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Digitalna transformacia a jej nastroje: Prehl’adova Studia
Digital transformation and its tools: A review study

Sabina Janikovic¢ova, FrantiSek Pollak

Abstract

This review study analyzes publications focusing on digital transformation and its tools, which
play a key role in modernizing business processes and enhancing the competitiveness of
organizations in the digital age. The main issue addressed is the limited understanding of the
impact of individual digital transformation tools on small and medium-sized enterprises,
including differences in their adoption and implementation success. The methodology is based
on a systematic literature review, with data collected from the Web of Science database
covering the period from 2010 to 2025. The analysis included the most cited publications
emphasizing their scientific value and practical relevance, identifying key areas such as cloud
services, big data analytics, artificial intelligence, digital marketing, and cybersecurity. The
study found that digital marketing and big data analytics are among the most researched areas,
highlighting their importance for businesses. Conversely, cybersecurity, despite its growing
significance, remains underrepresented in research. The results also revealed synergistic
effects of combining multiple technologies and identified significant gaps in the literature,
offering potential directions for future studies. The fundamental conclusion is that the
successful implementation of digital transformation tools depends on tailoring them to the
specific needs of businesses. This study provides a valuable overview of publications on digital
transformation and its tools, serving as a foundation for further research in this field.

JEL classification: 033, L86, M15
Keywords: Artificial Intelligence, Cybersecurity, Cloud Services

1 Uvod

V poslednom desatro¢i zaznamenala téma digitalnej transformécie vyrazny néarast zaujmu
v akademickej sfére, pricom sa Coraz viac zameriava na jej aplikaciu a dopad na podnikové
prostredie. KIi¢ové vyskumy zdoraznili vyznam technolégii, ako st cloudové sluzby, analyza
velkych dat, umeld inteligencia ¢i internet veci, ktoré predstavuju zékladné piliere procesu
digitalizacie. Tieto technoldgie maju potencial nielen zlepsit efektivitu podnikov, ale aj
podporit’ strategické rozhodovanie a zvysit’ ich konkurencieschopnost’ v digitalnej ekonomike.
Napriek rasticemu mnozstvu literatiry venovanej digitalnej transformacii sa vSak ukazuje
potreba systematickejSej analyzy, ktora by poskytla hlbsie porozumenie ich skuto¢ného dopadu
na podniky a objasnila rozdiely v miere a ispes$nosti ich implementacie.

Zostava otazkou, preCo niektoré podniky uprednostiiuji urcité nastroje digitalnej
transformécie, zatial’ ¢o iné sa rozhoduju pre iné pristupy, alebo preco ich zavadzanie v praxi
Casto nardza na rozne prekazky. Sucasna literattra len ¢iasto¢ne pokryva tieto problematiky a
Casto chyba uceleny pohlad na vzajomné prepojenie jednotlivych néstrojov a ich synergicky
efekt. Obzvlast’ malym a strednym podnikom, ktoré celia Specifickym obmedzeniam, ako st
nedostatok financii, expertizy ¢i technologickych zdrojov, je venovand relativne mala
pozornost’.

Cielom tejto Studie bolo analyzovat’ rozsah publikacnej ¢innosti zameranej na digitalnu
transforméciu a jej jednotlivé néstroje. Tato praca zaroven prispieva k diskusii o digitalnej
transforméacii tym, Ze poskytuje odporucania pre budtci vyskum a identifikuje medzery, ktoré
je potrebné d’alej skamat’.
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2 Sucasny stav rieSenej problematiky doma a v zahranici

Digitdlna transformécia je komplexny fenomén, ktory mozno analyzovat cez rdzne
teoretické pristupy. Medzi najcastejSie vyuzivané patri model digitalnej zrelosti, ktory rozliSuje
rozne Girovne adapticie digitalnych technologii. Dal§im vyznamnym konceptom je model
technologickej akceptacie, ktory vysvetl'uje faktory ovplyviiujiice prijatie novych digitalnych
nastrojov v organizaciach. Tieto modely poskytuji rdmec na hodnotenie efektivity
implementécie digitalnej transformacie a pomahaju vysvetlit’ variabilitu ispesnosti jej aplikacie
v praxi (Vial, 2019).

Medzi hlavné nastroje digitalnej transformécie patria cloudové sluzby, ktoré umoznuju
organizaciam Skdlovat’ svoje IT infrastruktiry a znizovat’ nédklady (Ardolino et al., 2018), a
analyza velkych dat (Big Data), ktord podporuje efektivne rozhodovanie prostrednictvom
hlbsej analyzy zakaznickych preferencii a trhovych trendov (Frank et al., 2019). Umela
inteligencia (Al) sa Coraz viac vyuziva na automatizaciu procesov a predikciu, ¢im vyrazne
zvySuje efektivitu podnikania (Darko et al., 2020).

Vyznamnym aspektom digitdlnej transformacie je aj kybernetickd bezpecnost, ktora je
kl'icova pre ochranu citlivych dat v digitdlnom prostredi (Garcia-Perez, 2023). Napriek jej
nevyhnutnosti bola v prehl'ade publikécii identifikované ako relativne menej skimana oblast,
¢o naznacuje priestor pre d’alsi vyskum.

Podl'a Hanelt et al. (2021) digitalna transformécia vyzaduje interdisciplinarny pristup, ktory
zohl'adiiuje technologické, strategické a organizacné aspekty. Z tohto pohladu je dolezité
chapat, ze uspeSnd implementicia digitalnych technologii je podmienend nielen ich
dostupnostou, ale aj schopnost’ou organizacie adaptovat’ sa na nové vyzvy a moznosti.

3 Vyskumny dizajn

Data pouzité v tejto prehl'adovej $tadii boli zhromazdené systematickym preskimanim
publikacii dostupnych na platforme Web of Science (WoS). Vyber zdrojov prebiehal na zéklade
autorského kl'ucového slova -,digital transformation®, a nasledne na zéklade vyhladavania
jednotlivych nastrojov digitalnej transformacie, kde pri kazdom vyhladavani bolo ,,digital
transformation® ur¢ené ako doplnkové klI'i¢ové slovo. Pri filtrovani zdrojov sme sa zamerali na
¢lanky publikované za poslednych pétnést’ rokov (2010 — 2025), aby sme zaistili aktualnost’ a
relevanciu zisteni. Boli zahrnuté iba recenzované ¢lanky s preukazatel'nou vedeckou hodnotou,
pri¢om osobitna pozornost’ bola venovana Studidm tykajiacim sa aplikacie digitalnych nastrojov
v podnikoch.

Cielom tejto Studie bolo analyzovat’ rozsah publikacnej ¢innosti zameranej na digitalnu
transforméciu, a to nielen ako celok, ale aj v kontexte jednotlivych nastrojov a technolégii,
ktoré ju podporuji. Vyskum bol zamerany na dve otazky:

1) Kolko publikacii sa v databaze Web of Science zaobera digitilnou transformdciou za
poslednych 15 rokov?

2) Kolko publikacii sa v databaze Web of Science zaobera jednotlivymi nastrojmi
digitalnej transformdcie za poslednych 15 rokov?

Proces ziskavania dat zahfnal identifikdciu vhodnych ¢lankov na zaklade abstraktov a
kl'icovych slov, nasledne ich podrobnu analyzu a extrakciu relevantnych informécii. Déta boli
kategorizované podl'a hlavnych oblasti digitalnych nastrojov, ako st cloudové sluzby, analyza
dat, umeld inteligencia, ndstroje na spolupracu, digitdlny marketing, internet veci a
kyberneticka bezpecnost. Tento pristup zabezpecil systematické pokrytie vSetkych
identifikovanych oblasti.

10
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Metodologicky ramec tejto prace je zalozeny na metdde systematického prehl'adu literatury.
Tato metdda umoziuje identifikovat’, hodnotit’ a syntetizovat’ relevantné poznatky z vybranych
vedeckych zdrojov. Proces pozostaval z nasledujucich krokov:

1. Formulécia vyskumného problému a otazky: Hlavnou otdzkou bolo identifikovat,
kol'ko publikécii sa za poslednych 15 rokov zaoberalo v databaze Web of Science
digitalnou transforméciou a jej nastrojmi.

2. Kritéria vyberu zdrojov: Do analyzy boli zahrnut¢ iba stidie WoS s dorazom na ich
prakticky prinos a metodologick presnost’.

3. Syntéza informécii: Vybrané c¢lanky boli analyzované na zaklade poctu citacii
a relevantnosti pre nas vyskum.

Vysledky budua prezentované vo forme prehl'adovych tabuliek, ktoré zjednoduchsia prehl'ad
vyselektovanych publikacii. Tento metodologicky pristup poskytuje systematicky a
transparentny ramec na analyzu danej problematiky, pricom zistenia buda predstavovat
uceleny prehl'ad o sucasnom stave poznania v oblasti digitalnych transformacnych néstrojov v
podnikoch.

4 Vysledky prace

Digitalne transformacné néstroje zohravaju kI'ai€ovt tlohu pri modernizacii podnikov a
umoziuju im prisposobit’ sa poziadavkam digitdlneho veku. Na zéklade preskiimanej literatury
sme identifikovali 8 kategorii nastrojov digitdlnej tranzicie, ktoré rozoberieme nasledujucich
podkapitolach.

Digitalna transformacia je komplexny a mnohovrstevny proces, ktory vyzaduje rozsiahlu a
interdisciplinarnu vyskumnu zakladiiu. Podl'a analyzy publikédcii na Web of Science, za
poslednych 15 rokov bolo identifikovanych 8 591 vyskumnych ¢lankov, ktoré sa zaoberaju
touto tematikou. Z tychto publikdcii je vidiet’ rastici zaujem o strategické, technologické a
organiza¢né aspekty digitalnej transformadcie, ¢o je odrazom jej narastajucej dolezitosti v
podnikovej praxi a teoretickom vyskume.

Tabul’ka 1 zobrazuje desat’ najcitovanejsich prac, ktoré sa zaoberaju touto témou. Clanky
ako ,,Understanding Digital Transformation: A Review and a Research Agenda“ od Viala
(2019) s viac ako 2 300 citaciami st povazované za kl'i¢ové pre pochopenie teoretickych a
praktickych ramcov digitalnej transformacie. Tieto publikécie nielen definuju zékladné pojmy,
ale aj navrhuju metodologie a smernice pre d’alsi vyskum v oblasti.

Tabulka 1
Prehl’ad publikécii zaoberajucich sa Digitdlnou transformaciou
Autor, rok Nézov publikécie Pocet citacii
Vial, 2019 Understanding digital transformation: A review 7396
and a research agenda
Frank et al., 2019 Industry 4.Q technologies.: Implementgtion 1396
patterns in manufacturing companies
Building dynamic capabilities for digital
Warner & Wiger, 2019 | transformation: An ongoing process of strategic 1 149
renewal
Matt et al., 2015 Digital Transformation Strategies 1134
The digital transformation of innovation and
Nambisan et al., 2019 entrepreneurship: Progress, challenges and key 1053
themes

11



Ekonomika a manazment, Vedecky ¢asopis Fakulty podnikového manazmentu Ekonomickej univerzity v Bratislave
rocnik XXII., ¢islo 1, rok 2025, ISSN 2454-1028

A systematic review of the literature on digital
Hanelt et al., 2021 transformation: Insights and implications for 825
strategy and organizational change

A SIFT-Based Forensic Method for Copy—Move

Attack Detection and Transformation Recovery 633

Amerini et al., 2011

On the Fintech Revolution: Interpreting the
Gomber et al., 2018 Forces of Innovation, Disruption, and 629
Transformation in Financial Services

Servitization and Industry 4.0 convergence in
the digital transformation of product firms: A

Frank et al., 2019 . . ! . 553
business model innovation perspective,
Technological Forecasting and Social Change
Mergel et al., 2019 Defining digital transformation: Results from 533

expert interviews

Zdroj: vlastné spracovanie na zaklade dat z databazy Web of Science

Rychly technologicky pokrok a rastici dopyt po digitdlnych rieSeniach priniesli vznik
rdznych nastrojov, ktoré podporuji proces digitalnej transformacie. Tieto ndstroje sa neustale
vyvijaju a prispievaju k zefektivneniu podnikovych procesov v roznych odvetviach. Tabul'ka 2
uvadza prehl’ad néstrojov, ktoré st v stcasnosti povazované za kl'icové v ramci digitalnej
transformécie.

Tabulka 2
Prehl’ad nastrojov digitdlnej transformécie

Néstroj Autor, rok Nézov publikécie

o Ardolino et al., The rqle of digital tecﬁnologies for‘ the
Cloudové sluzby 2018 service transformation of industrial
companies
Industry 4.0 technologies:
Big Data Frank et al., 2019 Implementation patterns in

manufacturing companies
Artificial intelligence in the AEC
Umeld inteligencia-Al Darko et al., 2020 industry: Scientometric analysis and
visualization of research activities
A Maturity Model for Assessing the

Nastroje na spolupracu De Carolis et al., . . .
2 komunikéciu 2017 Digital Readiness of Manufacturmg
Companies
A digital twin to train deep reinforcement
Automatizacia procesov Xia et al., 2021 learning agen‘tf or Smarf manufacturing
plants: Environment, interfaces and
intelligence
, . C Fi R on: J
Nastroje pre digitalny Gomber et al., On the Fintech evo{utzon . nterp reting
. the Forces of Innovation, Disruption, and
marketing 2018

Transformation in Financial Services
Building dynamic capabilities for digital
transformation: An ongoing process of
strategic renewal
Resilience in healthcare systems: Cyber
security and digital transformation
Zdroj: vlastné spracovanie na zaklade dat z databazy Web of Science

Warner & Wiger,

Internet veci-IoT 2019

Kyberneticka bezpecnost’ | Garcia-Perez, 2023

12
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Sucastou tohto prehl'adu su napriklad Cloudové sluzby, ktoré umoziuji firmam flexibilitu
a Skalovatelnost’, ¢im znizuji ndklady na IT infrastruktaru (Ardolino et al., 2018). Rovnako tak
Velké data (Big Data), ktoré umoziiujii organizaciam lepSie pochopenie spotrebitel'skych
trendov a optimalizaciu rozhodovacich procesov (Frank et al., 2019). Technoldgia Umela
inteligencia (AI) je dalSim zisadnym nastrojom, ktory umoziiuje automatiziciu a
personalizaciu sluzieb (Darko et al., 2020). Tento prehl'ad ukazuje, ako rozne technologické
inovacie formuj podniky, pricom ich implementacia zavisi od individualnych potrieb a ciel'ov
organizacii.

Tabulka 3
Prehl’ad publikécii zaoberajucich sa Cloud computingom
Autor, rok Nézov publikécie Pocet citacii
Ardolino, et al., 2018 The role ofdigi?al tecﬁnologigsfor the S?Wice 389
transformation of industrial companies
Assessing Industry 4.0 readiness in
Castelo-Branco, 2019 manufacturing: Evidence for the European 245
Union
Digital Twins: A Survey on Enabling
Mihai et al., 2022 Technologies, Challenges, Trends and Future 244
Prospects
Digital Transformation and Environmental
Ferozetal., 2021 Sustainability: A Review and Research Agenda 225
Transforming business using digital
Akter et al., 2022 innovations: the application of Al, blockchain, 225
cloud and data analytics

Zdroj: vlastné spracovanie na zaklade dat z databazy Web of Science

Cloud computing je jednym z najvyznamnejSich nastrojov digitdlnej transformécie, ktory
umoziuje organizaciam pristup k vykonnym IT sluzbam bez potreby investovat’ do nakladne;j
infrastruktury. Tabul'ka 3 obsahuje prehl’ad piatich najcitovanejSich publikécii v oblasti cloud
computingu. Tieto publikdcie sa zaoberaju réznymi aspektmi jeho implementacie, od vplyvu
na podnikové procesy az po jeho ulohu v ramci digitdlnej transformacie priemyselnych
spolo¢nosti. Ardolino et al. (2018) analyzovali rolu digitalnych technologii, vratane cloudovych
sluzieb, v transformaénych procesoch priemyselnych spolo€nosti. S viac ako 389 citaciami st
tieto vyskumy povazované za kl'icové v porozumeni praktickej implementacie cloudovych
rieSeni v r6znych odvetviach.

Tabulka 4
Prehl’ad publikécii zaoberajucich sa Big Data
Autor, rok Nézov publikécie Pocet citacii

Industry 4.0 technologies: Implementation

Frank et al., 2019 . . . 1396
patterns in manufacturing companies
Servitization and Industry 4.0 convergence in
Frank et al., 2019 the digital transformation of product firms: A 553

business model innovation perspective,
Technological Forecasting and Social Change
Impact of COVID-19 pandemic on information
Dwivedi et al., 2020 management research and practice: 499
Transforming education, work and life

13
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Digital transformation and customer value
Matarazzo et al., 2021 creation in Made in Italy SMEs: A dynamic 490
capabilities perspective
Unpacking the Difference Between Digital
Wessel et al., 2021 Transformation and IT-Enabled 313
Organizational Transformation

Zdroj: vlastné spracovanie na zaklade dat z databazy Web of Science

Big Data, ako technologia pre analyzu vel'kych objemov dat, zohrdva rozhodujicu ulohu v
digitalnej transformdcii, pretoze umoziuje organizacidm ziskat' cenné informacie o ich
operaciach, spotrebiteloch a trhu. Tabulka 4 ukazuje najcitovanejsie publikacie, ktoré skiimaju
vplyv Big Data na digitalnu transformdciu. Frank et al. (2019) sa vo svojej praci zaoberaju
implementaénymi vzorcami Industry 4.0, kde Big Data predstavuje jeden z hlavnych
technologickych pilierov. Vyznamnym prinosom v tejto oblasti je aj schopnost’ spracovavat’ a
analyzovat’ neStrukturované data, co vedie k lepSiemu predikciu a optimalizacii podnikovych
procesov.

Tabulka 5
Prehl’ad publikécii zaoberajucich sa Al
Autor, rok Nézov publikécie Pocet citacii
Artificial intelligence in the AEC industry:
Darko et al., 2020 Scientometric analysis and visualization of 297
research activities
Digital technology, tele-medicine and artificial
Lietal., 2021 intelligence in ophthalmology: A global 294
perspective
Digital Twins: A Survey on Enabling
Mihai et al., 2022 Technologies, Challenges, Trends and Future 244
Prospects
Transforming business using digital
Akter et al., 2022 innovations: the application of Al, blockchain, 225
cloud and data analytics
The future of business education: A
Krishnamurthy, 2020 commentary in the shadow of the Covid-19 212
pandemic

Zdroj: vlastné spracovanie na zaklade dat z databazy Web of Science

Umeld inteligencia (Al) je d’al§$im nastrojom, ktory transformuje podniky a priemysel.
Tabulka 5 obsahuje prehl’ad najcitovanejSich publikécii, ktoré sa zaoberaju aplikdciami Al v
rdznych oblastiach, od stavebného priemyslu po telemedicinu. Al je kI'aiCova pre procesy ako
automatizacia, analyza dat a prediktivne modelovanie. Praca Darko et al. (2020) sa zameriava
na aplikacie Al v priemyselnom sektore, konkrétne v stavebnictve, kde sa Al pouziva na
zlepSenie kvality a efektivnosti vyroby. S viac ako 297 citaciami je tato praca povazovana za
jeden z kIi€ovych prispevkov v tejto oblasti.
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Tabul’ka 6
Prehl'ad publikécii zaoberajucich sa Nastrojmi na spoluprdcu a komunikéciu
Autor, rok Nazov publikacie Pocet citacii

A Maturity Model for Assessing the Digital
Readiness of Manufacturing Companies
A digital twin to train deep reinforcement
Xia et al., 2021 learning agent for smart manufacturing plants: 164
Environment, interfaces and intelligence
Understanding the role of employees in digital

De Carolis et al., 2017 180

Kozanoglu & Abedin, transformation: conceptualization of digital
. g ; 134
2021 literacy of employees as a multi-dimensional
organizational affordance
Valdez-De-Leon, 2016 A Digital Maturity Model for 80
Telecommunications Service Providers
Lombardi & Secundo, T he. digital transfor‘ma.tlon of corpqrate
2021 reporting - a systematic literature review and 67

avenues for future research
Zdroj: vlastné spracovanie na zaklade dat z databazy Web of Science

Digitalna transformacia vyZaduje zmenu aj v oblasti internych a externych komunikaénych
procesov. Tabulka 6 obsahuje publikacie, ktoré skimajii néstroje na podporu spoluprace a
komunikacie v ramci digitdlnej transformécie. Tento aspekt je klIiCovy pre uspesnu
implementaciu digitalnych technologii, ktoré podporuju flexibilitu a agilitu timov v
organizaciach.

Tabul’ka 7
Prehl’ad publikécii zaoberajucich sa Automatizaciou procesov
Autor, rok Nézov publikécie Pocet citacii
A digital twin to train deep reinforcement
Xia et al., 2021 learning agent for smart manufacturing plants: 164

Environment, interfaces and intelligence
Digital construction: From point solutions to
Woodhead et al., 2018 g p

loT ecosystem 157
Digitalization and phase transitions in platform
Sandberg et al., 2020 organizing logics: Evidence from the process 115
automation industry
Hartley & Sawaya, 2019 Tortoise, not the hare: Digital transformation 107

of supply chain business processes
Adapting Universities for Sustainability
Mian et al., 2020 Education in Industry 4.0: Channel of 103
Challenges and Opportunities

Zdroj: vlastné spracovanie na zaklade dat z databazy Web of Science

Automatizdcia procesov je dalSou vyznamnou technolégiou v ramci digitalnej
transformécie, ktora ma potencidl zvysit produktivitu a efektivitu. Tabulka 7 ukazuje
najcitovanejsie publikdcie, ktoré sa zaoberaju vyuzitim digitalnych néstrojov na automatizaciu
vyrobného a podnikového procesu. Automatizacia prinaSa nielen Gspory v ndkladoch, ale aj
zvySenu presnost’ a znizenie rizika chyb.
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Tabulka 8
Prehl’ad publikécii zaoberajucich sa Nastrojmi pre digitdlny marketing
Autor, rok Nézov publikécie Pocet citacii
On the Fintech Revolution: Interpreting the
Gomber et al., 2018 Forces of Innovation, Disruption, and 629

Transformation in Financial Services
Digital transformation and customer value
Matarazzo et al., 2021 creation in Made in Italy SMEs: A dynamic 490

capabilities perspective
The digital transformation of business models
Li, 2020 in the creative industries: A holistic framework 323
and emerging trends
Digital Economy as a Factor in the
Litvinenko, 2020 Technological Development of the Mineral 280
Sector
Digital Transformation: An Overview of the
Current State of the Art of Research

Zdroj: vlastné spracovanie na zaklade dat z databazy Web of Science

Kraus et al., 2021 272

Digitalny marketing zohrava kI'a¢ovl tilohu v digitalnej transformacii, pretoze umoziuje
firmam dosiahnut’ $irSi okruh zakaznikov a zlepsit’ ich interakciu s cielovymi skupinami.
Tabul'ka 8 obsahuje prehl'ad publikacii, ktoré sa zaoberaju néstrojmi digitalneho marketingu a
ich aplikaciami v ramci digitalnej transformacie.

Tabul’ka 9
Prehl’ad publikécii zaoberajucich sa Internetom veci (IoT)
Autor, rok Nézov publikécie Pocet citacii
Building dynamic capabilities for digital
Warner & Wiger, 2019 transformation: An ongoing process of 1 149
strategic renewal
Ardolino, et al., 2018 The role ofdigi?al tecﬁnologigsfor the S?Wice 389
transformation of industrial companies
Digital technology, tele-medicine and artificial
Lietal., 2021 intelligence in ophthalmology: A global 294
perspective
Digital Twins: A Survey on Enabling

Mihai et al., 2022 Technologies, Challenges, Trends and Future 244

Prospects
Digital Transformation and Environmental
Feroz ctal., 2021 Sustfinabilily: g Review and Research Agenda 225

Zdroj: vlastné spracovanie na zaklade dat z databazy Web of Science

Internet veci (IoT) je technoldgia, ktord mé obrovsky potencial v ramci digitalnej
transformécie, pretoZze umoziuje zbierat’ a analyzovat’ data v redlnom Case z r6znych zariadeni
a systémov. Tabulka 9 ukazuje najcitovanejSie publikacie, ktoré skimaju vplyv IoT na
digitalnu transformaciu a jeho aplikéacie v r6znych priemyselnych odvetviach.
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Tabulka 10
Prehl’ad publikécii zaoberajucich sa Kybernetickou bezpecnostou

Autor, rok Nazov publikacie Pocet citacii
Impact of COVID-19 pandemic on information
Dwivedi et al., 2020 management research and practice: 499

Transforming education, work and life
The fourth industrial revolution in the food
industry-Part I: Industry 4.0 technologies
Integration of social and IoT technologies:

architectural framework for digital 45
transformation and cyber security challenges
Resilience in healthcare systems: Cyber

Hassoun et al., 2023 125

Mendhurwar & Mishra,
2021

Garcia-Perez, 2023 security and digital transformation 37
Industry 4.0 transition: a systematic literature
Ardito et al., 2022 review combining the absorptive capacity 36

theory and the data-information-knowledge
hierarchy
Zdroj: vlastné spracovanie na zaklade dat z databazy Web of Science

V ramci digitalnej transformécie je nevyhnutné zabezpecit’ ochranu pred kybernetickymi
hrozbami. Tabul'ka 10 sa zameriava na publikacie, ktoré skimaji kyberneticku bezpecnost’ v
kontexte digitalnej transformacie. Zabezpecenie IT infrastruktury, ochrana osobnych tidajov a
odolnost’ voci kybernetickym utokom st kI'i€ové pre uspe$né nasadenie digitalnych rieSeni.

5 Diskusia

Zistenia tejto Stadie jasne ukazuj, Ze nastroje digitalnej transformacie hraju kl'a€¢ovu ulohu
pri modernizacii podnikovych procesov a dosahovani konkurenénych vyhod. Medzi hlavné
kategorie identifikované v tejto analyze patri vyuZzivanie cloudovych sluzieb, néstrojov na
analyzu dat, umelej inteligencie, automatizicie procesov, ndstrojov na spolupracu a
komunikaciu, digitdlneho marketingu, internetu veci (IoT) a kybernetickej bezpecnosti.

Na zaciatku prace sme stanovili dve vyskumné otazky.

1) Kolko publikacii sa v databaze Web of Science zaobera digitalnou transformdciou za
poslednych 15 rokov?

Nasa analyza preukdzala, ze databaza Web of Science za obdobie 2010 — 2025 obsahovala
celkovo 8 591 publikacii, ktoré explicitne zahtfiali kI'a¢ové slovo ,,digitdlna transformacia®.
Tento pocet odraza interdisciplinarny charakter problematiky a Siroky rozsah zaujmov vo
vyskume. Jednym z moznych vysvetleni tohto narastu je Coraz vécSia potreba organizacii
adaptovat’ sa na digitdlne zmeny, ktoré maji vyznamny dopad na procesy, Struktiry a
hodnotové retazce. Navyse, technologicky pokrok a tlak na inovécie v ramci hospodarskej
sutaze vytvaraju prostredie, v ktorom je digitalna transformécia nevyhnutnost'ou. Tento trend
bol potvrdeny aj v praci Frank et al., (2019), ktori zdoraznili, ze akademicky vyskum Coraz
castejSie reflektuje praktické vyzvy spojené s digitalizaciou.

2) Kolko publikacii sa v databdaze Web of Science zaoberd jednotlivymi ndstrojmi

digitalnej transformdcie za poslednych 15 rokov?

Vysledky analyzy publikacii v databdze Web of Science poskytuju prehlad o vyvoji
vyskumu v oblasti digitalnej transformécie v obdobi rokov 2010 — 2025. Na zéklade filtrovania
publikécii podla klaicového slova ,,Digital Transformation* bolo identifikovanych niekolko
tematickych okruhov, ktoré odrazaju kl'a€ové priority a zamerania sti¢asného vyskumu.
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Tabulka 11
Prehl’ad poctu publikécii, zaoberajucich sa ndstrojmi digitdlnej transformacie

Vyhl'adavanie Klacové slovo Pocet publikacii Rok

Cloud computing Digital 211 2010-2025
transformation

Big Data Digital | 817 2010-2025
transformation

Al Digital 484 2010-2025
transformation

Communication tools Digital . 189 2010-2025
transformation

Automation of Digital . 12 2010-2025
processes transformation

Digital marketing Digital 1473 2010-2025
transformation

IoT Digital 258 2010-2025
transformation

. Digital
Cyber security transformation 56 2010-2025

Zdroj: vlastné spracovanie na zaklade dat z databazy Web of Science

Najvyssiu pozornost’ vyskumnikov si ziskala problematika digitalneho marketingu, ktora
bola zastipena poctom 1 473 publikacii. Tento vysledok reflektuje vysok relevanciu
digitalneho marketingu ako néstroja na podporu podnikatel'skych aktivit v ére digitalnej
transformécie. Vyznamnou oblastou je aj vyskum zamerany na Big Data, ktory zahfiia 817
publikécii a zdoraznuje kriticki ulohu analyzy velkych dat pri optimalizacii procesov a
rozhodovacich mechanizmov v digitalnom prostredi. Tretie miesto zaujala umel4 inteligencia
(484 publikacii), ktora predstavuje jeden z najinovativnejsich aspektov digitalnej transformacie
s potencidlom vyrazne ovplyvnit® automatizdciu, personalizdciu a predikciu vo viacerych
odvetviach. Nasleduju oblasti ako Internet veci (IoT) (258 publikacii), automatizacia procesov
(212 publikécii) a cloudové sluzby (211 publikacii). Tieto oblasti signalizuji klucové
technologické pilierov digitalnej transformécie a ich aplikaciu v praxi. Relativne menej vyrazne
boli zastiipené publikacie na tému nastrojov na spolupracu a komunikaciu (189 publikécii), ¢o
modze naznaCovat’ ich mensi, avSak stale vyznamny dopad na proces digitalizacie organizacii.
Najnizsi pocet publikacii (56) bol zaznamenany v oblasti kybernetickej bezpecnosti, o moze
byt indikatorom nedostatonej pozornosti vo vyskume napriek rasticim rizikdm spojenym s
digitalizaciou a ochranou datovych aktiv.

Graf 1 poskytuje prehladné vizualizovanie rozloZenia poctu publikacii medzi
analyzovanymi kategoériami, pricom jednozna¢ne zdoraziiuje dominanciu tém digitdlneho
marketingu a Big Data. Tieto vysledky poukazuji na preferencné oblasti vyskumnikov, pricom
identifikuju aj medzery, ktoré predstavuju potencidl pre d’als§i vyskum, najmi v oblasti
kybernetickej bezpecnosti. Pre akademicku obec a odbornu prax tieto poznatky predstavuju
hodnotny podklad pre strategické planovanie a rozvoj novych vyskumnych iniciativ v kontexte
digitalnej transformacie.

18



Ekonomika a manaZment, Vedecky ¢asopis Fakulty podnikového manazmentu Ekonomickej univerzity v Bratislave
rocnik XXII., ¢islo 1, rok 2025, ISSN 2454-1028

Graf'1
Prehl'ad poctu publikécii, zaoberajucich sa nastrojmi digitalnej transformacie
Publikacie
56

189
m Cloudové sluzby Big Data
m Umela inteligencia m Nastroje na spolupracu a komunikaciu
m Automatizacia procesov m Nastroje pre digitlny marketing
Internet veci (IoT) Kyberneticka bezpecnost’

Zdroj: vlastné spracovanie na zaklade dat z databazy Web of Science

Tato stadia bola limitovand analyzou dat vylu¢ne z databazy Web of Science, o moze
znamenat’, ze niektoré relevantné publikdcie z inych databaz (napr. Scopus alebo Google
Scholar) neboli zahrnuté. Taktiez sme sa zamerali len na publikacie dostupné v rokoch 2010 —
2025, ¢o mohlo obmedzit’ pohl'ad na dlhodobejsi historicky vyvoj tejto témy.

Odporucame, aby budtci vyskum zahtfiial viacero databdz a rozsiril ¢asové obdobie
analyzy, ¢o by umoznilo identifikovat dlhodobé trendy a porovnat' ich so sucasnymi
vysledkami. Rovnako by bolo vhodné detailnejsie preskimat’ geografické a sektorové rozdiely
v publikacnej ¢innosti, aby sme ziskali komplexnejsi pohl'ad na tuto problematiku.

6 Zaver

Tato prehl'adova stadia poskytla komplexny pohl’ad na publikacie zaoberajlce sa nastrojmi
digitalnej transformécie, pricom sa zamerala na ich vyuzitie v podnikoch za poslednych 15
rokov. Vysledky analyzy zdoraziuju vyznamny narast zaujmu o tému digitalnej transformacie,
o ¢om sved¢i 8 591 identifikovanych publikdcii v databdze Web of Science. Najviac
zastipenymi oblastami vyskumu st digitdlny marketing, analyza velkych dat a umela
inteligencia, ¢o reflektuje ich klI'ai€ov tlohu pri transformacii podnikovych procesov.

Pri analyze literatury sa ukézalo, ze existuju rozne pristupy k skiimaniu digitalnej
transformécie. Napriklad Studie zalozené na kvantitativnych metodach (Akter et al., 2022)
zdoraziuju Statistické vzory adopcie digitalnych technologii, zatial’ ¢o kvalitativne vyskumy
(Feroz et al., 2021) sa sustredia na hlbSiu analyzu organizacnych a kultarnych faktorov.
Kombinacia tychto dvoch pristupov moze priniest’ komplexnejsie pochopenie vplyvu digitalnej
transformécie na podniky.

Pre malé a stredné podniky je zdsadné pochopit, ako efektivne implementovat’ digitdlne
nastroje. Napriklad vyuzitie cloudovych sluzieb mdéze vyrazne znizit ndklady na IT
infrastrukturu, avsak ich UspeS$na adopcia si vyZaduje investicie do Skoleni zamestnancov.
Podobne, analyza velkych dat poskytuje prilezitost na zlepSenie rozhodovania, avSak jej
efektivita zavisi od schopnosti firmy interpretovat’ ziskané informacie. Odporic¢ania pre
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tvorcov politik zahfniaju potrebu podpory digitalizacie v sektore MSP prostrednictvom
grantovych schém a danovych stimulov.

Pre vedecku obec je tiez dolezitym zistenim pretrvavajiica nerovnovaha vo vyskumnom
zaujme — oblasti, ako je kyberneticka bezpecnost’, ostavaji menej skimané, napriek rasticemu
vyznamu ochrany pred digitalnymi hrozbami. Stiidia zaroven ukazala, ze mnohé publikécie sa
venuju izolovanym technologidm, pri€om synergicky efekt kombinacie viacerych nastrojov je
len mélo preskiimany.

Zasadnym prinosom tejto prace je identifikacia hlavnych trendov a medzier vo vyskume,
¢o pontka hodnotny podklad pre akademicku obec aj podnikatel'ski prax. Systematicky
prehl’ad publikacii poskytuje prehl'adny ramec pre d’al$i vyskum, ktory by sa mal sustredit’ na
praktickl aplik4ciu tychto nastrojov, ich vzajomné prepojenie a osobitné vyzvy, ktorym celia
malé a stredné podniky. Praca tak prispieva k lepSiemu pochopeniu dynamiky digitalnej
transforméacie a jej vplyvu na moderné podniky.
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Vyznam nastrojov digitalizacie v kontexte cirkularnej ekonomiky:
Systematicka prehl’adova Stadia

The role of digitalization tools in the context of circular economy:
A Systematic Literature Review

Diana Pallérova, Daniela Rybarova

Abstract

Digital technologies play a key role in the transition to a circular economy, which represents a
response to the environmental and economic challenges of the linear model. The aim of this
study is to systematically identify the main digitalization tools and analyze their significance in
the context of circular economy. Based on the analysis of 20 scientific publications from the
yvears 2020-2024, the study shows that blockchain enhances transparency and trust in supply
chains, loT contributes to product monitoring and process optimization, Big Data supports
improved decision-making, and artificial intelligence enables product life cycle extension and
waste reduction through recycling and design innovation. A common feature of all these
technologies is the strengthening of circular supply chains and business models. Limitation of
the study is the restricted selection of subject categories and publications, while future research
should focus on identifying barriers to implementation and exploring how businesses perceive
digitalization in the context of circular economy.

JEL classification: Q01, 033, M11
Keywords: circular economy, digitalization tools, digital technologies

1 Uvod

V stcasnosti ¢eli svetova ekonomika rastiicim environmentélnym a spolocenskym vyzvam,
ktoré vyzaduji transforméciu tradi€nych linedrnych modelov na udrzatelnejSie alternativy.
Cirkularna ekonomika ponuka systémovy pristup k rieSeniu tychto problémov prostrednictvom
efektivneho vyuZzivania zdrojov, predlzovania Zivotného cyklu produktov a minimalizacie
odpadu. V tejto suvislosti zohrdva digitalizadcia Coraz vyznamnejSiu ulohu ako nastroj na
podporu inovativnych a udrzatelnych obchodnych modelov. Zdmerom prispevku je na zéklade
podrobnej systematickej prehladovej S$tadie zmapovat sucasné publikdcie v oblasti
manazmentu, ekonomiky a podnikania, ktoré svojim obsahom a analyzou identifikuji vyznam
jednotlivych néstrojov digitalizacie v kontexte cirkularnej ekonomiky. Ocakéva sa, ze vysledky
prace osvetlia kI'icové atributy tychto nastrojov, ako ich vnimaja sicasni autori, a zdéraznia
ich prinosy pre implementaciu cirkularnych principov.

2 Sucasny stav rieSenej problematiky doma a v zahranici

Cirkulérna ekonomika (CE) ako moderny koncept, ktory vznikol v reakcii na prehlbujice
sa globalne environmentalne a ekonomické vyzvy, predstavuje pre mnohé krajiny a podniky
naprie¢ svetom ¢oraz vyznamnejSiu strategickd prioritu. Svojou podstatou sa opiera o principy
udrzatelnosti a snazi sa prekonat’ limity tradi¢ného linedrneho modelu ,,vyrob, pouzi, vyhod™
prostrednictvom regenera¢nych systémov, ktoré zameriavaju pozornost na spomalenie,
uzatvaranie a zizenie tokov materidlov i energie. Tento pristup vedie k minimalizécii spotreby
zdrojov, redukcii produkovaného odpadu, niz§im emisidm a nizsej energetickej zat'azi (Ellen
MacArthur Foundation, 2013; Geissdoerfer, 2017). Namiesto koncepcie ,konca zivotného
cyklu® sa kladie doraz na dizajn predlzujici zivotnost’ vyrobkov, tdrzbu, opravy, opatovné
pouzitie, renovaciu ¢i recyklaciu. (Kircherr et al., 2017). Napriek tomu, Ze tlak na nahradenie
linedrnych praktik cirkularnymi postupmi neustale rastie, zavadzanie principov CE byva Casto
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blokované obmedzenou dostupnostou alebo nedostatocnou integraciou dat v ramci
jednotlivych firiem aj ich SirSich ekosystémov. Preto viaceri autori (Chauhan et al., 2019;
Ingemarsdotter et al., 2019; Ajwani-Ramchandani et al., 2021; Ding et al., 2023) upozoriiuju
na skutocnost’, ze predpokladom tspes$nej adaptécie rozvoja cirkularnych principov je digitdlna
transformécia — spocivajica vo vyuZzivani nastrojov ako napriklad velkych dat (Big data),
umelej inteligencie (Al), blockchainu, internetu veci (IoT), cloud computingu a i. Délezitost’
zavedenia digitalnych technologii pri rozvoji cirkularnej ekonomiky vnimajt aj autori, Chauhan
et al. (2019), ktori tvrdia, Ze zavadzanie cirkularnej ekonomiky tzko suvisi s digitalizaciou,
ked’ze prave digitdlne néstroje umoznuju firmam lepSie predvidat, sledovat’ a monitorovat
produkty pocas celého ich zivotného cyklu. Digitdlne technoldgie tak dokazu premenit’
povodne teoretické principy cirkularnej ekonomiky na realne a udrzateI'né rieSenia (Antikainen
et al., 2018; Garcia-Muina et al., 2018; Kintscher et al., 2020).

3 Vyskumny dizajn

Praca sa riadi metodikou systematickej prehl'adovej Stadie a v ramci jej uspeSného
vypracovania boli na zdklade publikacie Azni et al (2015) identifikované Styri kroky postupu,
znazornené na Obrazku 1:

Obrazok 1
Proces vypracovania prehl'adove;j Studie

« Incusion-
Exclusion « Data

* Research
Questions « Search Process

Criteria Extraction &
Quality

Assessment

Zdroj: Azni et al. (2015)

Cielom prehl'adovej Studie je systematicky identifikovat’ hlavné nastroje digitalizacie a v
ramci hlbsej analyzy ¢lankov poukazat’ na vyznam digitalizacie a jej nastrojov pri prechode na
principy cirkularnej ekonomiky. Nadvizujliic na stanovanie hlavného ciel’a je v prvom kroku
uréend hlavna vyskumna otazka, ktora znie: ,, Aky je vyznam ndstrojov digitalizdcie v kontexte
cirkularnej ekonomiky?“ Vychodiskom bola snaha identifikovat’, akym sposobom digitalne
technologie prispievaju k cirkularnej ekonomike.

Druhy krok metodiky vyskumu spocival v systematickom vyhladavani vedeckych
publikacii v databaze Web of Science (WoS), kde boli vyuzité vopred definované kI'aicové slova
(Tabul’ka 1), ktoré prepéjaju oblast’ cirkularnej ekonomiky (napriklad ,,circular economy* ¢i
,circular business®) s pojmami stvisiacimi s digitalizaciou, ktoré boli identifikované v prvej
kapitole stadie (napriklad ,,Artificial intelligence®, ,,Big data* a pod.).
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Tabul’ka 1
Prehlad kl'icovych slov

KTlacové slova pre tému

KTIacové slova pre nastroj
digitalizacie

Forma zépisu v databaze
WoS

Circular economy

Artificial Intelligence

Circular business

Machine learning

TS=((circular economy*’
OR ‘“circular business*’)

Big data AND (“Artificial

Internet of thine (IoT intelligence*’” OR ‘Machine

nternet of thing (1oT) learning*’ OR ‘Big data*’
OR ‘Internet of thing*” OR

Blockchain ‘IoT*’ OR ‘Blockchain*”))

Zdroj: Vlastné spracovanie

Selekcia v tretej Casti metodiky bola vykonana na zaklade stanovanych kritérii (Tabul’ka 2),
zahfmajic obmedzené Casové obdobie rokov 2020 az 2024, aby sa zachovala relevancia a
aktudlnost’ zisteni. Zarovein bola pozornost’ sustredend vylu¢ne na recenzované publikacie typu
,Articles®, dostupné a publikované v anglickom jazyku. Pre d’alSie zuZenie mnoziny vysledkov
bolo ako dodato¢ny filter pridané odborné zameranie ,,Management™ alebo ,,Business* alebo
,Economics®, ¢im sa dosiahla vysSia relevancia z pohl'adu manazmentu a ekonomiky. Tymto
postupom sa z pdvodnych 633 publikacii ziskalo 129, z ktorych bolo na zéklade blizsej analyzy,
podla kl'acovych slov, abstraktov a relevantnosti zvolenych 20 publikacii pre podrobni
obsahovu analyzu.

Tabulka 2
Prehl’'ad podmienok pre vyber publikécii

Zaradenie

Publikécie publikované v rokoch 2020,
2021, 2022, 2023, 2024

Clanky v anglickom jazyku

Vylucenie

Kratke prieskumy, spravy, kapitoly z knih
a poznamky

Publikacie, ktoré su v ramci obsahu
zamerané iba na cirkularnu ekonomiku

a digitalizaciu ako celok, ale neprihliadaju
na konkrétne aspekty a nastroje
digitalizacie

Publikacie v ramci oblasti manazmentu,
ekonomiky a podnikania

Publikécie ktoré sa Specificky zameriavaja
na jednotlivé nastroje digitalizacie
v kontexte cirkularnej ekonomiky

Zdroj: Vlastné spracovanie

Stvrty krok zahffia grafické znézornenie poétu publikacii v sledovanych rokoch ako aj
zostavenie prehladovej tabul'ky publikécii v kontexte foriem digitalizacie a ich vyznamu pre
cirkularnu ekonomiku (demonstrované v kapitole vysledkov S§tadie). Vypracovanim
systematickej prehl'adovej stadie sa predpokladd zhromazdenie a podrobnd analyza aktudlnych
publikdcii, ktoré sa venuji vyznamu néstrojov digitalizacie pre podporu principov cirkularnej
ekonomiky a udrzatelnosti v podnikoch, ako aj ich vzajomné prepojenie na zaklade spolo¢nych
charakteristik.
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4 Vysledky vyskumu

Kapitola sa venuje analyze vyvoja vybranych publikacii a ich kategorizacii v databaze Web
of Science (WoS), zaroven charakterizuje kl'icové zistenia tykajlice sa vyznamu jednotlivych
nastrojov digitalizacie v kontexte cirkularnej ekonomiky prostrednictvom prehl'adovej tabul’ky.
V zéavere analytickej Casti kapitola zdoraznuje vzajomné prepojenia a suvislosti identifikované
v ramci skimanych publikécii.

4.1 Vyvoj a kategorie publikacii

Graf ¢. 1 znazoriiuje vyvoj poctu publikacii v sledovanych rokoch v ramci celkovej vzorky

a vybranych publikacii analyzovanych v podkapitole 4.2.

Graf 1
Vyvoj poctu publikacii v rokoch 2020-2024
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Zdroj: Vlastné spracovanie na zaklade udajov z databazy WoS (2025)

Vyvoj publikécii sa v poslednych rokoch vyrazne zvysil, co sa odzrkadl'uje na zmene s
indexom vyvoja 6,71 medzi rokmi 2020 a 2024. Tento trend poukazuje na rastici zaujem o
problematiku digitalizacie v kontexte cirkularnej ekonomiky, najmé v oblastiach manazmentu,
ekonomiky a podnikania. Rastiici poéet publikacii reflektuje potrebu hibkového skiimania a
implementécie digitdlnych nastrojov a technologii, ktoré podporuji udrzatel'nost’ a cirkularitu
v podnikovych a ekonomickych procesoch. V rdmci vybranych vzoriek dominuji publikacie
zverejnené v rokoch 2022 a 2024.
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Graf 2
Kategorie vybranych publikécii na zaklade databazy WoS

Management; Operations Research &
Management Science
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Business; Management 3
Business; Environmental Studies; Management 6
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Business 1
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Zdroj: Vlastné spracovanie na zaklade udajov z databazy WoS (2025)

Nadvidzujuc na vyvoj jednotlivych publikécii v rokoch je v kontexte druhu kategorii vo
vybranej vzorke najviac zastlpend oblast ,Management* (Manazment) a ,Business;
Environmental Studies; Management“ (Podnikanie; Environmentalne Stadie; Manazment),
kazda so 6 publikdciami. MenSie zastupenie maju oblasti ,,Business; Management™ (3
publikacie) a ,,Business; Regional & Urban Planning“ (2 publikacie). Dalsie kategorie, ako
,Management; Operations Research & Management Science®, ,,Business; Environmental
Studies* a ,,Business‘, maju kazda iba po jednej publikacii.

4.2 Vyznam ndstrojov digitalizdacie v kontexte CE

V kontexte analyzy vyznamu nastrojov digitalizacie pre podporu rozvoja a zavedenia CE v

podnikoch bola v Stvrtom kroku metodiky systematickej prehladovej Stadie vypracovana

prehl'adova tabul’ka, ktord obsahuje rok a autorov publikécie, analyzovany nastroj digitalizacie
a jeho vyznam v ramci jednotlivych $tadii. Publikécie st zoradené podla rokov vzostupne.

Tabulka 3
Prehl’ad vybranych publikacii

Autori Rok Nastroj
publikacie publikacie digitalizacie

Vyznam pre CE

Podpora rozhodovania,
automatizacia procesov
pomocou smart kontraktov,
efektivne a presné triedenie
odpadu, efektivne riadenie
zdrojov

Podpora rozhodovania

a kvalitné rozhodovacie
procesy, riadenie a analyza
2021 Big Data zivotného cyklu produktov,
riadenie procesov v kontexte
opidtovného pouzitia

a recyklacie

Blockchain,
2020 Umela
inteligencia (Al)

Chidepatil et al.

Awan, et al.
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Autori
publikacie

Rok
publikacie

Nastroj
digitalizacie

Vyznam pre CE

Del Giudice, et al.

2021

Big data

Podpora rozhodovania
zalozeného na datach,
podpora kolaboracie dizajnu
a CE procesov, podpora
cirkularnych dodavatel'skych
retazcov

Bohmecke-
Schwafert,
Wehinger, &
Teigland

2022

Blockchain

Transparentnost’ transakcii,
automatizacia cez
inteligentné zmluvy,
sledovatel'nost’ materidlov a
produktov

De Giovanni, P.

2022

Blockchain

Transparentnost’, riadenie dat
v reverznych dodavatel'skych
retazcoch a v uzavretych
dodévatel'skych retazcoch

Gong, et al.

2022

Blockchain

Podpora recyklécie
prostrednictvom tokenizacie,
transparentnosti
recyklaénych retazcov,
sledovania odpadu,

Trollman, et al.

2022

Blockchain

Transparentnost’

a sledovatel'nost’, podpora
cirkularnych dodavatel'skych
ret'azcov, podpora
zhodnotenia odpadu

Gong, et al.

2022

Blockchain

Podpora odpadového
hospodarstva
prostrednictvom globalnej
spolupréce, tokenizacie,
transparentného

a efektivneho recykla¢ného
ret'azca

Ghobakhloo, et al.

2023

Blockchain

Transparentnost’ a vytvaranie
dovery, monitorovanie
hodnotového ret'azca,
automatizacia, zdiel'anie
udajov v redlnom case,
minimalizdcia znecistenia

a podpora jeho prevencie
prostrednictvom
monitorovania a zlepSovania
vykonnosti procesov

Sahoo, et al.

2023

Big Data

ZlepSenie environmentalnej
vykonnosti prostrednictvom
kombinécie Big Data

a zodpovedného vyskumu a
inovacii
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Autori
publikacie

Rok
publikacie

Nastroj
digitalizacie

Vyznam pre CE

Riggs, et al.

2023

Big Data

Podpora riadenia
dodavatel'ského ret'azca,
podpora vytvérania
podmienok pre zavedenie CE
modelov v ramci
optimalizacie procesov

a dlhodobych rieseni

Langley, et al.

2023

Umela
inteligencia (Al)

Optimalizécia produkcie a
spotreby zdrojov, riadenie
komplexnych priemyselnych
ekosystémov

Ferreira, et al.

2024

Blockchain

Podpora priemyselne;j
symbidzy prostrednictvom
smart kontraktov

Klein & Guilhem

2024

Big Data

Katalyzator pre rast a
environmentalnu
zodpovednost’, zlepSenie
riadenia a vykonnosti
dodavatel'skych retazcov,
podpora dizajnu produktov
pre regeneraciu

Thakuri, et al.

2024

Internet veci

Nepretrzita kontrola a
prediZenie Zivotnosti
produktov prostrednictvom
senzorov, sledovanie
komponentov v redlnom
Case, redukcia prestojov,
zlepsenie realizovatel'nosti
a efektivnosti, zvySovanie
kvality repasovanych
komponentov a produktov

Sorooshian, et al.

2024

Internet veci

Podpora rozhodovania a
transparentnosti

Sjodin & Parida &
Kohtamaéki

2024

Umela
inteligencia (Al)

Podpora cirkularnych
obchodnych modelov,
optimalizacia prevadzky a
efektivnost’ zdrojov.

Tutore, et al.

2024

Umela
inteligencia (Al)

Podpora cirkularnych
obchodnych modelov
optimalizacia a virtualizacia
procesov, vymena a
regeneracia na urovni
ekosystému, podpora
inovacii, podpora aktivit v
ramci ReSOLVE ramca
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Autori Rok Nastroj Viznam ore CE
publikacie publikécie digitalizacie Y P
Podpora rozhodovania
Hao & Demir 2004 Ume}a ' a rozhodovac?leho procesu,
inteligencia (AI) | podpora environmentalnej
udrzatelnosti
Podpora cirkularnych
Gozacan-Chase & | 2024 Blockchain p vou
Rejeb transparentnosti a
efektivnosti rozhodovacich
procesov

Zdroj: Vlastné spracovanie na zéklade tidajov z databazy WoS (2025)

Prehladova tabulka poskytuje uceleny prehlad jednotlivych zisteni. Nasledujuce
podkapitoly sa nasledne ststredia na detailnt analyzu jednotlivych nastrojov a ich vyznamu v
kontexte CE prostrednictvom hlbSej interpretacie prepojeni medzi publikdciami.

4.2.1 Umela inteligencia a CE

Kapacity umelej inteligencie (Al), ako st automatizovand analyza dat, sofistikované
rozhodovanie a optimalizacia zdrojov, predstavuju kI'iCovy pilier pre rozvoj a implementéaciu
cirkularnych obchodnych modelov (CBM) v priemyselnych odvetviach. Sjodin & Parida &
Kohtamiki (2024) zdoraznujt, Ze vyuzivanie Al technoldgii v podnikoch prispieva k zlepSeniu
zakaznickych operacii, efektivnejSiemu vyuzivaniu zdrojov a integracii principov cirkularnej
ekonomiky do ich strategickych planov. Priemyselné subjekty, ktoré zavadzaju CBM
podporované umelou inteligenciou, ziskavaju cenné data, sklisenosti a poznatky, ktoré st
nevyhnutné pre dal$i vyvoj a zdokonalovanie Al technoldgii. Tento proces kontinudlneho
ucenia a adaptacie umelej inteligencie, zaloZzeny na jej aplikacii v redlnych podmienkach,
vytvara synergicky vztah medzi praktickou implementaciou a technologickym pokrokom.
Tutore et al. (2024) popisuju, ze Al zohrava vyznamnu ulohu nielen v $pecifickych aplikéaciach
v ramci CE, ale aj pri strategickom navrhu a definicii obchodnych modelov. Tymto spésobom
prekonava prekazky spojené s implementaciou principov CE, €o je obzvlast’ dolezité pre malé
a stredné podniky, ktoré Casto celia zvySenym vyzvam pri transformacii na udrzatelnejSie
obchodné praktiky. Vd’aka tymto schopnostiam Al umoziuje zavadzanie inovativnhych CBM,
ktoré nielen podporuju principy udrzatel'nosti a cirkularnej ekonomiky, ale zaroven urychl'uji
ich strategicku integraciu do priemyselnych procesov.

Autori Chidepatil et al. (2020) zdoraznuju kIaicova ulohu Al v kontexte odpadového
hospodarstva, vzhl'adom na jej schopnost’ presného a inteligentného triedenia plastového
odpadu. Triediaci systém zaloZeny na Al dokdZe na zaklade ucenia triediaceho systému
rozpoznavat' dve fl'aSe rovnakého druhu, aj ked’ sa jedna z nich vyrazne odliSuje svojim
vzhl'adom, napriklad deformaciou alebo zmenou farby. V takychto pripadoch Al zabezpeci,
aby triediaci systém spravne identifikoval a oddelil tieto objekty. Schopnost’ flexibilne a presne
triedit’ materidly podporuje SirSiu aplikaciu digitadlnych produktovych pasov (DPP), ktoré
umoziuju sledovat’ a spravovat’ materidly pocas celého ich Zivotného cyklu. Ddraz na robustnti
digitalnu infraStruktiru a integraciu Al navySe otvara nové moznosti optimalizacie obehovej
vyroby v ramci priemyselnych ekosystémov, ¢im sa zvysuje udrzatel'nost’ a efektivita spravy
zdrojov. Triediace systémy riadené Al tak predstavuji nielen technologicky prinos, ale aj
strategicky krok smerom k plnému vyuzitiu principov cirkularnej ekonomiky (Langley et al.,
2023).
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Hao & Demir (2024) vnimaju vyznam Al v kontexte CE v zmysle zvySovania
transparentnosti a zodpovednosti v dodavatel'skych retazcoch, ¢o poméha dosiahnut’
environmentalne a socidlne ciele udrzatel'nosti. Tato schopnost’ Al podporuje riadenie zdrojov
a znizovanie odpadu, ¢im vytvara pevny zaklad pre implementaciu cirkularnych obchodnych
modelov. Na druhej strane, Tutore et al. (2024) poukazuji na konkrétne prinosy Al v oblasti
optimalizacie a virtualizacie procesov. Prediktivne analyzy umoznuju efektivne spravovanie
zasob, predpovedanie dopytu a znizovanie nadprodukcie. Al tiez optimalizuje spotrebu energie
vo vyrobnych procesoch prostrednictvom analyzy realnych dat a identifikacie prilezitosti na
usporu energie. Podl'a Tutore et al. je vyznamna aj podpora zdiel'ania a opakovania procesov
(Share and Loop), pricom AI zefektivituje triedenie odpadu a zniZuje mnozstvo
nerecyklovatelnych materialov v recyklaénych zavodoch. Oba pristupy sa vzajomne dopliiiaju,
kedze Al podporuje navrh recyklovatel'nych produktov (Tutore et al., 2024) a zaroven
umoziuje zlepsit’ spravu dodéavatel'skych retazcov a zdiel'anie zdrojov (Hao & Demir, 2024).
Tieto poznatky zdoraziuji aj vnimanie ostatnych autorov (Sjodin & Parida & Kohtamaki,
2024), ze Al nie je len nastrojom na zvySenie efektivity, ale aj prostriedkom na zavedenie
inovacii a transformacie obchodnych modelov, ktoré smeruju k vicsej udrzatel'nosti a CE. Al
taktiez podporuje aktivity v ramci ReSOLVE frameworku (Regenerate, Share, Optimize, Loop,
Virtualize, Exchange) a ststred’uje sa recykla¢né activity a optimalizaciu procesov (Tutore et
al., 2024), ¢o priamo prispieva k posilneniu obehovych praktik zdéraznovanych Hao & Demir
(2024).

4.2.2 Big Data a CE

Big data zohrdva zasadnt ulohu pri podpore CE, priCom umoziuje efektivne riadenie
zdrojov a zvySuje udrzatel'nost’ procesov. Awan et al. (2021) zdoraziujt, ze Big data pomaha
firmam efektivne vyuzivat’ ich infrastrukturu a odborné znalosti na vyvoj produktov a procesov
v stilade s principmi recyklécie a opatovného pouzitia. Tento pristup vedie k znizovaniu odpadu
a optimalizacii vyuZivania zdrojov, ¢o ma priamy dopad na environmentalnu vykonnost
podnikov. Riggs et al. (2023) doplaji, Ze schopnosti Big data umoziuju firmam efektivne
vyvijat’ systémy riadenia dodavatel'ského retazca, ktoré podporuji vymenu a koordinaciu
informécii s partnermi. Tento proces zlepSuje integraciu a flexibilitu dodavatel'skych retazcov,
¢im sa posiliiuje ich odolnost’ vo¢i trhovym vyzvam a neocakdvanym zmenam. V tejto
suvislosti Del Giudice et al. (2021) potvrdzuju, Ze Big data podporuji firmy v prijimani
informovanych rozhodnuti, najma pri implementécii cirkularnych dodavatel'skych ret'azcov, o
vedie k zvySovaniu celkového vykonu organizacii. NavySe, Klein & Guilhem (2024) poukazuji
na to, ze vd’aka zlepSeniu manazmentu a vykonnosti dodéavatel'skych retazcov Big data
podporuju udrzatené praktiky a posiliiuju spoluprdcu medzi partnermi. V stcasnom
konkuren¢nom prostredi je pre firmy nevyhnutné osvojit’ si techniky Big data analyzy, ktoré im
umoziuju implementovat’ cirkularne ekonomické praktiky a vytvarat’ konkurenént vyhodu.
Riggs et al. (2023) zaroven zdoraziiuju, Zze Big data sami o sebe nezarucuju udrzatelnost’, no
predstavuju kriticky prvok, ktory umoziuje implementaciu CE modelov a optimalizaciu
prevadzky, ¢im podporuju dlhodobé riesenia na zlepSenie environmentélnej vykonnosti. Podl'a
Del Giudice et al. (2021) Big data podporuje rozvoj cirkularnych zru¢nosti zamestnancov,
zlepsuje ich odbornu pripravu a posiliiuje spolupracu medzi oddeleniami a tak vyznamne
prispieva k zlepSeniu vykonnosti podnikov. Tieto aktivity poméhaja transformovat’ podniky na
udrzatel'nejSie a regenerativne modely. Klein & Guilhem (2024) rozvijaju poznatky
zdoraziiovanim vztahu medzi schopnostami Big data a rozvojom udrzateI'ného priemyslu a
CE, najmé v kontexte brazilskych priemyselnych odvetvi. Ich vyskum ukazuje, Ze Big data
umoziuje navrhovanie produktov pre regeneraciu, kde sa odpad stdva zdrojom pre nové
obchodné modely. V tomto kontexte popisuju vyznamnu ulohu mediatora — udrzateI'na vyroba
— ktory prehlbuje vztah medzi Big data a CE, ¢im umoziiuje lepsie pochopenie ich vzajomnych

31



Ekonomika a manazment, Vedecky ¢asopis Fakulty podnikového manazmentu Ekonomickej univerzity v Bratislave
rocnik XXII., ¢islo 1, rok 2025, ISSN 2454-1028

interakcii. Sahoo et al. (2023) dopliaju pohl'ad na vyuzitie Big Data v kontexte jeho prepojenia
so zodpovednym vyskumom a inovéaciami pri identifikacii kI'iCovych oblasti pre opatrenia,
ktoré podporuju udrzatel'nejSie a regenerativne vyrobné procesy. Schopnosti Big data umoziuja
vyrobcom ur¢it funkéné oblasti, kde je mozné efektivne zaviest' praktiky cirkularnej
ekonomiky, a zaroven poskytuju cenné poznatky o ich efektivite. Kombindciou Big data a
zodpovedného vyskumu a inovacii vznika synergicky efekt, ktory vedie k vyraznému zlepSeniu
environmentalnej vykonnosti podnikov.

4.2.3 Internet veci a CE

Podla Thakuri et al. (2024) a Sorooshian et al. (2024) mé Internet veci (IoT) klI'a¢ovu ulohu
pri podpore principov CE prostrednictvom zvySenia efektivity a wudrzatelnosti v
dodévatel'skych retazcoch. IoT umoznuje realne sledovanie a monitorovanie komponentov
prostrednictvom senzorov, ktoré poskytuju udaje o vykonnosti, fyzickom stave, funkénych
charakteristikdch a polohe komponentov. Tieto informacie poméhaju aktérom hodnotového
retazca prijimat’ proaktivne a informované rozhodnutia, ¢im sa optimalizuje ich prevadzka. Na
zaklade tidajov zo senzorov mozu firmy identifikovat’ potrebu oprav alebo vymen este pred
zlyhanim, ¢im znizuja riziko poruch, predlzuji zivotnost’ produktov a zlepsSuju ich celkovi
vykonnost’. Navyse, IoT infrastruktira zlepSuje viditelnost’ a transparentnost, o umoziuje
rozhodovacim organom sledovat’ a kontrolovat’ pohyby materialov a zlepSovat’ riadenie zasob,
ako uvadzaju Sorooshian et al. (2024). Podl'a Thakuri et al. (2024) ma IoT vyznamné prinosy
pre cirkularne procesy, ako je rozoberanie komponentov, kde zvySuje efektivnost’ a bezpecnost’
prace a minimalizuje ich poSkodenie. V ramci cirkuldrneho dizajnu poméha IoT zlepSovat
kvalitu repasovanych produktov a efektivitu opdtovného pouzitia komponentov. Pri
optimalizacii pouzivania podporuje lepsi vykon produktov, znizuje prestoje a zachovava kvalitu
a trvanlivost’ komponentov. 10T tiez zlepSuje reverznu logistiku, kde optimalizuje planovanie,
zniZuje neistoty a zvySuje efektivitu operacii.

4.2.4 Blockchain a CE

Blockchain zohrava klIi¢ovu ulohu v cirkularnej ekonomike ako moderator, ktory posiliiuje
technické a socialno-kultirne aspekty a zdroveit pomaha prekonat’ ekonomické a trhové
prekazky, ako aj socidlno-kultirne bariéry. Podl'a Bohmecke-Schwaferta, Wehingera a
Teiglanda (2022) blockchain poskytuje technologicku infrastrukturu na podporu procesov CE
tym, ze umoznuje sledovanie transakcii, ich transparentnost’ a bezpecnost’, ¢o su zakladné
podmienky pre efektivne fungovanie systémov cirkularnej ekonomiky. Tento nazor podporuje
aj Ghobakhloo et al. (2023), ktori zdoraziluju, ze transparentnost a nemennost’ dajov st
kl'icové pre zlepSenie rozhodovania a hodnotenia udrzatel'nosti v dodéavatel'skych retazcoch.
De Giovanni (2022) dodava, ze blockchain poskytuje spolahlivi platformu na bezpecné
ukladanie a zdielanie dat, ¢o je nevyhnutné pre riadenie vratnych a uzavretych tokov
materialov.

Podrla autorov Chidepatil et al. (2020), Bohmecke-Schwaferta et al. (2022) a Gong et al.
(2022) je otvoreny charakter blockchainu zdsadny pre podporu interakcie medzi jednotlivymi
aktérmi a vytvaranie prostredia zaloZené¢ho na spolupréci a transparentnosti prostrednictvom
inteligentnych zmlav (smart contract), ktoré automatizuju decentralizované procesy, ako je
zdiel'anie ndkladov a riadenie platieb medzi zi€astnenymi stranami. Chidepatil et al. (2020)
dopliiiaju Ze blockchain umoziuje u¢astnikom vymiefiat’ a validovat’ informéacie o dodavkach,
dopyte, Specifikaciach, cenovych ponukach ¢i obchodnych cenach, ¢o podporuje rozhodovanie
a celkovy rozhodovaci proces ziéastnenych stran. .Tento pohl'ad dopiiia Ghobakhloo et al.
(2023), ktori uvadzaju, ze blockchain buduje doveru medzi partnermi v dodavatel'skych
retazcoch prostrednictvom bezpecnych a transparentnych transakcii. De Giovanni (2022)
argumentuje, ze tato transparentnost’ a sledovatelnost’ su obzvlast dolezité pre efektivne
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riadenie recyklacie, repasovania a zhromazd’ovania odpadu, ¢o priamo podporuje efektivitu
cirkularnych dodavatel'skych retazcov. Kayikci, Gozacan-Chase a Rejeb (2024) rozsiruju tieto
zistenia a tvrdia, Ze blockchain nielen zlepSuje rozhodovanie a integraciu znalosti, ale tiez
vyznamne podporuje prechod od linearneho k cirkularnemu modelu prostrednictvom zdielania
informacii a znalosti, o povazuju za najvplyvnejSiu funkciu. Zdoraziluju tiez posilnenie
spoluprace a koordinacie medzi zainteresovanymi stranami, ¢o je podla nich kl'icové hnacia
sila podpory CE. Podl'a Trollmana et al. (2022) a Gonga et al. (2022) blockchain tiez prispieva
k ekologickym vzt'ahom medzi aktérmi dodévatel'ského retazca a Zivotnym prostredim tym, ze
ulahcuje zdielanie informdcii pre bezpecnejSie dodéavatel'ské retazce, ¢o prindSa zdravotné
benefity pre spotrebitel'ov. Blockchain umoziuje valorizaciu odpadu v rdmci dodavatel’ského
retazca tym, ze zdoraziiuje jeho polohu a kvalitu, pricom s pomocou IoT prinasa
environmentdlne a ekonomické prinosy, ako su uspory ndkladov. ZlepSuje tiez vztahy v
dodéavatel'skom retazci prostrednictvom vécSej transparentnosti, ktord rieSi ekonomické a
environmentalne problémy dodavatel'ského retazca a prinaSa vyhody, ako je lojalita
zakaznikov a zvySend efektivita.

Nemennost’ udajov a schopnost’ presne sledovat’ transakcie navySe zvySuju bezpecnost’ a
eliminujt rizikd, ako su duplicitné transakcie alebo podvody. Bohmecke-Schwafert et al. (2022)
tvrdia, Ze blockchain riesi jednu z hlavnych vyziev CE — nedostatok transparentnych a
dostupnych informécii. Umoziiuje poskytovatelom ukladat’ informécie o materidloch a
produktoch, ¢im zlepSuje moznosti recyklécie a poskytuje spotrebitel'om pristup k spolahlivym
tidajom o vyrobnych procesoch. Ghobakhloo et al. (2023) dopiiaju, Ze transparentnost’ a
sledovatelnost’ podporuju efektivnost’ a udrzatenost’ procesov CE. Kayikei et al. (2024)
navyse zdoraziuju, ze blockchainové start-upy hraji vyznamnu tlohu pri urychl'ovani rozvoja
cirkularnych dodéavatel'skych retazcov a pri podpore praktik CE, ¢im prispievaji k hladkému
prechodu na cirkularnu ekonomiku.

Ako uvadzaju Bohmecke-Schwafert et al. (2022), blockchain nielenze prekonéva technické
a kultarne bariéry, ale zaroven vytvara prostredie na udrzatelny rast a spolupracu. Trollman et
al. (2022) zdoraznuju, Ze blockchain méze priniest’ ekologické, ekonomické a spoloc¢enské
benefity vd’aka lepSiemu zdiel'aniu informacii, efektivnejSej valorizéacii odpadu a zlepSeniu
vzt'ahov v rdmci dodavatel'skych retazcov. Gong et al. (2022) navySe poukazuji na konkrétne
prinosy blockchainu, ako je efektivna tokenizacia ktora motivuje jednotlivcov k spravnemu
triedeniu a zberu odpadu prostrednictvom digitdlnych odmien, ktoré mézu byt vyuzité na
tovary alebo verejné sluzby. Zdoraziujii podporu udrzatelnych recyklaénych procesov, ¢o
vyrazne prispieva k celkovej realizacii principov cirkuldrnej ekonomiky.
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4.3 Zhodné a odlisné perspektivy autorov vybranych publikacii
Graf €. 3 znazornuje podiel vyskytu jednotlivych skimanych nastrojov v rdmci vybranych
publikacii.
Graf 3
Podiel identifikovanych nastrojov digitalizacie v rdmci vybranych publikacii

9%

m Blockchain
24%, Big data
m Umela inteligencia

mloT

Zdroj: Vlastné spracovanie

Z hladiska technologickej dominancie sa ako najzdsadnejsi nastroj javi blockchain, ktory
bol identifikovany ako klI'aicovy v 43 % analyzovanych Studii. Autori ako Bohmecke-Schwafert
et al. (2022) ¢i Ghobakhloo et al. (2023) zdoraziuji jeho schopnost’ zabezpecit' nemennost’
udajov, zvysit’ sledovatel'nost’ materialovych tokov a posilnit’ doveru medzi aktérmi v rdmci
dodévatel'ského retazca. Téato technologia sa zaroven vyznamne podiela na optimalizécii
logistiky a zlepSovani koordindcie medzi zainteresovanymi stranami (Kayikci et al., 2024). Big
Data, ktoré predstavuju 24 % technologického rozlozenia, sit vnimané ako kI"iCovy néstroj pre
analytické vyhodnocovanie komplexnych vztahov, predikciu potrieb a strategické
rozhodovanie. Ako uvadzaju Chidepatil et al. (2020), v kombinacii s blockchainom maja
potencidl vytvarat ekonomicky vyhodné modely pre oblast’ nakladania s odpadmi a
udrzatel'ného planovania. loT, hoci menej zastupené v analyze (2 publikacie), sa ukazuje ako
dolezity nastroj na zlepSenie monitorovania materialov a produktov, ¢o podporuju Thakuri et
al. (2024) a Sorooshian et al. (2024).

Graf 4 poskytuje prehl'ad o frekvencii vyskytu jednotlivych vyznamov, ako st
transparentnost’, podpora cirkularnych obchodnych modelov ¢i riadenie zivotného cyklu
produktov, identifikovanych v ramci prehl'adovej studie.
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Graf 4
Podiel najviac zastupenych identifikovanych vyznamov nastrojov digitalizacie v kontexte CE
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Zdroj: Vlastné spracovanie

Z pohladu prinosov pre cirkuldrnu ekonomiku sa najvacsi doraz kladie na podporu
cirkularnych dodavatel'skych retazcov (23 %) a transparentnost (19 %). Technoldgie
prispievaju aj k recyklacii, rozhodovaniu a riadeniu zivotného cyklu produktov, pricom
jednotlivé stadie sa liSia v doraze na konkrétne nastroje a oblasti implementéacie. Napriek
drobnym odchylkam sa autori zhodujt, ze digitdlne technologie su kIi¢ovym ndstrojom pre
udrzatel'né a efektivne fungovanie cirkuldrnych obchodnych modelov.

5 Diskusia

Systematickd prehl'adovd S$tidia analyzovala vyznam digitalizicie v kontexte CE
prostrednictvom publikéacii v databaze Web of Science. Medzi hlavné skimané nastroje
digitalizacie patrili blockchain, IoT, Big Data a umela inteligencia pricom kazda z nich zohrava
dolezita tlohu pri podpore udrzatelnosti a implementacii CE principov. Jednym z hlavnych
zisteni tejto Stadie je, Ze digitalizdcia vyrazne prispieva k optimalizacii a efektivite cirkularnych
dodévatel'skych ret'azcov ako aj k transformécii tradi¢nych obchodnych modelov na cirkularne.
Zistenie je v sulade s prehl'adovou Studiou Ghoreishiho (2023), ktory poukazuje na skutocnost’,
ze data st zakladom cirkuldrnych obchodnych modelov, pricom digitalne nastroje ako Al a IoT
umoznuju efektivne rozhodovanie, sledovanie materidlovych tokov a vytvaranie hodndt
prostrednictvom uzavretych cyklov. Doraz na blockchain ako kl'ucového naéstroja
transparentnosti a spoluprace koreSponduje so zisteniami Planinga (2017), ktory identifikuje
digitalizaciu ako prostriedok na prekonanie informacnych asymetrii v dodéavatel'skych
retazcoch a zvySenie dovery medzi aktérmi. Podpora spoluprace ndstrojov digitalizacie pri
prechode na cirkularne principy zdoraziuje aj stdia autorov Wulf et al. (2024), ktori zaroven
poukazuju na praktickii implementaciu tychto technoldgii v nabytkarskom priemysle, kde
digitadlne platformy napomahajii prepojeniu vyrobcov, sluzieb a spotrebitelov. Podla
prehl'adovej Studie autorov Caputo et al. (2021) digitdlna transformacia presahuje ramec
samotnych technoldgii — predstavuje zdsadny impulz na premyslenie a inovaciu obchodnych
modelov ako celku. V zmysle vysledkov tejto Studie o synergickom vyuziti Big Data a
blockchainu, napriklad pri optimalizécii tokov plastového odpadu, koreSponduju s tvrdenim
autorov, ze uspes$nd digitalizacia si vyzaduje integraciu tychto technolégii priamo do
strategického a hodnotového jadra podniku.

6 Zaver
Zistenia systematickej prehladovej Stadie potvrdzuju, ze digitdlne technologie —
blockchain, IoT, Big Data a umeléd inteligencia predstavuju kIicové ndstroje pre rozvoj

35



Ekonomika a manazment, Vedecky ¢asopis Fakulty podnikového manazmentu Ekonomickej univerzity v Bratislave
rocnik XXII., ¢islo 1, rok 2025, ISSN 2454-1028

cirkularnej ekonomiky a implementiciu udrzateI'nych obchodnych modelov. Blockchain
vynikd ako najvplyvnejsi prvok, najméd vd’aka svojej schopnosti zabezpecit’ transparentnost,
doveryhodnost’ a efektivne riadenie materidlovych tokov. IoT poskytuje realne tdaje o
produktoch a procesoch, o umoziuje presné monitorovanie, prediktivnu tdrzbu a efektivnejSiu
reverznu logistiku. Big Data zohrdvaju zésadnt Ulohu pri analytickom vyhodnocovani a
optimalizacii dodavatel'skych retazcov, ¢im zvySuju strategick vykonnost’ podnikov. Umela
inteligencia rozSiruje potencial tychto technoldgii o schopnost’ autonémneho rozhodovania,
predikcie trendov a adaptivneho riadenia procesov. Al tak podporuje efektivnejsie planovanie,
znizovanie odpadu a inovacie v oblasti dizajnu produktov v stlade s principmi CE. Zaverom
mozno uviest, ze digitalizacia predstavuje nevyhnutnost’ podpory CE. VSetky analyzované
nastroje digitalizacie maju spolo¢ny prinos v podobe podpory cirkularnych obchodnych
modelov a dodavatel'skych retazcov, zlepSovania transparentnosti, efektivity a spoluprace
medzi zainteresovanymi stranami.

Prehl'adova $tadia umoziluje lepSie pochopit’ prepojenie medzi digitalizaciou a cirkularnou
ekonomikou, ako aj cirkularnmi obchodnymi modelmi a predstavuje podklad pre odbornikov a
d’alSie vyskumy v tejto oblasti. Limitaciou prehl'adovej Studie je subjektivny a selektivny vyber
literatury z databazy Web of Science v ramci troch kategorii (Economics, Management a
Business), o obmedzuje komplexnost’ pohl'adu. Buduci vyskum by sa mal zamerat’ na bariéry
implementécie digitdlnych nastrojov a prostrednictvom empirického prieskumu ziskat’ hlbsie
poznatky o vnimani digitalizacie pri uplatilovani principov CE priamo v podnikovej praxi.

Poznamka o rieSenom projekte

Tento prispevok je Ciastkovym vystupom rieSenia projektu VEGA ¢&. 1/0462/23 s nazvom
“Cirkularna ekonomika v kontexte spolocenskych poziadaviek a trhovych obmedzeni”, v rozsahu
100%.
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Gender diversity in leadership: A bibliometric analysis of research trends
Ema Mikul4Sova

Abstract

This study conducts a comprehensive bibliometric analysis to systematically evaluate the
intellectual landscape of research on gender diversity in leadership. Drawing on data from the
Web of Science, a corpus of 461 peer-reviewed publications was examined to assess citation
metrics, author productivity, and thematic trends within the field. The analysis identifies
Greaves L. and Mayer CH. as the most prolific contributors, each authoring four publications,
and highlights the ten most highly cited works, which predominantly address leadership self-
efficacy, stereotype activation, and the influence of female role models. The findings underscore
a growing scholarly engagement with gender diversity in leadership while revealing persistent
gaps, particularly in the exploration of underrepresented themes and contextual factors. This
study contributes to the academic discourse by mapping existing knowledge structures and
offering recommendations for future research directions aimed at advancing gender-inclusive
leadership practices globally.

JEL classification: J16, M12, J24
Keywords: gender diversity, influential authors, bibliometric analysis

1 Introduction

Gender diversity in leadership has gained increasing attention in academic research due to
its implications for organizational performance, equity, and economic development
(Hoogendoorn, Oosterbeek, & Van Praag, 2013). Identifying the most influential authors and
publications in this domain provides valuable insights into research trends and knowledge gaps.
Bibliometric analysis is a quantitative method used to measure the impact of scholarly works
based on citation data and author contributions (Callon, Courtial, Turner, & Bauin, 1983).

This study applies bibliometric tools to analyses a dataset of 461 documents related to
gender diversity in leadership. The research focuses on the most relevant authors based on
publication count and citation impact, as well as the most influential works shaping discourse
in this field. By examining citation trends, the study highlights the evolution of gender diversity
research and its significance in leadership studies.

2 Current State at Home and Abroad

Current research on gender diversity in leadership reveals a growing recognition of the
importance of diverse leadership teams in enhancing organizational performance, fostering
innovation, and promoting equity. Internationally, studies have demonstrated that companies
with higher levels of gender diversity in leadership positions achieve better financial outcomes
and improved decision-making processes (Hoogendoorn, Oosterbeek, & Van Praag, 2013).
However, despite these benefits, women remain underrepresented in top leadership roles
globally, particularly in sectors traditionally dominated by men, such as finance, technology,
and politics.

Research by Fernandez-Mateo and Kaplan (2018) emphasizes that exclusionary hiring
practices and organizational cultures act as significant barriers to women's advancement, often
underestimated in traditional explanations of gender inequality. Furthermore, Hoyt and Simon
(2011) observed that elite female role models can have both positive and negative effects on
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women's leadership aspirations, suggesting that context matters greatly in shaping leadership
pathways.

In Slovakia and the broader Central European region, research on gender diversity is
relatively limited but expanding. Recent initiatives, supported by the European Union and local
governments, aim to promote gender equality through policy reforms and leadership training
programs for women. Nevertheless, cultural stereotypes and organizational barriers persist,
slowing progress toward gender-balanced leadership (Carey & Dickinson, 2015).

Overall, while significant strides have been made internationally in understanding and
promoting gender diversity in leadership, there remain substantial gaps in both practice and
research, particularly in Central and Eastern Europe. Addressing these gaps is crucial for
leveraging the full potential of diverse leadership to drive organizational and societal success.

3 Research Methodology

The research methodology of this study follows a systematic approach to identifying and
analyzing literature on gender diversity in leadership. First, criteria for selecting relevant studies
were established, including only peer-reviewed journal articles while excluding dissertations,
book reviews, and case studies. The literature search was conducted in the Web of Science
database using key terms such as “gender diversity,” “economic impact of diversity,” and
“organizational performance.”

After the initial literature collection, the sample was refined to exclude studies that did not
address leadership issues or were purely theoretical without empirical data. As a result, 461
studies formed the initial dataset for analysis. This sample was further narrowed down,
identifying 357 unique sources as the final dataset for bibliometric analysis.

The bibliometric analysis involved a systematic examination of publication trends, keyword
frequency, and authorship patterns. The key research themes identified included the economic
impact of gender diversity, barriers to leadership, and strategies for promoting inclusive
leadership. The final findings revealed major research streams but also highlighted gaps, such
as the influence of personal and organizational factors on leadership opportunities.

4 Analysis of most prominent authors and most influential publications

In our analysis, we identified key researchers within the field based on the number of
documents they have published, as shown in Fig. 6. The leading contributor in terms of
publication count are Greaves L and Mayer CH, with a total of 4 publications. They are
followed by Avrami L (NP=3) and Stathopoulou T (NP=3). Other notable contributors include
Al Shdaifat FH (NP=2), Alajmi R (NP=2), Albrecht L (NP=2), Bell K (NP=2), Busse R (NP=2),
and Cavounidis J (NP=2). As shown in Table 3, several key authors are evaluated for their
individual research impact using various metrics such as the H-Index, G-Index, M-Index, total
citations (TC), number of publications (NP), and the starting year of publishing within the field.
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Figure 1
Most Relevant Authors

Authors

N. of Documents

Source: own proceedings in Biblioshiny

Following the author analysis, we identified and closely examined the most impactful
publications within the field. This analysis included reviewing the citation frequency of each
publication, which helps to gauge its influence in the studied area. Our findings led to the
identification of the top 10 most influential publications in our research domain, based on their
total global citations, as summarized in Table 4. Each publication is described by its Total
Citations (TC) and Citations per Year (TC/Y).

Table 1
Most relevant publications in the field

Total Total
Title of publication Journal Year o Citations
citation
per Year
Successful female leaders :
. . Journal of experimental
empower women's behavior . 2013
in leadership tasks social psychology 94 7.83
Female Leaders: Injurious or Inspiring | pevcholoey of women
Role Models for Women? quzrteﬂygy v 2011 87 6.21
Leadership efficacy
and women leaders' responses to Group processes & 2007 78 433
stereotype activation intergroup relations '

The role of leadership self-efficacy
and stereotype activation on
cardiovascular, behavioral and self- Leadership quarterly 2010 60 4
report responses in
the leadership domain

Gender and Organization Science:

Introduction to a Virtual Special Issue Organization science 2018 46 6.57

Statewide Implementation )
of Virtual Perinatal Home Visiting hMifﬁnal ?E:fhﬂd 2020 30 6
During COVID-19 catthjou
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Empowering Mimicry: Female Leader

Role Models

Empower Women in Leadership Tasks Sex roles 2019 21 33
Through Body Posture Mimicry

"I may be essential but someone has to | Canadian journal of

look after my public health-revue 2022 15 375
kids": women physicians and COVID- | canadienne de Sante '
19 publique

Building an Equitable Surgical

Training

Pipeline: Leadership Exposure for the | Journal of surgical 2001 13 395
Advancement of Gender and education '
Underrepresented Minority Equity in

Surgery

Gender in Public Administration: Australian journal of 2015 9 0.9
Looking Back and Moving Forward public administration '

Source: own proceedings

1. (LATU, I. M.; SCHMID MAST, M.; LAMMERS, J.; BOMBARI, D., 2013) TC=94,

TC/Y=7.83 The authors examine the impact of exposure to successful female role models
on women's leadership behavior. In a virtual reality experiment, 149 male and female
students delivered public speeches while being subtly exposed to images of Hillary Clinton,
Angela Merkel, Bill Clinton, or no image. Results indicate that women spoke significantly
less than men when exposed to Bill Clinton or no image. However, this gender difference
disappeared when exposed to female role models, leading to longer speaking times and
higher perceived speech quality. Additionally, empowered behavior mediated the effects of
role model exposure on self-evaluated performance. The study highlights the positive
influence of successful female leaders on women's behavior in leadership tasks.

. (HOYT, C. L.; SIMON, S., 2011) TC=87, TC/Y= 6.21 The authors investigate the impact
of female role models on women’s leadership aspirations and self-perceptions following a
leadership task. Across two laboratory studies, they test whether upward social comparisons
to high-status female leaders negatively affect women’s self-perceptions and leadership
aspirations more than comparisons to male or less elite female leaders. Study 1 (N = 60)
finds that exposure to elite female leaders has a deflating effect on self-perceptions
compared to high-status male leaders and a control condition. Study 2 (N = 57) confirms
that this negative effect also reduces leadership aspirations, while exposure to nonelite
female leaders fosters identification and counter stereotypic thinking. The findings highlight
a potential downside of elite female leaders as role models but suggest that less elite female
role models may have a more positive influence.

. (HOYT, C.L.; BLASCOVICH, J.,2007) TC=78, TC/Y=4.33 The authors examine the role
of leadership efficacy in women’s responses to stereotype-based leadership expectations.
Across two laboratory studies, female participants, selected based on leadership efficacy
scores, served as leaders in a virtual environment. Half were primed with gender leadership
stereotypes. Findings show that leadership efficacy moderates stereotype activation effects:
high-efficacy leaders exhibit positive reactance responses, including increased perceived
and rated performance, stronger domain identification, and higher well-being, whereas low-
efficacy leaders do not. Additionally, perceived performance mediates the effects of
stereotype activation on domain identification and well-being. The study highlights the
protective role of leadership efficacy in mitigating stereotype-based threats.
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. (HOYT, C. L.; BLASCOVICH, J., 2010) TC= 60, TC/Y=4 The authors examine the role
of leadership self-efficacy in women's responses to gender-leader stereotypes. In a virtual
environment experiment, high-efficacy women exhibited cardiovascular threat responses
but performed better under stereotype activation, showing positive reactance. Low-efficacy
women conformed to the stereotype in self-report and behavior. Findings highlight self-
efficacy’s role in moderating stereotype effects.

. (FERNANDEZ-MATEO, I.; KAPLAN, S., 2018) TC= 46, TC/Y= 6.57 The authors
explore gendered processes in organizations, highlighting their impact on career prospects,
work dynamics, and work-life balance. This special issue reviews 14 papers that challenge
common assumptions about gender differences in career outcomes. A key insight is that
perceived supply-side issues, such as women’s lower aspirations for top roles, may actually
stem from demand-side barriers like exclusionary hiring practices. The findings suggest that
essentialist explanations of gender inequality are overly simplistic, advocating for a more
nuanced analysis of supply-demand interactions.

. (MARSHALL, J.; KIHLSTROM, L.; BURO, A. W.; CHANDRAN, V., 2020) TC= 30,
TC/Y= 6 The authors evaluate the statewide implementation of virtual perinatal home
visiting during COVID-19 in Florida. Using surveys and focus groups, findings highlight
the role of leadership, staff morale, logistical challenges, and the hardships faced by
families, including job loss and food insecurity. Home visitors provided virtual support,
resources, and education while managing their own work-life balance. The study
underscores the feasibility of virtual home visiting as a crucial support system for vulnerable
families during crises.

. (LATU, 1. M.; SCHMID MAST, M.; BOMBARI, D.; LAMMERS, J., 2019) TC= 21,
TC/Y=13.5. The authors investigate how visible female leader role models empower women
in leadership tasks through body posture mimicry, termed empowering mimicry. In Study
1, Swiss college women mimicked the open body postures of female (ingroup) but not male
(outgroup) role models, leading to more empowered behavior and better public speaking
performance. Study 2 finds that this effect does not extend to non-famous female models.
The study highlights nonverbal mimicry as a key mechanism through which visible female
leaders inspire women in leadership and emphasizes the importance of female leader
visibility for advancing women’s leadership roles.

. (SMITH, J.; ABOUZAID, L.; MASUHARA, J.; NOORMOHAMED, S., 2021) TC= 15,
TC/Y= 3.75. The authors explore how gender norms influenced women physicians’
experiences during COVID-19 through focus groups conducted in British Columbia. In
addition to the widespread challenges faced by healthcare professionals, women physicians
encountered increased unpaid care responsibilities, exclusion from leadership decisions,
and a lack of recognition for their contributions. Many relied on peer support networks and
mentorship from other women leaders, but these strategies were constrained by caregiving
demands and emotional labor, increasing burnout risks. The study highlights systemic
gender inequalities in healthcare leadership, where professional structures continue to
reflect a masculine norm that separates personal and professional roles. The authors
emphasize the need for institutional changes, including better recognition of women’s
contributions, increased representation in decision-making, and practical supports such as
childcare and mental health resources.

. (SANTOS-PARKER, J. R.; SANTOS-PARKER, K. S.; CACERES, J.; VARGAS, G. M.;
KWAKYE, G.; ENGLESBE, M. J.; VALBUENA, V. S. M, 2021) TC= 13, TC/Y= 3.25.
The authors present LEAGUES, a pilot surgical pipeline program designed to support
underrepresented minority (URM) medical students pursuing surgical careers. This four-
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week virtual program provided mentorship, research training, and leadership development.
Participants, all Latinx and first-generation college students, initially cited barriers such as
limited mentorship, lack of research exposure, and concerns about surgical culture and
burnout. Post-program findings indicate increased confidence in research, a more positive
view of academic surgery, stronger networking opportunities, and motivation to address
health disparities. The study highlights LEAGUES as a promising model for increasing
diversity and equity in surgical training.

10. (CAREY, G.; DICKINSON, H., 2015) TC=9, TC/Y= 0.9 The authors examine gender in
public administration, highlighting two key gaps: the underrepresentation of women and
gender equity in public service workforces, and the overlooked potential of feminist theories
in addressing public management challenges. They argue that feminist perspectives could
offer valuable insights into collaboration, boundary-spanning, and skill development for
future public sector workers. By reflecting on historical trends and future possibilities, the
study emphasizes the need for integrating feminist approaches to enhance public
administration effectiveness.

5 Conclusion and Recommendations

This bibliometric analysis provides valuable insights into the most influential authors and
publications shaping research on gender diversity in leadership. By analyzing 461 studies from
the Web of Science, the study highlights the key contributors and the most frequently cited
works, emphasizing the central themes of leadership self-efficacy, stereotype activation, and
the role of female role models. The findings reflect a growing academic focus on gender
diversity, illustrating its increasing relevance in leadership research.

Despite significant advancements in the field, gaps remain in understanding the intersection
of gender diversity with organizational dynamics and leadership effectiveness. Future research
should explore underrepresented topics, including the impact of cultural and structural barriers,
the effectiveness of policy interventions, and the long-term outcomes of gender-inclusive
leadership strategies. Addressing these gaps will contribute to a more comprehensive
understanding of how gender diversity influences leadership development and organizational
success.

This study highlights the increasing academic attention to gender diversity in leadership and
identifies the most influential authors and publications shaping this research area. The
bibliometric analysis of 461 studies revealed key contributors and emerging trends,
emphasizing the importance of leadership self-efficacy (Hoyt & Blascovich, 2007), stereotype
activation (Hoyt & Blascovich, 2010), and female role models in promoting women's leadership
aspirations and success (Latu et al., 2013).

Despite progress, significant research and practical gaps remain. In particular, more
attention is needed on how organizational culture, national context, and policy interventions
influence gender diversity outcomes. Fernandez-Mateo and Kaplan (2018) argue for a nuanced
understanding of supply- and demand-side barriers to women's advancement. Additionally,
research by Smith et al. (2022) shows that during crises, such as the COVID-19 pandemic,
existing gender inequalities in leadership are often amplified.

It is recommended that policymakers and organizational leaders prioritize initiatives that
support women's career development, mentorship programs, and organizational policies that
address structural barriers (Carey & Dickinson, 2015). Enhancing data collection and research
efforts, especially in underrepresented regions, will provide a more comprehensive
understanding of how to effectively promote gender diversity in leadership. Future studies

45



Ekonomika a manazment, Vedecky ¢asopis Fakulty podnikového manazmentu Ekonomickej univerzity v Bratislave
rocnik XXII., ¢islo 1, rok 2025, ISSN 2454-1028

should also consider intersectionality, as emphasized by Santos-Parker et al. (2021),
recognizing the compounded barriers faced by women from minority backgrounds.
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Bibliometric analysis of information security at work from home
Samuel Mihal¢in

Abstract

During the COVID-19 pandemic, most organizations were forced to implement work-from-
home policies, and in many cases, employees were not expected to return to the office full-time.
Therefore, the use of home office has become a dominant trend in work organization in recent
vears. This sudden change in work culture has been accompanied by an increase in the number
of information security threats for which organizations were not prepared. In this study, a
bibliometric analysis using Biblioshina was performed on a sample of 392 articles from the
Web of Science database focusing on the topic of information security when working from
home. The analysis shows that the annual growth rate of articles related to this topic is 4.32%,
which indicates increasing academic attention. The review identifies the main research
directions that have been investigated in information security in the context of working from
home. In addition, we point out critical gaps in the literature, in particular the need to
investigate the information security of mobile devices, the impact of Al on internet security,
securing smart devices while working from home, developing legislation to support the security
of information systems, etc. This comprehensive analysis provides valuable insights into the
existing body of research and highlights the importance of ongoing efforts to improve
information security while working from home.

JEL classification: L86, M15, 131
Keywords: work from home, home office, information security, cybersecurity

1 Introduction

The COVID-19 pandemic has caused several significant changes in existing ways of
working and has contributed to the acceleration of trends that were observed in the context of
the digital transformation of the workplace, the expansion of working from home and the
change in work organization already in the pre-pandemic period (Kniffin et al. 2021, Nagel et
al. 2020). During the COVID-19 pandemic, numerous organizational changes were introduced
in companies where work had to be carried out only with physically present employees in order
to maintain the lowest possible level of health risk, by introducing and complying with
applicable hygiene regulations, adjusting the workplace and introducing changes to work
schedules regarding the time and scope of work performed. Given the regular closure of several
establishments, institutions and businesses and the need to maintain social distancing, a large
number of employees had to start working remotely. This did not require their physical presence
at the workplace (Birimoglu et al. 2022, de Lucas Ancillo et al. 2021, Sinclair et al. 2020). For
most employees, remote work was a new experience. It can therefore be stated that the COVID-
19 pandemic, due to the restrictions introduced in most countries of the world, became a turning
point in the replacement of traditional face-to-face work with remote work. However, it should
be noted that in some European countries (Finland, the Netherlands, Luxembourg, Austria), the
transition to remote work was not a completely new experience. Some employees were already
doing their work in this way before the pandemic (Eurostat 2021). The widespread use of
remote work also brought significant changes in organizational work practices and the ways in
which they were carried out (Donnelly & Johns, 2021).

Nowadays, working from home is becoming more and more prominent, so it is very
important to focus on information security. (Yang et al., 2023). With the rapid shift to
telecommuting, several companies have failed to effectively secure information systems which
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has allowed others to exploit them (Vayre et al. 2022; Hajal 2022). Therefore, it is necessary
for businesses to understand the importance of information security what (Asgari et al. 2022).

2 Methodology and research methods

This article focuses on a bibliometric analysis of the security of information technologies
used in working from home. It examines the factors that affect security and their effective use.
It analyzes publication trends to identify the most frequently researched topics and research
questions in this area. The research was conducted based on publications from the Web of
Science database. The results of this study can contribute to a better understanding of the
complex factors that affect working from home and provide a basis for further research and
practical applications in the field of information security.

In the first phase of the research, the scope of the research, including its demographic
characteristics and expected results, was identified. The Web of Science database was used to
collect data. Keywords were used to filter out the most relevant publications. The obtained data
were downloaded in BibTeX format for subsequent analysis. After identifying the data set, the
suitability of the publications was assessed using the Biblioshiny bibliometric software.
Subsequently, data analysis was performed using this software. The significance of the findings
was identified through relevance analysis. The steps involved in identifying publications
through the database are shown in Table 1.

Table 1
Systematic literature review process

Classification: Articles from peer-reviewed journals on the topic of working
from home and information security
Exclusion: Dissertations, book reviews and case studies

Step 1: Criteria for analyzing
existing literature (inclusion and

exclusion)
Database: Web of Science,
Step 2: Literary research Terms: "Work from home", "home office", "information security",
"cybersecurity"
Step 3: Clarification of the Analysis: articles excluding studies that did not analyze information security in
selection of literary studies relation to working from home

Final sample of analyzed articles: 392

This process included the exclusion of studies that did not meet predefined
Step 4: Reducing the scope of inclusion criteria, such as those that did not directly address IT security issues
the research sample or focused only on theoretical perspectives without empirical data. As a result,
the final basis for the bibliometric analysis was 98 sources.

Selected articles were systematically analyzed using bibliometric methods,
focusing on publication trends, keyword frequency, and authorship patterns.
Topics related to information security and working from home were identified.

Step 5: Analysis of selected
articles

The findings revealed key research directions: mobile device security when
working from home; smart devices and their security; the impact of legislation
Step 6: Presentation of results on increasing information security for companies that provide information
systems; safety at work in connection with the use of Al; the impact of
employee personality on information threats.

Source: own processing based on Senyo et al. (2019)
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The chosen procedure succeeded in extracting relevant information from the analyzed
articles and revealing existing differences between them. A systematic literature review proved
to be an effective approach for comprehensively mapping and structuring current urgent
research areas.

3 Results of the Paper

The research provides a statistical summary of academic publications from 1999 to 2025. It
includes 98 sources with 392 documents and an annual growth rate of 4.32%. The average age
of a document is 5.17 years and each document has an average of 23.62 citations with a total of
18,000 citations. There are 489 keywords provided by the authors in the analyzed sample. A
total of 1,577 authors contributed, of which 11 were single-author documents. The collaboration
shows 11 single-authored papers, with an average of 4.6 co-authors per paper and 45.15%
international co-authorship. The document types consist of 381 papers, 2 papers that are also
book chapters, one paper that has not yet been formally published but is available in an online
preliminary version, 7 papers presented at the conference that are published in the conference
proceedings. One paper has been retracted.

Tabul’ka 2

Summary information about the dataset
Description Results

MAIN INFORMATION ABOUT DATA

Timespan 1999:2025
Sources (Journals, Books, etc) 98
Documents 392
Annual Growth Rate % 4.32
Document Average Age 5.17
Average citations per doc 23.62
References 18000
DOCUMENT CONTENTS

Keywords Plus (ID) 489
Author's Keywords (DE) 1716
AUTHORS

Authors 1577
Authors of single-authored docs 11
AUTHORS COLLABORATION

Single-authored docs 11
Co-Authors per Doc 46
International co-authorships % 45.15
DOCUMENT TYPES

article 381
article; book chapter 2
article; early access 1
article; proceedings paper 7
article; retracted publication 1

Source: own processing based on Biblioshiny

3.1 Research trends in the analyzed area

Graph No. 1 presents the growth in the number of scientific articles published between 1999
and 2025. The data shows an overall increase in publications with a peak in 2022. This trend
indicates an increasing interest in this issue after the end of the pandemic.
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Graph 1
Annual scientific production
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The data in Graph No. 2 reveal an average growth rate of 4.32%, indicating a general upward
trend in scientific citations over the years. The highest citation peak is observed in 2010,
indicating a period of significant academic attention in the field. This peak is followed by
fluctuations with intermittent increases and decreases in the following years.

Graph 2
Average number of citations per year
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Graph 2 provides a view of the academic impact of publications over time, highlighting

periods when research has gained greater recognition. A potential decline in recent years may
reflect either a lag in the accumulation of citations for more recent publications or a decline in

overall research output in the field.
3.2 Co-occurrence network and keyword analysis

To identify future directions for research on home-based safety, it was necessary to analyze
key and thematic trends in the field. This will provide researchers with a clearer understanding
of key themes and new research avenues in the field. A co-occurrence map visually represents
the relationships between keywords, authors, and terms within the analyzed publication dataset.
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This tool allows you to identify frequently occurring terms and highlight connections between
research topics and ideas.

Figure 1
Co-occurrence network
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The co-occurrence network of our dataset, shown in Fig. 2, highlights key concepts in
working from home related to IT security into “Internet”, “Security”, “Things”, “Challenges”
and “System”, which are closely related to the research focus. The size of each node represents
the frequency of occurrence of the keyword in the analyzed publications, with several
significant clusters emerging. The most prominent cluster, shown in red and centered around
“Internet”, includes topics related to Things, Security, Attack, Identification, Structure,
Communication and Devices. The green cluster focuses on “Protocol” and “Privacy”,
addressing topics such as satisfaction authentication, access control, ease, design and so on. The
blue group covers topics around the scheme and focuses on efficiency, management and
legitimacy.

Based on Fig. 2, it can be said that most research in the field of information technology
security focuses on Internet security, from which the authors subsequently move on to other
topics.

Figure 3 shows the most frequently used words by authors from articles.
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Figure 3
Map of the most used words
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The most frequently used word was “internet”, followed by “security”,

99 ¢ b 1Y

things”, “challenges”,

“schemes and protocols”.

The word INTERNET indicates that a large portion of articles focused on the topic of
information security when working from home focus on analyzing Internet security, and
most authors identify Internet security as key.

The word SECURITY is closely associated with the term "internet", includes protection
against cyber attacks and in research is often associated with the protection of personal data
and the security of devices.

THINGS are associated with information security in research. These are physical devices
that are interconnected and can exchange data with each other. Their security is therefore
particularly important, because when one of the devices is attacked, other connected
devices can often be easily infected. In companies, multiple devices are often connected to
such networks, which can cause enormous damage.

CHALLENGES in the analyzed articles are most often associated with security, attacks,
the Internet, authentication, decision-making, and performance.
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Figure 4
Thematic map
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A thematic map is used to visualize the main themes in a research area. It is a two-
dimensional map with density on the y-axis (measure of development) and mean on the x-axis
(measure of relevance). The horizontal axis expresses the relevance or centrality of the theme.
The further the point is to the right, the more important the theme is and the more frequently it
appears in relation to the given issue. The vertical axis expresses the degree of development of
the theme. The higher the point is, the more the given theme is currently developing and is the
subject of current research. The map divides individual themes into four quadrants based on
their internal coherence and relevance: Motor themes, Special themes, Basic themes and
Emerging/Receding themes. This approach relies on strategic mapping to capture the evolving
relationships between themes in the research outputs (Callon et al., 1983).

- Niche themes: are located in the upper left corner. These are specific, less explored topics
that have the potential to be developed further in the future.

- Emerging or declining themes: This zone is located in the lower left corner and includes
topics that are either new and have not yet developed, or, conversely, their importance is
gradually decreasing.

- Basic themes: They are located in the lower right corner. These are basic, well-established
topics that have been part of research for a long time.

- Motor themes: They indicate the key topics or concepts that "drive" or "lead" research in
the field of information security while working from home. These are the topics that appear
most frequently, are most interconnected with other topics, and have the greatest impact on
the direction of research.

Based on the thematic map, it can be said that topics such as schema, protocol,
management, and authentication, health, policy compliance, acceptance, information privacy,
online security, and risk are key topics in the field of information security while working from
home and are still the subject of current research. The topics of Internet security, collaboration,
mobile devices, and system are ranked among the common topics that are important but less
developed. These topics, although key to the field due to their high centrality, do not have the
density necessary to fully support coherent research streams and require further exploration.
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The topics of protection and degree of anonymity are currently ranked among the under-
researched topics that could have potential for development in the future. These topics have
high internal coherence but lower centrality, which indicates that they are highly specialized
and relevant in specific subfields. They address specific problems and often delve deeply into
specific studies on anonymity protection and GDPR. Emerging or declining topics in relation
to online safety include physical activity, awareness and recognition. They are located in the
low density and low centrality quadrant, indicating that these areas may be losing relevance or
have not been sufficiently explored in recent research. This quadrant highlights areas that could
benefit from renewed research interest or re-evaluation to understand their relevance to the
field. Overall, the thematic map highlights that core topics such as information technology
management and online safety remain vital pillars within the research landscape, while areas in
the basic and emerging/declining quadrants highlight opportunities for deeper exploration or
shifts in focus.

3.3 Analysis of the most important authors and most influential publications

Key researchers were identified in this analysis. The leading contributors in terms of number
of publications are Wang X. and Zhang Y., both with a total of 7 contributions. They are
followed by Li J. and Zhang J. (PP=6), Li H., Li Z., Wang F. (PP=5).

Graph 4
The most relevant authors in terms of number of publications
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Table 3 lists key authors ranked in terms of their individual research impact using the metrics
H-Index, G-Index, M-Index, Total Citations (TC), Number of Publications (NP), and initial
year of publication.

Table 3
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Local influence of authors

Author h_index g_index m_index TC NP PY_start
WAZID M 4 4 0,500 605 4 2018
DAS AK 4 4 0,500 579 4 2018
ZHANG Y 6 7 0,400 538 7 2011
CHOO KKR 3 3 0,429 369 3 2019
HOSSAIN MS 3 3 0,300 302 3 2016
JIAY 3 3 0,429 283 3 2019
CAOJ 3 4 0,214 270 4 2012
WANG X 6 7 0,857 192 7 2019
PARKY 4 4 0,571 170 4 2019
LIH 4 5 0,286 134 5 2012
Ll 3 4 0,375 112 4 2018
LIF 3 3 0,500 105 3 2020
HUANG X 3 3 0,300 89 3 2016
LS 3 4 0,429 86 4 2019
GOPE P 3 3 0,375 83 3 2018
LIUH 4 4 0,571 77 4 2019
WANG Z 4 4 0,444 55 4 2017
CHEN X 4 4 0,444 51 4 2017
WANG P 4 4 0,400 51 4 2016
L X 3 4 0,167 48 4 2008
LJ 3 6 0,500 46 6 2020
WANG F 5 5 0,500 45 5 2016
ALl 3 3 0,500 45 3 2020
Ly 4 4 0,444 43 4 2017
Ly 3 3 0,600 36 3 2021

Source: own processing based on web of science

Based on Table 3, it can be assessed that the highest local influence is possessed by the
authors Zhang Y. and Wang X. indicated by the H-index (6) and G-index (7). This high index
value means that they have a significant number of influential publications. The author Wazid
M. has collected the highest total number of citations (TC= 605). Das A. K. has achieved a total
number of citations in his 4 publications (TC=579). According to the average citation rate per
publication, assessed by the M-Index, the author Wang X. has the highest M-index with a value
of 0.857, followed by the author Liu Y with a value of (0.6). Overall, these metrics reveal a
number of successful and influential authors within this segment of research, each of whom
contributes significantly with a high number of citations and influential publications.

After an analysis of the authors, the most relevant publications in the field of IT security
while working from home were identified and thoroughly reviewed. The findings led to the
identification of 10 publications that were most focused on this issue.

Table 4
The most relevant articles in the file

Publication title Author Journal Publication year

International
Kushwaha, N. et al. Conference on  Cyber 2022
Warfare and Security

WEFH, not WTH? The security challenges of
working-from-home

Information Security Threats and Working
from Home Culture: Taxonomy, Risk Assessment Kotak, J. et al. Journal Sensors 2023
and Solutions

2019 IEEE 24th
International workshop on

Cybersecurity in SMEs: The Smart- . computer aided modeling
Home/Office Use Case Vakakis, N. et al. and design of 2019
communication links and
networks (IEEE Camad)
Securing the remote office: reducing cyber International journal
risks to remote working through regular security Angafor, G. N. et al. J 2024

of information security

awareness education campaigns
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Publication title Author Journal Publication
year
Securing the remote office: reducing cyber
risks to remote working through regular security Angafor, G. N. et al. International journal 2024

awareness education campaigns of information security

Security-related
advanced technologies in
Nyikes, Z. et al. critical infrastructure 2022
protection: theoretical and
practical approach

Digital ~ Competence and  Security
Awareness from the Perspective of Sustainability

The impact of work pressure and work
completion  justification on intentional
nonmalicious  information security policy
violation intention

Jiang, R. D. et al. Computers & security 2023

The valued coexistence of protection
motivation and stewardship in information Ogbanufe, O. et al. Computers & security 2023
security behaviors

SUTMS: Designing a Unified Threat

Management System for Home Networks Siddiqui, A. et al. IEEE Access 2024
PrivHome: Privacy-Preserving IEEE transactions on

Authenticated Communication in Smart Home Poh, G. S. etal. dependable and secure 2021

Environment computing

Thriving in the era of hybrid work: Raising
cybersecurity awareness using serious games in Zhao T. et al.
industry trainings

Journal of systems

and software 2024

Source: own processing based on web of science

1. (Kushwaha, N., Pernik, P., Watson, B.W. 2022) The authors of this article analyze the
transition of government employees to work from home. This study examines the use of
classified IT systems while working from home by government employees, taking into
account multiple areas of their security (physical, operational, personnel, IT,
communication, etc.) with a focus on insider threats and foreign state actors to describe
the impact on the government employee working from home, citizens, and the
government. The study describes the significant security challenges and risks that
governments have taken during the pandemic when approving work from home for their
employees. In their publication, the authors found that classified government information
systems will never be fully secured while working from home. The greatest protection for
these systems is to return employees to government offices.

2. (Kotak, J. et al. 2023) The article is devoted to information security and threats related to
working from home. The authors created taxonomies of assets and threats. In this area,
they present the results of the analysis. The most important threats include, for example,
malicious activities and abuse, (Phishing, denial of service, malware infection, identity
theft, use of wireless communication protocols, etc.) eavesdropping and tracking,
incorrect configuration of systems and technologies, physical attack, or unintentional
damage/loss of information. Threats of the near future include misuse of data from drones,
infection of smart TVs and integrated access devices, identity theft in the form of a
service, etc. The result of this work are the prevention methods for the previously
mentioned threats.

3. (Vakakis, N. et al. 2019) In this paper, the authors examine the characteristics of
cybersecurity threats in the Digital Innovation Hub (DIH) ecosystem of the Smart-
Home/Office environment, which contains various smart devices. The result of this study
is the implementation of strong defense mechanisms within the DIH for specific smart
devices.
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10.

(Angafor, G. N. et al. 2024) The study examines the cyber risks associated with remote
work and details how they can be prevented through regular training activities. The aim
is to teach employees how to spot phishing emails and scams. The paper presents the
results of a proof-of-concept experiment conducted to determine the importance of
educating employees working from home. It found that educating employees about
fraudulent emails and phishing messages is desirable because many employees do not
understand the threats they face when working from home.

(Nyikes, Z. etal. 2022) The paper addresses the powers and responsibilities of ICT system
providers and legislators. It found that there is a lack of laws worldwide that would
motivate IT service providers to ensure higher standards of cybersecurity when working
from home. The article analyzes the impacts and impact of specific measures that are
desirable.

(Jiang, R. D. et al. 2023) This article analyzes security breaches by employees working
from home and the leakage of sensitive data from the office. The study identified three
main motivators for breaches: opportunity (the opportunity to copy data), work pressure,
and justification (the perception that breaching the rules is necessary to complete one’s
work). The study’s results provide insight into specific intentional security breach
behaviors (i.e., copying critical company data to complete work from home), encouraging
future studies to investigate this critical phenomenon for more detailed insights and
actionable implications for practice.

(Ogbanufe, O. et al. 2023) The authors examined two approaches to motivating
employees to comply with safety rules in a changing work environment: motivation to
protect (focusing on threats) and stewardship (focusing on a sense of responsibility). The
results showed that motivation to protect is more effective in reducing safety violations.
However, a combination of both approaches is important for overall safety compliance
when working from home. Organizations should emphasize communicating about threats
while building a sense of belonging and responsibility among their employees.
(Siddiqui, A. et al. 2024) The article deals with the growing risk of cyber attacks on
corporate data due to the increase in working from home. The existing protection of home
networks is insufficient. The article introduces SUTMS - an innovative cybersecurity
system for home networks. SUTMS integrates multiple security functions, including data
flow detection, intrusion detection and firewall. The results showed that SUTMS with
optimized signatures achieves high threat detection accuracy while significantly saving
resources.

(Poh, G. S. et al. 2021) The article highlights the need for privacy protection in smart
homes. The collection and storage of data from devices such as lights, thermostats and
cameras poses a security and privacy risk for employees working from home. The misuse
of this information can have serious consequences for individuals and organizations. The
article introduces a new system, PrivHome, that ensures the privacy of users and their
data. PrivHome provides data encryption, authentication and allows secure data retrieval
without revealing its content to the service provider. The system is based on new,
lightweight and practical cryptographic methods.

(Zhao T. et al. 2024) The article discusses the importance of cybersecurity training for
software engineers in the context of hybrid work. The increasing distribution of work and
the heterogeneity of networks in hybrid environments increase security risks. The study
examined the use of games to raise cybersecurity awareness among employees. The
results showed that the CSC and CATS games were successful in raising awareness of
secure software development and cloud security. The paper highlights the importance of
cloud security in hybrid work environments and confirms the effectiveness of combining
online and offline elements of training using games.
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4 Discussion and conclusion

This research paper focused on bibliometric analysis using Biblioshiny, examining 392
individual publications collected from the Web of Science database, filtered according to
predefined parameters. The analysis highlights that the research area related to information
security while working from home has gained considerable attention since the outbreak of the
COVID-19 pandemic.

Tools such as co-occurrence mapping, word clustering and thematic mapping were used to
identify the main research topics in the field of security. The predominant topics in this research
area include information security, education, legislation and information security management.

After analyzing the most relevant publications, it was found that the transition to working
from home has brought with it new and complex challenges in the field of information security.
The authors agree that traditional security measures are often insufficient in this new working
environment and require a more comprehensive approach. The main findings include the
following:

- Emergence of new security threats: Studies have identified a wide range of new threats
associated with working from home, from phishing attacks and ransomware to the misuse
of smart devices.

- Insufficient protection of home networks: Existing home network protection is often
insufficient to protect corporate data.

- The importance of the human factor: Many incidents are caused by human factors, such as
lack of awareness of threats or violation of security rules.

- The need for a comprehensive approach: Successful protection against cyber threats
requires a comprehensive approach that includes technical measures, employee education,
and constant threat monitoring.

- Importance of cloud security: With the increase in the use of cloud services, the importance
of cloud security also increases.

- Need for legislative changes: In their publications, the authors found that there is currently
a lack of laws that would motivate IT service providers to ensure higher standards of
cybersecurity when working from home.

A key element of information security for businesses should be continuous employee
training, implementation of proven technologies, and regular assessment of the security status.

4.1 Suggestions for future research directions

Based on the areas explored so far, the following areas are proposed for future research:

1. User psychology and behavior in the context of cybersecurity when working from
home: Research could focus on analyzing the human factor in cyber incidents.

2. Smart homes and their impact on information security when working from home:
Studies could focus on ways to protect privacy when working from home in a smart
environment.

3. Mobile devices and their role in cybersecurity when working from home: None of the
studies analyzed focused on analyzing the security of mobile devices, which are often used
when working from home. Research could therefore focus on analyzing the risks associated
with the use of mobile devices.

4. Analysis of the impact of economic aspects on IT security: The documents could focus,
for example, on the impact of costs on a company's information security decisions.

5. Privacy and identity in the context of working from home: Research could focus on
questions such as what new authentication and authorization methods could be used to
increase security when working from home?
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6. The impact of an information attack on employee wellbeing: The work would focus on
analyzing the human psyche after information is leaked to a third party.

7. Impact of artificial intelligence on cybersecurity: The studies would focus on analyzing
the use of artificial intelligence in working from home and the extent of its cybersecurity.

8. Design of new safety protocols specialized for working from home: A document analysis
found not a single study that proposed or analyzed safety protocols for working from home.

4.2 Research Limits

The following limitations were included among the limits of this research:
Methodological limitations:

- Database selection: that was used for the analysis may influence the results because it may
not include all available research.

- Keyword selection: used to search for relevant publications may have influenced the scope
and depth of the analysis.

- Simplification of complex phenomena: Bibliometric analyses simplify complex phenomena
and the relationships between them. They can provide a quantitative overview, but may not
capture all the nuances and qualitative aspects of research.

Interpretation limitations:

- Context: Bibliometric analyses do not take into account the broader context in which the
research is conducted (e.g. socio-political changes, technological developments).

- Researcher subjectivity: The choice of methods, interpretation of results, and conclusions
may be influenced by the subjective decisions of the researcher.

A bibliometric analysis of information technology security revealed several key trends and
research gaps in this area. It was found that interest in this issue increased after the outbreak of
the pandemic, with key topics being internet security, the emergence of new information threats,
cloud security and employee education on information security. A lack of research was
identified focusing on the security of mobile applications when working from home, the
security of smart devices (IoT), privacy and identity when working from home, the impact of
information attacks on employee wellbeing and the impact of human behaviour on information
security.

The results of the study have important implications for organisations considering the
introduction of a hybrid working model or working from home. They highlight the need for a
comprehensive security system that takes into account not only technological aspects, but also
social, psychological and economic factors. Organisations are advised to invest in the
development of tools to support learning and collaboration in a hybrid environment and to pay
attention to the mental health of employees.

In conclusion, the growing trend of working from home brings with it new and complex
challenges in the area of information security. This study has identified key risks and
vulnerabilities associated with this work model, while also suggesting potential solutions and
opportunities to improve the protection of sensitive data. The results of this research can serve
as a basis for further studies aimed at developing new security strategies and tools specifically
designed for the work from home environment.
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Moznosti vyuzitia umelej inteligencie pri hodnotovo-orientovanej
cenotvorbe

Possibilities of application of artificial intelligence in value-based pricing
Roman Zlebek, Katarina Remenova

Abstract

Value-based price management, especially in the area of pricing specifically, is in the real
world often met with difficulties related to its implementation, as it is necessary to take into
consideration a wide scale of factors, rational as well as irrational ones from a perspective of
classical approach to the decision-making process, which increases the complexity and
requirements on the tools and systems, which can be utilized for the implementation of this
approach, which is considered superior in comparison to cost-based of competition oriented
approaches in the price management. One of the modern tools on how to facilitate the
implementation and simplify the process is to utilize artificial intelligence, as in the real-world
scenario in practice having a huge number of items in the company’s portfolio and constant
changes in market and customer’s preferences it is providing a solution to how to predict future
prices and how to optimize them even also taking into the consideration the complexity of
application and implementation of value-based pricing. Due to this reason, we decided in this
article to map the possibilities of utilization of artificial intelligence for the pricing purposes
and evaluate their possible applications regarding the value-based price management per the
most recent research in this area.

JEL Classification: M1, M21, M15
Keywords: Artificial Intelligence, Value-based Price Management, Value-based Pricing

1 Uvod

Proces nastavovania cien sa v sucasnosti stava stale viac zalozenym na datach, pricom ceny
su stanovované uplne alebo Ciasto¢ne vyuzitim algoritmov (Klein, 2021). V tomto kontexte sa
javi, ze wumeld inteligencia modze ndjst Siroké uplatnenie pri predikcii predajov
a optimaliza¢nych problémov s nimi spojenymi (Erdmann a kol., 2024).

Pri vyuziti umelej inteligencie dochadza k ,,ueniu® tejto inteligencie na zaklade zberu
vystupov z predchadzajticich vykonanych akeii, a ndslednému vykonu akcie, ktord v minulosti
dosiahla najlepSie vysledky. Teda taky dizajn umelej inteligencie vyuzivanej na ucely
cenotvorby, ktory zabezpeCuje ze sa umeld inteligencia neustdle vzdelava a vylepSuje na
zaklade posilneného u€enia, ma silny vplyv na vystupy cenotvorby realizované na trhu (Asker
a kol., 2024). To, ¢o oddel'uje modely vyuzivajuce umell inteligenciu od tych, ktoré ostavaju
pri tradiénych pristupoch, je schopnost’ tychto modelov sa ucit' a postupne viac a viac
zdokonal'ovat’ na zaklade predchadzajucich skusenosti, bez nutnosti neustdleho manudlneho
preprogramovania (Araf a kol., 2025).

V nadvéznosti na hodnotovo-orientovanu cenotvorbu, umela inteligencia a strojové ucenie
modze pomoct’ nie len s vyvojom a implementaciou hodnotovo-orientovanej cenotvorby, ale
taktiez s ich dizajnom, ato vd’aka jej schopnosti reagovat’ na ziskané data v redlnom case
(Poveda a kol., 2022).

2 Sucasny stav rieSenej problematiky

Napriek tomu Ze téma vyuzitia algoritmov v oblasti cenotvorby nie je tiplna novinka, tvorba
a implementacia tychto algoritmov pomocou umelej inteligencie sa eSte len v nedavnych
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rokoch zacala skumat’ dopodrobna (Calvano a kol., 2020). VicsSina vedeckych skiimani, na
zaklade nasho reserse, sa zaobera tvorbou a aplikaciou modelov na vyuzitie umelej inteligencie
pri stanovovani cien, o nieCo menej etickymi dopadmi vyuzitia umelej inteligencie na tento
ucel, atakmer ziadne vedecké c¢lanky sa nevenuju identifikacii moznych vyuziti umelej
inteligencie vSeobecne v oblasti cenotvorby.

Z tohto dévodu sme vyhodnocovali tieto moZznosti na zéklade uc¢elu navrhovanych modelov
jednotlivymi autormi, anéaslednym vyhodnotenim ich aplikovatel'nosti pri hodnotovo-
orientovanej cenotvorbe, ked’Ze tieto modely sa zameriavaju na vyuzitie umelej inteligencie pri
cenotvorbe ako takej, bez prihliadnutia na Specifikd hodnotovo-orientovaného pristupu.

3 Vyskumny dizajn a metodologia

Cielom tohto ¢lanku je zmapovat moznosti vyuzitia umelej inteligencie v hodnotovo-
orientovanom manazmente cien respektive cenotvorbe podla najnovsie dostupnej literatury a
vyskumu, a ndsledna identifikdcia konkrétnych oblasti d’alSicho mozného vyskumu v rdmci
tohto prepojenia.

Vyskumnymi otazkami boli:
1. Aké su moznosti vyuzitia umelej inteligencie v oblasti cenotvorby?

2. Existuje moznost’ vyuzitia tychto metdd aj pri hodnotovo-orientovanom pristupe
k cenotvorbe?

Objektom sktimania teda boli vedecké Clanky a state v databaze Web of Science.
Na identifikaciu relevantnych zdrojov sme rozdelili h'adanie na dve casti:

1. Prepojenie cenotvorby a umelej inteligencie,

2. Identifikacia komplexnosti implementacie hodnotovo-orientovanej cenotvorby.

Na identifikaciu relevantnych zdrojov k prepojeniu cenotvorby a umelej inteligencie sme
pouzili vyhl'addvané vyrazy ,,Pricing* a ,,Artificial Intelligence®, ku ktorym bolo ndjdenych
v databaze 6133 prispevkov. Nasledne sme pridali kritérium, Ze ma ist’ iba o vedecké €lanky
(3273 vysedkov), obmedzili rok publikacie na ¢lanky, ktoré boli publikované od roku 2020 az
po sucasnost’ (2441 vysedkov). Ked’Ze ciel'om tohto prispevku nie je poskytnat’ vyCerpavajuci
a uplny pohl'ad na moznosti vyuzitia umelej inteligencie v stvislosti s hodnotovo-orientovanou
cenotvorbou, teda vytvorit’ systematicky prehl'ad literatlry, tieto vysledky sme si zoradili podl'a
relevantnosti, ,a vyhodnotili prvych 50 ¢lankov na zéklade toho, ¢i sa 0zaj zaoberaju prepojenim
nami skimanych tém (29 z nich splnilo kritérium). Z tychto ¢lankov sa 17 zaoberd vyuzitim
umelej inteligencie na predikciu buducich cien roznych produktov a komodit z réznych oblasti,
pri¢om niektoré z nich aj navrhuji modely jej implementécie. Druht skupinu tvoria ¢lanky,
ktoré popisuju vplyv umelej inteligencie na cenotvorbu, alebo jej vyuzitie. Obe skupiny ¢lankov
tvorili objekt skiimania v tomto ¢lanku.

Zdroje k zadefinovaniu hodnotovo orientovanej cenotvorby sme selektovali pouZzitim
vyhladdvaného vyrazu ,,Value-based Pricing®”, ku ktorému sme v databdze nasli 1599
vysledkov. Nasledne sme zvolili, Ze ma ist’ o publikované vedecké ¢lanky (1210 vysledkov),
ze nemaju byt starSie ako zroku 2020 (527 vysledkov) a Ze maju byt z oblasti biznisu (37
vysledkov). Relevantnost’ tychto ¢lankov pre tento prispevok sme vyhodnotili skrz analyzu
nazvov a abstraktov ¢lankov, pomocou ktorej sme vyselektovali 7 relevantnych zdrojov.

Nasledne pomocou logickej syntézy sme zhrnuli zisteny stav literatury, zatriedili oblasti
mozného vyuZzitia umelej inteligencie v oblasti hodnotovo-orientovanej cenotvorby,
a identifikovali mozné oblasti d’alSieho vyskumu prieniku skiimanych oblasti.
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4 Vysledky skumania
4.1 Hodnotovo orientovand cenotvorba

Aj napriek tomu, Ze uz nizke zvySenie cien vedie v priemere k signifikantnému ndrastu
operativnych ziskov, stale je pozorovatelné isté zanedbanie oblasti cenotvorby v praxi (Raja
a kol., 2020). Taktiez bola cenotvorba identifikovana ako pdka na ziskanie konkurenc¢nej
vyhody aako vyrazny faktor pri zvySovani ziskovosti spolo¢nosti, napriklad ziskavanim
vyssieho podielu ochoty platit’ zo strany spotrebitel'ov (Hinterhuber, 2024).

Literatura v tejto oblasti naznacuje, Zze hodnotovo orientovana stratégia cenotvorby na
zaklade hodnoty vnimanej zdkaznikom je komplexnejSia v porovnani s nakladovo ¢i
konkuren¢ne orientovanym pristupom. Problémom vSak je, Ze vytvorenie a implementacia
potrebnych zdrojov a schopnosti je identifikovana ako jedna z hlavnych prekazok uspesnej
implementacie hodnotovo orientovanej cenotvorby (Toytdri — Rajala — Alejandro, 2015).
Dal§imi identifikovanymi hlavnymi prekazkami pri implementacii tejto stratégie je
komunikacia hodnoty zédkaznikovi, ako aj samotné stanovenie hodnotovo orientovanej ceny na
zaklade hodnoty vnimanej zakaznikom (Tdytéri a kol, 2017).

Komplexnost’” zvySuje aj potenciondlna pritomnost’ vlastnosti produktu cenovej
diskriminacie na zéklade ¢asu — teda zmena ceny prichadzajica nie len so zmenou napriklad
ro¢ného obdobia, ale aj zmena kazdy den pocas tyzdila, popripade dynamicka cenotvorba, teda
cena, kedy dochadza k rozdielu medzi cenou v ¢ase rezervacie produktu a skuto¢nou akciou
nakupu. Takéto ¢asté zmeny spdsobuju vysSiu naro¢nost’ nastavenia hodnotovo-orientovanej
ceny a zavadzaju potrebu pocitat’ s faktormi, ktoré st za hranicami beznych atribitov produktu
(Abrate a kol., 2022).

Hinterhuber taktiez zvyraznil moznost vyuzitia poruSovania principov raciondlneho
rozhodovania spotrebitelov pri zvySovani hodnoty vnimanej spotrebitelmi, ¢im prepojil
hodnotovo orientovany pristup k cenotvorbe a ,,iracionalne* spravanie spotrebitel'ov (2015).

Podla Askari & Refae nejde o iracionalne rozhodnutia, ale orozhodnutia ktoré su
raciondlne zpohladu spotrebitel'a, avSak obsahuju nehmotné benefity (Ang. intangible
benefits), ktoré nie st vnimané ostatnymi zainteresovanymi stranami, ateda stale ide
o maximalizaciu uZzitoCnosti z pohl'adu spotrebitel’a, iba ma inll predstavu o uZzito¢nosti ako
ostatné strany. Navrhuji novu definiciu uZito¢nosti, ako sthrn vSetkych vnimanych hmotnych
aj nehmotnych (resp. jednoznacnych ako aj skrytych) benefitov, ktoré méze rozhodujuci ziskat’
alebo ocakavat’ Ze ich ziska, a ma hodnotu, ktord je maximalizovana a stanovena kazdym
rozhodovatel'om na zéklade dostupnych informacii a zndmych alternativ v ¢ase rozhodovania.
(2019).

4.2 Modely na vyuZitie umelej inteligencie v cenotvorbe navrhnuté autormi

Jednym z najvyuzivanejSich skupin modelov pre posiliiované ucenie (Ang. Reinforcement
Learning) st Q-uciace algoritmy (Ang. Q-learning algorithms). Tieto prirodzene pritahuji
pozornost ekonomov, ked’ze upravuju svoje spravanie na zaklade skusenosti z minulosti
vyberom prevazne moznosti ktoré boli viac uspesné alen v nizSej miere tie, ktoré neboli
natol’ko tspesné. Na zaklade toho su tieto modely schopné naucit’ sa optimalnu stratégiu, resp.
odhad optiméalnej stratégie, aj s minimom az ziadnou informaciou z minulosti. V nestrategickej
a nemeniacej situdcii dokdzu s istotou dodat’ optimdlne rieSenie. Tento model vyuziva
iterativny proces odhadovania Q-matice, ktora predstavuje optimalne rieSenie. Jeho nevyhodou
je, ze musi pracovat’ aj so sub-optimdlnymi rieSeniami, atak je zahlcovany zbytocnymi
iteraciami, ktoré predlzuji samotny proces, atak nevyuziva naplno svoje zdroje
nazhromazdenych informécii. Napriek tomu Ze model sa javi ako pouzitelny aj
v komplexnejSom ekonomickom prostredi v redlnej situacii, modze vyustit v zlyhani

65



Ekonomika a manazment, Vedecky ¢asopis Fakulty podnikového manazmentu Ekonomickej univerzity v Bratislave
rocnik XXII., ¢islo 1, rok 2025, ISSN 2454-1028

konvergencie k idedlnemu rieSeniu (Q-matice). Z tohto dévodu sa ako vhodnejsi javi model
napriklad hlbokého ucenia, ktorého ucenie je efektivnejSie ako ucenie Q algoritmov (Calvano
a kol., 2020).

Hlboké posiliiované ucenie (Ang. Deep Reinforcement Learning) sa javi ako vhodna
alternativa k tomuto pristupu, ked’Ze dokaze sama seba naucit’ ako dosiahnut’ optimalnu
stratégiu bez nutnosti vytvarania vlastnych zaverov ohl'adom dopytu. Vyskumnici dokézali
vyuzit’ tito metddu pri rozsiahlych problémoch v skutocnom svete, napriklad pri rozsiahlom
manazmente ndmornictva (Yang a kol., 2022).

Rampini a Cecconi vykonali empirické porovnanie troch réznych modelov strojového
ucenia aplikovanych na pripad predikcie cien nehnutelnosti v Taliansku. Porovndvanymi
modelmi boli ElasticNet, ktory vyuziva hrebefiovi regresiu na penalizéciu variability na
dosiahnutie zniZenia komplexity a Lasso, ktoré penalizuje urcité vybrané faktory, resp. ich
uplne vynechéva z modelu, ktory slizi na tréning algoritmu, XGBoost, ktory vytvara predikény
model pomocou vytvorenia silného logického stromu z mnohych slabych jednoduchych
logickych stromov, a Umeld Neurénova siet’ (ang. ANN), ktord imituje l'udsky mozog
prepojenim jednotiek a uzlov usporiadanych do viacerych vypoctovych vrstiev. Vo svojom
skimani zistili ze najlepSie vysledky dosiahol model Umelej Neurénovej siete. Autori
zhodnotili, Ze na zaklade prevedeného vyskumu nie je mozné jednozna¢ne povedat’ Ze umela
inteligencia dosahuje lepSie vysledky ako tradi¢né modely predikcie cien nehnutelnosti, ale ak
by Slo o vyber vhodného modelu, vhodnym sa javi umela neurénova siet’. Tato si vSak vyzaduje
na dosahovanie presnych vysledkov vel'ké mnoZzstvo dat, ktoré nemusia byt’ vzdy k dispozicii
(2022).

Tieto metody vyuzili vo svojom vyskume viaceri autori, konkrétne Camatti a kol., 2024
vyuzili metdodu umelej neurdénovej siete a XGBoost pri predikcii cien Airbnb, alebo
v turistickom sektore (Moreno-Izquierdo a kol., 2018).

Hedonické ocenovacie modely predstavuju d’alSiu oblast’ kde je mozné vyuzit' umeli
inteligenciu. Tieto vychadzaju z predpokladu, ze hodnota (resp. cena) sa sklada zo rozsiahleho
suboru komponentov, ktoré spolu tvoria celkovi hodnotu koneéného produktu. Této
metodologia dava moznost odhadnit’ hodnotu vSetkych komponentov produktu, a tak
demonstrovat’ nakol’ko sa zmeni spravanie ostatnych komponentov, ak déjde k zmene jedné¢ho
znich. Tato metdda zarovenl umoziluje zahrnit nie len fyzické atribity produktu, ale aj
psychologické ¢i behavioralne.

4.3 Etické problémy pri vyuZiti umelej inteligencie v oblasti cenotvorby

Jednym s hlavnym problémom, s ktorym nésledne suvisia aj potencionalne problémy
z etického hladiska pri vyuziti umelej inteligencie pri cenotvorbe je nizka (az ziadna)
zodpovednost’ umelej inteligencie pri nastavovani cien (Feuerriegel a kol., 2022; Sanchez-
Hughet a kol., 2022).

Ked dochadza k vyhodnocovaniu vyuzitia umelej inteligencie, etické a pravne aspekty
musia byt’ brané do tivahy, ako bolo ustanovené Eurépskou Komisiou (Erdmann a kol., 2024),
¢o bolo aj podchytené vyskumom, dokazujlic ze manazéri ¢asto neberti do uvahy tieto aspekty
pri zavadzani a vyuzivani hybridnych procesoch vyuzivajicich umelt inteligenciu pri
rozhodovani (Feuerriegel a kol., 2022).

Jednym z identifikovanych problémov je ochrana osobnych dat pri vyuzivani umelej
inteligencie, pricom stale vicSina pouzivatelov si neuvedomuje a nekontroluje ako su ich
osobné udaje spracovavané pocas vyuzivania tejto moznosti (Wachter & Mittelstadt, 2019).
Dalsim aspektom je, Ze algoritmy umelej inteligencie nesmu diskriminovat’ na zaklade pohlavia
¢i inych kritérii (Nikolinakos, 2023). Rovnako je dolezitd aj transparentnost resp.
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,vysvetlitelnost™ umelej inteligencie vo vztahu ako kinterpretovatelnosti tak aj
doveryhodnosti systému (Saura a kol., 2022). A nakoniec, ked’ze vyhodnocovanie rizik hra
vyznamnu ulohu v systémoch riadenia bezpecnosti, zavedenie vyuzitia umelej inteligencia
stazuje moznosti argumentacie ohl'adom pravdepodobnosti a dopadov vedl'ajsich ¢inkov ked’
kontrolné aplikdcie musia vyuzivat' informécie z predchédzajucich situacii na vyhodnotenie
novych situacii (Johnson a kol., 2018).

5 Diskusia

Z dostupnych vedeckych zdrojov sme identifikovali, ze vyuzitie umelej inteligencie
v oblasti cenotvorby je sti¢asnou témou na akademickej pdde, kde sa mu venuje stle viac a viac
vedcov z tejto oblasti. Vedecké prispevky sa zameriavaji prevazne na aplikdciu modelov
umelej inteligencie na oblast’ cenotvorby, pricom ide o dve oblasti jej vyuzitia: optimalizacia
cien a cenovych stratégii a predikcia cien v budicnosti. Skimané identifikované modely su
zobrazené v tabul'ke niZSie, zachytavajlice aj to, do ktorej z tychto kategodrii su zaradené.

Tabulka 1
Kategorizacia skimanych modelov na vyuzitie umelej inteligencie pri cenotvorbe

Q-uciace algoritmy Optimalizacia cien Ano, aviak obmedzené v redlnom prostredi

Hlboké posiliiované ucenie Optimalizacia cien Ano, vhodnejsie ako Q-u¢iace algoritmy

ElasticNet Predikcia cien Ano, ale nedostatoéne presné predikcie

XGBoost Predikcia cien Ano, nedostatky pri malom rozsahu vstupnych
udajov

Umela neurénova siet’ Predikcia cien Ano, nedostatky pri malom rozsahu vstupnych

udajov, presnejsie vysledky ako XGBoost

Hedonické ocefniovacie modely | Optimalizacia cien Ano

Zdroj: Vlastné spracovanie

Vo vytvorenej tabulke teda mozeme pozorovat, ze Q-uciace algoritmy, Hlboké
posiliiované u¢enie a Hedonické oceniovacie modely patria do kategorie modelov vyuzivanych
na optimalizaciu cien vyuZzitim umelej inteligencie, a ElasticNet, XGBoost a Umelad neurénova
siet’ patria k modelom na predikciu cien za pomoci umelej inteligencie.

Vyhodnotenim podstaty Q-uciacich systémov, ako jedeného z modelov pre posiliiované
ucenie, sme identifikovali, Zze z pohl'adu hodnotovo-orientovaného pristupu k cenotvorbe
nepredstavuje jeho implementacia problém, ked’ze tento model Specificky pracuje ,,iba* so
zl'avovym faktorom vyjadrenym koeficientom od 0 po 1, ktory je mozné previest' na hodnotu
vnimani zdkaznikom, namiesto samotnej ceny. AvSak jeho obmedzenia v komplexnom
prostredi redlnej ekonomiky pretrvavaju.

Postidenim d’alSej skiimanej skupiny néstrojov umelej inteligencie ElasticNet, XGBoost
a Umeld neuronova siet’ sme dokazali vyhodnotit’, Ze vSetky tri skimané modely by bolo mozné
aplikovat’ aj v pripade pouZzitia hodnotovo-orientovanej cenotvorby, resp. vyuZitia sucasnej
vnimanej hodnoty zdkaznikmi na predikciu budicej vnimanej hodnoty pre potreby cenového
rozhodovania bez obmedzeni. AvSak najvhodnej$im z tychto troch ndstrojov sa na zaklade
doterajSieho vyskumu javi Umel4 neurénova siet’.

Hedonické ocenovacie modely sa javia ako vhodna metdda, v stlade s hodnotovo-
orientovanou cenotvorbou, ked’ze je mozné v nej zahrnut’ aj Ciastkovil hodnotu nefyzickych
parametrov produktov, ktora moéze zahriiovat’ parametre, ktoré¢ by mohli byt povazované za
iraciondlne, avSak maj vplyv na rozhodovaci proces spotrebitel’a.
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Moébzeme teda konstatovat’ Ze sme zistili, Ze vSetky skimané modely je mozné vyuzit’ aj na
hodnotovo-orientované pristupy k cenotvorbe, avSak hlboké posiliiované ucenie, umeld
neurénova siet’ a hedonické ocenovacie modely st vhodnejSimi metddami, ako ostatné
skiiman¢ alternativy.

Najviacsou prekazkou vo vyuziti hodnotovo-orientovanej cenotvorby je vSak stile jej
implementécia, kvoli jej komplexnosti. Tato komplexnost’ vychddza z viacerych faktov,
z ktorych najvyraznejSim je problém stanovenia hodnoty vnimanej zdkaznikmi, ked’ze ich
preferencie a nalady, ktoré su sucastou rozhodovania a maju vplyv na hodnotu produktov
asluzieb vnimant zadkaznikom v danom momente, sa menia vela rychlo, ast lahko
ovplyvnitelné. Potencialne teda moze dojst’ k cenovej diskriminacii na zaklad ¢asu. Dal§imi
potenciondlnymi problematickymi oblastami, ktoré sme identifikovali, s komunikacie
hodnoty zakaznikovi, teda pristup k produktu z pohl'adu marketingovych aktivit a stratégie,
a etické problémy spojené s vyuzitim umelej inteligencie ako chybajuca zodpovednost’ umelej
inteligencie pri nastavovani stratégie a cien, absencia ochrany pravnych aspektov, absencia
ochrany osobnych udajov alebo jej nedostato¢nost’, diskriminacia na zaklade pohlavia, rasy,
nabozenstva ¢i inych faktorov, a chybajuca transparentnost’ v o¢iach zdkaznikov akym
sposobom dochadza k stanoveniu cien pomocou umelej inteligencie. S niektorymi tymito
Specifickymi poziadavkami a problémami mdze pomdct’ umela inteligencia, av§ak samo o sebe
to nebude postacujice, pokial’ nebudu implementované d’alSie kontrolné mechanizmy, ktoré
zabezpecia kvalitativne poziadavky na umelu inteligenciu vyuzivani na tento ucel.

6 Zaver

Stcasny vyskum nam poskytol prehl'ad ohladom dostupnych moZznosti vyuZzitia umelej
inteligencie a identifikovat oblasti d’alSicho mozného vyskumu ohladom prepojenia
cenotvorby, umelej inteligencie a hodnotovo-orientovanych pristupoch v manazmente cien.
Vytvorili sme jednoduchy prehl’ad naj¢astejSie pouzivanych metodd vyuzitia umelej inteligencie
v tejto oblasti, a identifikovali dve hlavné skupiny tychto metdd: optimalizacia cien a cenovej
stratégie, a predikcia cien do budticnosti a ich d’alsi vyvoj.

Tento vyskum ma svoje limitacie, ked’Zze vzh'adom na charakter skimania bola zvolena
forma selekcie relevantnych zdrojov, ktord nezahriiovala vSetku dostupnt literatiru
v sledovanej oblasti, a teda neslo o kompletntl systematicku literarnu resers, ¢o mohlo spdsobit’,
ze neboli preskimané vSetky metody, ktoré st vyuzivané pri vyskume vyuzitia umelej
inteligencie pri manazmente cien.

Moznymi oblastami d’alSieho vyskumu sa javi empirické a Statistické skimanie presnosti
jednotlivych modelov na potvrdenie ich relevantnosti a sily ich schopnosti naozaj spravne
optimalizovat’ ¢i predikovat’ vhodné cenové stratégie a cenotvorbu, identifikacia dopliiujicich
parametrov k modelom na odstranenie ich nedostatkov, a vytvorenie rozsiahlejsich modelov
s vyuzitim umelej inteligencie, ktoré by zahriiovali aj behaviordlne parametre pri stanovovani
hodnoty vnimanej zakaznikom.

Poznamka

Tento prispevok je sucastou vyskumu pod projektom VEGA ¢. 1/0110/24 Vyskum
akcelerovanej digitalizacie v malych podnikoch s dorazom na udrzatelny rozvoj vztahov so
zakaznikmi.
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solutions that enable the valorisation of agrobiodiversity and gastronomic heritage and
a fair distribution of generated benefits, including the well-being of the host
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By focusing on agro-biodiversity, food heritage and local identity, the goal is to broaden
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alternative models and competitive new tourism products of “slow food” itineraries
grounded in agrobiodiversity and food heritage, tested in different territorial contexts of
pilot regions. These solutions will not be limited to the local level, but will have a wider
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