative research across different countries and healthcare systems.

Given the importance of patient behavior in healthcare decision-making, future research
should continue to explore factors influencing individual healthcare choices, including the role
of income.

While individual healthcare choices continue to shape demand and access, recent policy
developments across Europe reveal a broader systemic response to the challenges identified
in the literature. The Health at a Glance: Europe 2022 report by the OECD and European
Commission highlights that EU Member States have channelled significant investments from
the Recovery and Resilience Facility—approximately EUR 40 billion—into strengthening
health system preparedness, digital transformation, and workforce capacity. These measures
aim to enhance resilience and reduce inequalities while maintaining fiscal sustainability.
The report also notes that health systems with stronger public investment and preventive
capacities demonstrated greater adaptability during and after the COVID-19 crisis
(OECD/European Union, 2022).

4 Conclusions and Implications

The main findings of the comparative analysis of the selected studies point to several
important implications related to the shared hypothesis on private sector investment’s role

in public healthcare. Reflecting upon the hypothesis that “Financial institutions’ investment
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strategies in private healthcare in Europe have a direct correlation with the quality of public
healthcare,” the selected studies indicate that the reality is complex and multifaceted.

The studies provide substantial evidence that private sector investment can contribute
positively to the efficiency and quality of care within healthcare systems. This is evident from
Duggan’s (2009) findings that the DSH program in the US encouraged private hospitals
to increase care provision for Medicaid patients and from Herr’s (2008) and Tiemann and
Schreydgg’s (2009) studies showing higher efficiency scores in private compared to public
hospitals in Germany. However, these positive outcomes seem contingent on the nature
of the competition in the market, as Brekke et al. (2011) noted. The relationship between
competition and quality is not straightforward and may depend on various factors, indicating
that increased private sector competition could potentially improve or harm the quality of care
depending on the specific context.

Duggan’s (2009) study also highlights the potential negative implications of private sector
involvement in public healthcare. The study found that private hospitals reduced their care
to unprofitable patients without health insurance following the DSH program implementation.
This suggests that increased private sector involvement could exacerbate inequities
in healthcare access and outcomes.

Considering the evidence reviewed, the hypothesis remains broadly accurate
in its acknowledgment of the potential for both positive and negative impacts of private sector
investment in public healthcare. However, the reality uncovered in the literature indicates
a highly contextual nature of these impacts, largely contingent on factors such
as the competitive landscape, the specific policies in place, and the demographics served. Thus,
the hypothesis might be more accurate if adjusted to reflect this context-specific correlation.
Based on the original hypothesis, therefore, the impacts of financial institutions’ investment
strategies in private healthcare on the quality of public healthcare in Europe are context
specific. While substantial private sector investment can potentially elevate public healthcare
standards by fueling competition and innovation, it can also lead to harm due to potential shifts
in resources or exacerbate inequities, particularly without carefully structured policies and
regulations in place.

This adjusted hypothesis better captures the nuanced and complex relationship between
private sector investment and public healthcare outcomes as evidenced in the literature
reviewed. The implications of private sector investment in public healthcare appear

to be double-edged, with the potential to both elevate and harm public healthcare standards.
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Policymakers must therefore navigate this complex landscape carefully to harness the benefits
of private sector involvement while mitigating potential negative impacts.

Financial institutions’ investment strategies in private healthcare in Europe have a direct
correlation with the quality of public healthcare. The hypothesis proposes that substantial
private sector investment could either elevate public healthcare standards by fueling
competition and innovation or, conversely, harm public healthcare due to a potential shift
of resources.

This adjusted hypothesis encapsulates the dichotomy found within the literature,
highlighting the need for nuanced policies that can optimize the benefits of private sector
involvement while mitigating potential negative impacts. Policymakers are urged to ensure
equitable access to care, formulate effective competition policies, and continuously monitor
the implications of private sector involvement on healthcare outcomes.

In conclusion, these findings carry considerable implications for policymakers and
healthcare providers, both within Italy and beyond. As the quality of care influences
individuals’ choice between public and private healthcare services, it is essential to direct
resources and efforts to improve quality in both sectors. This approach will not only ensure
equity in healthcare provision but will also contribute to overall patient satisfaction, positively

influencing healthcare outcomes.
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Abstract

Building on modern portfolio theory, this paper revisits the relevance of the traditional 60/40
allocation and examines how incorporating alternative assets may enhance diversification and
portfolio performance. The main objective is to determine whether the inclusion of gold, silver,
and agricultural commodities enhances portfolio performance and stability relative to the 60/40
benchmark. Using historical data from 1985-2023, the study evaluates portfolios including
gold, silver, and agricultural commodities alongside equities and bonds. Statistical tests such
as the Dickey-Fuller, Shapiro-Wilk, Levene’s, and Mann-Whitney U assessed data properties
and performance differences. The findings show that portfolios integrating alternative assets
can achieve higher risk-adjusted returns, confirmed by an increase in the Sharpe ratio from
0.42 to 0.58 in the alternative portfolio compared to the traditional allocation. Negative
correlations between precious metals and equities further enhance diversification benefits.
The results highlight the need to reconsider conventional methods and recognise the growing

role of non-traditional assets in portfolio resilience and performance optimisation.
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Introduction

The 60/40 portfolio, traditionally consisting of 60% equities and 40% bonds, has long been
regarded as the foundation of balanced investment strategy. Under Markowitz's (1952) modern
portfolio theory, the model tries to optimise the trade-off between risk and return through

diversification. Although historically the model has in most cases held up across business
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cycles, recent market experience has demonstrated its structural vulnerabilities. Periods of low
bond returns, rising inflation, and rising asset correlations have diminished the past benefits
of diversification that otherwise underpinned this model of allocation.

The increasing integration of global markets, coupled with unconventional monetary
policy and increased systemic risk, has led to a re-evaluation of portfolio construction ideas.
Investors have increasingly re-examined the role of alternative assets such as gold, silver, and
agricultural commodities as stabilising components capable of reducing tail risk and improving
portfolio efficiency (Baur & McDermott, 2010; Ben Ameur et al., 2024). Including these assets
can strengthen portfolio resilience during periods of market stress, when the traditional
correlation between equities and bonds tends to weaken.

The goal of the contribution is to investigate whether incorporating alternative assets into
traditional portfolio structures can improve performance and stability versus the traditional
60/40 benchmark. The research evaluates the impact of adding commodities and precious
metals to the overall risk adjusted return profile and whether diversification provides
meaningful statistical and economic value.

The research develops advanced portfolio theory and uses empirical data to test competing
diversification methods in the long term (llmanen, 2011). The study also examines
the statistical characteristics of asset returns and identifies whether diversifying alternative
assets generates differing portfolio variance and return distributional differences. The paper,
through such an examination, attempts to provide up-to-date information to institutional and

individual investors operating in more sophisticated financial markets.

1 Theoretical Background and Literature Review

The modern portfolio theory (MPT) developed by Markowitz (1952) remains
the foundation of investment management in the contemporary period. Modern portfolio theory
solidified the use of diversification by demonstrating that diversifying assets with imperfect
correlations can reduce aggregate portfolio risk without necessarily reducing expected return.
The efficient frontier from this theory establishes the ideal mixture of portfolios to maximize
expected return for a desired amount of risk. The 60/40 allocation between equities and bonds
evolved into the standard representation of the theoretical principles introduced by modern
portfolio theory.

But subsequent research has found that forces of the market and changing macroeconomic
landscapes can put to the test the robustness of such fixed allocations. Through research, it has

been found that equity-bond correlations are not constant over time and, during stressed market
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conditions, rise, diminishing the diversification advantages originally assumed under MPT
(lmanen, 2011). This has prompted investors and researchers, as well, to reconsider asset
allocation models, particularly considering increased systemic risk and evolving monetary
conditions.

Baur and McDermott (2010) extended portfolio theory by empirically establishing
the safe-haven status of gold, especially where financial stability is limited. From their
findings, gold is found to display negative or low correlations with equities during periods
of crisis, thereby acting as a stabiliser in diversified portfolios (Choudhry et al., 2015).
In the same way, Gorton and Rouwenhorst (2006) recognized commodities as an asset class
that can be diversified from due to their low historical correlation with other traditional
financial assets. From their research, commodities were found not only to improve portfolio
performance but also to provide an efficient hedge against inflation.

Recent work has expanded on these foundations by examining how the addition
of alternative assets such as precious metals and agricultural commodities can reframe portfolio
efficiency. Empirical findings suggest that these assets have the ability to improve Sharpe and
Sortino ratios as an indicator of better risk-adjusted returns (Conover et al., 2010; Briére et al.,
2015). Furthermore, empirical research has proved that gold and other precious metals have
atendency to be asymmetrically correlated with equities, which are largely uncorrelated
in good times but negatively correlated during crashes in the markets (Bouoiyour et al., 2018;
Caporale & Gil-Alana, 2023).

Since the global financial crisis in the post-crisis era, researchers have questioned whether
the 60/40 model remains effective with sustained low interest rates, unconventional monetary
policies, and inflation pressures. As Estrada (2020) highlights, traditional asset allocation
models have lost their ability to achieve optimal diversification with related asset prices moving
together across markets. Similarly, Briére and Szafarz (2021) depicted that multi-asset
portfolios with commaodities and real assets fare better than traditional portfolios in inflation
rising and monetary tightening regimes. Recent studies, for example, Chaves and Arnott
(2022), have also depicted that real assets like precious metals and agricultural commodities
can meaningfully help retain purchasing power and prevent drawdowns during equity bear
markets. Comparable findings were made by Tarchella, Khalfaoui, and Hammoudeh (2024),
who observed that oil, gold, and cryptocurrencies exhibit strong hedging and diversification
benefits across G7 equity markets.

Later research expanded the foundations of modern portfolio theory by analysing how

asset correlations evolve over time and across regimes. Solnik (1974) showed that international
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diversification benefits diminish during global crises as correlations rise, highlighting
the importance of monitoring their time variation. llmanen (2003) and Driessen, Maenhout,
and Vilkov (2013) further documented that stock—bond correlations are regime-dependent and
influenced by inflation expectations and monetary policy. These studies highlight the fact that
traditional assets' ability for diversification is not constant and that portfolio optimization
should take changing market conditions into consideration rather than depending solely
on static parameters.

Beyond Markowitz’s classical framework, subsequent theoretical developments such
as dynamic portfolio selection and multi-factor risk models (Sharpe, 1964; Fama & French,
1993) have enriched the understanding of portfolio behaviour. Integrating these insights
provides a more complete theoretical basis for analysing mixed portfolios that combine
traditional financial assets with real or alternative ones.

Together, these conclusions indicate diversification through alternative assets can provide
increased robustness in unstable environments. Conceptual foundations are aligned with
modern evolutions of MPT, emphasizing dynamic portfolio management, regime sensitivity,
and attention to those assets that respond differently to macroeconomic disturbance. With that,
the present study aims to verify whether investment in mixed portfolios consisting of gold,
silver, and agricultural commodities provides improved efficiency and stability compared

to the typical 60/40 portfolio.
2 Methodology and Data

2.1 Data Sources and Structure

Empirical evidence is based on publicly available historical data from 1985 to 2023.
Monthly return series were collected for prominent equity indices (S&P 500 — US stocks),
government bonds, and selected alternative investments, such as gold (XAU), silver (XAG),
and agricultural commodities (Bloomberg Commodity Agriculture Index — BCOMAG). Data
were taken from open financial databases and index providers. Missing data were handled
through interpolation in order to avoid breaking continuity while not changing long-run
patterns.

This resulting dataset enabled asset class comparative analysis and was the base on which
diversified and traditional portfolio models were constructed. All returns are expressed
at a monthly frequency rather than daily or annual intervals. This frequency helps reduce

microstructure noise and non-synchronous trading effects between markets, aligns the analysis
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with the typical horizon of asset-allocation decisions and macroeconomic regimes, and ensures

consistent long-term data coverage for commaodity indices available since 1985.

2.2 Portfolio Construction

Two main portfolios were examined:

e Traditional Portfolio (benchmark in the paper): 60% equities and 40% bonds.
e Diversified Portfolio: Equities and bonds complemented by gold, silver, and

agricultural commodities in varying proportions.

Weights were optimised under the mean-variance optimisation framework of Markowitz
(1952), aiming to maximise the Sharpe ratio subject to no short-selling constraints. The risk-
free rate was proxied using long-term government bond vyields. This approach allowed for
identifying portfolios that provided the highest expected return for a given level of volatility.

The analysis also included the construction of efficient frontiers for both portfolio types,

facilitating direct comparison of their relative performance and risk-return trade-offs.

2.3 Measures and Formulas
In the analysis, the strength of co-movements between asset returns R;and R;was measured
using the Pearson correlation coefficient, defined as
Cov(R;, R)
Pij = TO}"
where Cov(R;, Rj)is the sample covariance of monthly returns and o;, gjare
the corresponding sample standard deviations. Correlations are reported on monthly data
(1985-2023) and used to assess diversification potential across assets.

Risk-adjusted performance was evaluated using the Sharpe ratio,

—R
Sh — 14 f’
arpe -

p

where Rpis the mean monthly return of portfolio p, Rfis the mean monthly risk-free rate

(proxied by government bond yields converted to monthly frequency), and a,is the monthly

standard deviation of portfolio returns. Annualisation uses Sharpe, = Sharpe V12.

nnual monthly

Returns are annualised via geometric compounding.
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To focus on downside risk, portfolio performance was also evaluated using the Sortino
ratio, defined as

] Rp — MAR
Sortino = ——,

Oa
where the minimum acceptable return (MAR) is set to 0 % per month in the baseline, which
is a conservative benchmark commonly used in portfolio analysis. For robustness, the results
are similar when MAR is replaced with the monthly risk-free rate (available upon request).
The downside deviation o;measures the dispersion of returns that fall below MAR and

is calculated as

T
1
04 = ?Z min(0, R, — MAR)?Z.
t=1
This formulation ensures that only negative deviations from the target return contribute
to the denominator, better capturing downside risk than the standard deviation used

in the Sharpe ratio.

2.4 Choice of Monthly Returns

We wuse monthly rather than daily or annual returns for these reasons:
(i) to reduce microstructure noise and non-synchronous trading effects across markets;
(ii) to align the horizon with typical asset-allocation decisions and macro-regime dynamics;

(iii) to ensure long and consistent histories for commodities indexes back to 1985.

2.5 Statistical Testing

Normality is assessed with the Shapiro-Wilk test; stationarity with the Augmented
Dickey—Fuller test; and variance homogeneity with Levene’s test. Given non-normal return
distributions and variance heterogeneity, we compare portfolio performance with the Mann-
Whitney U test on monthly returns. Reported p-values correspond to two-sided tests unless

stated otherwise.
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2.6 Statistical Analysis
Before portfolio optimisation, the statistical properties of the data were examined to ensure

the validity of subsequent inferences:

e Stationarity: The Augmented Dickey-Fuller test confirmed that all return series
exhibit stationarity at the 5% significance level, allowing us to proceed with
the portfolio optimization analysis.

e Normality: Assessed through the Shapiro-Wilk test, which revealed non-normal
distributions for most assets (p < 0.05). As a result, non-parametric methods were
adopted to ensure robust statistical inference.

e Variance Equality: Evaluated using Levene’s test, which detected heterogeneity
of variances across portfolio groups (p < 0.05). This justified the use of distribution-

free tests for comparing portfolio returns.

2.7 Portfolio Performance Evaluation

The performance comparison between traditional and diversified portfolios was carried
out using the Mann-Whitney U test, a non-parametric method suitable for non-normal data.
This test examined whether the median returns of the diversified portfolio were statistically
higher than those of the 60/40 benchmark.

Risk-adjusted performance was measured using the Sharpe ratio and Sortino ratio, which
respectively account for total and downside risk. Correlation matrices were computed
to quantify the diversification effects among asset classes. The analysis was conducted using
Python, specifically the Pandas, NumPy, Matplotlib, and Seaborn libraries for data processing,
optimisation, and visualisation.

This methodological framework ensures both statistical reliability and economic
interpretability, allowing for an empirically grounded comparison between traditional and

modernised portfolio structures.

3 Results

3.1 Descriptive Statistics
The monthly return descriptive statistics across asset classes provided initial indications
of their distinct risk—return profiles. Equities, proxied by the S&P 500, exhibited the highest

mean returns but relatively higher volatility as well. Bonds had lower mean returns and lower
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standard deviations, consistent with their defensive profile. In contrast, gold, silver, and
agricultural commodities exhibited intermediate levels of return accompanied by high levels
of skewness and kurtosis, typical properties of asymmetric distribution.

These characteristics suggest that alternative assets exhibit return profiles very distinct
from traditional safe-haven financial instruments. These statistical properties are required for

diversification, as they can cancel out the losses in equities during the periods when the market
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3.2 Correlation Analysis

The correlation matrix confirmed the presence of diversification opportunity between asset
classes. Gold and equities showed a weak negative correlation of —0.04, while silver and
equities were slightly positively correlated at 0.16. Agricultural commodities also displayed
low correlations with equities and bonds. The implication of these findings is that alternative
assets exhibit different sensitivities to macroeconomic drivers, particularly during economic

contractions, thereby providing beneficial hedging characteristics.
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Figure 2: Correlation heatmap of returns among asset classes
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The low or negative correlations observed with alternative assets help to shift the efficient
frontier outward, allowing investors to achieve higher expected returns for the same level
of risk.

The reported correlation coefficients represent long-run averages over the full 1985-2023
period. However, correlations between asset classes are known to vary across market regimes.
During inflationary shocks or crises, equity—bond correlations often turn positive, while
the relationship between equities and commodities or precious metals remains low or negative.
Although this study focuses on the overall average to preserve comparability across assets,
a useful extension would be to analyse rolling correlations over shorter windows (for example,
36 months). Such an approach could capture the time-varying nature of co-movements and
highlight how diversification benefits strengthen or weaken in different economic

environments.
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3.3 Statistical Tests

The Augmented Dickey—Fuller test verified stationarity for most asset return series
(p < 0.05). The Shapiro—Wilk test verified non-normal return distributions (p < 0.05), which
validated the use of non-parametric methods. The Levene's test detected notable differences
in variances between traditional and diversified portfolios (p < 0.05), suggesting heterogeneity
in risk profiles.

Finally, the Mann—Whitney U test was employed to compare medians of returns. It was
found that diversified portfolios performed significantly better than the traditional 60/40
arrangement with p < 0.05, implying that the inclusion of gold, silver, and agricultural

commaodities improved portfolio performance both statistically and economically.

3.4 Portfolio Performance Comparison

Performance metrics validated statistical results. The Sharpe ratio increased from 0.42 for
the traditional portfolio to 0.58 for the diversified portfolio, indicating greater risk-adjusted
efficiency. Similarly, the Sortino ratio increased, indicating improved downside-risk
management.

Graphical plots of the efficient frontier revealed that the introduction of alternative assets
shifted the curve outward, reflecting higher obtainable returns for equivalent volatility. This
result aligns with modern portfolio theory expectations, confirming that diversification into
negatively or lowly correlated assets enhances aggregate portfolio efficiency.
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Figure 3: Efficient frontier with capital market line
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3.5 Economic Interpretation

From a market perspective, these findings suggest that traditional approaches to portfolio
allocation, such as the benchmark 60/40 model, are becoming less effective in today’s complex
financial system.

Portfolio managers are therefore encouraged to incorporate alternative assets into their
strategies. By doing so, investors are exposed to a variety of economic drivers including
commodity supply dynamics, inflation expectations, and geopolitical risks. These alternatives
can offset the shortcomings of conventional asset classes. A more diversified portfolio that
includes alternative assets is therefore better suited to maintain resilience during periods
of market instability or inflationary pressure.

The empirical evidence therefore supports a structural reconsideration of long-term asset
allocation, particularly for institutional investors seeking stable returns across varying market

conditions.
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4 Discussion and Conclusion

The empirical proof of this work challenges the current dominance of the traditional 60/40
portfolio as a one-size-fits-all investment model. Although the balanced mix between equities
and bonds in the past had a reliable risk-return payoff, the results of the current study indicate
that its usefulness has deteriorated under the current market environment. Inclusion
of alternative assets such as gold, silver, and agricultural commodities has been found
to enhance portfolio efficiency and lead to statistical as well as economic performance gains.

Improvement in Sharpe ratio from 0.42 to 0.58 and statistically significant Mann—Whitney
U test (p < 0.05) provides quantitative proof that diversified portfolios outperform the non-
diversified ones. Their negative correlations with equities further establish their role as good
diversifiers, as emphasized by the findings of Baur and McDermott (2010) and Gorton and
Rouwenhorst (2006). These results justify the argument that portfolios should not be optimized
based on fixed proportions but vary with changing conditions in the market.

From the practical perspective, the results imply that investors must rethink conventional
risk management models. A diversified portfolio with non-traditional assets decreases
downside risk during periods of heightened volatility, inflationary pressure, or declining bond
yields. In addition, the benefits observed in this study further remain compatible with
the theoretical outputs of modern portfolio theory, once again validating the fact that
diversification remains the main method of maximizing risk-adjusted returns.

The findings also have strategic implications for institutional asset allocation. Pension
plans, endowments, and asset managers can benefit from systematic inclusion of alternative
assets, particularly in environments characterized by monetary tightening as well as correlated
equity—bond movements. The research provides empirical support for gradual yet deliberate
inclusion of commodities and precious metals as mainstream portfolio components rather than

marginal hedging instruments.

4.1 Evaluation of the Research Aim

The aim of the contribution was to test whether including alternative assets in traditional
portfolio models would result in improved performance and stability versus the standard 60/40
model. This aim has been fulfilled. Empirical results verified that gold, silver, and agricultural
commodity-invested portfolios offered improved risk-adjusted returns and less volatility than

portfolios invested solely in equities and bonds.
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4.2 Limitations and Future Research

Although statistically significant, the findings should be interpreted with some
reservations. The estimation used historical monthly data and fixed weights that may not fully
reflect short-run market behaviour or response to changes in the macroeconomy. Transaction
costs, taxes, and liquidity constraints are not explicitly modelled either.

Subsequent research could examine dynamic allocation strategies that change weights
in response to evolving market regimes, and alternative asset classes such as carbon credits
or cryptocurrencies, which are increasingly revealing diversification potential. More
sophisticated econometric techniques, including regime-switching and copula models, could
also be employed to enhance the understanding of how correlations act during stressed
conditions.

In conclusion, this paper offers empirical evidence that a re-evaluation of traditional asset
allocation models is warranted. The inclusion of alternative assets in diversified portfolios not
only enhances return but also enhances resilience during times of economic uncertainty and
is therefore a necessary consideration for investors and policy-makers.

A limitation of this study is the use of static correlation coefficients, which may not fully
capture the changing relationships among asset classes over time. Future research could apply
rolling-window or regime-switching approaches to examine how diversification benefits

evolve across market conditions
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Abstrakt

Vyznam pochopeni ndkupniho chovani generace Z na trhu bézeckych produkti je dlouhodobé
uznavan. Klicovym problémem soucasné debaty je identifikace hodnot a postoji, které formuyji
vztah mladych spottebitelti ke sportovnim znackam a ovliviuji jejich nakupni rozhodovani.
Prispévek zkouma, jak lze na zakladé téchto postojii a hodnot segmentovat trh a urcit
homogenni skupiny spottebitell s odliSnymi preferencemi. Oproti dosavadni literatuie piinasi
studie originalni empiricky pohled na generaci Z prostiednictvim kvantitativniho Setfeni mezi
400 respondenty a nasledné shlukové analyzy metodou K-means. Vysledky identifikuji tii
jasné vymezené segmenty — hodnotové orientované, cenové senzitivni a znackové loajalni
spotiebitele — jejichz chovani ma rizné ekonomické dopady na sportovni trh. Tyto poznatky
naznacuji, ze detailni znalost segmentd generace Z umoziuje efektivngjsi cileni
marketingovych zdrojl a strategické fizeni znacek s pfimym vyznamem pro podnikatelskou

praxi.
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Uvod
Kazdoro¢né vynalozi spotiebitel¢ v EU zna¢nou ¢ast vydajli na sportovni zbozi a sluzby —
v roce 2020 to bylo 1,2 % celkovych domdcich vydaji (Eurostat, 2025). Trh bude i nadéle rust,

1 kdyZ mirn¢ pomaleji: po 7% ro¢nim nartistu v letech 2021-2024 se ocekava tempo kolem

6 % ro¢né az do roku 2029 (WFSGI & McKinsey, 2025). Fyzick4 aktivita se stava dilezitou
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soucasti Zivotniho stylu — v roce 2019 se 44 % obyvatel EU vénovalo pohybu alespoii jednou
tydné a tém¢ef tretina stravila minimaln€ 150 minut aktivniho pohybu tydné (Eurostat, 2022).

Sportovni produkty jsou nejen soucasti kazdodenniho zivota, ale 1 vyznamnym
ekonomickym segmentem, ptfispivajicim k regionalnimu rozvoji, zejména v zemich s nizkymi
naklady na pracovni silu. V roce 2020 dosahoval trh se sportovnim zbozim 136,8 miliard eur
ve Spojenych statech a 55,7 miliardy eur v Cin& (Sporting Goods Intelligence, 2021); nejvétsi
trzby v roce 2024 vykézala Nike s vice nez 51 miliardami USD (Statista, 2025). Soucasni
spotiebitel¢ se stdle vice orientuji na ,value-driven consumption — hledani hodnoty
za vynalozené prostitedky (WFSGI & McKinsey, 2025).

Mlada generace, zejména generace Z, preferuje nakup sportovnich potieb v kamennych
obchodech — vice nez tii ¢tvrtiny respondentl upfednostiiuji tuto formu pfed online nakupem
(NSGA, 2022), a to napfi¢ vybavenim (76 %), obuvi (79 %) a obleCenim (80 %). Mladi jsou
ochotni investovat vice nez jiné v€kové skupiny, pficemz klicové jsou autenticita znacky
a emo¢ni napojeni (WFSGI & McKinsey, 2025). Jejich digitalni plynulost a Casté online
nakupovani (Ameen et al., 2023) kontrastuje s preferenci fyzického ndkupu, coz vytvari prostor
pro cileny marketing. V literatufe se také objevuje pojem ,,activity gap“, popisujici rozdil mezi
pasivnimi a aktivnimi mladymi lidmi, pro néZ je pohyb Zivotnim stylem (WFSGI & McKinsey,
2025).

Vzhledem k silnému vlivu generace Z a jejim odliSnym nakupnim vzorctim je klicové
porozumét jejim spotiebitelskym preferencim. K identifikaci jednotlivych segmentti je vyuzita
shlukova analyza, kterd umoZiuje rozpoznat homogenni skupiny spotiebitelti (Ezugwu et al.,
2022). Uspéch marketingovych strategii zavisi na volbé vhodnych segmentaénich kritérii —
od geografickych a sociodemografickych po psychologické a behavioralni faktory (Hwang et
al., 2022). Segmentace trhu podle Kotlera a kol. (2009) piedstavuje proces rozdéleni trhu
na skupiny zakaznikti s rozdilnymi potfebami ¢i preferencemi, které vyzaduji specifické
pfistupy. Na zéklad¢ téchto principli jsou formulovany vyzkumné otazky zamétené
na spottebitelské chovani generace Z.

VO: Jaké homogenni spotiebitelské segmenty lze identifikovat u generace Z na trhu
bézeckych produktii?

Jakeé diisledky to ma pro marketingovou strategii a ekonomiku trhu?

Cilem tohoto pfispévku je identifikovat homogenni segmenty spotiebitelli generace Z
na trhu béZeckych produktl a zjistit klicové rozdily v jejich preferencich a postojich, s cilem

formulovat doporuceni pro optimalizaci marketingovych strategii a efektivni alokaci zdroji
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na strané trhu. Za timto Ucelem je realizovan kvantitativni vyzkum zalozeny na shlukové

analyze (metoda K-means).

1 Spotfebitelské chovani generace Z

Pro mladou generaci, zejména generaci Z, predstavuji cviceni a sport podstatnou soucast
identity a hodnotového systému — jsou symbolem Zivotniho stylu i spolecenského statusu, Casto
symbolicky a emo¢ni vyznam (WFSGI & McKinsey, 2025). Znacky proto musi budovat vztah
a zazitek, nikoli spoléhat jen na funkéni vlastnosti produktii. V digitalni éte, kdy je generace Z
trvale propojena prostfednictvim socialnich siti, ¢eli znacky vyzvé homogenizace produktu,
ktera komplikuje jejich odliSeni (Harz et al., 2022). Loajalita zékaznikti ke znacce se proto
stava klicovym faktorem — odraZi pozitivni postoj a zavazek spotiebitelli, vybudovany na jejich
zkuSenostech a vnimani znacky (Ilias et al., 2020; Mukherjee & Althuizen, 2020). Spokojenost
zakaznika je uzce propojena s kvalitou produktu a jeho schopnosti naplnit o¢ekavani, zatimco
vnimana hodnota znacky zahrnuje pomér mezi naklady a uzitkem z produktu, ktery se muze
lisit podle jednotlivece ¢i kontextu (Assaker et al., 2020; Fan et al., 2023; Tukiran et al., 2021).

Soucasny trh se sportovnim zboZim je charakterizovan silnou konkurenci a rostoucim
vyznamem psychologickych a socialnich faktort, které ovliviiuji volbu znacky. Spottebitelé
jiz nerozhoduji pouze na zaklad¢ ceny, kvality ¢i funkénich vlastnosti, ale také podle vnimani
znacky, identity a socidlniho piijeti (Kaur et al., 2022). Generace Z pfistupuje ke znackam
specificky — klade dtiraz na autenti¢nost, emocionalni prozitek a osobni zapojeni do nakupniho
procesu (Williams et al., 2015). Vyzkumy dale potvrzuji, Ze pozitivni postoj ke sportovnim
produktim vyznamné zvySuje nakupni zdméry, zejména v online prostredi (Kim et al., 2023).

Generace Z, definovana rozpétim narozeni mezi lety 1997-2012 (Dimock, 2019),
vyristala v digitdlnim prostfedi, kde je b&ézné sdileni zaZitkli a zkuSenosti online. Nakup
sportovniho zboZi se proto jizZ nepovazuje za raciondlni transakci, ale za zazitek kombinujici
estetické, emociondlni a komunitni hodnoty (Priporas et al., 2017). Pti volbé znacek bere
generace Z v uvahu nejen kvalitu a cenu, ale i moZnost vyjadrit svou autenti¢nost a propojeni
s vlastnim zivotnim stylem. Wellbeing, zdravi a pohyb pfitom piedstavuji podstatnou soucdast
jeji identity (Francis a Hoefel, 2018). Chovani spotiebitell je navic silné ovlivnéno zvyklostmi
a kontextem (Sheth, 2020), pticemz postupujici digitalizace stale vyraznéji presouva nakupni
rozhodovani do online prostfedi (Jensen et al., 2021). Soucasné roste poptavka po sportovnich

aktivitach, které jsou spolecenské, flexibilni a nesoutézni, tedy 1épe odpovidaji dynamickému
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zivotnimu stylu a orientaci na osobni zdravotni ¢i socidlni cile spiSe nez na vykon a soutézeni

(Hajkowicz et al., 2013).

2 Metodika

Cilem pfispevku je identifikovat segmenty spotiebiteld generace Z na trhu bézeckych
produkti a odhalit rozdily v jejich preferencich a postojich, aby bylo mozné formulovat
doporuceni pro efektivnéjsi marketingové strategie a alokaci zdroji. Segmentace je provedena
pomoci shlukové analyzy K-means na zaklad¢ nakupnich preferenci spotiebitelti. Vyzkum
vychdzi z kvantitativniho dotaznikového Setfeni, ve kterém bylo ziskdno 400 validnich
odpovédi od respondentt generace Z (narozeni 1997-2012) metodou CAWI v obdobi prosinec
2024-brezen 2025. Tabulka 1 uvadi zakladni charakteristiky souboru a jejich srovnani
s celkovou populaci CR podle CSU, jelikoz detailni data pro generaci Z nejsou plné dostupna.
Vysledky maji explorativni charakter a zamétuji se na identifikaci vzorci chovani a postojit

V analyzovaném souboru.
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Tabulka 1: Struktura respondentii dotaznikového Setreni (n=400)

Dotaznikové Setifeni Zakladni populace

n =400 [%] CR [%]
Pohlavi Muz 46,3 49,0
Zena 53,7 51,0
Rok narozeni 1997-2012 100 16,3
- 1997-2002 77,0 35,2%10
- 2003-2007 21,0 30,3*
- 2008-2012 2,0 34,5*
Vzdélani Zakladni 55 13,5
Stfedoskolské bez maturity 2,3 30,9
Stiedoskolské s maturitou 38,5 32,3
Vyssi odborné 0,3 1,6
Vysokoskolské 53,0 21,7
:I:Ii{t(i)\llli(;::ln ek Zaméstnanec 27,5 616
oSsvC 7,0 14,4
Nezaméstnany/a 0,3 1,8
dOOS\t/a:)tlr:n gtudent/ka, Mateiska ¢i rodicovska 65.3 222
Mési¢ni pijmy Méné nez 10 000 K¢ 37,25 10,6
10 001 K¢ az 20 000 K¢ 26,5 22,3
20 001 K¢ az 30 000 K¢ 13 25,8
30 001 K¢ az 50 000 K¢ 19 31,6
vice nez 50 000 K¢ 4,25 9,7
l‘)’ye(liil‘i‘;’tsét mista 5, 1999 obyvatel 13 273
2 000 — 4 999 obyvatel 8,75 12,2
5000 — 9 999 obyvatel 8,25 9
10 000 — 49 999 obyvatel 14 21,4
Vice nez 50 000 obyvatel 56 30,1

Zdroj: vlastni dotaznikové Setieni (n = 400), Cesky statisticky tfad (2021a—b, 2023a—d, 2024)

Dotaznik se zaméfuje na spotiebitelské preference generace Z pii nakupu bézeckych
produktt, jejich vztah k béhu a hodnotové postoje. VSechny otazky jsou uzaviené a mérené
sedmibodovou Skalou pro piesnéjsi analyzu postoji (Finstad, 2010). Respondenti hodnoti
dillezitost vybranych faktorti ovliviiujicich jejich nadkupni rozhodovani, pfi¢emzZ hodnota 1

Data byla zpracovana v Excelu a analyzovana v Statistica 14 pomoci nehierarchické

shlukové analyzy K-means, vhodné pro mensi pocet shlukli u rozsahlejsich dat (n > 100). Pted

10 (*) Uvedena procenta predstavuji podil jednotlivych podskupin Generace Z (1997-2012), pti¢emZ cela tato
generace tvoii 100 % zakladu.
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analyzou byla data transformovana pro zajisténi vhodnosti pro algoritmus. Pocet segmentt byl
urc¢en metodou Elbow, jez analyzuje vztah mezi poctem shlukti (k) a sum of squared errors
(SSE) a hleda bod, kde dalsi zvySovani k jiz vyznamné nesnizuje tzv. bod lokte. Vysledek
je vizualné orientovany (Syakur et al., 2018; Nainggolan et al., 2019). Pfed aplikaci ANOVY
byly ovéieny statistické piredpoklady pro shlukovani i naslednou analyzu (Harb et al., 2015).
Vyroky vstupujici do shlukové anylyzy zahrnujici postoje, hodnoty a skute¢né chovani

spotiebiteld jsou zachyceny v Tabulce 2.

Tabulka 2: Vyroky, ke kterym se respondenti vyjadiovali

Q Tvrzeni

Q_1 Nakup produkti od znamych bézeckych znacek mi dava pocit sounalezitosti s béZeckou komunitou.
Q_2  Citim se vice motivovan/a k béhani, kdyz nosim produkty od své oblibené bézecké znacky.

Q_3  Moji pratelé a rodina o¢ekavaji, ze budu kupovat kvalitni béZecké znacky.

Q_4  Ocekavam, ze ostatni bézci v mém okoli preferuji kvalitni znacky b&zeckého vybaveni.

Q_5 Citim se schopny/a vybrat si nejlepsi béZeckou znacku, kterd mi vyhovuje.

Q_6  Vzdy mam dostatek informaci, abych mohl/a u¢init spravné rozhodnuti pii nakupu bézeckého
vybaveni.

Q_7  Planuji si v nasledujicich mésicich koupit produkty od zndmé béZecké znacky.

Q_8  Pravideln¢ nakupuji bézecké produkty od mych oblibenych bézeckych znacek, kterym daveétuji.
Q_9  Sport se svymi oblibenymi bézeckymi znackami mi ptinasi pocit radosti a spokojenosti.

Q_10 Pfi nakupu vybiram znacky, které se zamétuji na kvalitu, i kdyZ jsou drazsi.

Q_11 Pfi vybéru bézeckého vybaveni upfednostiiuji znacky, které se zamétuji na udrzitelnost.

Q_12 Pouzivani technologii, jako jsou chytré hodinky nebo béZecké aplikace, je nedilnou soucasti mého
béhani.

Q_13 Davam pfednost bézeckému vybaveni, které pouzivaji profesionalni sportovci.
Q_14 Pii vybéru bézecké znacky je pro mé dulezita cena.

Zdroj: vlastni dotaznikové Setfeni (n = 400)

3 Vysledky
Vysledky dotaznikového Setieni ukazuji, Ze hlavni motivaci ke béhu generace Z je péce
0 zdravi a fyzickou kondici (57,5 % respondenttt). VEtSina preferuje béh v prirode (58,75 %),

silni¢ni beéh uptednostiiuje 22,5 % respondentll, coz souvisi s rostouci oblibou outdoorovych

vvvvvv
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a kvalita materialu (5,76), které koresponduji s pfedchozimi studiemi (Hardjono a Teng, 2019;
Kataria a Saini, 2020). Nejmens$i vyznam ma udrzitelnost (3,23), coz se lisi od nékterych
predchozich studii (Vision Critical, 2017; Francis a Hoefel, 2018). Nakupni rozhodovani
nejvice ovliviiuje osobni zkuSenost se znackou (6,42) a online recenze (5,16), potvrzujici
rostouci vliv digitalnich informacnich zdroji.

Pro identifikaci homogennich spotiebitelskych skupin byla provedena shlukova analyza
ato s pouzitim metody elbow pro nalezeni optimalni pocet shluki Z Obrazku 1, ktery
znazornuje vztah mezi poc¢tem shlukt (k) a metrikou SSE, je patrné, ze pokles hodnoty SSE
je velmi vyrazny v pocate¢ni fazi — konkrétné mezi k = 1 a k = 3. Tento strmy pokles indikuje,
ze pridani shlukt az do k = 3 vyznamné zlepSuje kompaktnost modelu a snizuje vnitini

variabilitu.

Obrazek 1: Vysledky metody lokte pro urceni optimalniho poctu shlukii (k)
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Zdroj: vlastni dotaznikové Setfeni (n = 400), zpracovano v softwaru Statistica

Normalita dat byla potvrzena a vysledky ANOVA testl ukdzaly, Ze vSechny proménné
se statisticky vyznamné li§i mezi tfemi identifikovanymi segmenty (p < 0,05), ¢imz
je potvrzena statisticka validita shlukovani. Nejvétsi diskriminacni silu a tudiz nejvyraznéjsi
rozdily mezi shluky se objevily u ndkupnich zamért (,,Planuji si v nasledujicich mésicich
koupit produkty od znamé bézecké znacky“, F = 223,67) a preference vybaveni
profesionalnich sportoveu (F = 178,47). V Tabulce 3 jsou uvedeny primérné hodnoty
odpovédi jednotlivych segmentt, pfi¢emz rozdily mezi nimi jsou vizualn€ zvyraznény pomoci

barevného formatovani.
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Tabulka 3: Segmentace spotiebitelii dle vnimanych hodnot a postojii k béZeckym produktiim

a skutecného chovani

Priumérné hodnoty tvrzeni u

Tvrzeni z dotazniku méfené pomoci Likertovy Skaly (1 - rozhodné segmenti
nesouhlasim, 7 - rozhodné souhlasim) Segment | Segment [ Segment
¢.1 ¢.2 ¢.3

Citim se vice motivovan/a k béhani, kdyz nosim produkty od své oblibené
4,95 2,56 2,18
bézecké znacky.

Nékup produktti od zndmych bézeckych znacek mi dava pocit sounalezitosti s
4,56 2,61 2,00
bézeckou komunitou.

Moji pratelé a rodina ocekavaji, ze budu kupovat kvalitni béZecké znacky. 4,51 2,82 2,05

Ocekavam, ze ostatni bézci v mém okoli preferuji kvalitni znacky bézeckého
5,36 3,36 3,52
vybaveni.

Citim se schopny/a vybrat si nejlepsi bézeckou znacku, ktera mi vyhovuje. 5,63 5,73 4,37

Vzdy mam dostatek informaci, abych mohl/a ucinit spravné rozhodnuti pfi
4,84 4,98 3,55
nakupu bézeckého vybaveni.

Planuji si v nasledujicich mésicich koupit produkty od znamé bézecké znacky. 4,97 3,25 1,73

Pravidelné nakupuji bézecké produkty od mych oblibenych bézeckych znacek,
. 5,02 4,41 2,00
kterym divétuji.

Pii ndkupu vybiram znacky, které se zamétuji na kvalitu, ikdyz jsou drazsi. 5,76 5,14 3,92

Sport se svymi oblibenymi bézeckymi znackami mi ptinasi pocit radosti a
. . 4,99 3,39 2,37
spokojenosti.

Pti vybéru bézecké znacky je pro mé dilezita cena. 5,27 5,19 5,17

Pti vybéru béZeckého vybaveni upfednostiiuji znacky, které se zaméfuji na
. 3,65 2,84 2,95
udrzitelnost.

Pouzivani technologii, jako jsou chytré hodinky nebo bézecké aplikace, je
6,09 6,45 3,80
nedilnou souc¢asti mého béhani.

Davam prednost bézeckému vybaveni, které pouzivaji profesionalni sportovci. 4,87 3,86 2,18
Absolutni ¢etnost n=172 | n=115 | n=113
Relativni ¢etnost 43% 28,75% | 28,25%

Zdroj: vlastni dotaznikové Setfeni (n = 400), zpracovano v softwaru Statistica

Segment 1: Znackové loajalni — 43 % respondentii

Tento segment je nejpocetnéjsi a vyznacuje se vysokou loajalitou ke znackédm a silnou
vazbou na béZeckou komunitu. Produkty maji pro né emo¢ni vyznam, nakupni rozhodovani
ovlivityje diivéra v kvalitu a znackovy status. Ochotné investuji do kvalitniho vybaveni, planuji
pokracovat v ndkupech zndmych znacek a technologie hraji pfi vybéru vyznamnou roli.

Pouzivani znackového vybaveni jim piinasi uspokojeni a ocekavaji, Ze ostatni béZci voli
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kvalitni znacky. Postoj k udrzitelnosti je pfevazné neutralni, s mirné pozitivnim vztahem
k vybaveni profesionalnich sportovci.

Segment 2: Hodnotové orientovani — 28,75 % respondentu

Respondenti tohoto segmentu nevnimaji znacky jako soucast své identity ani komunitni
sounalezitosti, kladou vSak diraz na kvalitu a maji potfebné informace pro rozhodovani. Nakup
je pragmaticky orientovany — znacky vnimaji spise prakticky nez emoc¢né€. Technologie hraji
dilezitou roli a vybaveni planuji nakupovat méné Casto nez znackové loajalni bézci, presto
preferuji kvalitni produkty.

Segment 3: Cenové senzitivni — 28,25 % respondenti

Tento segment se nejmén¢ identifikuje se znaCkami a komunitou, zamétuje se na cenovou
dostupnost a funkcénost vybaveni, pficemz ndkup znackovych produktl neni typicky.
Technologie jsou pro n¢ méné diilezité a pouzivani znamych znacek nepiinasi pocit uspokojeni.

Segmenty se 1i8i v postojich ke znackam, socioekonomickych charakteristikach i pfistupu
k béhu. Nejvyraznéjsi rozdil je mezi Znackové loajalnimi bézci, kteti maji silnou vazbu
ke znackam a vysokou aktivitu, a Cenové senzitivnimi, pro néz znac¢ka neni motivaéni faktor

a béhaji spise prilezitostné. Na Obrazku 2 jsou vybrané postoje ze shlukové analyzy.
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Obrazek 2: Paprskovy graf segmentii jednotlivych postoju a hodnot segmentii

Cenova citlivost

Diraz na udrzitelinost Soundleitost s béZeckou komunitou

Wyuzivani technologif Emocionalni vztah

Motivace pfi oblibenych znatkach Loajalita ke znatce

Diraz na kvalitu

Segment &, 1 Segment C. 2 Segment C. 3

Zdroj: vlastni dotaznikové Setfeni (n = 400)

Note: Kruhovy graf zndzornuje primérné hodnoty postoju jednotlivych segmentii na sedmibodové skale. Kazda
osa vychazi ze stredu a predstavuje jeden z hodnocenych postojii (napr. cenova citlivost, ditraz na udrzitelnost,
vyuzivani technologii apod.). Hodnoty na ose odpovidaji primérnym odpovédim respondentii v daném
segmentu.

Zavér

Cilem prispévku bylo identifikovat segmenty spotiebitelli generace Z na trhu bézeckych
produktl, zjistit rozdily v jejich preferencich a postojich a formulovat doporuceni pro
marketingové strategie a alokaci zdroji. To bylo dosaZeno kvantitativnim dotaznikovym
Setfenim a segmentaci metodou K-means. Vyzkum odhalil tfi segmenty: Znackové loajalni,
Hodnotové orientovani a Cenové senzitivni, které se 1i§i v postojich ke znackam, nakupnich

preferencich, béZeckych zvycich 1 socioekonomickych charakteristikadch. Vysledky poskytuji

cenné podklady pro cileni marketingovych aktivit:

- Znackové loajalni: Investice do emocionalni znaCkové zkuSenosti, komunitnich
kampani a storytellingu propojujiciho znacku s osobnimi zazitky spotiebiteld. Tyto
aktivity zvySuji  engagement a  dlouhodobou loajalitu.  Spoluprace

s mikroinfluencery a autentické pfibehy podporuji celoZivotni hodnotu zdkaznika

163



Martina Opalkova Segmentace mladych spotiebitelli a jeji ekonomické
disledky pro trh bézeckych znacek

(CLV), snizuji cenovou citlivost a umoziuji uplatnit cenovou prémii, coz zvySuje
hrubou marzi.

- Hodnotové orientovani: Transparentnost, kvalita a objektivni informace jsou pro
tuto skupinu kli¢ové. Obsahovy marketing s recenzemi, testy a technickymi popisy
zvysuje daveru a konverzi, snizuje vratky a operativni naklady, ¢imz optimalizuje
marketingovou efektivitu a nadvratnost investic (ROI).

- Cenové senzitivni: Spotiebitelé se zaméfuji na cenu a praktinost, nikoli
na znackovy status. Cenové orientovany marketing, promo akce a limitované edice
urychluji rotaci zasob, maximalizuji objem prodeje a rychle zajistuji trzni podil

s minimalnimi naklady na brand building.

Ekonomicky vyznam zjiSténi spociva v efektivnéj$i alokaci marketingovych zdroji
a zvySovani trzni hodnoty. Segmentace umoziuje lépe cilit nabidku, optimalizovat ceny
a inovace, ¢imZ posiluje vynosnost a konkurenceschopnost. Vyzkum poskytuje prakticky
ramec pro strategickd rozhodnuti s méfitelnym ekonomickym dopadem nejen pro vyrobce
bézeckého vybaveni, ale i pro cely sportovni trh. Limity tohoto vyzkumu souviseji piedevsim
s vybérovym zkreslenim - respondenti byli pfevazné aktivni bézci, vysledky tedy odrézeji
nazory této Casti generace Z. Nebyly zahrnuty kulturni a technologické vlivy a data jsou
zalozena na sebehodnoceni, coz muze vést k idealizaci postoji. Budouci vyzkum by mél
propojit behaviordlni data s kulturnimi a technologickymi faktory, aby odhalil komplexni
dynamiku spotiebitelského chovani generace Z a umoznil predikovat trendy formujici jejich

sportovni a zivotni styl.
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Abstrakt

Polygraficky priemysel na Slovensku patri medzi mensie priemyselné odvetvia. Finan¢né
analyzy su pre toto odvetvie dolezitym ukazovatelom jeho rozvoja, inovacnej Cinnosti
a napredovania. Ciel'om prispevku je identifikovat’ diferencie medzi podnikmi polygrafického
priemyslu na Slovensku z hl'adiska likvidity, aktivity, zadlzenosti a rentability, pricom podniky
si rozdelené na podniky v dolnom kvartile (DK), mediane (Me) a hornom kvartile (HK).
Prispevok poskytuje informacie o vyvoji finanénych ukazovatel'ov v obdobi od roku 2019
do roku 2024. Podrl'a vysledkov analyzy polygrafické podniky na Slovensku vykazuju vyrazné
rozdiely medzi jednotlivymi skupinami. Podniky v DK st dlhodobo stratové a predstavuju
riziko. Naproti tomu podniky v Me vykazuji postupné zlepSovanie a podniky v HK maju

nadpriemernt vykonnost'.
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Uvod

V stcasnej ére nastupu Industry 5.0 st finan¢né ukazovatele vyznamnym indikatorom
postavenia, udrZatelnosti a konkurencieschopnosti priemyselnych odvetvi. Ich podniky
prisposobuju svoje stratégie Specifickym cielom a potrebam pre dosiahnutie maximalneho
uspechu v konkuren¢nom prostredi v ramci priemyselnych odvetvi ale aj v rdmci podnikov
vo vnutri daného priemyselného odvetvia. Polygraficky priemysel je vyrobné odvetvie, ktoré
zahfna spracovanie a tla¢ textovych a obrazovych predloh pomocou tlacovych analégovych

a digitalnych technolodgii na rozne materialy. Toto odvetvie patri medzi kapitalovo naro¢né
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a je citlivé na vykyvy v dopyte. Vyhodnocovanie finanénych ukazovatel'ov je uzitocnym
nastrojom na hodnotenie finanéného stavu podnikov, na hodnotenie kratkodobej alebo
dlhodobej finan¢nej vykonnosti a pomahaja pri identifikacii trendov (Bordeianu, 2020).
Cielom prispevku je identifikovat’ diferencie medzi podnikmi polygrafického priemyslu
na Slovensku z pohl'adu finanénych ukazovatel'ov v obdobi rokov 2019 az 2024. Podniky
polygrafického priemyslu na Slovensku su v ramci analyzy rozdelené do kvartilov: dolny
kvartil (DK), medidn (Me) a horny kvartil (HK). V prispevku sa zameriavame na Styri kl'aicové

oblasti finan¢nych ukazovatelov: likviditu, aktivitu, zadlZzenost a rentabilitu a vykonnost'.

1 Sacasny stav rieSenej problematiky doma a v zahranici

Polygraficky priemysel sa zarad’'uje medzi tradi¢né vyrobné odvetvia, ktoré za posledné
tri desatrocia presli vyraznymi zmenami. Jeho vyvoj je zavisly od faktorov, ktoré urcuju
vSeobecné trendy vyvoja spolocnosti. Hlavnym faktorom je prisposobenie sa novym
poziadavkdm aj uspech udrzat’ kontakt so spotrebitelom (Guzikova, 2019). Prebiehajuca
Industry 4.0 anastupujica Industry 5.0 ovplyviiuje polygraficky priemysel rozsiahlou
automatizaciou a digitalizaciou, environmentalnou zodpovednostou , zvySujiicim sa dopytom
po udrzatel'nych technologiach a vyuzivani ekologickych materialov (Aydemir, 2023; Chen,
2019; Sani, 2021; Song, 2022, Zowada, 2020).

Polygraficky priemysel zahfiia dve =zakladné zlozky - tladiarenské podniky
a vydavatel'stvd. Obe prechddzajii transformaciou spdsobenymi technologickymi zmenami
vedicimi k zmene obchodnych modelov. Vel'ké a stredné podniky sa vyznacuji vyrobno-
obchodnym modelom. Naproti tomu malé podniky skoér funguji na zéklade obchodného
modelu sluzieb (Guzikova, 2019). Na Slovensku sa polygraficky priemysel vyznacuje vysSim
poctom malych a strednych podnikov. Tieto sa liSia vykonnostou, kapitdlovou Struktirou
a vV neposlednom rade aj schopnost'ou adaptacie. Rast po¢tu malych podnikov je ¢asto spojeny
s potrebou flexibilnych a personalizovanych sluzieb. Zakaznici ocakavaju individualny
pristup, rychle akvalitnda dodavky. Toto si vyzaduje efektivny manazment a riadenie
logistickych procesov (Safonov, 2022).

Zakladny nastroj na hodnotenie vykonnosti podnikov sa vyuzivaju finan¢né ukazovatele.
Ich analyza umoziuje identifikovanie rizikovych skupin, sledovanie efektivity hospodarenia
a umoznuje navrhnut’ odporac¢ania rozvoja. Financna analyza je nastrojom hodnotenia stability
podniku, jeho efektivitou a schopnostou generovat’ zisk. Pre manazment podnikov maju
vyznam tym, Ze umoziuju posudit’ finanény stav podniku, vizualizovat' vyvoj, umoziuju

porovnanie sinymi podnikmi rovnakého profilu alebo s podnikmi v rovnakom odvetvi,
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ul'ah¢uji rozhodovanie smerovania a d’alSieho vyvoja podniku (Bordeiani, 2020). Pre podniky
vSeobecne je dolezitd schopnost’ financovat’ svoje bezné zavizky. Podniky st v dobrej
finan¢nej situdcii, ak vykazuji vysokt hodnotu pomeru likvidity, pricom podniky budia
povazované za schopné financovat svoje zavizky. Ak nemoézu kratkodobé aj dlhodobé
zavazky a dlhy vyrovnat' prijmami, ktoré by mali byt vysSie ako hodnota pasiv, dostava
sa takyto podnik do finan¢nych tazkosti. Rovnako bude stat’ pred finanénymi tazkost’ami

ak je hodnota navratnosti aktiv nizsia (Aslamiah, 2023).

2 Ciel a metodika
Cielom prispevku je identifikovat’ diferencie medzi podnikmi polygrafického priemyslu
na Slovensku z pohl'adu finan¢nych ukazovatel'ov v obdobi rokov 2019 az 2024.

Ciastkové ciele:

- analyzovat tdaje ukazovatel'ov podnikov polygrafického priemyslu na Slovensku
V obdobi 2019 az 2024,

- sumarizovat’ a interpretovat’ zistené poznatky finan¢nych ukazovatelov.

Analyza finan¢nych ukazovatel'ov podnikov polygrafického priemyslu je rozdelena
do 4 tematickych tabuliek:

Tabulka ¢. 1 — Ukazovatele likvidity

Tabul’ka ¢. 2 — Ukazovatele aktivity

Tabul'ka €. 3 — Ukazovatele zadlzenosti

Tabul'ka ¢. 4 — Ukazovatele rentability a vykonnosti

Jednotlivé ukazovatele su prezentované v troch urovniach: dolny kvartil (DK), median
(Me) a horny kvartil (HK). Zvolené ukazovatele charakterizuji podniky z ré6znych finanénych
pohladov:

Likvidita — schopnost’ podniku splacat’ kratkodobé zavazky.

Aktivita — efektivita vyuzitia majetku a riadenia obezného kapitalu.

ZadlZenost’ — miera zavislosti od cudzich zdrojov a finan¢né riziko

Rentabilita a vykonnost’ — schopnost’ generovat’ zisk a vytvarat’ hodnotu

Prispevok sa opera o rozbor domdacej a zahrani¢nej literatary. Na vyhladdvanie

relevantnych ¢lankov boli pouzité databazy clankov Google Scholar, Web of Science,
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ScienceDirect. Pri vyhl'addvani boli pouzité klIicové slova: polygraficky priemysel, financna
vykonnost’, finan¢né analyza. V prispevku st analyzované a prezentované vo forme tabuliek
sekundarne udaje strednych hodnét finanénych ukazovatel'ov rozdelené do Styroch skupin:
ukazovatele likvidity, ukazovatele aktivity, ukazovatele zadlZenosti, ukazovatele rentability
a vykonnosti. Z vysledkov analyzy je vyhotoveny prehl'ad vysledkov sledovanych
ukazovatelov pre polygraficky priemysel na Slovensku. V zavere st zosumarizované

teoretické a vyskumné poznatky.

3 Vysledky

Vybrané pomerové ukazovatele su rozdelené do 4 skupin a poskytuji zakladny obraz

0 financ¢ne;j situdcii podnikov polygrafického priemyslu na Slovensku.

3.1 Ukazovatele likvidity
Sledovanie ukazovatel'ov likvidity je pre priemyselné odvetvia pre udrzanie ich finanéne;j
stability kl'ucové. Ukazovatele likvidity uvadzaji schopnost’ podnikov splacat’ kratkodobé

zavazky pomocou bezného majetku.

Tabulka 1: Ukazovatele likvidity pre spolocnosti polygrafického priemyslu na Slovensku

Rok 2019 2020 2021 2022 2023 2024
Likvidita DK 0,70 0,68 0,76 0,72 0,71 0,77
2. stupiia Me 2,05 2,08 2,30 2,17 1,99 2,26

(bezna) HK 9,40 9,20 9,21 9,44 9,80 9,11
(koef.)
Likvidita DK 1,00 0,95 0,99 0,97 0,96 1,00
3. stupiia Me 2,23 2,37 2,65 2,54 2,44 2,69
(celkova) HK 9,78 10,29 10,40 10,90 10,76 10,00
(koef.)

Zdroj: CRIBIS.sk — Univerzalny register, vlastné spracovanie

V tabulke ¢. 1 st uvedené udaje ukazovatelov likvidity 2. a 3. stupiia v rokoch 2019
az 2024 pre spoloc¢nosti polygrafického priemyslu na Slovensku. Hodnoty likvidity 2. stupiia
pre DK znamenajt, ze cca 25 % podnikov vykazuje dlhodobo problémy pokryt’ kratkodobé
zavazky. V roku 2021 doslo k miernemu zlepSeniu, avSak nasledujice roky zaznamenali
zhorsenie situacie. Aj napriek skuto¢nosti, Ze v roku 2024 bolo zaznamenané opatovne mierne
zlepsenie, ide o rizikovl troven. Hodnoty pre Me znamenaju, ze cca 50 % podnikov si udrziava
relativne dobru stabilizaciu. Hodnoty pre HK poukazuji na skutoénost’, ze cca 25 % podnikov
polygrafického priemyslu mé velké rezervy avyznamny prebytok aktiv oproti svojim

kratkodobym zavizkom. Hodnota likvidity 3. stupnia pre DK na trovni 1,00 a mierne pod 1,00

172



Monika Sol'avova, Vladimir Bolek Polygraficky priemysel na Slovensku z pohl'adu
finan¢nych ukazovatel'ov

poukazuje na skutocnost, Ze podniky v tejto skupine maji hrani¢ni urovenn bezpecnosti
a obmedzené rezervy pre neocakavané vydavky. Hodnoty pre Me v sledovanom obdobi
zaznamenavaju mierne zlepSenie, ¢o znamend, Ze podniky efektivnejSie riadia zasoby
a splacania kratkodobych zavézkov. Cca 2,5-nasobok zaroven znamena, ze podniky v tejto
skupine maji vytvoreni rezervu pre neoCakavané situacie a vydavky. Hodnoty pre DK
poukazuje na skuto¢nost’, ze cca 25 % podnikov Vv tejto skupine ma silnu finanéna rezervu

aj napriek zaznamenanému poklesu od roku 2022.

3.2 Ukazovatele aktivity
Ukazovatele aktivity vyjadruju schopnost’ podnikov efektivne vyuzivat' svoj majetok

a efektivitu rychlosti obratu jednotlivych zloziek kapitalu.

Tabulka 2: Ukazovatele aktivity pre spolocnosti polygrafického priemyslu na Slovensku

Rok 2019 2020 2021 2022 2023 2024
Doba obratu DK 0,00 0,00 0,00 0,00 0,00 0,00

74sob Me 0,00 0,00 0,00 0,00 0,00 0,00

(den) HK 21,55 25,48 32,10 20,60 20,60 17,46

Doba DK 15,34 22,26 18,43 19,72 16,24 15,05
splatnosti Me 54,27 62,90 59,36 61,03 53,39 50,64

pohl'adavok HK 143,77 | 197,73 | 194,70 | 176,80 | 156,42 | 165,17

(den)

Doba DK 39,81 46,68 42,91 40,49 41,42 40,92
splatnosti Me 112,87 | 157,86 | 137,28 | 127,33 | 122,40 | 13547
zavizkov HK 533,64 | 806,70 | 794,97 | 684,24 | 603,18 | 1033,45

(den)

Obrat aktiv DK 0,17 0,12 0,13 0,16 0,16 0,15
(koef.) Me 0,88 0,67 0,68 0,74 0,76 0,78
HK 1,78 1,53 1,48 1,54 1,68 1,68

Zdroj: CRIBIS.sk — Univerzalny register, vlastné spracovanie.

V tabul'ke 2 st uvedené udaje ukazovatelov aktivity polygrafickych podnikov
na Slovensku v rokoch 2019 az 2024. Udaje pre ukazovatel’ doba obratu zasob pre DK a Me
naznacuju, Ze podniky v tychto skupinach neuvadzaju alebo neeviduju zasoby, resp. ich maji
len minimalne. Udaje pre HK vykazujt vyrazni obratovost’ zasob, priom v roku 2024 sa udaj
Ukazovatel’ pre dobu splatnosti pohl'addvok pre DK poukazuje na skuto¢nost’, Ze podniky
Vv tejto skupine rychlo inkasuju. Naproti tomu podniky v skupine pre Me sa pohybuju
v rozmedzi 50-62 dni a podniky v skupine HK vrozmedzi 140-200 dni. Hodnoty pre

ukazovatel’ doba splatnosti zavdzkov uvadza, ze podniky v DK platia nacas a doba splatnosti
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je priemerne 40 dni. Podniky zaradené v skupine Me a HK predlzuju doby splatnosti ¢o moze
byt stratégia na udrzanie likvidity (predchadzajica podkapitola) alebo modze signalizovat
problémy podnikov. Najvyssia hodnota pre HK bola zaznamenané v roku 2024, ¢o je takmer
dvojnasobok oproti roku 2019. Ukazovatel' obrat aktiv charakterizuje efektivitu podnikov
V oblasti vyuzivania aktiv na generovanie trzieb. Nizke udaje pre DK naznacuju, ze podniky
maju nizky obrat a slabé vyuzivanie aktiv, Podniky v skupine Me maju stabilnejSie vyuzivanie
aktiv a podniky vskupine HK maji najvyss§i obrat aaj najvySSie vyuzivanie aktiv

na generovanie trzieb.

3.3 Ukazovatele zadlZenosti
Ukazovatele zadlZenosti vyjadruji finan¢nt stabilitu podniku a schopnost’ splacat’

zavézky.

Tabulka 3: Ukazovatele zadlzZenosti pre spolocnosti polygrafického priemyslu na Slovensku

Rok 2019 2020 2021 2022 2023 2024
Celkova DK 10,63 10,36 10,13 9,77 9,29 10,37
zadlzenost | Me 44,64 42,12 37,41 39,79 41,53 39,25
a(kti)v HK 86,70 87,37 83,99 83,11 85,72 81,73
%
Pomer DK 0,15 0,14 0,19 0,21 0,18 0,22
vlastného Me 1,28 1,42 1,75 1,58 1,45 1,57
imania a HK 8,78 9,65 8,96 9,45 9,76 8,72
zavazkov
(koef.)
Urokové DK -inf. -inf. -inf. -inf. -79,70 -18,62
krytie Me 23,43 21,10 99,44 37,10 74,91 206,49
(koef.) HK inf. inf. inf. inf. inf. inf.

Zdroj: CRIBIS.sk — Univerzalny register, vlastné spracovanie.

V tabul’ke 3 st uvedené udaje ukazovatelov zadlzenosti polygrafickych podnikov
na Slovensku v rokoch 2019 az 2024. Udaje celkovej zadlzenosti aktiv vykazuju pre DK nizku
zadlzenost' a podniky Vv tejto skupine su financované v konzervativnom mode. Podniky
v skupine Me maju stabilny vyvoj na priemernej urovni 40 % a podniky majii vyvazené
financovanie. Podniky v HK maju vysokt zadlzenost' a su zavislé od vonkajsich zdrojov.
Hodnoty pre pomer vlastného imania a zdvizkov znamenajt, ze podniky v DK maju viac
zaviazkov nez vlastného imania. Podniky v Me maja v priemere 1,5 nasobok vlastného imania
ako zavizkov a podniky v HK st vyrazne stabilné a maju silna finanént poziciu. Udaje pre

urokové krytie pre podniky v skupine DK maju zaporné hodnoty ¢o znamend, ze podniky
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nedokazu pokryt uroky zo zisku. Podniky v Me maji dostatocny zisk na pokrytie urokov

a v roku 2024 zaznamenali zlepSenie. Podniky v HK nemaju uvadzana hodnotu.

3.4 Ukazovatele rentability a vykonnosti
Ukazovatele rentability a vykonnosti interpretuju schopnost’ podnikov generovat’ zisk

Z trzieb, vlastného imania a vytvarat’ hodnoty v trzbach.

Tabul’ka 4: Ukazovatele rentability a vykonnosti pre spolocnosti polygrafického priemyslu

na Slovensku

Rok 2019 2020 2021 2022 2023 2024
Rentabilita DK | -13,36 -15,03 -8,07 -11,04 -6,95 -9,02
vlastného Me 3,58 2,28 4,34 3,21 5,30 6,69

irr(lan)ia HK 26,32 24,85 27,92 23,57 28,76 30,09

%
Prevadzkova | DK | -10,72 -16,03 -12,22 -12,92 -6,86 -4,03
rentabilita Me 3,61 3,49 4,74 3,43 4,77 6,37
tr(iie)b HK 16,50 17,86 22,44 18,16 21,90 24,13

%
Podiel DK | -12,57 -24,32 -21,24 -18,89 -9,69 -8,03
novovytvorenej | Me 3,54 2,41 2,94 3,20 4,43 6,55

hodnoty HK | 18,18 17,03 20,14 18,19 21,57 | 23,90

V trzbach
(%)
Podiel pridanej | DK 1,96 -3,74 0,21 0,29 3,77 3,75
hodnoty v Me 19,77 16,68 19,30 16,87 20,38 21,77
tri(bai)ch HK 43,80 43,84 45,41 41,59 4451 47,60
%

Podiel DK -6,02 -13,00 -6,76 -7,57 -0,39 -1,89
EBITDA Me 6,43 5,90 8,14 6,79 8,63 9,90
v tr(ib)élch HK 22,21 24,57 28,79 26,40 30,87 31,40

%

Zdroj: CRIBIS.sk — Univerzalny register, vlastné spracovanie.

V tabulke 3 st uvedené udaje ukazovatelov rentability a vykonnosti polygrafickych
podnikov na Slovensku v rokoch 2019 az 2024. Udaje rentability vlastného imania pre podniky
v DK vykazuji pocas celého sledovaného obdobia zaporné hodnoty, ¢o znamena, Ze tieto
podniky generuju v celom obdobi stratu. Podniky v Me vykazuju nizsi zisk a podniky v HK
su vykonné pri generovani zisku. Hodnoty pre prevadzkovu rentabilitu trzieb vykazuja pre DK
rovnako zaporné hodnoty, ¢o naznacuje prevadzkové straty. Podniky v Me vykazuju zlepSenie
Vv sledovanom obdobi z hodnoty 3,6 % v roku 2019 na 6,4 % v roku 2024. Rovnako aj podniky
v HK vykazuju zlepsenie. Udaje podielu novovytvorenej hodnoty v trzbach pre DK vyjadruja

skuto¢nost’, ze podniky v tejto skupine nevytvaraju hodnoty ale sim v strate. Hodnoty pre Me
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vykazuju zlepSovanie situacie a tvorbu pridanej hodnoty podnikov v tejto skupine. Podniky
v HK su efektivne pri generovani zisku z trzieb. Udaje podielu pridanej hodnoty v trzbach pre
DK naznacuju nizku vykonnost' podnikov v tejto skupine. Hodnoty pre Me znamenaju,
ze podniky generuji marzu a zvysuju efektivitu. Podniky v HK vykazuju vysoké hodnoty
a generuju takmer 50 % hodnoty v trzbach. Zaporné hodnoty podielu EBITDA v trzbach pre
DK znamenaju, Ze podniky st stratové. Pri podnikoch v Me je mozné pozorovat’ rast ziskovosti

a pri podnikoch v HK st vel'mi efektivne a tiez zaznamenavaju rast ziskovosti.

4 Diskusia

V tabulke 5 je uvedeny prehl'ad vysledkov jednotlivych skupin sledovanych ukazovatel'ov
podnikov polygrafického priemyslu na Slovensku, priCom kazdy je charakterizovany pre

zvolené urovne DK, Me a HK.

Tabulka 5: Vysledky jednotlivych skupin ukazovatelov

Urovne Ukazovatele Ukazovatele Ukazovatele Ukazovatele
podnikov likvidity aktivity zadlzenosti rentability a
vykonnosti
DK - dlhodobo pod | - nizky  obrat | - nizka - zaporné ROE,
hranicou 1 aktiv zadlZenost’ EBITDA,

- riziko -rychle  doba | - zdporné novovytvorena
platobnej splatnosti urokové krytie | hodnota
neschopnosti pohladavok

Me - stabilna - vyvazené - stabilna - stabilny  rast
likvidita riadenie Struktara rentability

- mierne vykyvy - zlepSenie
v roku 2023 v roku 2024

HK - vysoké - vysoky obrat | - vysoka - ROE nad 30%
hodnoty aktiv zadlzenost’ - EBITDA nad

- vyrazné - dlhé doby | - silné vlastné | 31%
rezervy splatnosti imanie - najvyssia

zavazkov hodnota v roku
2024

Zdroj: Vlastné spracovanie.

Vysledky analyzy finanénych ukazovatelov podnikov v polygrafickom priemysle
na Slovensku v rokoch 2019 az 2024 poukazuju na vyrazné rozdiely. Podniky v DK
sa vyznacuju nizkou likviditou, zapornou rentabilitou, zniZenou schopnostou generovat
hodnotu anedokazu efektivne vyuzivat majetok na pokrytie nakladov na financovanie.
Uvedeny stav moze byt spdsobeny vyuzivanim energeticky naro¢nych analégovych technik,

konkurenénym prostredim zo strany novych digitdlnych technoldgii s niz§imi prevadzkovymi
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nakladmi a konkurenénym bojom o zédkaznikov. Analyza podnikov v Me interpretuje relativne
vyrovnané vysledky v likvidite, obrate aktiv aj rentabilite. NajlepSie vysledky st evidované pri
podnikoch v skupine HK, ktoré vykazuji vysoku rentabilitu a efektivne vyuzivaju aktiva.

Naproti tomu vykazuji dlhé doby splatnosti svojich zavidzkov.

Zaver

Cielom prispevku bolo identifikovat’ diferencie medzi podnikmi polygrafického
priemyslu na Slovensku z pohl'adu finan¢nych ukazovatel'ov v obdobi rokov 2019 az 2024
rozdelenych do kvartilov. Vysledky analyzy vykazuju vyrazné rozdiely medzi jednotlivymi
skupinami podnikov. Najvykonnejsie podniky v skupine HK dosahuju nadpriemerné hodnoty
rentability, efektivity a pridanej hodnoty v trzbach. Naopak podniky v DK vykazuji nizku
likviditu, zaporné zisky a su rizikové. Podniky v Me sa vyznacuju stabilizaciou v likvidite,
zadlZenosti a postupnym rastom rentability. Prispevok ma urCité obmedzenia: poskytuje
pohl'ad na polygraficky priemysel na Slovensku, kratSie ¢asové obdobie. Otvara d’alSie
vyskumné otazky ako napr.: porovnanie s inymi priemyselnymi odvetviami alebo zameranie

sa na dlhs$ie ¢asové obdobie.
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Abstrakt

Cielom prispevku je analyzovat rozdiely vo faktoroch, ktoré ovplyviiuju spravanie
kryptomeny Bitcoin (BTC/USD) v porovnani s tradicnym menovym parom euro/dolar
(EUR/USD). Vyuzivame viacndsobnu regresnu analyzu na identifikdciu makroekonomickych
a trhovych determinantov, ktoré posobia na vyvoj tychto aktiv. Vysledky ukazuji, ze hodnota
BTC/USD je ovplyviiovana najmé volatilitou akciového trhu a objemom transakcii v sieti
Bitcoin, zatial’ ¢o vyvoj EUR/USD je podmieneny predovsetkym zmenami dolarového indexu
a urokového diferencialu. Zistenia podporuju hypotézu, ze Bitcoin ma potencial spravat’ sa ako

alternativna trieda aktiv na globalnych finan¢nych trhoch, avsak jeho spravanie sa stale vyrazne

1i$1 od tradi¢nych mien.
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1 Uvod

V poslednom desatroci sa kryptomeny presunuli z okraja finan¢ného systému do centra
pozornosti investorov a tvorcov menovej politiky. Bitcoin, Ethereum a d’alSie kryptomeny,
ktoré spociatku vzbudzovali pochybnosti o svojej Zivotaschopnosti, dnes predstavuji
relevantny prvok svetovej ekonomiky.

Medzi hlavné rozdiely medzi kryptomenami a beznymi menami patria absencia centralnej
regulacie, transparentny a nemenitelny zaznam transakcii v sieti blockchain a vysoka volatilita.
Tieto charakteristiky robia z kryptomien atraktivne aktivum pre investorov s vysSou rizikovou
toleranciou, ktori hl'adaju diverzifikdciu mimo tradi¢nych finan¢nych institucii. Zaroven vSak

tieto vlastnosti predstavuju vyzvu z hl'adiska stability a predvidatelnosti cien.
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Ciel'om prispevku je analyzovat’ faktory, ktoré ovplyvituju spravanie kryptomeny Bitcoin
(BTC/USD) a tradi¢ného menového paru EUR/USD, a zistit’, do akej miery sa ich dynamika
priblizuje alebo liSi. Osobitnd pozornost' je venovand identifikdcii makroekonomickych
a trhovych premennych, ktoré maju vyznamny vplyv na vyvoj oboch aktiv. V ¢lanku
su prezentované¢ dva ekonometrické modely — pre menové pary BTC/USD a EUR/USD —
zostavené z mesacnych udajov za obdobie 2015-2024. Modely umoznuju porovnat’ faktory,
ktoré ovplyviiuji spravanie oboch aktiv, a identifikovat’ ich spolo¢né i odlisné determinanty.
Vysledky ukazujt, ze zatial’ ¢o vynosy BTC/USD reaguji najmé na zmeny volatility akciového
trhu (index VIX) a aktivitu v sieti (objem BTC transakcii), vyvoj EUR/USD je urCovany
tradicnymi makroekonomickymi faktormi, najmi dolarovym indexom (DXY) a urokovym
diferencialom. Tieto zistenia naznacuju, Ze kryptomeny mozu plnit’ tlohu alternativnej triedy

aktiv, avSak s odlisSnou dynamikou od beznych mien.

2 PrehPad doterajSieho vyskumu

Problematika vztahu medzi kryptomenami a tradicnymi finanénymi aktivami bola
predmetom mnohych empirickych Studii. Auer a Claessens (2021) skumali reakcie trhu
kryptomien na regulac¢né spravy a ukazali, ze regulécia zdsadne formuje volatilitu kryptotrhov.
Baur et al. (2024) analyzovali Bitcoin ako potencidlny bezpecny pristav a zistili, ze jeho
korelacia so zlatom sa v obdobi kriz zvySuje. Mazur a Polyzos (2024) preukazali, Ze spustenie
spot Bitcoin ETF zniZilo volatilitu BTC a posilnilo vizby s akciovym trhom. Corbet et al.
(2023) potvrdili dynamicky vztah medzi kryptomenami a tradiécnymi menovymi parmi pocas
makroekonomickych Sokov. Klein a Thu (2024) zdéraznili vplyv geopolitickych udalosti
na spravanie Bitcoinu. Podl'a Daudrikha (2018) kryptomeny prinaSaji novy pohl'ad na funkcie
peniazi mimo tradiénych institucii. Shahzad et al. (2025) poukézali na ¢asovo premenlivl
korelaciu medzi kryptomenami a dlhopismi. Zhang a Zhao (2024) analyzovali prenos volatility
medzi kryptomenami a menovymi parmi. Umar a Gubareva (2025) sa zamerali na kryptomeny
ako doplnok k diverzifikacii portfolii. Nakoniec Liu et al. (2024) identifikovali, Ze vplyv
makroekonomickych faktorov na Bitcoin sa zvySuje s jeho trhovou kapitalizaciou.

Tieto prace vytvaraju teoreticky ramec, na ktory nadvézuje tato Stadia prostrednictvom

porovnania spravania BTC/USD a EUR/USD v podmienkach globalnych financnych trhov.
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3 Metodika

Empirickd analyza hodnoti spravanie kryptomeny Bitcoin voci tradicnym menam.

Zameriava sa na to, do akej miery makroekonomické a trhové faktory ovplyviuja jej vyvo;j.

Bitcoin vs tradiéné meny: podobnosti a rozdiely

e zmena indexu volatility VIX,

e zmena dolarového indexu DXY,

e zmena inflacie (CPL, YoY) a jej kvadraticky ¢len,

e zmena objemu BTC transakcii (log) a jej kvadraticky ¢len,

e interakény ¢len VIX x objem BTC,

e druhé rozdiely urokovej sadzby FED a pefiaznej zasoby M2.

Tabul’ka 1: Premenné v modeli

Premenna Transformacia p- Vysledok
hodnota
Logret BTC_USD log vynos <0.01 |[stacionarna
Lag_logret BTC_USD lag log vynos <0.01 |[stacionarna
Diff_ DXY 1 diferenciacia <0.01 |[stacionarna
Diff_CPIl_YoY 1 diferenciacia <0.01 [stacionarna
Diff_VIX 1 diferenciacia <0.01 |[stacionarna
Diff_VIX_sq Stvorec diff VIX <0.01 |[stacionarna
Diff_CPl_YoY_sq stvorec diff CPI YoY <0.01 |[stacionarna
Logret BTC_VOLUME log vynos <0.01 |[stacionarna
Logret BTC_VOLUME_sq | Stvorec log vynosu <0.01 |[stacionarna
Interaction_vix_volume interakcia (diff VIX * logret BTC | <0.01 |stacionarna
VOLUME)

diff2_FEDFUNDS 2 diferenciacia <0.01 |[stacionarna
diff2_logret_ M2 2 diferenciacia log vynosu <001 |stacionarna

Zdroj: Vlastné spracovanie modelu

Data pochéadzaju z verejne dostupnych zdrojov — FRED (Federal Reserve Economic Data),
CoinMarketCap, Statista a Yahoo Finance — za obdobie januar 2015 az december 2024. Vsetky
casové rady boli transformované do mesacnej frekvencie. Pred odhadom modelov bola
testovana stacionarita vSetkych premennych prostrednictvom Augmented Dickey-Fuller
(ADF) testu. Nestacionarne premenné boli nasledne diferencované. Odhad modelov prebiehal

v prostredi R Studio metédou Ordinary Least Squares (OLS). Na overenie spravnosti

a spol'ahlivosti modelov boli vykonané Standardné diagnostické testy:
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e Shapiro-Wilk test — na overenie normality rezidui,

e Breusch—Pagan test — na detekciu heteroskedasticity,

e Durbin-Watson test — na kontrolu autokorelacie,

e Variance Inflation Factor (VIF) — na odhalenie multikolinearity,

e Ramsey RESET test — na overenie spravnej Specifikacie modelu.

4 Vysledky

Tato Cast’ prezentuje vysledky regresnej analyzy, ktorej cielom bolo identifikovat’ vplyv
vybranych makroekonomickych faktorov na cenovy vyvoj kryptomeny Bitcoin (BTC/USD)
a tradiéného menového paru EUR/USD. Vzhl'adom na povahu ¢asovych radov a poziadavky
na Statisticki robustnost’ boli vSetky premenné pred zahrnutim do modelu testované
na stacionaritu pomocou Augmented Dickey-Fuller (ADF) testu. V pripadoch, kde bola
zistend nestacionarita, boli premenné transformované (logaritmizaciou, diferenciaciou alebo
vypo¢tom vynosov), az kym sa dosiahla ich stacionarita. V oboch modeloch bola zavislou
premennou logaritmickd zmena ceny, teda vynos — v prvom pripade pre kurz BTC/USD
avdruhom pre kurz EUR/USD. Takyto pristup je v ekonometrickej analyze finanénych
casovych radov bezny, pretoze logaritmické vynosy lepSie vystihuju relativne zmeny v Case
a zéaroven znizuju riziko skreslenia v dosledku extrémnych hodnot. Logaritmické vynosy boli
vypocitané podl'a vzorca:

re = log(P) —log(Pe-1)

kde P;predstavuje hodnotu menového kurzu v Case t. Tento sposob vypoctu eliminuje
problém asymetrie vynosov, umoziiuje presnejSiu interpretadciu regresnych koeficientov
a zaruCuje vhodné Statistické vlastnosti dat pre linedrnu regresnii analyzu. Modely boli
odhadnuté metddou Ordinary Least Squares (OLS) a doplnené o niektoré ¢asovo oneskorené
premenné (lagy), aby bolo mozné zachytit’ oneskorené reakcie trhu na ekonomické impulzy.
Takyto pristup je opodstatneny najmé pri menovych kurzoch, ktoré reaguju s urcitym ¢asovym
posunom na zmeny makroekonomickych ukazovatelov. Cielom analyzy bolo porovnat’,
do akej miery a prostrednictvom ktorych faktorov st cenové pohyby kryptomeny Bitcoin a fiat
meny euro voc¢i americkému dolaru ovplyvitované rovnakymi alebo odlisSnymi determinantmi.
Vysledky regresii poukazuju na Strukturalne rozdiely v spravani oboch aktiv a predstavuji
zaklad pre diskusiu o ich konkurenénom postaveni na devizovych trhoch. Zistenia zaroven

prispievaji k lepSiemu pochopeniu otazky, do akej miery moZno Bitcoin povazovat
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za alternativne aktivum s nezavislou dynamikou, alebo ¢i sa jeho spravanie postupne priblizuje

k tradicnym menovym parom pod vplyvom globalizacie finan¢nych trhov.

4.1 Model BTC/USD
Model obsahuje 11 nezéavislych premennych, ktoré reprezentuju trhové, menové
a makroekonomické determinanty. Odhadnuté rovnica dosiahla hodnotu Adjusted R? = 0,138,
¢o znamena, ze priblizne 13,8 % variability vynosov BTC/USD je vysvetlenych modelom.
logret BTC_USD ~ lag_logret BTC_USD - diff DXY + diff CPI_YoY + diff VIX +
diff VIX sq + diff CPl_YoY_sq + logret BTC_VOLUME + logret BTC_VOLUME_sq +
interaction_vix_volume + diff2_FEDFUNDS + diff2_logret_ M2

Residuals:
Min 1Q Median 30 Max
-0.54392 -0.10727 0.00227 0.11947 0.35039

Coefficients:

Estimate Std. Error t-stat Pr(>t|)
(Intercept) 4.434e-02  2.437e-02 1.819 0.0717
lag_logret BTC_USD 1.190e-01 9.026e-02 1.319 0.1901
diff DXY -1.920e-03  9.416e-03 -0.204 0.8388
diff CPI_YoY -3.160e-02  2.035e-02 -1.553 0.1234
diff_VIX -8.465e-03  3.527e-03 -2.400 0.0182 *
diff_VIX_sq 2.696e-05  2.681e-04  0.101 0.9201
diff CPI_YoY_sq -5.146e-03 1.809e-02 -0.284 0.7766
logret BTC_VOL 2.078e-01 4.602e-02  4.516 1.64e-05 ***
logret BTC_VOL_sq -6.558e-02 2.503e-02 -2.619 0.0101 *
interaction_vix_vol 5.844e-03  9.506e-03 0.615 0.5400
diff2 FEDFUNDS  -1.350e-02 1.206e-01 -0.112 0.9111
diff2_logret_ M2 -2.483e+00 3.171e+00  -0.783 0.4354

Signif. codes: 0 “***>(0.001 “**>0.01 **> 0.05°“.> 0.1 * " 1

Residual standard error: 0.1809 on 106 degrees of freedom
Multiple R-squared: 0.2394, Adjusted R-squared: 0.1604
F-statistic: 3.032 on 11 and 106 DF, p-value: 0.001478
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Z jednotlivych premennych boli Statisticky vyznamné:

o diff VIX (p =0,017) — negativny vplyv volatility akciového trhu na vynos Bitcoinu,
e logret BTC_VOLUME (p <0,001) — pozitivny vplyv aktivity v sieti na cenu Bitcoinu.

Ostatné premenné ako inflacia, zmena penaznej zasoby (M2) ¢i urokové sadzby FED
neboli individudlne vyznamné na 5 % hladine, avSak boli ponechané kvoli zachovaniu
Specifikacie a testovatel'nosti interakénych efektov.

Diagnostické testy potvrdili kvalitu modelu:

e Shapiro-Wilk test: p = 0,0687 — rezidua su pribliZzne normalne rozdelené,
e Breusch-Pagan test: p = 0,1021 — nebola zistena heteroskedasticita,

e Durbin—-Watson test: D—-W = 2,009, p = 0,936 — absencia autokorelacie,
e VIF: vSetky hodnoty < 2 — bez multikolinearity,

e RESET test: p = 0,6277 — model $pecifikovany spravne.

Tieto vysledky potvrdzuju, ze spravanie Bitcoinu je podstatne viac zavislé od trhového
sentimentu (meran¢ho indexom VIX) a sietovej aktivity (objem transakcii), nez

od makroekonomickych veli¢in.

4.2 Model EUR/USD

Model EUR/USD s rovnakou Struktiirou nezavislych premennych dosiahol omnoho vyssiu
vysvetl'ovaciu schopnost’:

logret EUR_USD ~ lag_logret BTC_USD - diff DXY + diff CPl_YoY + diff VIX +
diff VIX_sq + diff CPI_YoY_sq + logret BTC_VOLUME + logret BTC_VOLUME_sq +
interaction_vix_volume + diff2_ FEDFUNDS + diff2_logret M2

Residuals:
Min 1Q Median 3Q Max
-0.012967 -0.003403 0.000144 0.003011 0.013081

Coefficients:

Estimate Std. Error t value Pr(>t|)
(Intercept) 1.214e-03 7.016e-04 1.731 0.0864 .
lag_logret BTC_USD 1.947e-03  2.598e-03  0.749 0.4553
diff DXY -1.075e-02  2.710e-04 -39.655 <2e-16 ***
diff CPL_YoY 9.931e-05  5.857e-04  0.170 0.8657
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diff_VIX 1.108e-04 1.015e-04 1.091 0.2775
diff_VIX_sq -3.712e-06  7.717e-06 -0.481 0.6315
diff CPI_YoY_sq -7.700e-04  5.208¢-04  -1.478 0.1422
logret BTC_VOL -1.782e-03  1.325e-03 -1.345 0.1814
logret BTC_VOL_sq 4.706e-04  7.206e-04  0.653 0.5151
interaction_vix_vol 3.075e-04 2.736e-04 1.124 0.2637
diff2_ FEDFUNDS -2.467e-03  3.473e-03 -0.710 0.4790
diff2_logret_ M2 6.940e-02 9.128e-02 0.760 0.4487

Signif. codes: 0 “***”(0.001 “*** 0.01 “*> 0.05°.0.1 “’ 1

Residual standard error: 0.005207 on 106 degrees of freedom

Multiple R-squared: 0.9415, Adjusted R-squared: 0.9355

F-statistic: 155.2 on 11 and 106 DF, p-value: < 2.2e-16

NajvyznamnejSou premennou bola zmena dolarového indexu (diff DXY) s koeficientom
—0,01075 (t = —39,655; p < 2e—16), ¢o indikuje silni inverznu vizbu medzi silou dolara
a kurzom eura.

Diagnostické testy opat’ potvrdili korektnost’ modelu:

e Shapiro-Wilk test: p = 0,9418,

e Breusch-Pagan test: p = 0,9186,

e Durbin—-Watson test: D-W = 2,243 (p = 0,170),
e VIF max = 2,05,

e RESET test: p =0,425.

Model EUR/USD je teda stabilny, vysvetluje viac nez 93 % variability vynosov

a potvrdzuje dominanciu tradicnych makroekonomickych faktorov.

4.3 Porovnanie modelov

Regresné modely zostavené pre kryptomenu Bitcoin (BTC/USD) a tradicny menovy kurz
EUR/USD vyuzivaju identickt §truktiru premennych a ¢asovych transformacii, co umoziuje
ich priamu porovnatel'nost’. Hlavnym ciel'om je zistit, ¢i sa cenovy vyvoj Bitcoinu a eura voci
americkému dolaru riadi rovnakymi ekonomickymi determinantmi, alebo vykazuji odli§né
spravanie. Zatial' ¢o model pre EUR/USD vykazuje vel'mi vysoku predikénu silu (Adjusted R?

=0.935), ¢o je typické pre fiat meny ovplyviiované stabilnymi makroekonomickymi faktormi,
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model pre BTC/USD dosahuje vyrazne nizsiu vysvetl'ovaciu schopnost’ (Adjusted R? = 0.16).
To odraza vysoku volatilitu Bitcoinu, jeho citlivost’ na nepozorovatel'né faktory a Spekulativny
charakter.

Porovnanie vyznamnych premennych:

Premenna BTC/USD EUR/USD
Diff DXY nevyznamna vyznamna
Diff_VIX vyznamna nevyznamna
Logret BTC_VOLUME vyznamna nevyznamna

Zaver

Silny doléar (diff DXY) vyrazne oslabuje euro, no nema Statisticky vyznamny vplyv
na cenu Bitcoinu. To podporuje hypotézu, ze BTC sa sprava odliSne nez tradi¢né fiat meny.
Volatilita trhu (VIX) mé negativny dopad na Bitcoin, ale nie na euro — ¢o moze naznacovat,
Ze investori v ¢ase neistoty opust’aju rizikové aktiva (ako BTC), no euro ako fiat mena takto
nevnimang nie je. Objem obchodov BTC (logret BTC_VOLUME) ovplyviiuje cenu Bitcoinu
pozitivne, no nema vyznamny vplyv na EUR/USD, ¢o zodpoveda realite: fiat meny nie
si pohanané Spekulativnym objemom, ako je to v pripade kryptomien.

Vysledky regresnej analyzy ukazuju zasadné rozdiely medzi spravanim Bitcoinu a kurzu
EUR/USD: kym EUR/USD je vyrazne ovplyvilované tradicnymi makroekonomickymi
faktormi (najmi silou amerického doléra), vynosy BTC/USD st do znacnej miery zavislé
od volatility trhu a obchodnej aktivity, ¢o odraza jeho S$pekulativny charakter. Vysoka
nevysvetlena variabilita v modeli BTC/USD naznacuje, Ze na jeho vyvoj vplyvaju aj faktory
mimo makroekonomickej sféry — ako regula¢né zasahy, spravy z trhu, technologicky vyvoj
¢1 psychologia investorov.

Ciele prispevku boli tymto naplnené — podarilo sa identifikovat hlavné faktory
ovplyviiujiice vyvoj oboch menovych parov, potvrdit’ rozdiely medzi spravanim kryptomeny
a fiat meny a preukdzat, Ze Bitcoin vykazuje znaky samostatnej triedy aktiv, odliSnej
od tradi¢nych mien. Zaroven to ilustruje limity vyuzitia klasickych ekonometrickych modelov

pri analyze kryptomien a poukazuje na potrebu komplexnejSich pristupov pri ich vyskume.

Literattra

1. Auer, R., & Claessens, S. (2021). Cryptocurrency market reactions to regulatory
news. In The Routledge Handbook of FinTech (1st ed., pp. 455-468). London:
Routledge. ISBN 978-0-367-19322-0.

186



Lukas Stanek Bitcoin vs tradi¢né meny: podobnosti a rozdiely

10.

11.

Baur, D. G., Dimpfl, T., & Kuck, K. (2024). Bitcoin as a safe haven revisited.
Evidence from high-frequency data. Finance Research Letters, 62, 104512.

Corbet, S., Lucey, B., Urquhart, A., & Yarovaya, L. (2023). Cryptocurrencies as a
financial asset: A systematic review and research agenda. International Review of
Financial Analysis, 89, 102807.

Daudrikh, Y. (2018). Oficidlna mena verzus kryptomena. In Milniky prava v
stredoeuropskom priestore 2018 (pp. 54—63). Bratislava: Univerzita Komenského v
Bratislave, Pravnicka fakulta. ISBN 978-80-7160-455-1.

Chohan, U. W. (2022). A history of Bitcoin. SSRN Electronic Journal. Available 12.
10. 2025, from https://ssrn.com/abstract=3047875

Klein, T., & Thu, H. T. T. (2024). Geopolitical risk and cryptocurrency markets:
Evidence from the Russia—Ukraine conflict. Finance Research Letters, 61, 103720.

Liu, Y., Zhang, J., & Wang, S. (2024). Macroeconomic determinants of Bitcoin: A
time-varying perspective. Economic Modelling, 132, 106212.

Mazur, M., & Polyzos, E. (2024). Spot Bitcoin ETF. SSRN Electronic Journal.
Available 12. 10. 2025, from https://ssrn.com/abstract=4810965

Shahzad, S. J. H., Bouri, E., & Roubaud, D. (2025). Dynamic correlations between
cryptocurrencies and bond markets: Evidence from wavelet coherence analysis.
Research in International Business and Finance, 69, 102108.

Umar, Z., & Gubareva, M. (2025). Cryptocurrencies and portfolio diversification:
New evidence from a dynamic conditional correlation approach. Journal of
International Financial Markets, Institutions & Money, 90, 102716.

Zhang, Y., & Zhao, X. (2024). Volatility transmission between cryptocurrencies and
traditional currencies: Evidence from high-frequency data. Journal of Financial
Markets, 67, 101010.

Kontakt

Ing. Lukas Stanek

Ekonomicka Univerzita v Bratislave
Hospodarska 19

921 01 Piestany

Slovenska republika
lukas.stanek@euba.sk

187


https://ssrn.com/abstract=3047875
https://ssrn.com/abstract=4810965

Sofia Zavacka, Nadezda Jankelova Digital Transformation in Healthcare: A Systematic
Review of Organizational and Managerial Implications

Sofia Zavacka, NadeZda Jankelova
Digital Transformation in Healthcare: A Systematic Review

of Organizational and Managerial Implications

Abstract

Healthcare is undergoing a conceptual shift in the way medical services are delivered,
accompanied by an ongoing process of digital transformation. However, its success depends
not only on the implementation of digital technologies but also on the readiness of managerial
and organizational systems to adapt to these changes. The aim of this study is to analyze
the organizational and managerial implications of digital transformation through a systematic
review of literature published between 2020 and 2025. Based on this analysis, the most
frequently identified changes related to the adoption of digital technologies were examined,
along with their organizational and managerial consequences. The findings of the study
emphasize three key determinants of successful digital transformation in healthcare: digital
transformation leadership, agile organizational structures, and the systematic development

of employees’ digital skills.
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Introduction

Digital transformation is affecting all areas of contemporary social life, and the healthcare
sector is no exception. Although healthcare is one of the slowest sectors in terms of digital
technology adoption, it has undergone significant reform in recent years (Jose et al., 2023). This
reform is closely linked to the advent of Industry 4.0 and its new incarnation, Industry 5.0.
As the healthcare sector is developing more slowly than other sectors, in many cases it is still
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catching up with the implementation of technologies characteristic of the fourth industrial
revolution (Tsekouropoulos et al., 2025). However, the transformation does not only concern
technological changes, but also includes fundamental managerial and organizational shifts
(Kludacz-Alessandri et al., 2025). Most existing research focuses primarily on the technological
aspects of digitization, while less attention is paid to its implications in terms of organizational
management and managerial approaches, which require significant changes in the way
healthcare organizations operate. The aim of this article is therefore to analyze the consequences
of digital transformation from a managerial and organizational perspective. Based on this,
the research question was formulated as follows: "What are the main organizational and
managerial consequences of digital transformation in healthcare?". Through a systematic
review of the literature, the article seeks to synthesize current knowledge about these
consequences and identify the most common challenges and opportunities that healthcare

organizations encounter when implementing digital technologies.

1 Theoretical background

As outlined in the introduction, the digitization of the healthcare sector is among
the slowest industries to adopt digital technologies (Jose et al., 2023; Tsekouropoulos et al.,
2025). Hermes (2020) cites several reasons for this delay in his study. The first reason
is the complexity of the sector, which must serve a large number of stakeholders, such
as various patient groups, professional groups, and organizations. The second reason
is the barriers that arise during implementation, in particular resistance to change and concerns
about the security of new systems. The third factor is the low level of acceptance of new forms
of healthcare services by patients themselves, who often feel apprehensive and distrustful
of digital tools. The final reason is that information technologies do not offer a sufficiently user-
friendly environment (Hermes et al., 2020). Nevertheless, the COVID-19 pandemic has
accelerated this digital transformation in this sector as well. Healthcare is gradually undergoing
a conceptual change (Mauro et al., 2024). In practice, this means that traditional forms
of healthcare delivery are becoming increasingly digitized and adopting the principles
of Industry 4.0 and 5.0 (Yadav et al., 2024).

In connection with the introduction of characteristic features of the fourth and fifth
industrial revolutions, terms such as telemedicine, e-Healthcare, mHealth, and Smart Home
Healthcare have become increasingly common in professional literature (de Melo e Castro
e Melo & Araujo, 2020; Limna, 2023; Stuss, 2023). These are concepts whose common goal
isto provide better quality healthcare services (Natakusumah et al., 2022) and improve
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the overall customer experience of the patient (Hameed et al., 2024). However, this requires
close cooperation and interconnection between the various actors in the system—healthcare
facilities, clinics, patients, and other stakeholders (Li & Carayon, 2021). New forms
of healthcare delivery bring remote patient monitoring, real-time sharing of extensive data,
personalized treatment, and equality in the provision of care even in remote areas (Jose et al.,
2023; Stuss, 2023).

The adoption of digital technologies thus brings new possibilities and opportunities
to which organizations must actively adapt (Bocean & Varzaru, 2025), and it is up to them
to decide how to use these technologies and whether they can turn them into a competitive
advantage (Mauro et al., 2024). Digitalization is thus creating growing pressure
on organizations to remain competitive and resilient in a changing environment (Charalambous,
2024). This process requires a comprehensive change that includes not only technological
changes, but also managerial, organizational, political, cultural, and behavioral transformations
(Zhang et al., 2025). The implementation of digital technologies is changing traditional
processes, structures, work tasks, and managerial approaches towards more agile and adaptive
ones to the new ecosystem (Kludacz-Alessandri et al., 2025). Since the adoption of new
technologies brings about changes in the way we work, it is also necessary to reorganize and
transform organizational cultures to reflect the new paradigms of the digital era. However,
changes in the workplace bring with them a number of challenges, such as resistance to change,
fear of job loss, and a lack of digital skills (Bocean & Varzaru, 2025). To overcome these
challenges and support the new concept, agile organizational structures that promote change,
collaboration, and trust are presented as effective solutions. Such agile cultures can quickly
adapt to changing conditions, strengthen innovative thinking and motivation, take a certain
degree of risk, and at the same time increase the organization's resilience to change (Kludacz-
Alessandri et al., 2025; Pilosof et al., 2025; Tortorella et al., 2022; Tsekouropoulos et al., 2025).
For the successful implementation of agile approaches, it is essential that employees have
adequate technological skills, which, according to several authors, are a key determinant
of successful digital transformation (Mauro et al., 2024) . In this context, we can talk about
the need to develop a culture of innovation that focuses on knowledge management, experience
sharing, and the creation of new training programs that enable the retraining and development
of employees' digital skills (Al-Jaroodi et al., 2020; da Silva et al., 2022; Galanti et al., 2023,;
Gaur, 2020; Tsekouropoulos et al., 2025).
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If healthcare facilities have sufficiently agile organizational structures and a culture based
on trust and cooperation, they can build strong organizational resilience to changing conditions
and maintain stability even in crisis situations (Pilosof et al., 2025; Tortorella et al., 2022).

Preparing an organization to withstand various disruptions and unexpected events requires
more than just organizational restructuring (Kludacz-Alessandri et al., 2025). For digital
transformation to be successful, resilient, and agile, the approach of healthcare organization
management must also change. Managers should choose management approaches that combine
all the key determinants of digitization and enable effective change management. Leaders and
senior management should be able to support their employees, build trust, motivate, and clearly
communicate the need for transformation. Managers must therefore be proactive, digitally
literate, and lead by example, with their main goal being to align digital tools with
the organization's vision, employee competencies, and new work processes. Therefore,
the concept of Digital Transformational Leadership (DTL) seems more appropriate,
asitisbased on the ability of managers to overcome challenges and take advantage
of the opportunities offered by digitalization (Kludacz-Alessandri et al., 2025; Tsekouropoulos
et al., 2025).

Given the vulnerability of the healthcare sector, which is characterized not only by a slower
pace of technology adoption but also by a high degree of sensitivity, security, and ethical
responsibility of the services provided, it is necessary to ensure a balance between technological
progress and moral integrity (Guckert et al.,, 2022; Tsekouropoulos et al.,, 2025).
The recommended comprehensive management concept, which goes a step further than digital
transformation leadership, is called Leadership 4.0. The proposed concept combines digital
leadership, transformational leadership, ethical leadership, and distributed leadership, enabling
a response to the complexity and dynamics of the current environment (Kludacz-Alessandri
et al., 2025).

As Galazzi (2025) points out, it is precisely managers' approach to digitization that will
be the decisive factor—they can be the driving force behind the organization's development,
but if they are not properly set up, they can slow down or even block the entire digital

transformation process.

2 Methodology

To achieve the objective of this study, a systematic literature review (SLR) methodology

was chosen. It is based on the recommended framework proposed by Sauer and Sauring (2023)
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for systematic reviews in the field of management. This framework consists of six logically
connected steps:

1. Defining the research question.

2. Selecting publication criteria.

3. Searching for and selecting relevant studies.

4. Synthesizing the literature.

5. Summarizing and interpreting key findings.

6. Presenting the main results (Sauer & Seuring, 2023).

Based on the above framework, the initial phase of the research focused on formulating
the research question. Since the aim of this article is to analyze the consequences of digital
transformation from a managerial and organizational perspective, the research question was
formulated as follows: "What are the main organizational and managerial consequences
of digital transformation in healthcare?" In the second step, it was necessary to establish
the criteria for selecting relevant scientific publications on the topic under investigation.
The selection criteria are shown in Table 1.

Table 1: Selection Criteria

Criterion Specification
Time period 2020-2025
Databases Web of Science, Scopus, IEEE Xplore, ScienceDirect, Google Scholar
Keywords “digital transformation”, “healthcare”, “Industry 4.0”, “Industry 5.0”,
“managerial implications”, “organizational change”
Language English

Source: Author’s own elaboration

The established criteria became the basis for the systematic selection and subsequent
screening of scientific publications. Duplicate records and articles with limited relevance
to managerial and organizational aspects were removed from the initial selection. After
selection, 35 scientific articles were included in the analysis. The analysis of the selected
publications identified three key thematic areas: a) digital transformation in healthcare,
b) organizational consequences, and c¢) managerial implications. The logical sequence
of thematic areas is illustrated in Figure 1. The main findings from each area, as well as their

interconnections and recommendations, are systematically presented in the following sections.
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Figure 1: Thematic areas

Digital Organizational Managerial

Healthcare Consequences Implications

Source: Author’s own elaboration

3 Results

A systematic review of the literature made it possible to identify and analyze in more detail
three key thematic areas that represent the core of the issue under investigation. The main
findings are summarized in three tables. Table 2 summarizes the five most frequently mentioned
changes associated with digital transformation in healthcare. These changes are followed
by Tables 3 and 4, which reflect the identified organizational and managerial challenges and
also point to the opportunities associated with the implementation of digital transformation

in healthcare organizations.

3.1 Digital Healthcare
The most frequently mentioned changes in the healthcare sector in the publications

examined are presented in Table 2.

Table 2: Changes in healthcare associated with digitization

Category Change Authors
(Basulo-Ribeiro & Teixeira,
Patient care Transition to patient-centered care | 2024; Raisa et al., 2025; Yadav
et al., 2024)
Digital Introducing information (Angerer et al., 2022; Kiran et
technologies technologies into work processes | al., 2024; Stoumpos et al., 2023)
New healthcare Development of eHealth, Smart (de Melo e Castrp e Melo &
concepts home healthcare,.rr_\HeaIth, and Aratjo, 2020; Limna, 2023;
telemedicine Stuss, 2023)
Efficiency and Process optimization and (Bocean & Varzaru, 2025; Kiran
performance reduction of routine tasks etal., 2024)

(de Melo e Castro e Melo &
Aratjo, 2020; Gomathi et al.,
2023; Osama et al., 2023)

Accessibility and Transition to digital and hybrid
equity of care models of care

Source: Author’s own elaboration

One of the changes is the transition of healthcare from the traditional model to a patient-

oriented approach, which in practice means actively involving patients in decision-making and
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their participation in the entire process of healthcare provision. This change is related
to the introduction of digital technologies into individual work processes, which fundamentally
change the way healthcare is provided. At the same time, digital transformation has a significant
impact on the efficiency and performance of healthcare staff, as information technology reduces
routine activities and optimizes processes, allowing the focus of work to shift from operational
to strategic tasks. These changes have created space for the emergence of new concepts
of healthcare provision that overcome time and geographical barriers, thereby ensuring more

equitable and accessible healthcare for all patients.

3.2 Organizational and managerial implications of digital transformation
Organizations need to prepare adequately for the changes mentioned in the previous section
and adapt their organizational and managerial approaches accordingly. This section therefore
focuses on the organizational and managerial implications of digital transformation, which
are divided into two areas. The first part identifies the main challenges and barriers that
healthcare organizations must contend with when implementing digital changes. The second
part, on the other hand, focuses on the opportunities and new possibilities that digital

transformation brings, thereby contributing to the development of the healthcare system.

Table 3: Organizational and managerial challanges

Category Challange Authors
. (Dhanpat et al., 2020; Hermes et
appr%l;::t# rt?) acr;\inge Remstancgftgrﬁg?ggsecs)n the part al., 2020; Tsekouropoulos et al.,
2025; Yadav et al., 2024)
Human resources Lack of digital skills and (Galanti et al., 2023; Gaur, 2020;
and competencies systematic training Mauro et al., 2024)
Management and Traditional management (Kludacz-Alessandri et al., 2025;
leadership approaches are ineffective Tsekouropoulos et al., 2025)I
Technology and Data protection and security (Bocean & Varzaru, 2025;
; . Brommeyer et al., 2024; Limna,
security against data leaks 2023)
Organizational Inflexible organizational (Kludacz-Alessandri et al., 2025;
structures structures and poor coordination Mauro et al., 2024)
(Jabeen et al., 2025; Kiran et al.,
Work environment Change in the nature of work 2024; Kludacz-Alessandri et al.,
2025)

Source: Author’s own elaboration
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Table 4: Organizational and managerial opportunities

Category Opportunity Authors
Culture and Strengthening a culture of (Galazzi et al., 2025; Kludacz-
innovation and a supportive Alessandri et al., 2025)
approach to change .
environment
Systematic knowledge (Galazzi et al., 2025; Kitsios &
Human resources _
and competencies management an_d a culture of Kapetaneas, 2022;
learning Tsekouropoulos et al., 2025)
Management and Introduction of digital (Kludacz-Alessandri et al., 2025;
Iez?dershi transformation leadership / Tsekouropoulos et al., 2025;
P Leadership 4.0 Vong et al., 2025)
Technology and Digital resilience and regulatory | (Hameed et al., 2024; Pilosof et
security and ethical frameworks al., 2025; Tortorella et al., 2022)

Organizational
structures

(Kiran et al., 2024; Kludacz-
Alessandri et al., 2025)
(Bocean & Varzaru, 2025;
Jabeen et al., 2025; Stoumpos et
al., 2023)

Agile and flexible structures

New forms of work and

Work environment digitization at all levels

Source: Author’s own elaboration

Digital transformation brings a number of organizational and managerial challenges that
can be summarized into six main categories. However, these challenges also open up new
opportunities for development and innovation, as shown in Table 4.

When it comes to implementing change, employees often resist or fear losing their jobs.
However, this challenge also creates an opportunity to build a culture of innovation and
a supportive environment that strengthens employee motivation, trust, and openness to change.
Mistrust or fear is often accompanied by insufficient digital literacy. If an organization
implements systematic knowledge management and creates a culture of continuous learning,
it can effectively support the retraining of employees and the development of their digital skills.
However, the management system itself must also respond to these changes. Traditional
hierarchical management models are proving inadequate, opening the door to new approaches
such as digital transformation management and Leadership 4.0, which combine technological
innovation with the human dimension of leadership. In addition to appropriate leadership,
it is also necessary to adapt the working environment and organizational structures so that they
are able to respond flexibly and promptly to change. Organizations set up in this way can
effectively manage unexpected situations and crises while building digital resilience, which
is key to the long-term sustainability of transformation processes.

Based on the analysis, it can be concluded that the identified challenges and opportunities
point to three key determinants of successful digital transformation in healthcare, namely:

a) the development of digital transformation leadership 4.0,
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b) the introduction of agile organizational structures, and

c) the systematic development of employees' digital skills.

4 Discussion

The main findings of this study confirm that digital transformation in the healthcare sector
should not be limited to the technological level. For its successful implementation, effective
management and implementation of organizational changes are essential, as they prove
to be one of the key factors influencing the outcome of the entire transformation process. This
conclusion is consistent with the findings of Kludacz-Alessandri et al. (2025), who emphasize
the need to link technological innovations with managerial and organizational processes
in order for digitization to deliver real value. It has also been confirmed that traditional
structures and management models, as claimed by Tsekouropoulos et al. (2025) and Gjellebek
et al. (2020), are insufficient and require a shift to more flexible and inclusive leadership
models. In most cases, the authors of the publications examined presented two management
models, namely digital transformational leadership (Kludacz-Alessandri et al., 2025) and
Leadership 4.0 (Tsekouropoulos et al., 2025), which reflect the needs of digital transformation.
The third key determinant was digital literacy, which is only effective if it is systematically
managed and supported by a culture of learning. Unlike Brommeyer (2024), who perceives
digital competencies primarily as individual employee skills, the results of this study point
to the need for their systematic development at the level of the entire organization through

knowledge management, continuous education, and leadership support.

Conclusion

As the findings of this study show, digital transformation is a multidimensional process
that requires thorough preparation and a comprehensive approach. For its successful
implementation, it is not enough to introduce new digital technologies; it is also necessary
to prepare the working environment, organizational structures, and management approaches for
these changes to ensure a smooth transition with minimal difficulties. The results also indicate
that the digitization of healthcare is fundamentally changing the way healthcare is provided,
which is also reflected in organizational and managerial consequences. Whether the impacts
of digital transformation will be positive or negative will largely depend on the leadership
of organizations and how they manage to integrate new digital technologies into their
processes.This study was based on a systematic review of the literature, which provides

a comprehensive overview of the organizational and managerial implications of digital
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transformation, but its conclusions are limited by the selection of publications and
the theoretical nature of the sources analyzed. For future research, it is therefore recommended
to expand systematic knowledge with empirical studies focused on specific healthcare facilities
and their practical experience with the implementation of digital technologies. It would also
be appropriate to supplement the research with qualitative analyses focused on the perception
of digital transformation by employees and patients, which would allow for a more

comprehensive understanding of its impact in practice.
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This work was supported by VEGA 1/0010/23 Adaptability of corporate culture — a factor

supporting resilience and sustainability of enterprises in Slovakia in the post-covid period.

Literature

1. Al-Jaroodi, J., Mohamed, N., & Abukhousa, E. (2020). Health 4.0: On the Way to
Realizing the Healthcare of the Future. leee Access, 8, 211189-211210.
https://doi.org/10.1109/ACCESS.2020.3038858

2. Angerer, A., Stahl, J., Krasniqi, E., & Banning, S. (2022). The Management
Perspective in Digital Health Literature: Systematic Review. JMIR mHealth and
uHealth, 10(11), e37624. https://doi.org/10.2196/37624

3. Basulo-Ribeiro, J., & Teixeira, L. (2024). The Future of Healthcare with Industry
5.0: Preliminary Interview-Based Qualitative Analysis. Future Internet, 16(3), Article
3. https://doi.org/10.3390/fi16030068

4. Bocean, C. G., & Varzaru, A. A. (2025). Health status in the era of digital
transformation and sustainable economic development. BMC Health Services
Research, 25(1), 343. https://doi.org/10.1186/s12913-025-12498-y

5. Brommeyer, M., Whittaker, M., & Liang, Z. (2024). Organizational Factors
Driving the Realization of Digital Health Transformation Benefits from Health Service
Managers: A Qualitative Study. Journal of Healthcare Leadership, 16, 455472,
https://doi.org/10.2147/JHL.S487589

6. Charalambous, A. (2024). Digital transformation in healthcare: Have we gone off the
rails? Asia-Pacific Journal of Oncology Nursing, 11(5), 100481.
https://doi.org/10.1016/j.apjon.2024.100481

7. da Silva, L. B. P., Soltovski, R., Pontes, J., Treinta, F. T., Leitao, P., Mosconi, E.,
de Resende, L. M. M., & Yoshino, R. T. (2022). Human resources management 4.0:
Literature review and trends. Computers & Industrial Engineering, 168, 108111.
https://doi.org/10.1016/j.cie.2022.108111

8. de Melo e Castro e Melo, J. A. G., & Araijo, N. M. F. (2020). Impact of the Fourth
Industrial Revolution on the Health Sector: A Qualitative Study. Healthcare
Informatics Research, 26(4), 328-334. https://doi.org/10.4258/hir.2020.26.4.328

197



Sofia Zavacka, Nadezda Jankelova Digital Transformation in Healthcare: A Systematic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Review of Organizational and Managerial Implications

Dhanpat, N., Buthelezi, Z., Joe, M., Maphela, T., & Shongwe, N. (2020). Industry
4.0: The role of human resource professionals. SA Journal of Human Resource
Management, 18, 1-11. https://doi.org/10.4102/sajhrm.v18i0.1302

Galanti, T., De Vincenzi, C., Buonomo, I., & Benevene, P. (2023). Digital
Transformation: Inevitable Change or Sizable Opportunity? The Strategic Role of HR
Management in Industry 4.0. Administrative Sciences, 13(2), 30.
https://doi.org/10.3390/admsci13020030

Galazzi, A., Fonda, F., Chiappinotto, S., Justi, L., Senderskov Frydensberg, M.,
Lehmann Boesen, R., Macur, M., de San Pedro, M., Reixach Espaulella, E., &
Palese, A. (2025). Recommendations to promote the digital healthcare transformation
in the clinical practice: Findings from an international consensus development method.
BMC Health Services Research, 25(1), 929. https://doi.org/10.1186/512913-025-
13079-9

Gaur, B. (2020). HR4.0: An Analytics Framework to redefine Employee Engagement
in the Fourth Industrial Revolution. Int. Conf. Comput., Commun. Netw. Technol.,
ICCCNT. 2020 11th International Conference on Computing, Communication and
Networking Technologies, ICCCNT 2020.
https://doi.org/10.1109/ICCCNT49239.2020.9225456

Gomathi, L., Mishra, A. K., & Tyagi, A. K. (2023). Industry 5.0 for Healthcare 5.0:
Opportunities, Challenges and Future Research Possibilities. 2023 7th International
Conference on Trends in Electronics and Informatics (ICOEI), 204-213.
https://doi.org/10.1109/ICOEI56765.2023.10125660

Guckert, M., Milanovic, K., Hannig, J., Simon, D., Wettengl, T., Evers, D.,
Kleyer, A., Keller, T., & Pitt, J. (2022). The Disruption of Trust in the Digital
Transformation Leading to Health 4.0. Frontiers in Digital Health, 4.
https://doi.org/10.3389/fdgth.2022.815573

Hameed, K., Naha, R., & Hameed, F. (2024). Digital transformation for sustainable
health and well-being: A review and future research directions. Discover
Sustainability, 5(1), 104. https://doi.org/10.1007/s43621-024-00273-8

Hermes, S., Riasanow, T., Clemons, E. K., Bohm, M., & Krcmar, H. (2020). The
digital transformation of the healthcare industry: Exploring the rise of emerging
platform ecosystems and their influence on the role of patients. Business Research,
13(3), 1033-1069. https://doi.org/10.1007/s40685-020-00125-x

Jabeen, G., Goli, G., Kafila, Ravindran, G., & Srihita, R. H. (2025). A Review on
the 4.0 Industrial Revolution and its Impact on Human Resource Management Trends.
Journal of Scientometric Research, 14(1), 1-15.
https://doi.org/10.5530/jscires.20251036

Jose, A., Tortorella, G. L., Vassolo, R., Kumar, M., & Mac Cawley, A. F. (2023).
Professional Competence and Its Effect on the Implementation of Healthcare 4.0
Technologies: Scoping Review and Future Research Directions. International Journal
of Environmental Research and Public Health, 20(1), 478.
https://doi.org/10.3390/ijerph20010478

Kiran, Z., Mohd Makhbul, Z., & Ayob, A. (2024). Electronic Human Resource
Management (e-HRM) in Smart Society 5.0 (pp. 25-35).

198



Sofia Zavacka, Nadezda Jankelova Digital Transformation in Healthcare: A Systematic

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Review of Organizational and Managerial Implications

Kitsios, F., & Kapetaneas, N. (2022). Digital Transformation in Healthcare 4.0:
Critical Factors for Business Intelligence Systems. Information, 13(5), 247.
https://doi.org/10.3390/info13050247

Kludacz-Alessandri, M., Hawrysz, L., Zak, K., & Zhang, W. (2025). The impact of
digital transformational leadership on digital intensity among primary healthcare
entities: A moderated mediation model. BMC Health Services Research, 25.
https://doi.org/10.1186/s12913-025-12283-x

Li, J., & Carayon, P. (2021). Health Care 4.0: A Vision for Smart and Connected
Health Care. IISE Transactions on Healthcare Systems Engineering, 11(3), 171-180.
https://doi.org/10.1080/24725579.2021.1884627

Limna, P. (2023). The Digital Transformation of Healthcare in The Digital Economy:
A Systematic Review. International Journal of Advanced Health Science and
Technology, 3, 127-132. https://doi.org/10.35882/ijahst.v3i2.244

Mauro, M., Noto, G., Prenestini, A., & Sarto, F. (2024). Digital transformation in
healthcare: Assessing the role of digital technologies for managerial support processes.
Technological Forecasting and Social Change, 209, 123781.
https://doi.org/10.1016/j.techfore.2024.123781

Natakusumah, K., Maulina, E., Muftiadi, A., & Purnomo, M. (2022). Digital
transformation of health quality services in the healthcare industry during disruption
and society 5.0 era. Frontiers in Public Health, 10.
https://doi.org/10.3389/fpubh.2022.971486

Osama, M., Ateya, A. A., Sayed, M. S., Hammad, M., Plawiak, P., Abd El-Latif,
A. A, & Elsayed, R. A. (2023). Internet of Medical Things and Healthcare 4.0:
Trends, Requirements, Challenges, and Research Directions. Sensors, 23(17), 7435.
https://doi.org/10.3390/s23177435

Pilosof, N. P., Welcman, Y., Barrett, M., Oborn, E., & Barrett, S. (2025). Building
digital resilience: Leading healthcare transformation through an online community.
Frontiers in Digital Health, 7, 1656804. https://doi.org/10.3389/fdgth.2025.1656804

Raisa, J. F., Rahman, Md. S., Mahmud, 1., Kaiser, M. S., & Han, D. S. (2025).
Transition toward Healthcare 5.0: Impact of COVID-19 in the healthcare industry. ICT
Express. https://doi.org/10.1016/j.icte.2025.04.002

Sauer, P. C., & Seuring, S. (2023). How to conduct systematic literature reviews in
management research: A guide in 6 steps and 14 decisions. Review of Managerial
Science, 17(5), 1899-1933. https://doi.org/10.1007/s11846-023-00668-3

Stoumpos, A. 1., Kitsios, F., & Talias, M. A. (2023). Digital Transformation in
Healthcare: Technology Acceptance and Its Applications. International Journal of
Environmental Research and Public Health, 20(4), 3407.
https://doi.org/10.3390/ijerph20043407

Stuss, M. (2023). The concept of HR 4.0: A literature review. International
Entrepreneurship Review, 9, 109-121. https://doi.org/10.15678/1ER.2023.0903.07

Tortorella, G. L., Fogliatto, F. S., Saurin, T. A., Tonetto, L. M., & McFarlane, D.
(2022). Contributions of Healthcare 4.0 digital applications to the resilience of
healthcare organizations during the COVID-19 outbreak. Technovation, 111, 102379.
https://doi.org/10.1016/j.technovation.2021.102379

199



Sofia Zavacka, Nadezda Jankelova Digital Transformation in Healthcare: A Systematic

33.

34.

35.

36.

Review of Organizational and Managerial Implications

Tsekouropoulos, G., Vasileiou, A., Hoxha, G., Theocharis, D., Theodoridou, E., &
Grigoriadis, T. (2025). Leadership 4.0: Navigating the Challenges of the Digital
Transformation in Healthcare and Beyond. Administrative Sciences, 15(6), 194.
https://doi.org/10.3390/admsci15060194

Vong, K. C., Udomvitid, K., Ueki, Y., Intalar, N., Pongsathornwiwat, A.,
Pannakkong, W., Komolavanij, S., & Jeenanunta, C. (2025). Strategic Human
Resource Development for Industry 4.0 Readiness: A Sustainable Transformation
Framework for Emerging Economies. Sustainability, 17(15), 6988.
https://doi.org/10.3390/su17156988

Yadav, H., Yadav, P., & Sharma, S. (2024). Smart Healthcare: Paradigm Shift in
Industry 5.0 Using Al. In: Arya, R., Sharma, S.C., Verma, A.K., lyer, B. (eds) Recent
Trends in Artificial Intelligence Towards a Smart World. (pp. 67-97). Springer,
Singapore. https://doi.org/10.1007/978-981-97-6790-8_3

Zhang, L., Bullen, C., & Chen, J. (2025). Digital Health Innovations to Catalyze the
Transition to Value-Based Health Care. JIMIR Medical Informatics, 13(1), e57385.
https://doi.org/10.2196/57385

Contact

Ing. Sofia Zavacka

University of Economics in Bratislava
Dolnozemska cesta 1

852 35 Bratislava

Slovak Republic
sofia.zavacka@euba.sk

Prof. Ing. Nadezda Jankelova, PhD., MPH
University of Economics in Bratislava
Dolnozemska cesta 1

852 35 Bratislava

Slovak Republic
nadezda.jankelova@euba.sk

200


https://doi.org/10.3390/admsci15060194
https://doi.org/10.3390/su17156988
https://doi.org/10.1007/978-981-97-6790-8_3
https://doi.org/10.2196/57385

