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ALGORITHMIC URBANISM
AND STRUCTURAL
INEQUALITY: A CRITICAL
ASSESSMENT OF ARTIFICIAL
INTELLIGENCE IN URBAN
SYSTEMS

Artificial intelligence is increasingly deployed
to optimise urban energy systems, transport
networks, and housing markets. However, its
infrastructure frequently reproduces structural
inequalities, imposing environmental and social
costs onto marginalised communities whilst
concentrating benefits among capital-holding
actors. This paper argues hypothesis that Al
urbanism, as currently embedded within existing
urban political economies, functions as a
mechanism of cost externalisation rather than
public service optimisation: efficiency gains
accrue to capital-holding actors whilst costs are
displaced onto marginalised communities and
peripheral territories. This study adopts a
qualitative, critical analytical approach, combi-
ning a systematic literature synthesis with
comparative case studies across three urban
domains of energy, transport, and housing,
drawing on evidence from both the Global North
and the Global South. The informational basis
combines peer-reviewed scholarship, intergo-
vernmental reports, and investigative journalism.
The study relies on secondary sources, which
constitutes its principal limitation alongside the
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AJTTOPUTMIYHUI
YPBAHI3M
TA CTPYKTYPHA
HEPIBHICTb

LImyunuii inmenexm (L) dedani axmusniwe
81POBAOICYEMBCS 8 MICbKI CUCmeMU, 30Kpema 8
eHepeemuYHi Mepedicl, mpaHcnopmHy iHpacmpyx-
mypy ma punoxk ocumiaa. Ilpome tioco ingpa-
CMPYKMYpa 4acmo 8iOmeoproe CMpyKmypHy Hepie-
HICMb, OCKIIbKU eKONOIUHI Ma COYIANbHE BUmMpamu
HenponopyitiHo NOKIA0AMbC sl HA MAPSIHANIZ08AHI
2pomadu, mooi K GU200U KOHYEHMPYIOMbCS Cepeo
MUX, Xmo MAc Kaniman ma H@pacmpyKmypHy
enady. Bucymymo cinomesy, wo LLI-ypbanizm,
60Y008aHUIL Y MICHKI NOJMUYHI eKOHOMIL, (DYHKYIO-
HY€ SIK MEXAHI3M eKCMepHAi3ayii eumpam, a He K
onmumizayis nyomuHuUX nocuye. Aneopummiuni
cucmemu 8 YbOMY KOHMEKCMI CHPUSAIONb KOHYEHIM-
payii echexkmuerocmi, pecypcis i npubymis ceped
KanimaaoMicmKux akmopis, mooi sk eKon02iyHi ma
COYIANbHI PUUKU HeNPONOPYINIHO NOKIAOAMbCs
Ha MAap2iHani308aHi 2pynu HACeNleHHs. 3acmoco-
6aHO  AKICHUU  KPUMUYHO-AHATIMUYHULL  NIOXIO,
NOEOHYIOUU CUCMEMAMUYHUL CUHME3 Jimepamypu
3 NOPIBHANLHUMU Kelcamil Y MpPbOX OOMEHAX:
eHepaemuyi, MpaHcnopmi ma JICUMI080MY CeK-
mopi, 3 dokazamu sx 3 kpain I 1obansnoi Ilienoui,
mak i 3 kpain [o6anvnoeo Ilieons. Inghopmayitiny
bazy CmMaMoGIAMb PEYeH306aHI HAYKOGI npayl,
MIDICYpA006i  OONOGIOi Mma Mamepian HCypHa-
JECMCOKUX  po3CTioyéanb.  Pesymomamu  ananizy
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rapidly evolving nature of Al governance. The
analysis revealed that Al data centre infrastruc-
ture in Mesa, Arizona, extracted 5.5 million cubic
metres of water annually whilst residential
construction permits were simultaneously revo-
ked due to aquifer depletion. In Caucaia, Brazil,
a proposed data centre would consume electricity
equivalent to 2.2 million households, exempli-
fying computational colonialism in peripheral
economies. In transport, the Waze for Cities
programme in Joinville, Brazil, created extractive
data dependency that undermined municipal
governance capacity, whilst Singapore’s publicly
governed system demonstrated that equitable
outcomes are achievable under different gover-
nance architectures. In housing, Barcelona’s Sant
Marti district experienced algorithmic amplifi-
cation of gentrification, displacing low-income
residents despite environmental improvements.
The paradox of Al urbanism is sustained not by
technical failure but by the political economy in
which these systems operate. The study provides
recommendations for municipal authorities to
implement public data trusts, participatory
governance mechanisms, and wellbeing-oriented
optimisation metrics, ensuring that Al-driven
urban systems serve collective wellbeing over
capital accumulation.

Keywords: Al urbanism, urban sustaina-

bility, algorithmic inequality, computational
colonialism, data sovereignty, political economy.

JEL Classification: R10, R58, 033, L86, Q50.

Introduction

noKazanu, wio iHgpacmpykmypa yeHmpie 06pooKu
oanux y m. Meci (wumam Apizona) cnooicusana
wopiuno 5.5 man m® 600u, mooi sk 003601 HA HOGE
HcUmMII08e OYOiGHUYMBO OOHOYACHO CKACOBYBANUCS
uepes  GUCHAJICEHHSI B0OOHOCHUX — 20PU3OHIMIE.
Y Kayxaiii (Bpasunis) 3anponoHosanuti yeump
00pOOKU OGHUX CROXCUBA8 OU eleKmMpPOeHePaito,
exeiganenmuy nompeoam 2.2 MIH 0OMO20CHO-
oapcms. Y cghepi mpancnopmy npoepama Waze for
Cities y )Kyansini (bpaszunis) cmeopuna 3anesic-
Hicmb 8I0 npusamHoi niameopmu, wo niopusana
MYHIYURAAbHULL  Cy8epeHimem OaHux, mooi 5K
nybniuno keposana cucmema Cumeanypy npooe-
MOHCIPYBANA OOCAICHICIb CHPABEOTUBUX Pe3)ilb-
Mmamie 3a iHWUX yMo8 ynpasninHa. Y cehepi scumaa
pation Canm-Mapmi y Bapcenoni 3aznae ancopum-
MIYHO20 — NOCWIeHHs  OdceHmpuikayii, — wo
npu3eeno 00 UMICHEHHs MAN03a0e3NeHeHUX Meui-
KaHuyié MNOnpu eKonoeiyHi noxpawenus. Bcma-
HogneHo, wjo napadoxc LL-ypbanizmy 3ymoeneHuil
He MexXHIYHUMU 3005MU, A NOATMUYHOIO eKOHOMIEIO,
6 AKil pyHryionyroms yi cucmemu. Cepopmosano
peKoOMeHOayii O MyHIYUNATbHUX Op2aHié enaou
WOO00 BNPOBAONHCEHHS NYONIUHUX 008IPpUUX POHOI6
oanux, Mexawizmie NapmuyUNAmueHo20 Ynpae-
JIHHA Ma MempuK onmumizayii, OpiEHMOBAHUX HA
000pobym, 3 memoio 3abesneuumu  QYHKYIO-
HYBaHHA Micbkux cucmem Ha ochogl LI 6
inmepecax 000poOymy, a He Ol HAKONUYEHHS
xanimarny.

Kniouoei cnosa: I1lll-ypbanizm, wMichka
CTaJliCTh, AITOPUTMIYHA HEPIBHICTH, OOYHCITIO-
BaJIbHUH KOJIOHIaNi3M, CYBEpeHITeT HaHWX, IOJi-
THYHA €KOHOMISL.

Algorithmic systems have become foundational instruments for

governing urban infrastructure, enabling cities to coordinate energy
consumption, regulate traffic flows, and administer housing allocation at
unprecedented scales. Yet the widespread enthusiasm for Al’s problem-
solving capacity coexists with a structural paradox: the very systems
designed to optimise urban life frequently reinforce the material and political
inequalities they claim to address. The proposed data centre in Caucaia,
Brazil, illustrates this tension concretely: community protests exposed how
the facility’s environmental burdens on a water-stressed region were
systematically disregarded, revealing how optimisation logics operate in
ways that override local ecological and social thresholds (Martins &
Amorim, 2025).

The hypothesis underlying this study is that Al urbanism, as embedded
within existing urban political economies, functions as a mechanism of cost
externalisation rather than public service optimisation: efficiency gains are
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systematically captured by capital-holding actors whilst environmental,
governance, and social costs are displaced onto marginalised communities
and peripheral territories. This analysis builds upon and expands the
theoretical framework initially proposed in the author’s preliminary study on
algorithmic systems in urban contexts (Tonon, 2025). The hypothesis is
tested through a critical synthesis of urban studies, political ecology, and
technology governance literature, structured around comparative case studies
across three domains, with cases drawn from both the Global North and the
Global South.

Within urban contexts, Al urbanism describes the growing influence of
algorithmic systems on spatial planning, infrastructure management, resource
distribution, and governance structures (Cugurullo et al., 2024). Central to this
paradigm is optimisation: a logic that seeks to improve outcomes through data-
driven prediction and control. Yet aligning Al with the Sustainable Development
Goals remains structurally ambiguous. Whilst Al can facilitate the achievement
of 134, or 79%, of SDG targets across several dimensions, it simultaneously risks
hindering 59, or 35%, of targets across social, economic, and environmental
dimensions (Vinuesa et al., 2020). These tensions confirm that optimisation is
never a neutral technical operation, but one shaped by the political economies
and governance architectures in which Al systems are embedded (Vinuesa
et al., 2020; Cugurullo et al., 2024).

This study adopts a qualitative, critical analytical approach,
combining a systematic literature synthesis with comparative case analysis
across three urban domains. Cases were selected from both the Global North
and the Global South, following a logic of maximum variation to assess
whether identified patterns are geographically contingent or structurally
determined. The reliance on secondary sources constitutes the study’s
principal methodological limitation; however, this is consistent with its
theoretical objectives, which seek to identify structural patterns rather than
generate primary empirical data. The analysis builds upon the preliminary
framework developed in Tonon (2025) and extends it through an explicit
economic dimension.

The article is structured as follows. Section 1 surveys the measurable
advances in urban sustainability that Al enables across energy, transport, and
housing, establishing that the critique targets Al’s current political-economic
embedding rather than its technical potential. Section 2 examines material
contradictions and structural inequalities produced across the same three
domains through paired case studies from the Global North and Global
South. Section 3 analyses the economic mechanisms that explain why these
patterns persist. Section 4 considers the institutional conditions necessary for
more equitable Al governance. The conclusions synthesise the findings and
position the study’s contribution to the critical Al urbanism literature.

6 ISSN 2786-7978; eISSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N2 4
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1. Advances in sustainability

Proponents of Al urbanism argue that algorithmic optimisation
delivers measurable improvements in resource efficiency, pollution
reduction, and infrastructure management across energy, transport, and
housing sectors (OECD, 2019). This section examines three domains where
Al evidently advances sustainability metrics, whilst maintaining critical
awareness that efficiency gains do not automatically translate into equitable
or ecologically sustainable outcomes.

1.1. Energy: smart grids and renewable integration

Al-driven smart grids revolutionise urban energy systems by
dynamically balancing supply and demand, integrating variable renewable
sources, and reducing overall consumption. Machine learning algorithms
predict consumption patterns and coordinate renewable energy sources,
utilising satellite imagery to create emissions predictions essential for power
system optimisation and disaster management (UN-Habitat, 2022). This
capacity is particularly valuable in smart cities, where energy consumption
fluctuates with weather conditions, time of day, and population density.
Barcelona exemplifies this implementation, applying Al-powered solutions
in smart lighting and waste management to measurably reduce energy
consumption and carbon footprints (Singh & Shah, 2024).

1.2. Transport: route optimisation and emission reduction

Algorithmic transport optimisation targets congestion reduction,
emission minimisation, and mobility efficiency through interconnected
systems aligned with SDGs 11.2, 11.3, and 11.6 (UN-Habitat, 2022). Al
systems manage traffic flow by analysing real-time sensor and camera data,
enabling dynamic signal adjustments and vehicle rerouting that significantly
reduce congestion (UN-Habitat, 2022). Singapore’s traffic management
system demonstrates this potential at scale, substantially reducing congestion
and travel times whilst anticipating potential incidents (Singh & Shah, 2024).
This case is instructive precisely because, as Section 2 will show, such
outcomes depend fundamentally on governance architecture rather than
technology alone.

1.3. Housing: building management and resource efficiency

Smart building technologies apply Al to optimise energy, water, and
occupant comfort simultaneously, addressing SDGs 11, 9, 12, 7, and 3 (UN-
Habitat, 2022). Integrated with 10T sensors, these systems enable continuous
monitoring, proactive maintenance, and automated temperature control
(Singh & Shah, 2024). Mehdi (2018) documents 25 to 35% reductions in
energy consumption through such automated systems.

ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N° 4 7
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These applications demonstrate Al’s technical capacity for measu-
rable efficiency improvements. The following section examines the critical
questions they raise: efficiency for whom, at what hidden costs, and through
what governance structures?

2. Material contradictions and structural inequalities

The material infrastructure sustaining Al-driven urbanism, compri-
sing data centres, computational networks, and digital platforms, places
enormous demands on water and energy systems already under pressure from
climate change (Lee, 2025). These burdens fall disproportionately on vulnerable
communities across the Global North and South (Sharma et al., 2023). Rather
than redistributing resources equitably, Al systems operationalise a logic of
capital accumulation, embedding patterns of extraction characteristic of
colonial resource regimes within the governance structures of ostensibly
progressive smart cities (Cugurullo, 2021). The following case studies
demonstrate how this logic generates economic asymmetry across energy,
transport, and housing, producing systematic cost externalisation onto
marginalised populations whilst concentrating benefits among technology
corporations and high-income urban residents (Sharma et al., 2023).

2.1. Energy: water extraction and computational colonialism

Al-driven energy optimisation masks significant material contra-
dictions: computational infrastructure consumes water at scales that threaten
community access in water-stressed regions (Barratt et al., 2025). Data
centres are frequently sited in arid regions to minimise corrosion,
paradoxically concentrating consumption precisely where water is scarcest.
One study projects Al-driven facilities could consume up to 1.7 trillion
gallons globally by 2027 (Fleury & Jimenez, 2025).

Mesa, Arizona. In Mesa, Arizona, a region experiencing extreme
drought, authorities permitted Google’s data centre to extract 5.5 million
cubic metres of water annually, equivalent to the annual consumption of
23,000 residents. This occurred whilst residential construction permits were
revoked due to aquifer depletion. The decision reveals a political-economic
hierarchy in which corporate infrastructure investment takes precedence over
community need: the same resource whose scarcity was being used to deny
housing permits was simultaneously being allocated to a private data centre.
Recent investigations identified 632 existing data centres, including
38 already located in water-stressed areas and another 24 under development,
collectively representing a 78% increase in planned capacity, placing Mesa
within a systematic pattern (Barratt et al., 2025).

Caucaia, Brazil. The proposed TikTok data centre in Caucaia, Brazil,
exemplifies computational colonialism: resource extraction from peripheral
regions sustaining centralised digital infrastructure (Cugurullo, 2021).
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The facility would consume electricity equivalent to 2.2 million homes,
exceeding 99.9% of Brazilian municipalities’ per-capita use, and would rank
as Brazil’s seventh-largest electricity consumer as a single entity (Martins &
Amorim, 2025). The asymmetry is stark: the data centre would generate
digital value for global platforms whilst imposing energy and water burdens
on a water-stressed region with limited capacity for legal or political
contestation. Community protests against the facility reveal that the affected
population recognised this asymmetry clearly, even when regulatory
frameworks did not (Martins & Amorim, 2025).

Together, Mesa and Caucaia reveal that the logic of externalisation
operates consistently across distinct regulatory and geographic contexts:
costs are imposed on communities selected precisely because their capacity
to resist is weakest. This is a structural feature of how Al infrastructure is
deployed, not an incidental failure (Cugurullo, 2021; Sharma et al., 2023).

2.2. Transport: data extraction and municipal sovereignty

The political economy of Al transport optimisation is characterised by
structural economic asymmetry: platform corporations extract commercially
valuable municipal datasets whilst providing minimal reciprocal benefit,
systematically diminishing local governance capacity and concentrating
analytical power within private technology corporations (UN-Habitat, 2022).
Smart mobility systems thus function less as instruments of public service
than as mechanisms of data extraction and capital accumulation. Through
network effects and proprietary data architectures, platform corporations
position themselves as indispensable intermediaries, generating a form of
cost externalisation whereby the public investment required to produce
valuable urban data is borne by municipalities, whilst the economic returns
accrue entirely to private platforms (Hiroki, 2021; Sharma et al., 2023; UN-
Habitat, 2023).

Singapore. Singapore’s Al-assisted traffic management demonstrates
what is technically achievable when algorithmic systems are deployed within
strong public governance frameworks. The city-state retains public
ownership of its transport data infrastructure, enabling Al optimisation to
serve collective mobility goals rather than platform profit. The result is a
system that genuinely reduces congestion and travel times whilst maintaining
public accountability, instructive as evidence that Al outcomes depend
fundamentally on governance architecture: who owns the data, who sets the
targets, and to whom the system is accountable (Singh & Shah, 2024).

Joinville, Brazil. The contrast with Joinville, Santa Catarina, is
instructive. The city’s participation in the Waze for Cities programme created
a dependency in which the platform retained software ownership and patents
whilst providing only filtered, partial information insufficient for medium-
or large-scale traffic planning (Hiroki, 2021). Although municipal officials
recognised the imbalance, Waze’s market dominance left few alternatives.
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This dynamic reproduces colonial extraction patterns: data flows from the
periphery to the core, whilst analytical capacity concentrates in Global North
corporate headquarters, weakening municipal data sovereignty and limiting
autonomous policymaking aligned with community needs (Hiroki, 2021,
Sharma et al., 2023). This vulnerability is particularly acute in Global South
cities, where limited budgets and expertise create greater exposure to
exploitative data arrangements (Hiroki, 2021; Sharma et al., 2023).

Singapore and Joinville demonstrate that the Al paradox in transport
is not technical but political: the same algorithmic tools produce radically
different outcomes depending on who controls the data and what governance
frameworks protect public interests.

2.3. Housing: algorithmic discrimination and access barriers

Al housing systems reproduce and amplify existing discrimination,
creating algorithmic barriers that restrict access for marginalised
communities whilst optimising markets for investor profit rather than
residential need (Rosen & Garboden, 2024; Sharma et al., 2023). Research
on the US housing market demonstrates that Al-driven systems reproduce
racial discrimination, systematically restricting access for racialised
minorities in ways that mirror historical patterns of exclusion (Rosen &
Garboden, 2024). Machine learning models treat discrimination as a signal
rather than a bias to be corrected, thereby reinforcing racist market structures
(Cugurullo & Xu, 2025). Algorithmic opacity obscures these dynamics,
limiting accountability and enabling corporations to maintain plausible
deniability (Cugurullo & Xu, 2025; Lee, 2025; Sharma et al., 2023).

Barcelona. Barcelona’s Sant Marti district illustrates how
environmental improvements, mediated by algorithmic housing systems, can
accelerate displacement of the very communities they were ostensibly
designed to benefit. Between 1992 and 2006, the creation of 18 parks
attracted higher-income residents: adults with university degrees rose by
27.92% and household income by 26.7%, far above district-wide trends
(Anguelovski et al., 2018). Market algorithms classified the area as a high-
return zone whilst labelling vulnerable residents as high risk, channelling
investment and driving up costs. Low-income populations were consequently
displaced to Nou Barris, where algorithmic systems continued to rate the
neighbourhood negatively despite the presence of green amenities,
reinforcing structural inequalities (Anguelovski et al., 2018; Sharma et al.,
2023; UN-Habitat, 2022).

Sant Marti reveals a deeper contradiction: Al does not cause
gentrification but amplifies and accelerates it, identifying investment
opportunities whilst simultaneously flagging existing residents as financial
risks (Othengrafen et al., 2025). This transforms environmental improvement
into a mechanism of displacement, making the process harder to contest and
easier to conceal behind ostensibly neutral data-driven decision-making.
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These contradictions reveal Al urbanism’s fundamental tension with
genuine sustainability (Cugurullo, 2021; Sharma et al., 2023): energy
systems extract water from drought-stressed communities, transport plat-
forms extract data from municipalities, and housing algorithms extract access
from marginalised residents, all whilst claiming optimisation. What unites
these three domains is a shared economic logic: the externalisation of costs
onto those least able to contest them, and the internalisation of gains by those
who control infrastructure and capital. The following section examines the
mechanisms through which this logic is reproduced.

3. Economic dimension: the political economy of Al urbanism

The contradictions documented across the three domains are not
incidental outcomes of imperfect implementation. They reflect the political
economy within which Al urbanism operates: a structure that systematically
generates economic efficiency for those who hold capital and infrastructure
power, whilst producing systematic cost externalisation onto communities and
municipalities that do not. Three interconnected mechanisms of economic
asymmetry sustain this pattern (Cugurullo, 2021; Sharma et al., 2023).

First, the concentration of Al infrastructure investment among a small
number of global platform corporations enables these actors to extract
favourable terms from host governments, including tax incentives, subsidised
energy tariffs, and loosened environmental permitting (IEA, 2024).
Corporations thus capture the economic value of urban data and Al services
whilst externalising infrastructure costs such as water depletion onto local
communities and public budgets. Mesa and Caucaia exemplify this: in both
cases, scarce public resources were allocated to private digital infrastructure
through governance frameworks that prioritised corporate investment over
community need (Barratt et al., 2025; Martins and Amorim, 2025).

Second, the commodification of urban data creates persistent
asymmetries between platform corporations and municipalities. As the
Joinville case illustrates, proprietary platforms extract commercially valuable
datasets from public infrastructure investment, monetising traffic patterns,
mobility behaviour, and spatial demand signals through advertising and
logistics optimisation, whilst municipalities receive only partial, filtered
information in return (Hiroki, 2021). This redistribution of urban surplus
from public institutions towards technology corporations weakens the fiscal
and institutional base from which municipalities might otherwise develop
autonomous, equity-oriented policies.

Third, in housing markets, Al amplifies existing capital advantages by
enabling institutional investors to act on investment signals at a speed and
scale unavailable to individual households or municipal governments
(Othengrafen et al., 2025). Barcelona demonstrates this amplification:
algorithmic systems did not introduce gentrification to Sant Marti, but
accelerated and deepened it in ways that manual market analysis could not
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match. These three mechanisms interact and reinforce one another, which is
why piecemeal technical reforms consistently produce limited results: the Al
paradox is sustained not by flawed algorithms, but by the political economy
in which they operate (Cugurullo, 2021; Sharma et al., 2023).

4. Conditions of possibility

If the paradox of Al urbanism is structural rather than incidental, as
the preceding analysis demonstrates, then addressing it requires structural
responses: not better algorithms, but different ownership arrangements,
different governance architectures, and different definitions of what
optimisation is for. Three transformations emerge as essential: public data
sovereignty (UN-Habitat, 2022), democratic participation in design
processes (Othengrafen et al., 2025), and optimisation metrics prioritising
justice alongside efficiency (Sharma et al., 2023). These are not independent
recommendations but interconnected conditions, and none is sufficient
without the others.

4.1. Public data sovereignty and municipal ownership

Municipal and cooperative data ownership enables alternative
outcomes prioritising equity alongside efficiency. Barcelona’s Decidim
platform demonstrates this possibility: a free, open data commons
infrastructure for participatory democracy that achieves high implementation
rates for citizen proposals (Bernardi, 2019). However, Caucaia’s resistance
against data centre infrastructure reveals that public ownership alone proves
insufficient without robust accountability mechanisms and capacity to
contest corporate power (Martins & Amorim, 2025). Data sovereignty must
combine legal ownership with institutional capacity-building and community
technical expertise, as the contrast between Decidim and the Joinville
arrangement illustrates: the difference is not technical but political (Bernardi,
2019; Hiroki, 2021; UN-Habitat, 2022).

4.2. Participatory governance

Democratic participation in Al system design challenges technocratic
decision-making that excludes affected communities. Effective participation
requires more than consultation; it demands redistributing decision-making
power over algorithmic systems, including community oversight of data
practices, transparent audits, and mechanisms to contest automated decisions
(Sharma et al., 2023; UN-Habitat, 2022). The resistance to Caucaia’s
proposed data centre demonstrates how organised communities can oppose
corporate infrastructure even when regulatory frameworks fail them, though
their capacity to participate remains limited when state decisions override
local mobilisation (Martins & Amorim, 2025). Genuine participatory
governance therefore requires legal frameworks protecting community veto
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power, binding consultation requirements, and resources for communities to
develop the technical capacity necessary for meaningful engagement
(Cugurullo, 2021).

4.3. Alternative metrics

Reconceptualising optimisation metrics challenges the growth-oriented
logic embedded in Al urbanism. Doughnut Economics offers an alternative
framework prioritising ecological sustainability and social equity over GDP
expansion (Raworth, 2017; DEAL, 2024). More than 70 cities worldwide are
exploring adoption through DEAL’s Data Portrait of Place, a tool generating
holistic assessments of local social and ecological performance (DEAL, 2024).
By establishing legitimate wellbeing metrics, the framework helps
municipalities resist profit-maximising optimisation logics (Raworth, 2017).
Yet implementation faces major barriers: the computational colonialism
documented in Caucaia shows the consequences of leaving profit-driven
optimisation unchallenged, whilst Barcelona’s green goods polarisation
demonstrates how environmental improvements produce inequitable outcomes
when distributional concerns are sidelined (Anguelovski et al., 2018; Martins &
Amorim, 2025). Alternative metrics must therefore be paired with governance
reforms ensuring algorithmic systems advance collective welfare, constrained
as they are by corporate resistance and structural power asymmetries favouring
capital over communities (Sharma et al., 2023).

Conclusions

Al generates measurable gains in renewable integration (Vinuesa
et al., 2020), mobility optimisation (Singh & Shah, 2024), and building
performance (UN-Habitat, 2022). Yet its infrastructures frequently externa-
lise socioecological harms, from water extraction in drought-stressed regions
(Barratt et al., 2025) to the erosion of municipal data sovereignty
(Hiroki, 2021) and discriminatory housing outcomes (Anguelovski et al., 2018;
Rosen & Garboden, 2024). Its impact, therefore, turns not on technical
capacity but on governance structures shaped by corporate control and
uneven resource flows, which reproduce forms of computational colonialism
(Cugurullo, 2021; Sharma et al., 2023).

The case studies demonstrate that these patterns are not geographically
confined or sectorally specific. In energy, Mesa and Caucaia reveal how
infrastructure costs are imposed on communities selected for their limited
capacity to resist. In transport, Singapore and Joinville show that the same
tools produce radically different outcomes depending on who owns the data.
In housing, Barcelona’s Sant Marti illustrates how Al transforms environ-
mental improvement into a mechanism of displacement.

These patterns persist because they are sustained by a political
economy that concentrates Al’s benefits among capital-holding actors whilst
externalising its costs. Achieving genuine sustainability, therefore, requires
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moving beyond tech-centric approaches towards transforming ownership
structures, governance models, and optimisation logics themselves
(Cugurullo, 2021; Sharma et al., 2023). Public ownership of data
infrastructures, participatory institutions with enforceable community rights,
and optimisation metrics aligned with collective wellbeing rather than profit
are not supplementary considerations; they are the conditions under which
Al urbanism could begin to deliver on its sustainability promise.

This paper contributes to the critical Al urbanism literature by
demonstrating that the paradox of algorithmic urban governance is not a
technical malfunction but a structural feature of the political economies in which
these systems operate. It advances the debate by proposing that genuine urban
sustainability requires institutional transformations in data ownership,
governance participation, and optimisation metrics, rather than incremental
adjustments to existing algorithmic systems. For scholars of urban economics,
the findings suggest that Al infrastructure investment follows the same logic of
rent extraction and cost socialisation that characterises urban development more
broadly: the question is not whether Al is good or bad for cities, but who
captures the value it creates and who absorbs the costs it generates. Answering
that question is both an analytical and a political task.

REFERENCES / CMTUCOK BUKOPUCTAHWUX OKEPEJ

Anguelovski, 1., Connolly, J.J. T., Masip, L. & Pearsall, H. (2018). "Assessing green gentrification in
historically disenfranchised neighborhoods: a longitudinal and spatial analysis of Barcelona”, Urban
Geography, 39(3), 458-491. https://doi.org/10.1080/02723638.2017.1349987

Barratt, L., Gambarini, C., Witherspoon, A., & Uteuova, A. (2025). *Data centre expansion: water extraction
and drought conflicts in Aragon and Arizona’, The Guardian, 9 April. https://www.theguardian.com/
environment/2025/apr/09/big-tech-datacentres-water

Bernardi, M. (2019). "Digital Democracy and Data Commons (DDDC): a participatory platform to build a
more open, transparent and collaborative society”, The Urban Media Lab, 21 February.
https://labgov.city/theurbanmedialab/digital-democracy-and-data-commons-dddc-a-participatory-platform-
to-build-a-more-open-transparent-and-collaborative-society/

Cugurullo, F. (2021). Frankenstein Urbanism: Eco, Smart and Autonomous Cities, Artificial Intelligence
and the End of the City. London: Routledge. ISBN 978-1-138-10178-4.

Cugurullo, F., Caprotti, F., Cook, M., Karvonen, A., McGuirk, P., & Marvin, S. (2024). "The Rise of Al
Urbanism in Post-smart Cities: A Critical Commentary on Urban Atrtificial Intelligence”, Urban Studies,
61(6), 1168-1182. https://journals.sagepub.com/doi/10.1177/00420980231203386

Cugurullo, F., & Xu, Y. (2025). "When Als become oracles: generative artificial intelligence, anticipatory
urban governance, and the future of cities”, Policy and Society, 44(1), 98-115. https://doi.org/
10.1093/polsoc/puae025

DEAL. (Doughnut Economics Action Lab). (2024). Cities and Regions: Let’s Get Started. Pathways for
local and regional governments to engage with Doughnut Economics as a tool for transformative action
(Version 2). Doughnut Economics Action Lab, UK. https://doughnuteconomics.org/themes/cities-regions

Fleury, M., & Jimenez, N. (2025). "I cannot drink the water: life next to a US data centre”, BBC News, 10
July. https://www.bbc.com/news/articles/cy8gy7lv4480

Hiroki, S. M. Y. (2021). Mobility, participation, and | Hiroki, S. M. Y. (2021). "Mobilidade, participacao e
data: The case of the application of Waze for Cities | dados: o caso da aplicacao do Waze for Cities Data
Data in the city of Joinville (SC). Urbe. Revista | na cidade de Joinville (SC)", Urbe. Revista
Brasileira de Gestao Urbana, 13, €20200030. | Brasileira de Gestao Urbana, 13(e20200030).
https://doi.org/10.1590/2175-3369.013.e20200030. | https://doi.org/ 10.1590/2175-3369.013.620200030.

14 ISSN 2786-7978; eISSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N2 4



DIGITAL GOVERNANCE AND SOCIAL DEVELOPMENT

IEA. (International Energy Agency). (2024). Electricity 2024: Analysis and Forecast to 2026. Paris: IEA.
Available at: https://www.iea.org/reports/electricity-2024

Lee, H. J. (2025). ’Seeing like AI? Al urbanism reconsidered through a critical posthumanist perspective’,
Urban Studies, pp. 1-22. https://doi.org/10.1177/00420980251344914

Martins, L., & Amorim, F. (2025, May 22). Protests | Martins, L. & Amorim, F. (2025) "Protestos e a
and algorithmic pollution: The case of Casa dos | poluicao algoritmica: o caso da Casa dos Ventos em

Ventos em Caucaia. The Intercept Brasil. | Caucaia", Intercept Brasil, 22 May.
https://www.intercept.com.br/2025/05/22/tiktok- https://www.intercept.com.br/2025/05/22/tiktok-
data-center-cidade-seca-no-ceara/ data-center-cidade-seca-no-ceara/

Mehdi, N. (2018). Big data, smart cities, intelligent buildings: surveying in a digital world. London: Royal
Institution of Chartered Surveyors (RICS). https://www.rics.org/profession-standards/rics-standards-and-
guidance/sector-standards/built-environment

OECD (Organisation for Economic Co-operation and Development). (2019). Artificial Intelligence in
Society. Paris: OECD Publishing. https://doi.org/10.1787/eedfee77-en

Othengrafen, F., Sievers, L., & Reinecke, E. (2025). "From Vision to Reality: The Use of Atrtificial Intelligence in
Different Urban Planning Phases’, Urban Planning, 10 (Article 8576). https://doi.org/ 10.17645/up.8576

Raworth, K. (2017). Doughnut Economics: Seven Ways to Think Like a 21st-Century Economist. London:
Random House. ISBN 978-1-847-94137-4.

Tonon, B. (2025) Optimised for Whom? Al in Urban Energy, Transport, and Housing Between Efficiency
and Structural Inequality (Working Paper). Zenodo. https://doi.org/10.5281/zenodo.18793700

Rosen, E., & Garboden, P. (2024). "Algorithms and racial discrimination in the US housing market", in
Cugurullo, F. et al. (eds.) Artificial intelligence and the city: Urbanistic perspectives on Al. London:
Routledge, 322-338. https://doi.org/10.4324/9781003365877

Sharma, N. K., Hargreaves, T., & Pallett, H. (2023). "Social justice implications of smart urban technologies:
an intersectional approach”, Buildings and Cities, 4(1), 315-333. https://doi.org/ 10.5334/bc.290

Singh, R. K. & Shah, M. S. (2024). "Al-Driven Smart Cities: Improving Urban Infrastructure and Services",
International Journal of Advanced Research in Science, Communication and Technology, 5(2), 22-31.
https://ijarsct.co.in/Paper23304.pdf

UN-Habitat. (United Nations Human Settlements Programme). (2022). Al and Cities: Risks, Applications
and Governance. Nairobi: UN-Habitat. Available at: https://unhabitat.org/ai-cities-risks-applications-and-
governance

UN-Habitat (United Nations Human Settlements Programme). (2023). Annual Report 2022. Nairobi:
UN-Habitat. https://unhabitat.org/annual-report-2022

Vinuesa, R. et al. (2020). "The role of artificial intelligence in achieving the Sustainable Development
Goals", Nature Communications, 11(1), 1-10. https://doi.org/10.1038/s41467-019-14108-y

Conflict of interest. The author certifies that she doesn’t have financial or non-financial interest in the subject matter or
materials discussed in this manuscript; the authors have no association with state bodies, any organisations, or commercial
entities having a financial interest in or financial conflict with the subject matter or research presented in the manuscript.
Given that the author is affiliated with the institution that publishes this journal, which may cause potential conflict or
suspicion of bias and therefore the final decision to publish this article (including the reviewers and editors) is made by the
members of the Editorial Board who are not the employees of this institution.

The author received no direct funding for this study.
Tonon B. (2026). Algorithmic urbanism and structural inequality: a critical assessment of artificial intelligence in urban
systems. Scientia fructuosa, 4(168), 4-15. http://doi.org/10.31617/1.2026(168)01

Received by the editorial office 20.03.2026.
Sent for revision 22.04.2026.

Accepted for printing 30.05.2026.
Published online 07.09.2026.

ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N° 4 15



DIGITAL GOVERNANCE AND SOCIAL DEVELOPMENT

DOI: http://doi.org/10.31617/1.2026(168)02
UDC 930.25:(659.5):004.65=111

ALAMR Ayman
https://orcid.org/0000-0002-1100-6702

PhD (Antiquities),

Professor of the Department of Services Courses

Agaba University of Technology

Airport Road, P.O. Box 1199,

Agaba, 77110, Jordan

aamr@aut.edu.jo

CONCEPTUALISING
ARCHIVAL HERITAGE
MANAGEMENT IN JORDAN:
POLICY, DIGITISATION, AND
PUBLIC ACCESS

This study examines the transformation of
archival governance from a traditional protec-
tion-oriented paradigm to an integrated mana-
gement framework, with a specific focus on the
Jordanian context. While archival institutions
have historically prioritised the safeguarding and
preservation of documentary materials, contem-
porary developments in digital technology, gover-
nance models, and public expectations necessitate
a broader and more strategic approach. A
hypothesis is proposed that leads to an integrated
model for managing the efficiency, accessibility, and
public value of archival institutions. Adopting a
qualitative analytical methodology, the research
draws on international legal frameworks, heritage
management guidelines, and archival theory to
assess the conceptual and structural evolution of
documentary heritage governance. A comparative
analytical framework is employed to identify the key
differences between protection-based and mana-
gement-oriented models, particularly in relation to
policy coherence, digitisation strategies, and public
accessibility. The findings reveal that archival
governance in Jordan remains largely influenced by
custodial practices, with emerging yet fragmented
digitisation initiatives and limited structured public
engagement mechanisms. The study highlights the
absence of comprehensive management plans and
coordinated national digitisation policies as critical
gaps. The paper argues that effective archival
heritage management in Jordan requires the
integration of three interdependent pillars:
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KOHUENTYAJI3ALIA
YMNPABJIIHHA APXIBHOIO
CMAZLIMHOIO B IOPLAHII:
MONITUKA, OLIMOPYBAHHS
TA NYBAIMHAA QOCTYI

Posensimymo  mpancghopmayiio  ynpaeninus
APXIGHOIO CRPABOIO 6i0 MPAOUYIiHOI napaouemu,
OPIEHMOBAHOL HA OXOPOHY, 00 THMESPOBAHOT MOOEL
ynpasninns, 3 akyenmom na Hopoanii. Sxuyo
ICMOPUYHO O APXIBHUX YCMAHOS8 YV Npiopumemi
oynu saxucm i 30epexceHHs OOKYMEHMATbHUX
Mamepianie, mo cyuacui menOeHyii y cghepi
yughposux mexHonoeii, Mmooenel YNpaeuiHHA ma
CYCRIIbHUX OYIKYBAHb 3YMOGIOIOMb HEOOXIOHICb
wupwio2o ma Ol CMpameziuHo2o Nioxooy.
Bucynymo zinomesy, sika nepedbayac cmeopenHs
[HMe2posanoi Mooei YNPAeGiHHA eqeKmuUEHICMIO,
O00CTYRHICIIO MA CYCNIILHOIN YIHHICIIO APXIGHUX
yemanos.  3acmocogyiouu  AKICHY — AHANIMUYHY
MemoOoN0ziio,  OOCTIONCEHH.  CRUPAEMbC  HA
MINCHAPOOHO-NPABOBI  PAMKU, ~pPeKOMeHOayii y
chepi YnpasninHA KYJIbMYPHOK CHAOWUHOIO Md
apXieHy meopito 01 OYIHIOBAHHSL KOHYENMYAIbHOT
1 cmpyKmypHoi egomoyii YApasminHA OOKYMeH-
MAIBHOW CRAOWUHOMW. [T USHAUEHHS KIHOHUOBUX
GIOMIHHOCIMEU MIJIC MOOEIAMUY, 30ACHOBAHUMU HA
OXOpOHi, ma MoOeIaAMY, OPIEHMOBAHUMU HA
YNpAGiHHs, UKOPUCMAHO NOPIBHAIbHO-AHAITMUY-
Hull  nioxio 30KpemMa  Wooo  Y32002CeHOCH
nonimuky, cmpameeiil yugposizayii ma oocmyn-
HOCMI apXi6HUx mamepianié O1sl SPOMAOCLKOCHIL.
Pesynomamu  docnioosicennss  cgiouamv, w0
ynpaeninus apxisnoro cnpasoto ¢ Hopoanii snay-
HOK MIPOIO 3aIULUAEMbCS NI BNIUBOM Mpaou-
YILHUX NPAKmMuK 30epieants 0oKymenmis. BooHo-
uac cnocmepizaromvCsi HoGl, npome GpacmMeHmapHi
iHiyiamueu 3 yugposizayii ma obmediceni mexa-
HI3MU  CUCMEMHOT 83A€MOOIT 3 2POMAOCHLKICIIO.
Haezonoweno na 6iocymnocmi KOMIAEKCHUX NAAHIG
YHPAGNIHHA MA  CKOOPOUHOBAHOT  HAYIOHATLHOL
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strategic  policy  development,  structured
digitisation frameworks, and inclusive access
mechanisms. By aligning national practices with
international standards—particularly UNESCO s
Memory of the World Programme—Jordan can
reposition its archives as dynamic cultural assets
that contribute to transparency, knowledge
production, and national identity formation in the

nomimuky  yugposizayii, wo € KpUMUYHUMU
npozanunamu vy it cghepi. ObIpyHmMosaro, o
eghekmusHe YNpaguiHHA apXiGHoI0 CRAOWUHON 6
Hopoanii nompebye inmezpayii mpbox 63aemosa-
JIEIHCHUX CKTIAO0BUX: CIMPAMESIYHO20 (OpMYBAHHS
NONMUKY, CMPYKMYPOBAHUX MEXAHIZMIE Yugpo-
ei3ayii ma IHKIIO3UGHUX MEXAHIZMIE OJocmyny.
Vze000icytouu  nayionanvui npakmuku 3 MIdCHA-
POOHUMU CIMAHOAPMAMU, 30KpemMd 3 NpoSpamoio

digital age (UNESCO, 2015). FOHECKO "Mam’sme ceimy" (Memory of the
World Programme), Hopoanis modice nepemso-
pumiL c80i apXieu Ha OUHAMIYHI KYIbMYPHI pecypci,
Wo CHpUSMUMYyms NpO30POCHI, NPOOYKY8AHHIO
3HaMb MaA OPMYEAHHIO HAYIOHANLHOT i0eHmuy-

nocmi 6 yughposy enoxy (UNESCO, 2015).

Kniouoei cnosa: ynpaBiiHHS KyJIbTYpHOIO
cnaiumpHol, mnporpama "Ilam’saTte  cBITY",
mudpoBi  TexHoJOril, MOJENl  YIpaBJiHHS,
apxiBHa CIIpaBa, KOHIETITyai3allis.

Keywords: heritage management, World
Programme, digital technology, governance
models, Archival, Conceptualising.

JEL Classification: 711,718, 038, D83, L86.

Introduction

This study adopts a qualitative and analytical perspective to
reconceptualise archival heritage management in Jordan within the broader
framework of policy development, digitisation strategies, and public access
mechanisms. Given the conceptual and governance-oriented nature of the
research problem, the study relies on doctrinal analysis, comparative review,
and policy evaluation rather than quantitative measurement.

The research is grounded in a theoretical-analytical approach that
examines the transition from a protection-oriented paradigm to an integrated
management model in archival governance. This shift reflects global
developments in archival science, where preservation is increasingly linked
to accessibility, digital transformation, and public engagement. The
analytical framework presented in Table is used as a conceptual tool to assess
the dimensions of this transformation.

To ensure a comprehensive analysis, the study draws on multiple
categories of sources, including international legal and policy frameworks
(such as UNESCO conventions and Memory of the World Programme
guidelines), national legislative and institutional regulations in Jordan,
relevant scholarly literature on archival theory and digital transformation,
and selected comparative international experiences that illustrate best
practices in archival management.

The analysis is structured around key dimensions of archival governance,
including philosophical foundations, policy orientation, institutional roles,
digitisation strategies, access mechanisms, public engagement, and governance
evaluation. These dimensions are examined through a comparative lens,
contrasting the traditional protection-based model with the proposed integrated
management model in the Jordanian context (Conway, 2010).

The study proceeds through three main stages: conceptual analysis,
policy assessment, and synthesis for model development. Rather than
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producing statistical generalisations, the research aims to provide a
normative and strategic contribution to archival heritage governance. It is
limited to publicly available documents and does not include empirical data
collection. Ethical standards are fully maintained, as no personal or
confidential data are used (Department of Antiquities of Jordan, n. d.).
Objective

« To examine the transformation of archival governance from a
traditional protection-oriented model to an integrated management
framework.

« To analyse the current state of archival governance in the Jordanian
context.

« To evaluate policy coherence, digitisation strategies, and public
access mechanisms within archival institutions.

« To identify structural and conceptual gaps in national archival
management practices.

« To propose an integrated framework based on policy development,
digitisation, and inclusive access.

A hypothesis is proposed that leads to an integrated model for
managing the efficiency, accessibility, and public value of archival
institutions.

Methodology

The study adopts a qualitative analytical approach. It relies on
documentary analysis of international legal frameworks, heritage mana-
gement guidelines, and archival theories.

A comparative analytical framework is used to distinguish between
protection-based archival models and management-oriented archival gover-
nance models.

The analysis focuses on three dimensions: Policy structure,
Digitisation strategies; Public accessibility mechanisms

Results

Archival governance in Jordan remains predominantly custodial and
protection-focused.

« Digitisation initiatives exist but are fragmented and lack national
coordination.

« There is an absence of comprehensive strategic management plans for
archival heritage.

« Public engagement and structured access mechanisms are limited.

« Current practices do not fully align with integrated international
archival governance standards.

Scientific contribution

« The study introduces a conceptual shift from traditional archival
preservation to integrated archival heritage management within the Jordanian
context.

« It proposes a three-pillar model consisting of:

- Strategic policy development.

- Structured digitisation frameworks.
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- Inclusive public access mechanisms.

« The research bridges a gap between archival theory, heritage mana-
gement, and digital governance.

« It provides a policy-oriented framework that aligns national archival
practices with international standards, particularly UNESCO-related
initiatives.

« The study contributes to repositioning archives as dynamic cultural
and knowledge assets rather than static repositories.

The changing role of archives in society

The transformation of the archive’s role in society has long been a
subject of scholarly reflection. Early historiographical analyses — most
notably those presented by the French archivist Robert-Henri Bautier —
outlined the historical evolution of archives across several stages, from
palace repositories in antiquity to "arsenals of power" in the early modern
period, and later to "laboratories of history" in the nineteenth and twentieth
centuries. While this classification effectively captures the pre-digital phases
of archival development, it does not fully account for the profound
transformations brought about by digital technologies and new models of
governance.

In the twenty-first century, archives have entered a new era characterised
by digitisation, networked information systems, and expanding public enga-
gement. No longer confined to administrative or purely scholarly functions,
archives increasingly serve educational, communicative, and cultural roles.
International academic debates have emphasised that archival science is
undergoing a paradigm shift-moving beyond custodial preservation toward
participatory, policy-driven, and access-oriented frameworks.

This reconceptualisation is particularly relevant to Jordan. As digital
transformation reshapes public institutions, archives are no longer perceived
merely as repositories of legal or historical records. Instead, they function as
dynamic institutions that contribute to transparency, research innovation,
civic education, and the strengthening of national identity. The emergence of
digitisation initiatives, electronic records management systems, and open-
access platforms has expanded the archive’s communicative capacity,
connecting past and present while facilitating broader societal interaction
with documentary heritage.

Contemporary archival discourse highlights several core functions of
modern archives: administrative accountability, scientific research support,
public education, and cultural communication. In Jordan, these functions
increasingly intersect within a policy environment that recognises archives
as strategic cultural assets. The educational function enhances historical
awareness and civic engagement; the communicative function fosters
intergenerational dialogue; and the cultural function positions archives as
pillars of collective memory within national development strategies.

Furthermore, modern philosophical and cultural theories have
reinforced the understanding of archives as cultural phenomena rather than
merely technical repositories. The "archival turn™ in the humanities has
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underscored the archive’s influence on identity formation, memory politics,
and historical reconstruction. Within this framework, archival documents are
not only evidentiary instruments but also cultural artefacts whose value often
extends beyond individual records to entire fonds and collections.

In light of these transformations, archival heritage management in
Jordan requires a comprehensive policy framework that integrates
preservation, digitisation, and public accessibility. The shift from protection
to management reflects a broader recognition that sustainable heritage
governance must balance safeguarding documentary integrity with ensuring
inclusive access and societal relevance.

The structure of this article is organised as follows. The next section
examines the theoretical foundations of archival governance and the
transition from protection to management models. This is followed by an
analysis of the current state of archival practices in Jordan, including
institutional frameworks and digitisation initiatives. The subsequent section
presents a comparative evaluation of traditional and integrated archival
management approaches. Finally, the article concludes with a proposed
conceptual model and policy recommendations for enhancing archival
heritage management in Jordan.

1. Theoretical framework: the transformation of the archive and
the emergence of a new management paradigm

The role of archives has undergone profound transformation
throughout history, reflecting broader political, social, and epistemological
shifts. Traditionally, archives were closely associated with authority and
governance. In ancient and medieval contexts, archival repositories primarily
functioned as instruments of political control and legal authentication.
During the early modern period, archives increasingly became administrative
tools — often described as "arsenals of power — serving state institutions and
reinforcing centralised authority. By the nineteenth and early twentieth
centuries, archives evolved into what scholars termed "laboratories of
history," supporting academic research and historical reconstruction.

This historical trajectory, however, largely reflects the pre-digital era.
The emergence of digital technologies in the late twentieth and early twenty-
first centuries has fundamentally altered both the structure and the societal
function of archives. Digitisation, electronic records management, big data
environments, and online platforms have transformed archives from
relatively closed custodial institutions into open, interactive, and networked
knowledge systems. Consequently, archival science is no longer confined to
preservation techniques; it increasingly engages with governance models,
digital policy, information ethics, and public communication strategies.

This transformation has generated what many scholars describe as a
paradigmatic shift — from a protection-oriented model to a management-
oriented model of archival heritage. The traditional paradigm emphasised
safeguarding physical documents, maintaining provenance, and ensuring
legal authenticity. While these principles remain foundational, contemporary
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archival governance demands broader responsibilities: strategic planning,
digital infrastructure development, user-centred services, and institutional
transparency. Archives are now expected not only to preserve memory but
also to facilitate access, foster civic engagement, and contribute to
knowledge economies (Harrison, 2013).

The theoretical "archival turn™ in the humanities further reinforces this
shift. Philosophical and cultural studies have reconceptualised archives as
sites of power, identity construction, and collective memory formation.
Within this framework, archival documents are not merely neutral historical
traces; they are cultural artefacts embedded in political, social, and
interpretative contexts. The archive thus emerges as a dynamic cultural
institution whose influence extends beyond historiography into education,
public discourse, and nation-building processes.

In the Jordanian context, this theoretical evolution is particularly
significant. Jordan’s documentary heritage reflects diverse historical layers —
administrative, political, cultural, and social — that collectively shape national
identity. As digital transformation accelerates across public institutions,
archival governance must respond with comprehensive management
strategies that integrate preservation, digitisation, and public accessibility.
The growing demand for open information, academic research support, and
digital services underscores the necessity of aligning archival practice with
contemporary governance standards.

Moreover, international frameworks —such as UNESCQO’s Memory of
the World Programme — highlight the importance of documentary heritage as
a global cultural asset. These frameworks encourage member states to adopt
structured management plans, digitisation policies, and public engagement
initiatives. For Jordan, aligning national archival strategies with such
international standards strengthens institutional credibility and enhances the
visibility of its documentary heritage on the global stage (Jordan National
Library, n. d.).

The reconceptualisation of archival heritage management in Jordan,
therefore, requires a multidimensional approach. First, it demands policy
innovation that clearly defines the archive’s cultural, educational, and
administrative functions. Second, it necessitates investment in digital
infrastructure capable of ensuring long-term preservation and secure public
access. Third, it calls for participatory strategies that position archives as
communicative institutions serving scholars, policymakers, students, and the
broader public.

In this light, archives in Jordan should no longer be perceived solely
as custodians of historical records. Rather, they must be understood as
strategic cultural institutions operating at the intersection of governance,
technology, and society. By adopting an integrated management paradigm,
Jordan can transform its archival system into a sustainable, accessible, and
policy-driven framework that balances preservation with innovation.

This theoretical foundation supports the central argument of this
study: that effective archival heritage governance in Jordan depends on
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redefining archives as dynamic cultural assets managed through coherent
policies, advanced digitisation strategies, and inclusive public access
mechanisms (Consultative Committee for Space Data Systems, 2012).

2. From cultural heritage protection to heritage management:
conceptual and policy foundations

The concept of cultural heritage protection emerged formally in the
early twentieth century and was consolidated through a series of international
conventions adopted after the Second World War. Initially, the primary
concern of the international community was safeguarding cultural property
from destruction, particularly during armed conflicts. Legal instruments such
as the 1907 Hague Conventions laid early foundations for the protection of
cultural assets, while the devastating losses of libraries, archives, and
monuments during the world wars highlighted the urgent need for stronger
international frameworks.

A decisive turning point occurred in 1954 with the adoption of the
Hague Convention for the Protection of Cultural Property in the Event of
Armed Conflict under the auspices of UNESCO. For the first time, the term
"cultural property" was formally codified in international law, establishing
principles of protection and restitution. Subsequent developments, parti-
cularly the 1972 Convention Concerning the Protection of the World Cultural
and Natural Heritage, broadened the scope of heritage governance by
defining categories of cultural value and introducing the World Heritage List
as a global recognition mechanism (Gilliland, 2016).

While these instruments primarily emphasised preservation and
safeguarding, the late twentieth century witnessed a conceptual expansion
from protection toward management. This shift was driven by several factors:
the growing complexity of heritage assets, increased public expectations for
access, and the rapid development of digital technologies. UNESCO’s
Memory of the World Programme, established in 1992, marked a critical step
in recognising documentary heritage as a distinct and globally significant
category. By promoting registers of documentary heritage and encouraging
digitisation initiatives, the programme underscored not only preservation but
also accessibility and public awareness.

The transition from protection to management was further institu-
tionalised through methodological guidelines that introduced the concept of
the "management plan" for cultural heritage assets. These guidelines
emphasised strategic planning, stakeholder coordination, budgeting, docu-
mentation, monitoring, and periodic evaluation. Heritage governance was
thus reframed as a continuous, policy-driven process rather than a purely
reactive conservation effort.

In the contemporary era, international policy frameworks increasingly
integrate digitization and open access as central pillars of heritage
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management. Initiatives such as UNESCQO’s Information for All Programme
(IFAP) and European digitisation strategies have promoted long-term digital
preservation, online accessibility, and inclusive cultural participation. The
principle of "culture accessible to all" reflects a broader democratic vision of
heritage governance in the digital age.

Within the Jordanian context, this global evolution has significant
implications. Jordan possesses a rich documentary and archival heritage
reflecting administrative, political, and cultural developments across different
historical periods. While traditional protection mechanisms remain essential,
they are no longer sufficient to address the challenges of digital transformation
and expanding public demand for transparency and research access.

Reconceptualising archival heritage management in Jordan, therefore,
requires moving beyond a preservation-centred model toward an integrated
framework grounded in policy coherence, digitisation strategies, and
inclusive access mechanisms. This entails the development of structured
national management plans for documentary heritage, investment in digital
infrastructure, and alignment with international standards such as the
Memory of the World Programme.

Ultimately, the distinction between "protection” and "management” is
not merely terminological. Protection represents a necessary but limited
defensive approach, whereas management reflects a proactive, strategic, and
sustainable model of governance. For Jordan, adopting this reconceptualised
approach offers an opportunity to strengthen archival institutions as dynamic
cultural assets that contribute to national identity, knowledge production,
institutional transparency, and long-term cultural sustainability (Consultative
Committee for Space Data Systems, 2012).

3. A project-based approach to documentary heritage management
in Jordan

The responsibility of the state toward cultural and documentary
heritage extends beyond mere protection and physical preservation. It also
includes the creation of institutional, legal, and technological conditions that
ensure effective use, public engagement, and sustainable dissemination. In
the contemporary governance framework, equal access to national heritage
implies that different categories of citizens will engage with archives in
diverse ways, often beyond the traditional reading room environment.

Historically, archival users were generally divided into two primary
categories: scholars conducting academic research and citizens seeking
administrative or legal documentation. However, the expansion of the concept
of cultural values and the growing recognition of archives as institutions of
collective memory have significantly broadened the profile of archival users.
Today, archives increasingly serve educators, students, civil society actors,
media professionals, and members of the general public whose interaction with
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archival documents is motivated by educational, cultural, or identity-related
interests rather than strictly scientific research (Rick et al., 2013).

This transformation necessitates a shift in service delivery models.
Within a modern heritage management paradigm, archives are expected to
adopt a project-based approach that promotes documentary heritage in
accessible and innovative ways. Such projects go beyond traditional
document provision; they present archival materials as cultural artefacts
embedded within historical narratives. This approach integrates contextual
interpretation, biographical information, visual representation, and digital
storytelling, thereby enhancing public understanding and engagement
(Rothenberg, 1999).

In the Jordanian context, a project-based management strategy could
include a range of initiatives:

« physical and digital exhibitions of archival documents;

« online documentary publications and thematic digital collections;

« educational workshops and training programs on archival literacy;

« public lectures, roundtables, and community outreach events;

« development of searchable digital databases;

« virtual tours and interactive digital platforms;

« collaborative digitisation and transcription initiatives involving
universities and civil society organisations.

International experiences demonstrate the effectiveness of such
approaches. Large-scale digital heritage platforms have successfully
integrated millions of cultural records while enabling public participation
through transcription, annotation, and geotagging tools. These models
highlight the importance of partnerships between state institutions, academic
bodies, and the private sector in expanding access and technological capacity.

For Jordan, adopting a structured project-based framework requires
coherent policy planning and sustainable funding mechanisms. While
digitisation efforts have begun in several institutions, the level of digital
infrastructure and open-access systems remains uneven. A comprehensive
management model should therefore include:

« a national digitisation strategy for archival materials;

« clear standards for metadata, digital preservation, and cybersecurity;

« mechanisms for public-private partnerships;

« evaluation tools to assess user engagement and societal impact;

o continuous revision of project plans based on feedback and
performance indicators.

Importantly, the effectiveness of project-based archival management
depends not only on the creation of digital content but also on systematic
monitoring and policy adaptation. Without structured assessment mecha-
nisms, projects risk remaining isolated initiatives rather than components of
a sustainable heritage governance strategy (Throsby, 2012).
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Thus, reconceptualising archival heritage management in Jordan requires
embedding project development within a broader policy-driven framework that
balances preservation, digitisation, and inclusive public access. By institu-
tionalizing this approach, Jordan can strengthen the role of its archives as
dynamic cultural institutions that support education, transparency, national
identity, and knowledge production in the digital age (Table).

Table

From protection-oriented archives
to integrated archival heritage management in Jordan

Traditional protection

Dimension
model

Integrated management model

Philosophical Preservation of physical
foundation documents as state property
Primary Safeguarding and
objective preventing loss or damage

Institutional role =~ Custodial repository

Reactive and conservation-
focused

Researchers and
individuals seeking legal
documentation

Policy
orientation

User categories

Access Physical reading rooms,
mechanisms restricted consultation
Digitization Limited or ad hoc
strategy digitisation
Public Minimal outreach
engagement activities

Administrative regulations
Governance

focused on document
framework

custody

International Compliance with basic

alignment protection conventions
Impact No systematic
measurement performance assessment

Sourse: developed by the author.

(reconceptualised approach for Jordan)

Recognition of archives as dynamic cultural
assets and instruments of collective memory

Strategic governance integrating preservation,
digitisation, accessibility, and societal
engagement

Cultural, educational, communicative, and
governance-oriented institution

Proactive, policy-driven, and aligned with
national development strategies

Scholars, students, educators, civil society,
media, policymakers, and the general public

Hybrid access: digital platforms, online
databases, virtual exhibitions, open-access tools
National digitisation strategy with metadata
standards, digital preservation protocols, and
cybersecurity safeguards

Project-based initiatives: exhibitions,
educational programs, workshops, digital
storytelling

Comprehensive management plans with
monitoring, evaluation, and stakeholder
coordination

Alignment with UNESCO Memory of the
World Programme and global digital heritage
standards

Impact evaluation based on accessibility
indicators, user engagement metrics, and
societal contribution

As illustrated in Table, the transition from a protection-oriented

paradigm to an integrated management framework represents not merely an
administrative reform, but a conceptual transformation in the governance of
documentary heritage in Jordan. This reconceptualisation positions archives
at the intersection of policy, technology, and public access, thereby
enhancing their relevance within contemporary cultural and knowledge
systems.
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4. Results

The findings of this study reveal a clear conceptual and structural gap
between the traditional protection-oriented model of archival governance and
the requirements of an integrated management paradigm suited to the digital
era. The analysis demonstrates that while foundational preservation
principles remain essential, they are insufficient to address contemporary
challenges related to digitisation, accessibility, and public engagement.

4.1. Persistence of the protection-oriented paradigm

The review of institutional and policy frameworks indicates that
archival governance in Jordan remains predominantly influenced by a
custodial logic. Emphasis is placed on safeguarding physical records,
maintaining provenance, and ensuring legal authenticity. While these
functions form the backbone of archival integrity, they reflect a defensive
and preservation-centred philosophy rather than a proactive management
strategy.

4.2. Emerging but fragmented digitisation efforts

The study identifies ongoing digitisation initiatives; however, these
efforts appear fragmented and institution-specific rather than embedded
within a unified national strategy. The absence of standardised metadata
frameworks, long-term digital preservation policies, and integrated public
access platforms limits the transformative potential of digitisation. As a
result, digital access remains partial and uneven.

4.3. Limited public engagement mechanisms

The analysis confirms that archival services are still primarily oriented
toward researchers and administrative users. Although awareness of broader
educational and cultural functions is increasing, structured outreach
programs, interactive digital platforms, and participatory initiatives remain
underdeveloped. This limits the archive’s capacity to function as a dynamic
institution of collective memory.

4.4. Absence of comprehensive management plans

One of the most significant findings is the lack of comprehensive,
policy-driven management plans tailored specifically to documentary
heritage governance. International best practices emphasise strategic
planning, stakeholder coordination, performance indicators, and continuous
evaluation. The absence of such structured planning mechanisms constrains
institutional adaptability and long-term sustainability.
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4.5. Need for an integrated governance framework

The comparative analytical framework developed in this study
highlights the necessity of transitioning toward an integrated management
model characterised by:

« Strategic national digitisation policies;

« hybrid access systems combining physical and digital services;

« project-based public engagement initiatives;

« institutional performance monitoring and evaluation;

« alignment with international standards such as UNESCO’s Memory
of the World Programme.

This reconceptualised approach positions archives not merely as
custodians of documents but as active cultural and governance institutions
contributing to transparency, education, and national identity formation.

4.6. Strategic implications for Jordan

The results suggest that adopting a comprehensive archival heritage
management model would significantly enhance the societal relevance and
international visibility of Jordan’s documentary heritage. By integrating
policy coherence, digital infrastructure, and inclusive access mechanisms,
archives can evolve into strategic assets within the broader framework of
cultural governance and knowledge-based development.

5. Discussion

The findings of this study confirm that archival governance in Jordan
stands at a transitional stage between a traditional custodial paradigm and an
emerging, yet not fully institutionalised, management-oriented framework.
This transition mirrors broader global developments in archival science,
where the emphasis has shifted from physical preservation toward strategic
governance integrating digitisation, policy alignment, and inclusive access.

From a theoretical perspective, the persistence of a protection-centred
approach reflects the historical foundations of archival institutions as
instruments of legal authority and state administration. However, contem-
porary archival discourse—particularly within the context of the "archival
turn" in the humanities—redefines archives as active cultural agents shaping
collective memory, identity formation, and public knowledge. The results of
this study demonstrate that while the philosophical recognition of this
transformation is gradually emerging, its practical institutionalisation within
Jordan remains incomplete.

The fragmentation of digitisation initiatives identified in the Results
section highlights a structural challenge. Digitisation, when implemented
without a unified national strategy, risks becoming a technical exercise rather
than a transformative governance tool. International experiences demonstrate
that successful archival digitisation requires standardised metadata systems,
interoperable platforms, cybersecurity safeguards, and sustainable funding
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models. Without these components, digital efforts may increase visibility but
fail to ensure long-term preservation or equitable access.

Moreover, the limited scope of public engagement suggests that
archives have not yet fully embraced their educational and communicative
functions. In modern heritage governance, public outreach is not an auxiliary
activity but a core institutional responsibility. Project-based initiatives—such
as digital exhibitions, collaborative transcription platforms, and educational
partnerships—enable archives to interact dynamically with diverse user
communities. The absence of systematic evaluation mechanisms further
limits the ability to measure societal impact and adjust policies accordingly.

The discussion also underscores the importance of policy coherence.
A comprehensive management plan for documentary heritage should
articulate long-term objectives, define institutional responsibilities, allocate
resources strategically, and establish measurable performance indicators.
Such planning mechanisms transform archival governance from reactive
administration into proactive cultural management. In the Jordanian context,
integrating archival policy within broader national digital transformation
strategies would significantly enhance institutional efficiency and
international alignment (World Bank, n. d.).

Importantly, the distinction between protection and management is not
merely operational but conceptual. Protection emphasises safeguarding
against loss; management emphasises maximising value. In the digital age,
the cultural, educational, and governance value of archives depends not only
on their preservation but also on their accessibility and usability. By
reconceptualising archives as strategic cultural assets rather than passive
repositories, Jordan can strengthen transparency, support academic research,
and reinforce national identity.

Thus, the discussion reinforces the central argument of this study: that
effective archival heritage governance in Jordan requires an integrated model
grounded in policy innovation, structured digitisation strategies, and
inclusive public access mechanisms. The transition toward this model is both
a necessity and an opportunity—one that aligns archival institutions with
contemporary expectations of openness, participation, and knowledge-based
development (Yakel, 2007).

6. Policy recommendations

Based on the findings and discussion of this study, the following policy
recommendations are proposed to support the transition from a protection-
oriented archival framework to an integrated management model in Jordan.

6.1. Develop a national archival heritage management strategy

A comprehensive national strategy should be formulated to define
long-term objectives for documentary heritage governance. This strategy
must integrate preservation, digitisation, access, and public engagement
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within a unified policy framework. Clear institutional mandates, timelines,
performance indicators, and evaluation mechanisms should be established to
ensure accountability and sustainability.

6.2. Establish a structured national digitisation plan

Digitisation efforts should move beyond isolated institutional
initiatives toward a coordinated national program. This plan should include:
« standardised metadata and cataloguing systems;
« long-term digital preservation protocols;
« Cybersecurity and data protection measures;
« interoperable digital platforms linking archival institutions;
« sustainable funding mechanisms.
A centralised digital portal for Jordanian documentary heritage could
significantly enhance accessibility and international visibility.

6.3. Strengthen legal and regulatory frameworks

Existing archival legislation should be reviewed and updated to reflect
contemporary digital realities. Legal reforms should address electronic
records management, digital authenticity standards, public access policies,
and data governance principles. Clear guidelines regarding open access and
privacy protection are essential for balancing transparency with legal
safeguards.

6.4. Institutionalise project-based public engagement

Archives should systematically adopt project-based initiatives to
expand their educational and cultural functions. Recommended initiatives
include:

« digital and physical thematic exhibitions;

« educational partnerships with schools and universities;
« public lectures and community outreach programs;

« collaborative digitisation and transcription projects;

« virtual tours and interactive online platforms.

these initiatives should be integrated into annual institutional planning
cycles and evaluated through measurable engagement indicators.

6.5. Promote capacity building and professional development

Archival staff training must expand beyond traditional preservation
skills to include digital competencies, data management, public commu-
nication, and project management. Partnerships with universities and
international heritage organisations can facilitate knowledge transfer and
professional development.
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6.6. Encourage public-private and academic partnerships

Strategic collaboration with universities, research centres, civil society
organisations, and the private sector can enhance technological capacity and
financial sustainability. Such partnerships may support digitisation projects,
digital platform development, and community-based heritage initiatives.

6.7. Implement monitoring and impact evaluation mechanisms

Effective heritage management requires systematic performance
assessment. Institutions should develop measurable indicators related to:
« digital access rates;
« user diversity;
« educational outreach impact;
« research utilisation;
« international cooperation outcomes.
Continuous evaluation will enable evidence-based policy adjustments
and long-term strategic improvement.
Strategic outlook
By adopting these recommendations, Jordan can transform its archival
institutions into dynamic, policy-driven cultural assets aligned with international
standards. The shift toward integrated archival heritage management will not
only strengthen preservation efforts but also enhance transparency, knowledge
production, and national identity formation in the digital age.

Conclusions

This study set out to reconceptualize archival heritage management in
Jordan by examining the transition from a traditional protection-oriented
paradigm to an integrated management framework. The findings directly
address this objective by demonstrating that preservation alone is no longer
sufficient to meet the demands of the digital era. Instead, effective archival
governance requires the integration of policy development, digitization
strategies, and public access mechanisms within a unified system.

The study confirms the proposed hypothesis that a shift toward an
integrated management model enhances the efficiency, accessibility, and
societal value of archival institutions. The analysis shows that archives must
move beyond custodial roles to function as dynamic entities contributing to
knowledge dissemination, transparency, and cultural identity. At the same
time, the findings highlight that the absence of coordinated national strategies
in Jordan—particularly in digitisation and public engagement—remains a key
limitation that must be addressed.

Furthermore, the results demonstrate that aligning national practices
with international frameworks, such as UNESCO’s Memory of the World
Programme, provides a viable pathway to strengthen institutional capacity
and improve global integration. The study also confirms that the combination
of policy coherence, structured digitization, and inclusive access forms the
foundation of a sustainable archival management model.
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In conclusion, the research verifies that adopting a management-
oriented paradigm is essential for enhancing the role and impact of archival
institutions in Jordan.

Future research may focus on empirical validation of the proposed
framework through field studies and institutional performance assessments,
as well as the development of quantitative indicators to measure the
effectiveness of archival governance models.
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EU POLICY
ON ARTIFICIAL
INTELLIGENCE INTEGRATION
IN MANUFACTURING

EU policy in the field of artificial intelligence
(Al) is becoming an important instrument for
industrial modernization, enhancing competiti-
veness, and ensuring technological sovereignty.
We base our work on the idea that EU public
policies directly drive technology adoption among
manufacturing firms. To test this, we combine
normative-doctrinal, comparative, and economic-
statistical methods. This approach makes it easier
to follow changes in policy decisions over time. It
also helps us see how different industrial sectors
actually adopt Al tools. It has been established that
EU policy in the field of Al during the period 2018
2025 evolved through stages ranging from
strategic positioning to institutional and infrastruc-
tural consolidation, as well as industrialization and
large-scale deployment of technologies. The share
of enterprises using at least one Al technology
increased from 6.93 % in 2021 to 17.27 % in 2025.
The highest growth was observed in the pharma-
ceutical industry, the production of computer
products, the chemical and metallurgical indus-
tries, and the manufacture of coke and refined
petroleum products. These findings suggest that
Ukraine can actively use European frameworks to
shape its domestic Al agenda. To succeed, this
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Honimuxa €C y cghepi wimyunozo inmenexmy
(LLII) Oedani 6invwe cmae 6aXNCIUBUM [HCMPY-
MEHMOM  MOOEPHI3aYil NPOMUCIOBOCMI, NIOGU-
WeHHsl KOHKYPEHMOCHPOMOICHOCII ma 3a6e3ne-
YeHHSI MeXHON02IuH020 cysepenimenty. 3 0210y
Ha npunywenHs, wo nyoniuna norimuka €C
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BUKOHAHO NOEOHAHHS IOPUOUUHO20 AHANI3Y OOKY-
MeHmi8, NOPIBHAIbHI OOCTIONCEeHHST Md eKOHO-
MiKko-cmamucmuyni memoou. Taxuil nioxio 00360-
JIAE NPOCMENCUM, 5K 3MIHIOIOMbCA NOJIMUYHL
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BUPOOHUYI  CEeKMOPU  PeanbHO  BNPOBAONCYIOMb
incmpymenmu LI Jlocniooicenns noxasano, wo
esponeticoka nonimuxa y cgepi LI npomsizom
2018-2025 pp. npotiwina kineka 4imxkux xeuib. 6i0
nepuwiux cmpameiunux nianie 00 nooyoosu
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17.27 %y 2025 p. Hauwusuoute mexronoeii onamo-
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MeXHIKU, XiMiuna U Memanypeituna eanysi, a
MAaKodic NionpuemMcmea 3 nepepooxu Hagpmu i
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strategy must span a complete governance cycle:
framing policy goals, applying specific regulatory
mechanisms, and running regular evaluations.
Building this comprehensive structure helps make
local technology governance more coordinated
and efficient.

Koxcy. Ompumani yughpu niomeepoxicyroms, wo
Yxpaina mooice axmueno cnupamucsa na egpo-
neticoKuil 00C8i0 Oisk POPMYBAHHSL GIACHOL cmpa-
meeii pozeumky LI [[ns ycnixy maka cmpamezis
MAE OXONMOBAMU 6eCb YUK YNPAGTIHHA: GU3HA-
ueHHs yinell NOMMUKY, 3ACIOCY8AaHH KOHKpem-

HUX pe2yTAMOPHUX MEXAHIZMIG I pe2YTAPHY OYIHKY
pesymvmamis. [106y006a makoi KomniekcHoi cuc-
memu donomazae 3pooumu YnpasiiHHsa MexHoo-
2IAMU HA Micye8omy PieHi OinblU Y32000CeHuM ma
ehexmusHUM.

Kniouosi cnoea: BrnpoBamxenHs 1I,
mpomucioBa mojitiaka €C, MiACEKTOpH BHPOO-
HUITBA, IM(pPoBa TpaHCHOpPMALTis, TEXHOJIOTIUHI
irHOBaii, kmacugikartis NACE.

Keywords: Al adoption, EU industrial
policy, manufacturing subsectors, digital transfor-
mation, technological innovation, NACE classifi-
cation.

JEL Classification: C18, L60, 031, O32.

Introduction

Global technological competition makes artificial intelligence (Al)
very important for industrial and economic policy. Today, Al is not only a
general-purpose technology; its actual use directly affects productivity,
industrial structures, and the digitalisation of manufacturing. In the European
Union, Al policy is part of broader plans to boost technological independence
and modernise industries.

Ursula von der Leyen, President of the European Commission,
noted that "European Al is critical to our strategic independence and will
drive the development of key sectors of industry and society" (European
Commission, 2025a). This shows that the EU does not see Al just as a
technical tool; rather, it is treated as a strategic instrument to support
industrial modernisation and long-term technological growth.

Ukraine is moving closer to the EU and developing its own industrial
and economic policy. Because of this, the European experience in
digitalisation and the use of Al in industry is very important for the country.
For these reasons, it is useful to examine how EU policies influence industrial
digitalisation and how businesses adopt Al technologies in their operations.

Hulok (2025) studies the institutional aspects of Al regulation in the EU.
This author describes EU digital laws as a "digital constitution," which helps
make the use of technology more predictable. On the other hand, Cancela-
Outeda (2024) examines how supranational and national bodies cooperate
within the EU’s multi-level Al governance system.

Some researchers also analyse regulatory and ethical issues. For
example, Bolgouras et al. (2025) argue that clearer regulation can improve
transparency, accountability, and public trust. Vannuccini (2025) notes that
it is important to balance technological autonomy with competitiveness and
the public interest. These studies show that regulation is not only a technical
problem, but also a strategic question.
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At the same time, some studies focus on the use of Al in industry,
particularly in smart manufacturing and supply chain optimisation within
Industry 4.0 (Zeba et al., 2021; Samuels, 2025; Nurainia & Apriadi, 2025).
However, there is still not enough research on how Al adoption interacts with
business processes at the firm level.

In Ukraine, Al research is generally more applied. Studies have
examined areas such as judicial practice (Tsuvina, 2025), digital marketing
(Ponomarenko, 2024), accounting automation (Korol & Romashko, 2024),
and the digital transformation of the economy (Bashlay & Yaremko, 2023).
These publications demonstrate that Ukrainian research is strongly practice-
oriented. However, there remains a lack of institutional and strategic analysis
of Al adoption.

Bazhal (2025) substantiates the expediency of applying the neo-
Schumpeterian approach to the use of Al as a driver of economic growth that
shapes a new technological paradigm for the development of production
systems. In this context, the author considers Al a key driver of innovation
that transforms the cost structure, reduces the cost per unit of useful effect,
contributes to the emergence of new products and the improvement of
traditional ones, and shapes the long-term dynamics of sectoral development
within the life cycle of technological transformation.

Some studies point out that Al technologies create several important
challenges for the global economy. These challenges include privacy
concerns, economic inequality, job losses in certain professions, and issues
related to intellectual property rights (Pereguda & Chaliuk, 2026).
Chabanna (2025) suggests that the European approach to Al policy — which
relies on ethical rules and human-centric principles — can serve as a useful
example for regulation in other countries.

At the same time, Buchynska (2025) examines the institutional and
legal aspects of EU policy. She emphasises the importance of balancing
innovation with public trust in digital technologies.

The literature review shows that although many studies examine EU
Al policy, research on its actual effects on industrial digitalisation remains
quite limited. Therefore, it is important to study the role of EU policy
instruments in supporting the integration of Al into business processes and
manufacturing systems of industrial enterprises.

The aim of this article is to examine how EU Al policy has evolved,
to assess Al adoption in the EU manufacturing sector using available
empirical data, and to consider how European experience could be applied in
Ukraine.

The hypothesis of this study is that the EU’s emphasis on integrating
Al into industry has contributed to the faster, more gradual adoption of these
technologies by companies. Consequently, a growing number of enterprises
have started using Al in their activities.

The empirical base of this study includes strategic and regulatory
documents of the European Commission and the European Parliament. We
also used statistical and analytical data from Eurostat.
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In this study, we examine EU Al policy as a multi-level system. This
system brings together strategic, regulatory, and infrastructural mechanisms
to create conditions for industrial digital transformation. Its development —
from strategic initiatives to risk-based regulation — shows a clear shift toward
the practical use of Al in industry. These mechanisms help reduce barriers to
technology adoption and increase regulatory certainty. This, in turn, makes it
easier for enterprises to integrate Al into their production processes.

As aresult, Al technologies are unevenly diffused across the corporate
sector, depending on both the functional areas of activity and the
technological complexity of the solutions. Eurostat statistical data reflect this
pattern and serve as a quantitative measure of the effectiveness of EU Al
policy.

The suggested analytical model ‘’policy — mechanisms -
implementation — indicators’ is designed to link the institutional and
regulatory aspects of EU policy with the practical processes of digital
transformation in industrial companies.

In this study, we use a combination of normative-doctrinal,
comparative, functional, and economic-statistical approaches. The data are
classified according to NACE Rev. 2. A limitation of the study is that
Eurostat data are aggregated, and differences in digital development across
EU countries may affect the interpretation of the findings.

The article is organised into three parts: first, an analysis of the
evolution of EU Al policy; second, an empirical assessment of Al adoption
in the EU manufacturing sector; and third, a discussion of how the European
experience can be applied in Ukraine.

1. The evolution of EU Al policy: a focus on the industrial sector

This study uses a functional approach to analyse EU Al policy in the
context of industrial development. The empirical base consists of EU
regulatory and strategic documents selected for their relevance to the research
problem. In the first stage, these documents were systematised and analysed
through content analysis.

The analysis of EU documents reveals three main directions: global
positioning, coordination among Member States, and support for an
innovation-investment cycle. Naturally, not all regions were equally ready
for digital transformation; some developed quickly, while others moved
much more slowly.

1.1. Formation of the strategic framework for Al policy (2018-2020)

One of the first steps was the EU strategy Artificial Intelligence for
Europe (European Commission, 2018a), which outlined priority areas such
as industry, transport, energy, healthcare, and public administration.
However, in practice, implementation in these sectors was uneven. Public-
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private partnerships, data platforms, and innovation hubs frequently
encountered delays, and in some Central and Eastern European countries,
including Bulgaria and Romania, projects took considerably longer than in
older Member States.

At the company level, Al adoption also varied. Some enterprises, such
as Siemens in Germany (van Giffen et al., 2023), experimented with new
technologies almost immediately. They were quick to implement predictive
maintenance tools, although initial difficulties revealed that staff required
additional training. Smaller companies, in contrast, often need several years
to catch up because they face more practical challenges than larger firms.
This structural gap emphasises why a company’s — or even a country’s —
capacity to absorb new knowledge is so critical. Absorptive capacity involves
recognising useful external information, learning from it, and applying it to
products or business processes. Achieving this is not always straightforward,
and no single document fully captures these local challenges.

To address these differences, the EU introduced the Coordinated Plan
on Al (European Commission, 2018b). Germany and the Netherlands were
quick to launch industrial Al programs, while Belgium and Sweden placed
greater emphasis on developing data platforms and innovation hubs. In
contrast, countries such as Bulgaria and Romania encountered administrative
barriers that slowed down progress. These variations suggest that local
readiness and the capacity to absorb knowledge strongly influence how
effectively a country can turn policy objectives into actual economic
outcomes. This also raises questions about whether it is realistic for all
national innovation systems to develop at the same pace.

The European Parliament (2019) clarified the role of Al in economic
transformation. Industry is one of the main areas where new technologies are
introduced alongside human-centred approaches. The pace of adoption
depends on both the technology itself and how ready people and
organisations are for change. When preparation is insufficient, implemen-
tation tends to be slower. Companies that are better prepared usually manage
to integrate new tools more quickly.

Building a supportive ecosystem for Al remains a key priority. This
system brings together different elements that can be used in healthcare,
industry, and public services. Some digital innovation hubs give small
companies the opportunity to experiment with new solutions. Gradual
adoption allows both businesses and society to adjust to new tools, which
helps increase trust in Al.

Regulatory "sandboxes™ provide a controlled space for testing. They
allow organisations to evaluate risks and assess performance while adapting
rules. Sandboxes are applied in areas such as autonomous transport,
telemedicine, energy, and industrial systems. Experience from Germany
shows that combining technical skills with ethical principles can make
implementation both more effective and safer.

The 2019 update of the Coordinated Plan (European Commission, 2019)
focused on Al integration, particularly in industry. One of the first steps was
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to create a network of digital centres, which gave companies — including
small and medium-sized ones — access to technologies, data tools, and testing
spaces. This contributed to the modernisation of production, though some
firms adopted new tools faster than others. High-performance computing
(EuroHPC) proved important for handling large datasets and training
algorithms. In general, the technology itself and the readiness of the local
environment determine whether Al succeeds in a region. Some areas catch
up quickly, whereas others progress more slowly.

The White Paper on Al (European Commission, 2020) introduced a
more integrated approach by linking technological development, economic
tools, and regulatory measures. Because manufacturing is a priority area for
Al, this framework tries to balance innovation with public trust. However,
actual industry practice shows that smaller companies face more practical
challenges than larger corporations. This approach relies on existing EU
infrastructure, including high-performance computing, robotics, and
industrial datasets. In practice, Al tools help to improve production, logistics,
and engineering. For example, predictive maintenance reduces machinery
downtime, while precision farming saves natural resources.

Yet, access to shared data and skilled workers varies across regions,
leading to different adoption speeds. For instance, a medium-sized German
manufacturer reported deployment delays due to older factory machinery.
Key industrial applications include digital twins, predictive maintenance, and
the optimisation of resource flows. Instead of relying on abstract theories,
companies use digital twins as virtual models of physical systems to
anticipate technical problems and improve factory operations. Still,
coordinating shared datasets and keeping algorithms reliable remain difficult
tasks. Larger companies adapt to these tools more quickly, while smaller
firms often need additional institutional support. Investment strategies focus
on scaling up technology deployment through public-private partnerships
and industrial testing facilities. In practice, whether Al is adopted smoothly
depends on company readiness and local economic conditions. These factors
also influence whether different regions can benefit equally from the policy.
The White Paper establishes a framework to increase production capacity and
support SMEs, though local industrial circumstances continue to play a
decisive role.

1.2. Formation of the institutional and infrastructural
foundation (2021-2024)

At this stage, the EU framework for Al developed into a more systematic
structure. The emphasis shifted from basic strategic planning to building real
institutions and the infrastructure needed for technology adoption.

Regulatory, innovation, and infrastructural instruments were
consolidated within an integrated ecosystem that combines technological
development, trust-building, and the creation of conditions for the industrial
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scaling of Al. A key feature of this period is the establishment of the dual
architecture of Al policy based on the interaction between the "ecosystem of
excellence™ and the "ecosystem of trust." The former is aimed at stimulating
research, innovation, and the commercialisation of technologies, particularly
through the Horizon Europe and Digital Europe programmes.

The second set of documents focused on rules and values for Al, covering
safety, fundamental rights, and ethical responsibilities. These elements were
meant to work together, though coordination was sometimes difficult. At that
time, the European Approach to Al (European Commission, 2021,
COM (2021) 205 final) became an important reference. It brought together
earlier EU initiatives and aimed to make the policy more coherent, forming
a connected ecosystem. The approach highlighted both the opportunities and
risks of Al and suggested actions for the EU and member states, such as
mobilising investments, aligning policies, and developing digital infrastruc-
ture. In practice, implementing these measures was not always
straightforward. Some regions moved quickly, while others needed more
time, and coordinating all actions could be challenging.

The infrastructural dimension of policy was further strengthened,
within which access to data, computing resources, and a unified digital
environment came to be regarded as a fundamental prerequisite for the
development of industrial Al. In this context, the European Alliance for
Industrial Data, Edge and Cloud was established to coordinate investments
in critical digital infrastructure. This initiative is complemented by the
development of sectoral Data Spaces, which ensure the integration of
industrial data into a common European digital space.

This stage concluded with the adoption of Regulation (EU)
2024/1689, known as the Al Act (European Union, 2024), which moved Al
policy toward harmonised regulatory governance. The Act sets out a risk-
based model for classifying Al systems into four categories: unacceptable,
high, limited, and minimal risk. This allows regulatory measures to vary
according to the potential impact of each technology.

High-risk systems — especially in industry, energy, robotics,
employment, and public services — face stricter requirements regarding data
quality, transparency, cybersecurity, human oversight, and risk management.
Their phased rollout in 2026—-2027 lays the groundwork for building trust in
Al. Ultimately, this transparency and regulatory clarity determine whether
the technology can achieve wider use in industrial applications.

The European Commission set up the European Artificial Intelligence
Office (European Commission, 2024a) to oversee the Al Act. Its tasks include
coordinating the application of the regulation, supporting national regulatory
authorities, and developing technical standards and codes of practice, particularly
for general-purpose Al (GPAI) models. In industry, these processes create a
clearly defined framework for the use of Al in production systems, energy,
robotics, and engineering technologies. This framework helps companies scale
digital solutions, improve technological capabilities, and align regulatory,
innovation, and industrial policies across the EU.
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In summary, the years 2021-2024 marked a shift toward an
institutional and infrastructural approach to Al development in the EU.
During this period, the EU established regulatory, organisational, and
technological foundations that paved the way for wider industrial use and the
systematic scaling of Al technologies. The year 2024, in particular,
represents a transitional phase, as the EU concluded much of its institutional
setup while beginning to roll out tools for the industrial deployment of Al.

1.3. Industrialisation and scaling (2024-2025)

In summary, the years 2021-2024 marked a shift toward an
institutional and infrastructural approach to Al development in the EU.
During this period, the EU established regulatory, organisational, and
technological foundations that paved the way for wider industrial use and the
systematic scaling of Al technologies. The year 2024 represents a transitional
phase, as the EU concluded much of its institutional setup while beginning
to roll out tools for the industrial deployment of Al.

By 2024, EU Al policy had started to emphasise the industrial use of
Al, paying close attention to how these technologies are integrated into
production lines and value chains. The agenda moves beyond preparing the
ground for innovation, focusing instead on putting Al to work in real-world
applications across the economy. The document Boosting Startups and
Innovation in Trustworthy Al (European Commission, 2024b) describes an
innovation ecosystem intended to help startups and small and medium-sized
enterprises bring Al solutions to market. In this context, the industrial sector
Is the primary arena for these technologies, especially generative Al, which
companies can use to improve efficiency and remain competitive.

The core of this approach is the GenAl4EU initiative, which focuses
on expanding the use of generative Al and integrating it into manufacturing
and engineering processes. This reflects a move toward an applied innovation
model, in which technologies are evaluated based on their practical
performance in industry and their potential for rapid adoption.

The infrastructural side of the policy is supported by the establishment
of Al Factories and European Data Spaces, offering access to computing
power, industrial datasets, and development environments. Together, these
efforts provide a coherent foundation for connecting innovation actors with
industrial ecosystems and help speed up the transfer of technologies into
production and value chains.

The "Al Continent Action Plan" (European Commission, 2025b)
builds on previous EU initiatives and introduces a platform approach to
developing Al. At its core is a system that integrates computing resources,
data, and innovation environments, enabling industries to use these elements
effectively. The plan focuses on strategic sectors such as advanced
manufacturing, energy, transport, and robotics. To make this work, European
institutions combine research projects with innovation support and
infrastructure development. These efforts help new Al technologies reach
production quickly and support their adoption across industrial sectors.
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The "Al Continent Action Plan™ builds on previous EU initiatives and
introduces a platform approach to developing Al. At its core is a system that links
computing resources, data, and innovation environments, allowing industries to
use these elements together effectively. The plan focuses on strategic sectors such
as advanced manufacturing, energy, transport, and robotics. To make this work,
European institutions combine research projects with innovation support and
infrastructure development. These efforts help new Al technologies reach
production quickly and support their adoption across industrial sectors.

The Al Application Strategy (European Commission, 2025¢) focuses on
moving from creating conditions for technological development toward putting
Al into practical use. The strategy encourages the systematic integration of Al
into production processes and value chains. Applied Al cases—such as robotics,
cobots, digital twins, and predictive analytics—help increase operational efficiency
and optimise production systems. Specialised support for SMEs provides easier
access to technologies, infrastructure, and financial resources, promoting a more
balanced digital transformation. Policies now guide Al toward large-scale
industrial use, consolidating a model in which these technologies are embedded
directly into production systems.

A synthesis of EU Al policy reveals the distinct milestones of its long-
term transformation. Each period reflects clear changes in the Union’s
approach: starting with defining Al as a strategic driver of economic
development, moving to building regulatory and infrastructural structures,
and finally leading to the real use of technologies within production systems.
This progression highlights how theoretical goals gradually turned into
practical frameworks across three chronological steps.

From 2018 to 2020, the EU set basic goals to apply Al in traditional
industries. European officials identified industry as the main area for Al tools
and started the first innovation cycles by connecting research with market
deployment. Constructing digital infrastructure became a priority, including
early data sharing, regional innovation hubs, and EuroHPC systems. At the
same time, Member States aligned national rules and adjusted investment
priorities, while the European Commission issued initial guidelines to ensure
that Al development adhered to ethical and safety standards.

Between 2021 and 2024, the focus shifted toward strengthening
regulations and building administrative bodies to manage technology
adoption. Different countries introduced risk-based rules for Al, and shared
standards, ethics, and harmonised regulations helped build trust. Technology
programs expanded digital infrastructure through Data Spaces, cloud
systems, and edge platforms. The Al Office and industrial alliances improved
coordination, allowing policymakers to connect innovation directly with the
practical needs of manufacturing.

From 2024 to 2025, EU policy emphasised the large-scale industrial
use of Al in factories and production lines. Al Factories became the primary
infrastructure for deploying new tools, and companies began applying
generative Al to engineering and manufacturing processes. Technology
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initiatives concentrated on sectors such as advanced manufacturing, energy,
transport, and robotics. EuroHPC provided the computing backbone, and EU
initiatives supported the broader adoption of Al across industries, helping
companies stay competitive in a rapidly evolving global market

2. Empirical analysis of the scale and dynamics of Al adoption in
the EU manufacturing industry

2.1. Data sources and methodological approaches to assessing Al
adoption

For the empirical part of this study, we use data provided by Eurostat.
As part of the EU digital statistical system, this platform regularly monitors
how enterprises digitalise their operations and adopt Al tools. The main
source is the annual survey "ICT Usage and e-commerce in Enterprises”
(Salikhov, 2025). This database ensures cross-country comparability and
allows us to track the long-term dynamics of how the EU economy undergoes
digital transformation.

Starting in 2023, Eurostat integrated a specialised Al module into its
statistical system. This update enables regular measurement of Al use at the
company level, covering areas such as data analysis, forecasting, process
automation, and decision-making support. This lets us see which Al tools
companies actually use. Currently, Eurostat distinguishes eight specific
domains of Al application. These include text data analysis (Al_TTM),
speech recognition (Al_TSR), natural language generation (Al _TNLG),
image processing (Al_TIR), and machine learning (Al_TML). The system
also tracks decision automation (Al_TPA), autonomous systems (Al_TAR),
and generative Al (E_AIl_TPVSG). This last category was added in 2024 to
reflect the newest technological wave.

The functional dimension of Al use is defined through nine busi-
ness domains: marketing and sales (E_AIl_PMS), production (E_AI_PPP),
business administration (E_AI_PBA), enterprise management (E_Al_PME),
logistics (E_Al_PLOG), ICT security (E_Al_PITS), HR (E_AIl_PHR), finance
and controlling (E_Al_BNU), and R&D (E_AI_RDI). This approach allows us
to evaluate how deeply Al is integrated into the core functions of enterprises.

For the empirical analysis, we focus on EU manufacturing firms (NACE
Rev. 2, Manufacturing, with 10 or more employees). The main metric we use is
the proportion of firms that have adopted at least one Al technology.

2.2. Dynamics and sectoral features of Al adoption in the EU
manufacturing industry

The statistical results show a clear upward trend in the adoption of Al
tools by EU manufacturing companies. Based on the figures in Table 3, the
percentage of enterprises using at least one Al technology rose from 6.93%
in 2021 to 17.27% in 2025. We observe a minor slowdown in 2023, with the
indicator dropping slightly to 6.79% (see Table 1).
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This dip suggests that companies needed some time to adjust their
internal processes and adapt to new regulations. However, from 2024
onward, the growth resumed, reaching 10.57%. This recovery quickly led to
rapid expansion by 2025.

Overall, the observed trajectory is consistent with the phased
evolution of EU policy — from the strategic formation of the framework, to
the institutional and infrastructural model, and subsequently to the
industrialisation of Al.

The empirical data show that different manufacturing subsectors adopt Al
tools at markedly different rates. In 2021, the highest proportion of companies
using these tools was found in coke and refined petroleum production (C19) and
the computer and electronics sector (C26). High adoption rates also characterised
pharmaceutical manufacturing (C21), machinery and equipment (C28), and the
automotive industry (C29-C30). These industries started earlier due to their
reliance on advanced technologies and stronger innovation capacity.

Between 2021 and 2025, Al adoption expanded significantly across
all studied subsectors. The most rapid growth occurred in pharmaceutical
manufacturing (C21), where the indicator surged to 41.32% by the end of the
period. High growth rates were also visible in the computer and electronics
industry (C26), which reached 37,44%, and in coke and refined petroleum
production (C19), at 30.41%. Additionally, sectors such as chemicals (C20)
and electrical equipment (C27) showed strong upward trends, climbing to
28.45% and 25.90%, respectively.

The empirical data show that Al adoption strongly depends on
enterprise size. Large companies form the innovation core of the economy.
They drive Al adoption because they have better access to infrastructure,
skilled personnel, and financial resources. Medium-sized firms adopt Al less
actively, and small enterprises often lag behind (Polozova & Salikhov, 2025;
Polozova & Salikhov, 2026a).

This structural gap leads to a high concentration of Al technologies
within certain fields. Consequently, some sectors embrace these tools more
readily, becoming early hubs of innovation, while others remain slower to
implement them.

The empirical data highlight that the pharmaceutical sector has the
highest concentration of enterprises using Al. This pattern reflects a growing
demand for machine learning and deep learning applications. In practice,
companies use these technologies to speed up drug development and
model complex molecular interactions. They also rely on algorithms to optimise
compound structures and identify the best candidates for clinical trials.

The pharmaceutical industry’s high technological intensity is
reinforced by the large share of big companies in this sector. Their presence
further strengthens this field’s leading position in Al adoption.

The empirical data show that the computer, electronic, and optical
products sector uses Al mainly to improve operational efficiency. Companies
apply it for predictive maintenance and automated quality checks. They also
process production data in real time and adjust technological processes using
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machine learning and computer vision. These patterns suggest that sectors with
complex production systems and advanced technologies adopt Al more readily
than others.

The European Green Deal also plays a role in shaping Al adoption. It
encourages companies to use Al to save energy, reduce emissions, and make
better use of resources, especially in the chemical and metallurgical sectors.
Overall, Al adoption across EU industries is uneven. This pattern depends on
a mix of company size, technological complexity, and policy incentives.

The data show that Al adoption in EU manufacturing has been
growing steadily. This growth is influenced by both the technological
evolution of enterprises and the gradual rollout of European Al policies
between 2018 and 2025. These policies combine support for innovation,
investment in infrastructure, and regulatory measures, creating a three-level
framework that guides the industry’s adoption of Al tools.

2.3. Technological structure of Al adoption

As illustrated in Figure 1, Al adoption in EU manufacturing shows
clear differences across sectors. Cognitive software tools are spreading faster
than technologies that require heavy infrastructure. In 2021, only 1.6% of
companies used text analysis (Al_TTM), but by 2025 this figure had grown
to 9.4%. Natural language generation (Al _TNLG) started at 0.9% and
reached 7.1% in 2025. These increases reflect the gradual prioritisation of
automating tasks such as document handling, analytics, and managerial
communications. Companies often begin with these cognitive functions
before applying Al to more complex production processes.

<
o

10,0
9,0
8,0
7,0
6,0
50
4,0
3,0
2,0
1,0
0,0

%

Al_TPA
Al_TAR

E_AI_TPVSG

m2021 m2023 2024 wm2025

Figure 1. Technological Structure of Al Implementation
in the EU Manufacturing Sector.

Source: compiled by the author based on data from the Eurostat (n. d.).
High growth rates were also recorded in the segment of speech
recognition (Al_TSR), where the level of use increased from 1.5% to 5.3%

(+3.8 percentage points), as well as in machine learning (Al_TML), which
rose from 1.7% to 3.7% (+2.0 percentage points) (Eurostat, n. d.). The digital
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maturity of enterprises has been steadily improving. Companies are
increasingly able to incorporate algorithmic models into both production
workflows and managerial decision-making.

Moderate dynamics are characteristic of image recognition technologies
(AL_TIR), where the indicator increased from 2.2% to 3.1% (+0.9 percentage
points), and of process automation and decision-support technologies (Al_TPA),
which grew from 2.9% to 3.9% (+1.0 percentage points). Al adoption is gradually
spreading across factory operations, but overall growth is still modest.
Interestingly, autonomous systems and transport solutions (Al_TAR) show very
slow progress. Between 2021 and 2025, the share of companies using these tools
rose only from 1.5% to 1.6% (Eurostat, 2025). Deploying automated vehicles or
robots requires large capital investments, careful integration into production lines,
and strict safety testing, which limits their adoption.

Notably, generative Al tools (E_Al_TPVSG), which appear in EU
statistics from 2025, already reached 7.5% usage. This early uptake indicates that
software-based cognitive solutions spread faster than hardware. Across the sector,
factories increasingly focus on language- and text-oriented Al models. While
software-driven analytics continue to expand dynamically, heavy automated
equipment remains at an early stage due to high financial and operational barriers.

2.4. Functional structure of Al adoption

An analysis of the dynamics of Al technology use in the manufacturing
industry indicates a gradual expansion of the integration of digital solutions into
the functional areas of enterprise activity during the period 2021-2025.

As Figure 2 shows, the most pronounced growth is observed in the area
of marketing and sales (E_AIl_PMS), where the level of Al use increased from
0.94% in 2021 to 5.25% in 2025 (+4.31 percentage points). Al adoption is
particularly noticeable in customer-oriented and analytical business functions.
Companies increasingly apply Al in demand forecasting, tailoring offerings to
clients, and improving communication strategies (Eurostat, 2025).
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Figure 2. Functional distribution of Al adoption across EU manufacturing
subsectors

Source: compiled by the author based on data from the Eurostat (n. d.).
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Overall, the empirical evidence indicates that Al adoption in EU
manufacturing has moved beyond the initial stage of experimentation and
entered a phase of broader diffusion. At the same time, this process remains
structurally uneven. Differences are observed across manufacturing
industries, Al technologies, and business functions, suggesting that the pace
of adoption is determined not only by technological availability but also by
sectoral characteristics, enterprise innovation capacity, implementation
costs, and the broader institutional environment. The results therefore
indicate that Al adoption in manufacturing should be viewed as part of a
wider process of industrial transformation rather than as the diffusion of
individual digital technologies. In this context, the effectiveness of Al
increasingly depends on the coherence between industrial policy, digital
infrastructure, and firms’ ability to absorb and integrate new technological
solutions into production.

3. Adaptation of EU Al policy instruments for Ukraine

An analysis of Ukraine’s strategic and policy documents (Polozova &
Salikhov, 2026b) indicates the formation of a consistent state policy in the
field of Al aimed at the digital transformation of the economy. At the same
time, its industrial dimension remains limited. Institutional, regulatory, and
infrastructural components dominate the action plans, whereas mechanisms
for the direct implementation of Al in production processes (robotisation,
digital twins, smart manufacturing, industrial clusters) remain in their early
stages of development. This creates a gap between the development of digital
infrastructure and the actual use of Al in the manufacturing sector, thereby
limiting the possibilities for its scaling. At the same time, the development of
infrastructural and regulatory preconditions alone does not ensure economic
impact unless they are integrated into production processes. In view of the
above, recourse to the EU experience appears justified, as the European
model, as demonstrated by this study, reflects a gradual transition from the
creation of foundational conditions to the integration of Al into industrial
policy and the diffusion of technologies across manufacturing industries.

Policy works best when specific instruments are not only present but
also coordinated within a single regulatory framework. At the same time,
transferring European experience directly remains difficult, as national
innovation systems differ in how quickly they can absorb new technologies.
For example, established industrial ecosystems in the EU support fairly rapid
technological diffusion. In Ukraine, this process is still fragmented.

To improve the situation, Al policy should focus on selecting and
combining practical elements of the European model, taking into account
national limitations and the current technological readiness of local industry.
In practice, this means creating a policy framework in which regulation, data
infrastructure, computing resources, and manufacturing applications work
together seamlessly.
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A coherent governance cycle—covering policy design, instruments,
implementation, and regular review—helps keep actions practical and
consistent. Building industrial data infrastructure, expanding computing
resources, and establishing testing centres are crucial steps that enable
companies to move from initial experiments to broader, systemic use of Al
across production.

The institutional strengthening of this process presupposes the
creation of a coordination capacity (including a national Al office) and
the introduction of a risk-based regulatory model with mechanisms for
auditing and certification, which reduce uncertainty and increase the
predictability of the regulatory environment.

An important direction is the development of a policy for the industrial
deployment of Al as a distinct strategic block oriented toward the integration
of technologies into the logic of Industry 4.0, including robotisation, digital
twins, and predictive analytics.

Thus, the effective adaptation of the European experience lies not in
the fragmented borrowing of individual instruments, but in the formation of
a comprehensive Al policy architecture in which institutional, infrastructural,
and production components function as interconnected elements of a unified
system of economic transformation.

Conclusions

The analysis makes it possible to draw three principal conclusions
corresponding to the objectives of this study.

EU Al policy did not evolve as a single regulatory project. Over
2018-2020, the main effort was directed toward agenda-setting, coordination
among Member States, and the formation of an initial regulatory basis for Al.
In 2021-2024, this agenda was translated into a more institutionalised framework
through the development of European Data Spaces, the expansion of data and
cloud infrastructure, and the adoption of the Al Act. By 2024-2025, however,
the centre of gravity had shifted more clearly toward industrial deployment.
Initiatives such as Al Factories and GenAl4EU linked Al policy with
practical applications in manufacturing, transport, and energy, extending it
beyond general strategic coordination toward the creation of instruments for
broader industrial use. This evolution created the institutional and policy
conditions for the wider industrial deployment of Al.

The empirical evidence presented in this study shows that Al adoption
in EU manufacturing has expanded substantially, although the pace and
pattern of diffusion remain uneven across subsectors, technologies,
and business functions. The share of manufacturing enterprises using at least
one Al technology increased from 6.93% in 2021 to 17.3% in 2025.
This trajectory was not linear: after a temporary decline to 6.8% in 2023, the
indicator recovered to 10.57% in 2024 and accelerated further in 2025.
In sectoral terms, the highest adoption rates in 2025 were recorded in
pharmaceutical manufacturing (41.3%), computers, electronics and optical
products (37.44%), coke and refined petroleum products (30.41%),
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chemicals (28.45%), and electrical equipment (25.9%). This sectoral pattern
indicates that Al has spread most rapidly in technologically intensive
industries, where innovation activity is stronger and production processes
rely more heavily on digital and data-based solutions.

The aggregate dynamics conceal important technological and
functional differences. Diffusion in EU manufacturing has so far been driven
mainly by software-based and cognitive applications, whereas capital-
intensive autonomous systems have spread much more slowly. Between
2021 and 2025, the share of firms using text mining increased from 1.6%
to 9.4%, natural language generation from 0.9% to 7.1%, and speech
recognition from 1.5% to 5.3%, while the use of autonomous systems
changed only marginally, from 1.5% to 1.6%. A similar asymmetry is visible
across business functions. Al expanded most rapidly in marketing and sales,
where adoption rose from 0.94% to 5.25%. In production processes, the
increase was more moderate, from 2.76% to 3.49%, while logistics remained
the least digitalised area, with growth from 0.87% to 1.15%. Taken together,
these patterns show that the spread of Al in manufacturing is shaped not only
by access to technology but also by the cost and organisational complexity
of implementation, the technological profile of production, and the
innovation capacity of firms. Al diffusion therefore reflects broader
structural characteristics of manufacturing rather than the availability of
digital technologies alone.

For Ukraine, the practical value of the European experience lies not in
a ready-made set of instruments to be copied, but in the policy logic behind
them. Ukrainian Al policy is still concentrated mainly on institutional, legal,
and infrastructural foundations, whereas the instruments needed for practical
deployment in manufacturing remain weakly developed. This applies, in
particular, to industrial data ecosystems, digital twins, smart manufacturing
solutions, testing environments, and broader automation tools. As a result,
the creation of enabling digital conditions has not yet been matched by the
spread of Al in production processes. For Ukraine, the key lesson from
the EU experience is the need to build an integrated policy architecture in
which regulation, industrial policy, data infrastructure, computing capacity,
financing mechanisms, and deployment tools operate as interconnected
elements of a single system. Without such a link, Al policy risks remaining
largely institutional in form while producing only limited effects for
industrial modernisation.

The results support the proposed hypothesis, though not in a simplified
causal sense. The EU experience shows that integrating Al into industrial
policy creates more favourable conditions for the gradual diffusion of Al
technologies in manufacturing, but does not by itself guarantee rapid firm-
level adoption. The pace and scale of diffusion depend on a broader
combination of factors, including regulatory certainty, access to data and
computing infrastructure, the technological profile of industries, and the
absorptive capacity of enterprises. In other words, industrial Al deployment
is shaped not by regulation alone, but by the coherence of the wider policy
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framework within which strategic priorities, industrial instruments,
infrastructure, and implementation capacity are aligned.

Further research appears most relevant in two interconnected areas.
One concerns the development of an integrated Al policy model for Ukraine
that would link strategic priorities with concrete instruments of industrial
deployment and institutionalise the governance cycle "policy — instruments —
implementation — evaluation.” The other concerns the quantitative assess-
ment of the factors shaping the intensity of Al adoption in manufacturing, in
particular regulatory certainty, access to data and computing resources, and
the innovation capacity of enterprises.
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The article examines the transformation of
consumer communication in the digital age and
the role of social media in shaping qualitatively
new types of communities around brands. The
relevance of the study is determined by funda-
mental changes in social ties and identity under
digitalisation when traditional institutions lose
their monopoly on community formation, and
brands increasingly assume functions of creating
meanings, values, and rituals, which is parti-
cularly significant in the context of post-secular
society. The research hypothesis is that brand
communication strategies on social media evolve
from instrumental to sacred, borrowing elements
of religious discourse to form a deep emotional
connection with the audience, leading to brand
communities as a new form of sociality. The
methodology is based on discourse analysis of
social media content (Instagram, TikTok,
YouTube, Facebook), content analysis of mar-
keting communications of leading brands (Nike,
Apple, Starbucks, Glossier), and secondary
analysis of sociological data on consumer
behaviour in the digital environment. The results
show that modern brands use communication
strategies (storytelling, gamification, unique sym-
bolism, co-creation) aimed at ritualising
consumption and forming emotional attachment.
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LLMOPOBUN
KOHCbIOMEPU3M
Y OOPMYBAHHI
BIPTYAJIbHUX CMIJTbHOT

Buceimneno  pesymvmamu  0ocniodcenms
mpancgopmayii - cnodcusHoi  KOMyHIKayii 6
yughposy enoxy ma poni COYiaibHUX Mepedlc y
opmyeanni  SKICHO HOBUX MUNI6 CHITbHOM
HABKOIO Openois. AKMYyanbHiCnb BUSHAYAEMbCS
KAPOUHATbHUMU 3MIHAMU 8 XAPAKMEPE COYIATbHUX
36’513Ki6 ma i0eHMUYHOCMi ni0 6NAUBOM YUPPO-
6i3ayii, KO Mpaouyiuni IHCMUmMymu empa-
Yarome MOHONOMIIO HA YOPMYBAHHA CHLILHOM, d
bperou Odedani uacmiute nepebuparome Ha cede
ynryii cmeopennss cmuciie, yinHocmeu ma
pumyanis, wo Habyeae ocoonUeoi 3Ha¥yuWoCcmi 8
KOHMEKCMI ROCMCEKYNIAPHO20 cychitbemea. Bucy-
Hymo 2inomesy, W0 KOMYHIKAMUGHI cmpamezii
Opendis y coyianbHux Mepesicax esomoyioHyomy
6i0 IHCMPYMEHMANbHUX 00 CAKPAIbHUX, 3aN0-
UYYIOYU  eNeMeHmU  PeiciiHo20 OUCKypcy Oiis
dopmyeantss 2nubOK020 eMOYIHO20 38 53KV 3
ayoumopiero, wo npuzeooums 00 BUHUKHEHHS!
OpeHO-cnintbHom K HOBOI (opMU COYIATLHOCHIL.
Memooonoeis 0ocniodcenHss TPYHMYEmMbCs  HA
KOMWIEKCHOMY — 30ACMOCY8AHHI  OUCKYPC-AHATIZY
Konmenmy  coyianvHux mepedxc  (Instagram,
TikTok, YouTube, Facebook), xonmenm-ananizy
KOMYHIKAMUBHUX CIpameziti (cmopimeniney, eetimi-
Qikayii, cmeopennss  VHIKATbHOI  CUMBOJIKU,
3a1y4eHHs 00 CRIBMEOPHOCMi), CNPAMOBAHUX
Ha pumyanizayilo CROXCUBAHHA Ma (opMYBaHHs
eMOYiltiHOI  npus’a3aHocmi, ma  GMOPUHHO20
aHanizy CoYionoSiYHUX OAHUX U000 CRONCUBYOT
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It was revealed that brand communities function
similarly to traditional communities: they have
hierarchy, value system, rituals, symbolism, and
moral responsibility. It is proved that marketing
communications increasingly borrow religious
rhetoric, reflecting a trend towards the
sacralization of consumption in post-secular
society, where consumption becomes a key tool
for constructing identity, and brand choice
becomes a way of self-presentation and finding
like-minded people. Scientific novelty lies in the
comprehensive analysis of digital consumerism as
a socio-cultural practice, identification of
mechanisms of borrowing religious rhetoric in
marketing, and characterisation of brand
communities as a new form of sociality in the
digital age.

nogedinku y yugposomy cepedosuuyi. Busenero,
wWo OpeHO-cninbHomu  (DYHKYIOHYIOMb 30 3aKO-
HaMU MAPKeMUH208UX KOMYHIKAyilli NposIiOHUX
openoie  (Nike, Apple, Starbucks, Glossier).
Ompumani  pesynemamu  3acgiouyloms, o
cyuacHi  OpenHou  BUKOPUCTOBYIOMb  KOMNJIEKC,
NOOIOHUL 00 MPAOUYIUHUX CNITBHOM: MArmb
67IACHY IEPAPXito, cucmemy YiHHOCmel, pumyanu,
CUMBONIKY ™MA NOYymms MOPAIbHOI  8i0N0Gi-
oanvrocmi. J{oeedeHo, o MapKemuH206i Komy-
HIKayii dedani yacmiute 3an03U4yIOms PeiciiHy
DPUMOPUKY, wjo 8i000padicae anuduLy meHoeHyino
00 cakpanizayii CNOJICUBAHHS 6 NOCHICEKYIAPHOMY
CYCRINbCMGI, 0€ CHOJICUBAHHA NOCMAE K KO-
408Ul  IHCIMPYMEHM KOHCMPYIOBAHHA O0eHmuy-
HOoCcmi, a 8ubip bpendié cmae cnocobom camo-
npesenmayii ma nouityky oonooymyis. Hayxosa
HOBU3HA NONA2AE 68 KOMNJIEKCHOMY — aHai3i

YUPPOBO2O KOHCHIOMEPUIMY SIK COYIOKYTbMYPHOL
NpaKmuKy, 6UABNEHHI MeXAHIZMIB 3aNn03U4eHHs
penicitiHoi. pumopuxku 8 Mapkemuney ma xapax-
mepucmuyi  OpeHo-cnitbHom K H060i hopmu
coyianbHoCmi 6 Yupposy enoxy.

Knwouogi crnoea: nudppoBuil KOHCBIOMEPH3M,
BIpTyasIbHi CITUJIGHOTH, OpeHI-KOMYHIKallis, COIli-
albHI MEpeKi, JHUCKYPCHBHI TPAKTHKH, OCOOHC-
TICTB.

Keywords: digital consumerism, virtual
communities, brand communication, social
media, discursive practices, individuality.

JEL Classification: 713,182, 033.

Introduction

In the digital age, consumer behaviour undergoes fundamental
transformations. Social media platforms have transformed into spaces where
brand loyalty takes on religious-like features: consumption rituals emerge,
symbolic brand capital accumulates, communities of devoted followers form,
and "sacred texts" appear as brand manifestos. The relevance of this study is
determined by changes in the nature of social ties under digitalisation, when
traditional institutions (religion, family, territorial communities) lose their
monopoly on community formation, and brands assume functions of creating
meanings, values, and rituals in a post-secular society (Khan et al., 2025;
Efendioglu, 2024). The problem addressed lies in insufficient understanding
of communicative strategies used by brands to form virtual communities and
their impact on social relations transformation.

The theoretical foundation is formed by Anderson’s "imagined
communities” concept (Anderson, 2006), which allows interpreting brand
communities as new community types based on shared ideas and symbols, in
which print capitalism gives way to digital media. Castells’ "network
society" theory (Castells, 2010) explains the changing nature of commu-
nication in the digital age, in which power concentrates through horizontal
information flows. Bourdieu’s forms of capital (Bourdieu, 1986) enable
analysing brands as sources of symbolic values converting into social status
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and identity. Campbell’s "digital religion" (Campbell, 2013) provides a basis
for analysing religious rhetoric borrowing, proposing the "third space”
concept where religious practice and digital culture intersect (Zamora, 2025).
Hepp’s research on mediatization (Hepp, 2020) helps understand media as
an environment for the formation of social relations. Muniz and O’Guinn’s
"brand communities" research (Muniz & O’Guinn, 2001) identifies three key
markers: shared consciousness, rituals and traditions, and moral respon-
sibility (Zhang et al., 2022). Bauman’s "liquid modernity" (Bauman, 2000)
explains why brands become identity anchors in conditions of traditional
social structures. Baudrillard’s critique of “consumer society" (Baudrillard,
1998) analyses consumption as a system of signs and simulacra that structure
social relations. Ritzer’s "McDonaldization" (Ritzer, 2019) offers critical
view of rationalization of consumption practices. Oldenburg’s "third place"
concept (Oldenburg, 1999) allows analysing brand stores and online spaces
as informal social interaction sites performing functions similar to traditional
public spaces (Chuang, 2020).

The aim is to identify and analyse communicative strategies used by
brands in social media to form virtual communities and understand brand
communities as a new form of sociality in the digital age. Tasks: analyse
main communicative strategies; investigate ritualisation of consumption;
identify mechanisms of borrowing religious rhetoric; characterise brand
communities as a new social form; analyse consumption’s role in identity
construction.

The hypothesis is that brand communication strategies in social media
evolve from instrumental to sacred, borrowing religious discourse elements
(rituals, symbolism, unifying language) to form a deep emotional connection
with the audience, leading to brand communities as a new social form.

Methodology: discourse analysis of social media content (Instagram,
TikTok, YouTube, Facebook) to identify communication strategies and
rhetorical devices; content analysis of marketing communications of leading
brands (Nike, Apple, Starbucks, Glossier) to systematise tools used;
secondary analysis of sociological data on consumer behaviour in digital
environment (Efendioglu, 2024). Limitations relate to concentration on
brands operating primarily in Western cultural context and analysis of social
media popular in this region.

Contemporary research on digital consumption focuses mainly on the
economic, behavioural, and communicative aspects of brand interactions,
while the symbolic and quasi-religious dimension of these processes remains
insufficiently conceptualised. There is a lack of a comprehensive interpret-
tation of brand communities as forms of post-secular sociality that arise at
the intersection of digital communication and the symbolic production of
meanings. Thus, the research gap lies in the need to integrate approaches
from social philosophy, media theory, and consumption studies to analyse
the sacralization of brand communication.

The article consists of five main sections.
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Section 1, "Communication strategies of brands in social media,”
analyses four key strategies — storytelling, gamification, creation of unique
symbolism, and co-creation — that brands employ to form emotional
connections and virtual communities, drawing on theories of network
society, imagined communities, symbolic capital, and liquid modernity.

Section 2, "Ritualisation of consumption in the digital environment,”
examines three major digital consumption rituals — unboxing, purchase
demonstration, and participation in brand events — and their social functions
in creating shared experience, confirming status, strengthening community
ties, and countering anomie in conditions of liquid modernity.

Section 3, "Religious rhetoric in marketing communications,”
investigates the borrowing of elements of religious discourse in brand
communications, including belief, manifestos as sacred texts, stores as
temples, rituals as religious practices, and ambassadors as apostles, revealing
a trend toward the sacralization of consumption in post-secular society.

Section 4, "Brand communities as a new form of sociality," characterises
brand communities through their key markers — shared consciousness, rituals,
and moral responsibility — as well as their hierarchical structure, value systems,
language, and symbolism, positioning them as new “imagined communities"
that provide belonging and identity in the digital age.

Section 5, "Consumption as identity construction in the digital age,"
explores the role of consumption in self-presentation, social differentiation,
and like-minded people search, analysing how symbolic capital acquired
through consumption converts into social status while also addressing the
risks of excessive dependence on consumer markers, identity fragmentation,
and authenticity loss.

1. Communication strategies of brands in social media

Brands move from direct advertising to emotionally rich content,
forming a sense of belonging. This transformation is due to consumer
audience changes under information overload, becoming increasingly
demanding and sensitive to communication authenticity. Social media
creates an environment for forming long-term emotional connections beyond
rational choice (Sohaib, 2025). This phenomenon is interpreted through
Castells’ "network society" (Castells, 2010), in which horizontal information
flows form the basis of a new social structure, and brands act as nodes around
which communities form.

Storytelling creates emotional narratives evoking audience response.
Nike’s strategy is based on overcoming and self-improvement narratives;
Apple creates narratives around creativity and innovation. Storytelling
transforms consumption from a purchase act into joining a value system and
identity, forming "imagined communities" (Anderson, 2006) around
consumer narratives where shared stories create a sense of belonging.

Gamification uses game mechanics in non-game contexts, increasing
audience engagement and creating positive emotional associations.
Starbucks uses gamification through a loyalty program where customers
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collect stars and earn levels; Nike Run Club turns running into a game with
achievements, challenges, and social interaction, deepening consumer-brand
connection (Zhu, 2025). Gamification creates shared experience becoming
basis for community formation, resonating with Bauman’s "liquid
modernity" (Bauman, 2000) where stable social structures are replaced by
temporary but intensive shared experience forms.

Unique language and symbolism creation make brands stand out in
an oversaturated information space. Recognisable slogans, hashtags and
visual images become cultural elements uniting brand followers.
#ShotOniPhone became a global movement where users share iPhone
photos; "Just Do It" became a cultural meme beyond sportswear advertising.
Unique symbolism functions as a belonging marker, allowing followers to
recognise each other and demonstrate identity, interpreted through
Bourdieu’s symbolic capital concept (Bourdieu, 1986), where brand symbol
possession and demonstration convert into social status.

Co-creation fundamentally changes brand-audience relationships.
Consumers become active participants in brand creation through contests,
flash mobs, user-generated content calls and crowdsourcing. Glossier built a
strategy on community interaction, involving customers in product
development and marketing campaigns (Zamora, 2025). LEGO Ideas allows
fans to propose set concepts that with community support can be produced.
Co-creation creates a shared brand ownership sense, a powerful community
formation factor, demonstrating the dialectic of "rationalisation” and
"Irrationality" described by Ritzer (2019): formal rationality of gamified
systems creates irrational emotional attachment (Khan et al., 2025). The key
communication strategies employed by brands and their functions in
community formation are summarised in Table 1.

Table 1
Communication strategies of brands on social media
Function in
Strategy Content Brand examples community
formation
. . Nike (overcoming, self- f_orma_tlon of
. Creation of emotional . imagined
sitoyliing narratives around brand LEOVEIIIEIT, A community" through
(creativity, innovation) y g
shared values
Use of game mechanics Starbucks (loyalty Creation of shared
Gamification | (points, levels, program), Nike Run experience, increased
achievements) Club engagement
Unique il of g Ez: #ShotOniPhone (Apple), = Marker of belonging,
. slogans, hashtags and " B . -
symbolism . - Just Do It" (Nike) symbolic capital
visual images
Involving consumers in Sense of shared brand
Co-creation | product and content Glossier, LEGO Ideas ownership, deepening
creation loyalty

Source: compiled by the author.
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Collectively, these four strategies — storytelling, gamification, unique
symbolism, and co-creation — do not operate in isolation but rather reinforce
each other, constructing a coherent communicative ecosystem around the
brand. Storytelling provides the narrative foundation, gamification adds
interactive engagement, symbolism offers recognisable markers of identity,
and co-creation transforms consumers into active co-producers of brand
meaning. This synergy shifts the consumer-brand relationship from a
transactional exchange to a participatory cultural experience, wherein brand
loyalty is no longer merely a matter of repeated purchases but of emotional
investment and social belonging (Sohaib, 2025; Zhu, 2025). In this sense,
brands function as nodes within Castells’ (2010) network society, generating
horizontal flows of meaning that connect geographically dispersed indivi-
duals around shared values and aspirations (Anderson, 2006). Moreover, by
offering consumers opportunities to accumulate and display symbolic capital
(Bourdieu, 1986), these strategies lay the groundwork for the emergence of
brand-centred communities that exhibit characteristics traditionally
associated with kinship or religious congregations. However, this evolution
also raises critical questions about the authenticity of such connections and
the potential for consumer manipulation, which will be further addressed
in the following sections. The emotional and symbolic bonds cultivated
through these communicative practices inevitably give rise to new forms of
consumer behaviour — most notably, the ritualisation of consumption, which
becomes the focus of the next part of this study.

2. Ritualisation of consumption in a digital environment

Ritualisation reflects the transformation of consumption practices from
utilitarian into symbolic and socially significant actions (Chuang, 2020).
Rituals, as known from classical anthropological studies, strengthen social
ties, confirm community belonging, and mark important life events. In a
digital environment, consumption rituals take new forms while maintaining
basic social functions.

Unboxing has become one of the most widespread consumption
rituals. Thousands of YouTube videos demonstrate unpacking new products —
from smartphones to cosmetics, from toys to luxury watches. Unboxing ritual
has a clearly defined structure: packaging demonstration, opening, content
review and first use. This ritual creates shared experience for the brand
community, confirms the owner’s status as the desired object owner, and
serves as a social exchange form where viewers receive information
and emotional satisfaction. For many brands, unboxing videos have become
an important marketing tool, creating demand and fuelling interest in new
products, illustrating Baudrillard’s concept (Baudrillard, 1998) where signs
and symbols become more important than material value.

Purchase demonstration on social media is another widespread ritual.
Instagram, TikTok and Pinterest users regularly post photos of acquisitions
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with descriptions, evaluations, and recommendations. This ritual performs a
self-presentation function, allowing taste, status, lifestyle demonstration, and
serves as a social interaction form where followers ask questions, give
evaluations, and exchange opinions (Sohaib, 2025). For brands, user
purchase demonstrations are extremely valuable content providing social
proof of product quality and stimulating demand, representing conversion of
consumption practices into symbolic capital (Bourdieu, 1986) where public
consumption demonstration increases social status.

Participation in brand events becomes an important ritual for follower
communities. Apple’s annual new product presentations, Nike collection
releases, Starbucks special promotions turn into events uniting thousands
worldwide. These events have a ritual character: anticipation, synchronous
observation (often through live broadcasts), discussion, purchase, demonstra-
tion, creating shared experience, strengthening community ties and confir-
ming values, demonstrating how in the "network society" (Castells, 2010)
mass rituals transform into synchronised online events preserving a socially
integrating function of traditional rituals.

Ritualisation creates a sense of predictability in "liquid modernity"
conditions (Bauman, 2000), giving consumption deeper meaning, turning it
from simple need satisfaction into meaningful social practice, strengthening
consumer identity by confirming belonging to a certain community and value
system, acting as a compensatory mechanism countering anomie and social
experience fragmentation (Zhang et al., 2022). The main types of digital
consumption rituals, their manifestations, and social functions are
systematised in Table 2.

Table 2
Digital consumption rituals and their functions
Ritual Description Examples Social function
_ Video c_iemonstratlon of ST, e Shargd experience, status
Unboxing unpacking a new . confirmation, social
videos
product exchange
Posting photos/videos Self-presentation,
Purchase . Instagram, taste/lifestyle
. of purchases on social - . . .
demonstration media TikTok, Pinterest | demonstration, social
interaction
Synchronous . .
Participation in observation and e . S_trengthe_nm_g COlIMLITIE
. . presentations, ties, confirming shared
brand events discussion of brand .
events Nike releases values

Source: compiled by the author.

The ritualisation of consumption in the digital environment represents
a profound transformation of consumer behaviour, wherein utilitarian acts of
acquisition are elevated to culturally significant performances that serve both
individual and collective functions. As the table illustrates, these rituals —
whether unboxing, purchase demonstration, or collective brand event
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participation — share common structural features: they are publicly
performed, socially validated, and emotionally charged, thereby generating
shared experiences that bind community members together (Chuang, 2020).
This process resonates with Baudrillard’s (1998) assertion that consumption
increasingly operates as a system of signs rather than mere material
exchange, with rituals acting as the grammar through which these signs
acquire meaning and social value. Furthermore, the compensatory function
of consumption rituals becomes particularly salient in Bauman’s (2000)
"liquid modernity," where the erosion of stable social structures leaves
individuals searching for anchors of predictability and belonging — a void that
brand rituals effectively fill (Zhang et al., 2022). However, the very success
of these rituals raises critical questions about their authenticity and
sustainability: when consumption practices are deliberately engineered by
marketing departments to mimic organic social traditions, do they retain their
capacity to generate genuine emotional connection, or do they risk devolving
into hollow spectacles of simulated community? This tension between
authentic sociality and manufactured experience points toward a deeper
cultural logic at work — namely, the gradual sacralization of consumption
itself, wherein brands increasingly borrow not only ritual forms but also the
rhetorical and symbolic apparatus of religion. It is precisely this quasi-
religious dimension of contemporary brand communication that warrants
closer examination, and to which the following section now turns.

3. Religious rhetoric in marketing communications

Active borrowing of religious rhetoric and symbolism reflects a trend
toward consumption sacralization in post-secular society, where traditional
religious institutions lose monopoly on meaning formation, and brands
increasingly take over these functions (Khan et al., 2025). Terminology
associated with faith has become integral to marketing discourse. "Belief in
brand," "loyalty," "devotion" acquire almost religious significance describing
emotional consumer-brand connection. Most devoted followers are called
"brand apostles” actively promoting the brand. This borrowing reflects
brands’ need to create a deep emotional connection that religion traditionally
provided. Campbell’s "digital religion" (Campbell, 2013) offers a framework
for understanding “third space” where religious practice and digital culture
intersect, creating new meaning-making forms (Zamora, 2025).

Brand manifestos function similarly to sacred texts, formulating
values, mission, vision, creating meaning systems beyond utilitarian product
characteristics. Nike’s manifesto proclaiming sport, overcoming, victory
values has inspired millions; Apple’s manifesto proclaiming creativity,
innovation, "thinking differently" values has formed an entire follower
subculture. These texts can be seen as secular analogues of religious texts,
offering moral code and life philosophy.
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Brand stores are increasingly designed as temple-like spaces. Apple
Store with minimalist design, spacious halls, attentive non-pressuring staff
creates a sanctuary-like atmosphere where brand culture initiation occurs.
Starbucks designs coffee shops as "third place” (Oldenburg, 1999) — a space
between home and work for belonging, ritual and emotional support, paralleling
religious building functions (Chuang, 2020), illustrating how in post-secular
society, sacred moves from traditional religious spaces into consumption spaces.

Brand rituals like daily Starbucks visits, Nike Run Club runs and Apple
technology updates acquire the signs of religious practice, structuring everyday
life, creating predictability and stability and strengthening identity and
community belonging. These rituals often have a collective character: shared
viewing of new product presentations, social media discussions and
participation in brand events. Religious rhetoric borrowing reflects deep societal
transformation where traditional institutions lose influence while the need for
meanings, values, rituals and community remains (Efendioglu, 2024). Brands
occupying niche vacated in secularisation process offer ready-made meaning
systems and identities, representing "post-secular religiosity" form where sacred
doesn’t disappear but moves into new spheres, particularly consumption,
resonating with Baudrillard’s theses (Baudrillard, 1998) on consumption as new
mythology. Hepp’s mediatization concept (Hepp, 2020) helps understand how
media become an environment for these transformations. The parallels between
religious institutions and brand marketing are systematically outlined in Table 3,
which juxtaposes elements of religious discourse with their marketing
equivalents and corresponding functions.

Table 3
Signs of religious rhetoric in marketing communications

Element of .
. Marketing .
religious . Example Function
: equivalent
discourse

Belief in brand, Formation of emotional

Faith "I believe in Apple" .
loyalty connection
Apostles Brgn_d ambassadors, Nike influencers Spread of "faith" among
opinion leaders new followers
Sacred texts Brand manifestos N|ke_ TEIFESEE, A ple Formation of \{alug
manifesto system and guidelines
Temples Brand stores ApPIe_ store, Sflarbucks Space f_or rltua_ls and
as "third place shared interaction
Religious Brand rituals Daily Starbucks coffee, | Structuring everyday life,
practices Nike Run Club strengthening identity

Source: compiled by the author.

The systematic adoption of religious rhetoric repositions brands as
quasi-religious institutions that provide meaning, identity, and community in
a post-secular society (Campbell, 2013; Efendioglu, 2024). As the table
demonstrates, this borrowing is neither accidental nor superficial; rather, it
reflects a fundamental restructuring of how meaning is produced and
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consumed in the digital age, with significant implications for both marketing
practice and social theory.

4. Brand communities as a new form of sociality

Brand communities combine traditional community features (shared
values, rituals, identity) with new sociality forms characteristic of the digital
age (global character, territorial attachment absence, mediated commu-
nication) (Zhang et al., 2022). They function similarly to traditional
communities while demonstrating unique features due to their virtual nature.
Muniz and O’Guinn (Muniz & O’Guinn, 2001) identify three key markers:
shared consciousness — deep connection feeling with other brand followers;
rituals and traditions — shared practices reproducing brand history and
culture; moral responsibility sense — readiness to help other members
and facilitate new follower recruitment. These markers demonstrate that
brand communities are not merely marketing constructs but authentic social
formations satisfying fundamental human needs for belonging and identity.

Brand community structure often has a hierarchical character
resembling traditional social group organisation. At the top of the hierarchy
are brand ambassadors — selected representatives who officially represent the
brand, participate in special events and receive exclusive offers. Next are
opinion leaders (influencers) shaping public opinion about the brand and
influencing consumer preferences. Active members regularly interact with
the brand and other members, creating content and participating in
discussions. Peripheral members consume content, occasionally interact but
aren’t active community members. This hierarchy creates social dynamics
stimulating more active interaction and status raising, interpreted through
Bourdieu’s social capital concept (Bourdieu, 1986) (Sohaib, 2025).

The value system ensures community unity and identity. The brand
formulates basic values that community members share. For the Apple
community, values are creativity, innovation, simplicity, and design. For the
Nike community — sport, overcoming, achievement, self-improvement.
The Starbucks community unites around values of community, cosiness and
coffee quality. These values aren’t merely declared but constantly reprodu-
ced in communications, rituals, events, creating shared purpose and identity
sense, resonating with Anderson’s "imagined communities” (Anderson,
2006), where shared ideas and values create a sense of belonging.

Language and symbolism function as belonging markers, allowing
members to recognise each other and demonstrate identity. Recognisable
logos, slogans, hashtags, jokes and memes become community culture
elements. Knowledge of this language and symbolism confirms "insider"
status and provides access to internal community communication, especially
noticeable in brand-dedicated online forums using specific vocabulary
understandable only to members, demonstrating how new cultural codes
form in "network society" (Castells, 2010; Zhu, 2025).
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Brand rituals strengthen social ties and confirm shared identity.
Collective new product presentation viewing, post-purchase impression
sharing, joint challenge participation, brand event celebration — all rituals
creating shared experience and strengthening community. Brand
communities provide members with a sense of belonging, support and shared
identity. In conditions of traditional social ties fragmentation, indivi-
dualisation, and anomie described by Bauman (Bauman, 2000), brand
communities offer ready-made identity and social network, especially
important for youth seeking meanings and communities. Shared consumption
becomes a basis for social capital formation and mutual assistance networks
beyond purely consumer relations (Khan et al., 2025).

5. Consumption as identity construction in the digital age

Consumption increasingly becomes key tool for constructing and
demonstrating identity. This phenomenon has deep roots in the social nature of
consumption, which has always served not only utilitarian but also symbolic
functions. As Baudrillard notes (1998), consumption in the modern world is not
merely the satisfaction of needs but a sign system that structures social relations
and hierarchies. In the social media age, where self-presentation has become a
central element of social interaction, the role of consumption in identity
construction takes on particular significance (Efendioglu, 2024).

Brand choice becomes a means of self-presentation and identity
communication. Consumers choose brands that align with their self-image
and how they wish to be perceived by others. Brands offer not just products
but ready-made identities consumers can "try on" and present to others.
Choosing Apple may signal creativity and innovation, selecting Nike
indicates athletic spirit and determination, and driving a Tesla reflects
environmental concern and technological progressiveness. On social media,
this connection becomes more obvious as consumers regularly demonstrate
purchases, forming a visual identity image, representing "imaginary" self-
construction through consumer signs (Sohaib, 2025).

Lifestyle becomes an important marker of social differentiation. Food
preferences (veganism, organic products), leisure activities (travel, fitness,
yoga), fashion attitudes (vintage, sustainable fashion) — all lifestyle elements
that shape identity and determine social group belonging. Social media
creates space for lifestyle demonstration where consumption practices
become a visual self-presentation basis, illustrating Bauman’s "liquid
modernity" (Bauman, 2000) where identity becomes a project constantly
reviewed and reconstructed through consumer choices (Zamora, 2025).

Search for like-minded people through shared consumer preferences
becomes an important social tie formation mechanism. Communities of fans
of certain brands, musical groups, series and hobbies unite people with no
other contact points. Shared consumption becomes the basis for
communication, experience exchange, and friendship formation, especially
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important for youth seeking communities where they can be understood and
accepted, demonstrating how new sociality forms based on shared consumer
interests emerge in "network society" (Castells, 2010; Chuang, 2020).

Bourdieu (1986) explains how symbolic capital acquired through
consumption converts into social status and identity. Brands become
symbolic capital that consumers can accumulate, demonstrate, and exchange
in social space. In the digital age, social media creates a platform for this
conversion where likes, comments, and shares serve as a social recognition
form, creating a new symbolic exchange economy where consumption
practices directly affect social status (Zhang et al., 2022).

Identity construction through consumption has risks: excessive
dependence on consumer markers, identity fragmentation and social norm
pressure. Social media creates a space where consumption practices are
constantly under audience scrutiny, potentially causing anxiety, insecurity,
envy. Ritzer (2019) warns against "irrationality of the rational" -
dehumanisation and authenticity loss from excessive rationalisation and
standardisation. Baudrillard’s critique (1998) acquires new relevance where
simulacra and signs play an increasing role and genuine social ties may be
replaced by consumer simulations.

Conclusions

The research confirmed the hypothesis that brand communication
strategies evolve from instrumental to sacred, borrowing religious discourse
elements to form a deep emotional connection, leading to brand communities
as a qualitatively new form of sociality in the digital age. The analysis yields
the following original conclusions, which constitute the author’s independent
scientific contribution to understanding digital consumerism.

First, the study identifies four key communicative strategies that
brands employ to transform consumer relationships: storytelling, which
constructs emotional narratives that transcend product functionality;
gamification, which leverages interactive engagement to deepen partici-
pation; unique symbolism, which functions as a marker of belonging and
identity; and co-creation, which repositions consumers from passive
recipients to active participants in brand meaning production. These
strategies do not operate in isolation but form an integrated ecosystem that
systematically shifts consumer-brand interaction from transactional
exchange to participatory cultural experience. The effectiveness of this
integrated approach lies in its capacity to appeal not to rational economic
choice but to fundamental human needs for meaning, belonging, and
recognition — needs that traditional institutions increasingly fail to satisfy in
the contemporary digital environment.

Second, the investigation of consumption rituals reveals that practices
such as unboxing, purchase demonstrations, and collective brand event
participation have evolved from individual consumer behaviours into
culturally significant social performances. These rituals serve multiple
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functions: they create shared experiences that bind community members
together, confirm individual status within the community hierarchy, facilitate
social exchange and recognition, and provide a sense of predictability and
stability in conditions of social fragmentation. The ritualisation of
consumption represents a compensatory mechanism whereby individuals
counter anomie and identity uncertainty by embedding their consumer
choices within meaningful, socially validated practices. This transformation
elevates consumption from a utilitarian act of need satisfaction to a symbolic
practice that structures everyday life and reinforces social belonging.

Third, the analysis of religious rhetoric in marketing communications
demonstrates that brands systematically borrow not only isolated elements
but the entire semiotic apparatus of religious discourse — faith language,
manifestos as sacred texts, stores as temples, rituals as religious practices,
and followers as apostles. This borrowing is neither incidental nor merely
metaphorical; it reflects a profound cultural shift wherein brands increasingly
assume functions traditionally performed by religious institutions, including
the provision of meaning systems, moral frameworks, collective identity, and
a sense of community belonging. In the context of post-secular society, where
traditional religious authority has waned, but the human need for
transcendence and meaning persists, brands have occupied this cultural
vacuum by offering secular forms of religiosity organised around consump-
tion. This process of sacralization represents a fundamental transformation in
how contemporary societies produce and consume meaning.

Fourth, the characterisation of brand communities as a new form of
sociality reveals that these formations exhibit structural and functional features
traditionally associated with kinship groups, religious congergations, or
territorial communities — including hierarchical organisation, shared value
systems, distinctive language and symbolism, collective rituals, and moral
responsibility among members. However, brand communities simultaneously
demonstrate unique characteristics that distinguish them from traditional social
formations: they are globally dispersed, digitally mediated, voluntarily chosen
rather than ascribed, and organised around shared consumption practices rather
than inherited identities. This combination of traditional community functions
with novel organisational forms makes brand communities particularly effective
at satisfying the need for belonging and identity in conditions where traditional
social structures have fragmented. They represent not merely marketing
constructs but authentic social formations that address fundamental human
needs in the digital age.

Fifth, the examination of consumption’s role in identity construction
establishes that brand choice, lifestyle expression, and consumption practices
have become primary tools for self-presentation, identity communication, and
the search for like-minded others in the digital environment. Consumers use
brands as symbolic resources to construct and project identities, signal social
status, and navigate complex social landscapes. Social media platforms amplify
this function by providing spaces where consumption practices become publicly
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visible and socially validated through likes, comments, and shares. While this
process empowers individuals with unprecedented opportunities for creative
self-expression and community formation, it also entails significant risks:
excessive dependence on consumer markers may lead to identity fragmentation,
social anxiety, and the substitution of genuine social ties with consumer
simulations. The line between authentic community and manufactured
consumer experience becomes increasingly blurred, raising ethical questions
about the manipulation of human needs for commercial purposes.

The scientific novelty of this research lies in its comprehensive
analysis of digital consumerism as a socio-cultural practice that extends
beyond economic exchange into the realms of meaning production, identity
construction, and community formation. The identification of religious
rhetoric borrowing mechanisms in marketing, the characterisation of brand
communities as a distinct form of post-secular sociality, and the application
of an interdisciplinary theoretical framework combining sociological,
anthropological, and communication perspectives collectively constitute an
original contribution to understanding contemporary consumer culture.

The practical value of these findings extends to multiple domains. For
marketers and brand managers, understanding the mechanisms of ritual-
lisation and sacralization enables more conscious and ethically responsible
approaches to communication strategy development, moving beyond
manipulative practices toward authentic dialogue and meaningful consumer
engagement. For researchers, this study provides a theoretical foundation for
further investigation of social relations transformation under digitalisation,
particularly regarding the intersection of consumption, identity, and
community. For policymakers and educators, the findings highlight the need
for critical media literacy that enables consumers to recognise and evaluate
the quasi-religious dimensions of brand communication.

Future research prospects include comparative analysis of brand
communities across different cultural contexts — particularly between Ukraine
and Western countries — to identify culturally specific patterns of consumption
sacralization; investigation of emerging technologies’ impact, including virtual
reality and augmented reality, on consumer communication and community
formation; examination of the ethical dimensions and psychological
consequences of consumption sacralization for consumer well-being; and
exploration of brand communities’ potential as sites for social capital formation
and civic engagement beyond purely commercial relationships.
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QUANTUM MARKETING
IN E-=COMMERCE

The high rate of business digitalisation has
increased the necessity of sophisticated
marketing mechanisms capable of shaping
intricate, specific and contextual consumer
decision-making procedures. The traditional
linear marketing models are less effective in
accounting for the behavioural dynamics in the
algorithmically mediated and information-
saturated digital world. The empirical gap
addressed in this study concerns the economic
and behavioural efficacy of quantum marketing
mechanisms in electronic commerce. The
hypothesis of the study is that increasing the
intensity of quantum marketing in e-commerce
has a positive but nonlinear impact on economic
performance of companies, which is mediated by
changes in consumer behaviour and is amplified
in conditions of market uncertainty. The study
determines the extent to which the intensity of
quantum marketing influences consumer buying
behaviour and company performance both in
nonlinear and interactive as well as state-
dependent ways. The paper uses a multi-country
panel model of e-commerce companies from
2020 to 2024. An overall index of Quantum
Marketing Intensity is created to reflect the
depth of personalisation, adaptivity in real-time,
coordination between channels, and intensity of
experimentation. They use fixed-effects panel
econometric models that include behavioural
mediation, nonlinear specifications, and terms of
interaction that are used to indicate contextual
volatility. The statistical results indicate that the
intensity of quantum marketing has a positive
and statistically significant effect on conversion
rates, revenue per visit, gross margin, and
customer lifetime value. The evidence suggests
diminishing marginal returns, which confirms
the nonlinear nature of advanced marketing
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KBAHTOBWI MAPKETUHT
B ENIEKTPOHHIV KOMEPLLII

Bucoxi memnu yugposizayii 6isnecy nocununu
nompeoy y CKIaoHUx MapKemuH206Ux MexaHizmax,
30amHux hopmyeamu UBANCEHI, BUHAUEH] ma
KOHMEKCMYanbHi npoyeoypu NPUiHAMms pitieHsb
cnocusasamu. Tpaouyiiini NiHitHI MaPKemuH206i
Mooeni 0e0ani MeHul eQeKmusHi, 6paxogyiouu
OUHAMIKY NOBEOIHKU 8 ANCOPUMMINHO onocepeo-
KOBAHOMY ma IHpopMayiliHo HacuueHomy yugpo-
eomy ceimi. Emnipuuna npoecanuna, sKy epaxo-
8VBAHO 6 YbOMY OOCTIONCEHHI, NO8A3aHA 3
EKOHOMIUHOW MA NOBEOIHKOBOIO epeKmusHicmo
KBAHMOBUX MAPKEMUH0BUX MEXAHI3MIB 8 eNleKm-
POHHILL KoMepyii. JlocnioxcenHs pyHmyemocs Ha
einomesi, w0 NIOBUWEHHS THMEHCUBHOCIT KBAH-
M0B020 MAPKEMUH2Y 8 eNleKMpPOHHIL Komepyii mae
NO3UMUBHUL, ane HeNIHIIHULL 6NIUE HA eKOHOMIYHI
pe3ynbmamu  KOMNAHi, AKi 0nocepeoKo8ylomuCsl
3MIHAMU CNOXHCUBHOTL NOBEOITHKU MA NOCUTIOIOMbCSL
6 YMOB8aX DUHKOB0I HesuzHaueHocmi. Busnaueno,
AKOI0 MIPOHO THMEHCUBHICMb KEAHIMOB020 MapKe-
MUH2Y GNIUBAE HA KYNIBEIbHY NOBEOIHKY CHONCU-
6auie ma epexmusHiCMb KOMNAHIL SIK HETHIHUM,
Max i IHMEPAKMUGHUM, a MAKONC 3ATEHCHUM 8i0
cmany cnocobom. Bukopucmaro 6acamonayio-
HALHY NAHEIbHY MOOelb KOMNAHIN eeKIMpPOHHOT
xomepyii 3a 2020 ma 2024 pp. Cmeopeno
3a2anbHUll  IHOEKC HMEHCUBHOCI  K8AHMOBO20
MapKemuHey 0Jist 81000PANCEHHsL 2TUOUHU NEPCOHA-
J3ayii, a0anmueHoCmi 8 pedicumi peaibHo20 4acy,
KOOpOUHayii Midic Kauanamy ma iHMEeHCUBHOCH
excnepumenmie. Bonu euxopucmogyioms nanenoHi
eKOHOMempuYHi MoOei 3 Qhikcosanumu eghpekmamu,
Wo  BKIOYAIOMb  NOBEOIHKOBE —NOCEPEOHUYMEO,
HeniHitini cneyugixayii ma ymosu 63aemooii O
NO3HAYEHHS  KOHMEKCMYAIbHOI  B0NAMUTILHOCHI.
Cmamucmuuni  pe3yibmamu  NOKA3yI0Mb, WO
iHMEHCUBHICIb KBAHIMOBO20 MAPKEMUHEY MAE NO3U-
MUBHUIL Ma CMAMUCIMUYHO SHAYYWULL 8NIUE HA
Koeghiyicnm Komueepcii, 00xi0 Ha 8i0sidysaua,
6an106ULL NPUOYMOK Ma 00GIUHY YIHHICb KIIEHMA.
Jlani  ceiduamv  nmpo  3HUdICEMHST  SPAHUYHOT
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mechanisms. The evidence shows that marginal
returns are decreasing, which proves the
nonlinearity of marketing mechanisms. The eco-
nomic outcomes are mediated by behavioural
variables that explain the effects of specific
characteristics, with variables explaining
approximately one-quarter to one-third of all
effects. The combined effects of digital channels
are positive, highlighting the need for synchro-
nised omnichannel strategies. Market volatility
enhances the effectiveness of quantum mar-
keting, particularly under increased uncertainty,
which supports the contextual dependency
hypothesis. The analysis shows that its effec-
tiveness peaked in 2022 and subsequently
stabilised as markets matured and consumers
became more accustomed to digital interactions.
Overall, the study makes a scientific contribution
by demonstrating the quantification of marketing
as a quantitatively measurable econometric
approach and the possibility of its integration
with the tools of behavioural economics
and panel econometric analysis. The results
provide a basis for further research into
quantum marketing in e-commerce, particularly
for analysing customer data and applying

experimental algorithms in digital sales
channels.
Keywords: quantum marketing, electronic

commerce, consumer behaviour, digital persona-
lisation, nonlinear marketing effects, omni-
channel strategy, panel econometric analysis.

JEL Classification: M31,D12, D91, L81.

Introduction

npudymKogocmi, wo NiOMeepoH#Cye HemiHilHUl
xapakmep Oii nepedosuUx MApKeMuUH08UX
Mexanizmie. Ompumani pe3yromamu maxolc
O0eMOHCMPYIOMb, W0 eKOHOMIUHI egheKxmu peai-
3VI0MbCsl yepe3 No6eOIHKOBL 3MIHHI, 5KI 6I000pa-
JHCarOmy  GNAUE NEGHOT cheyuiiku ma CYKynHo
NOSACHIOIONb NPUOTUZHO 610 Y6epmi 00 mpemuHu
ecix eghexmis. Cunepeis egpexmis migc yugposumu
KAHAaMU € RO3UMUBHOIO, | BANHCIUBO GIO3HAUUMU
HEOOXIOHICMb  CUHXPOHI308AHUX — OMHIKAHATLHUX
cmpameeitl.  Boramunvnicme  punky  niosuugye
egheKmuBHiCIb 3ACMOCYBAHHS KBAHMOBO20 MAPKe-
MUH2Y, 0COONUBO 3a YMO8 3POCMAIOY0I HesU3HA-
ueHOCMi, Wo NIOMBePOHCYE 2iNome3s)y KOHMeKCHHOL
3anedxcHocmi. JlocniodcenHs NOKA3ye, wjo U020
ehexmuesnicme Oyna maxcumanvhoro y 2022 p., a
32000M cmabiNizyeanacs, y mipy moeo Sk pPUHKU
cmaganu Oitblt 3pituMU, A CROXICUBAY] OLIbLU
adanmosanumu. 3a2anom O00CHONCeHHsT poouns
HAYKOBULL BHECOK, OeMOHCIPYIOYU KeAHMUMIKayito
MApKemuHzy K KIbKICHO GUMIPIOBAHO20 €KOHO-
MEMpUYHO20 NiOX00y mMa MONCIUBOCHI 11020
iHmezpayii 3 IHCmMpyMeHmapieM NoeediHKO80T
E€KOHOMIKU [ NAHEeNbHO20 eKOHOMEMPUYHO20
ananizy. Ompumani  pe3yibmamu  Cmeoproionb
OCHOBY 071 NOOAILUUUX OOCTIONCEHb KBAHMOBO20
MapKemuHzy 6 eneKmpoHHil Komepyii, 30Kkpema O
aHanizy KIeHMCbKUX OAHUX, 3ACMOCY8aHHs eKchne-
PUMEHMATILHUX AI2OPUMMIG Y YUDPOBUX KAHANAX
30ymy.

Kniouosi cnoea: KBaHTOBUII MAapKeTHHI,
CIICKTPOHHA KOMEPIIisl, TOBEHIiHKA CIIOKHBAYIB,
mudpoBa TepcoHai3amis, HeJiHiitHI MapKeTHH-
TOBi e()eKTH, OMHIKaHAIFHA CTPATETisl, TAHSIBHUI
€KOHOMETPUYHUH aHaI3.

The high growth rate of electronic commerce has increased

competition levels and firms are seeking the best new marketing mechanisms
that can be used to affect complex and uncertain consumer decision-making
processes (Konopliannykova, 2024). Conventional linear marketing frames
are becoming less relevant for describing observed consumer behaviour in
digitally saturated contexts of information overload, algorithmic mediation
and volatile contextuality. In that regard, quantum marketing becomes a
promising paradigm with the focus on probabilistic choice, nonlinear effects,
contextuality, and interaction among the multiple digital stimuli. Although
both conceptual and behavioural interest in quantum marketing mechanisms
is increasing, empirical evidence on their economic and behavioural
efficiency remains inconsistent and methodologically underdeveloped.

The rapid expansion of digital commerce and data-driven marketing
has increasingly exposed the limitations of traditional linear models of
consumer choice and firm performance. Recent theoretical advances
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emphasise nonlinear and probabilistic perspectives on economic decision-
making. Zheng and Bai (2024) demonstrate that market dynamics may
exhibit threshold effects and discontinuities that cannot be captured by
smooth linear adjustments, a logic that is directly applicable to digital
marketing contexts characterised by personalisation and adaptive targeting.
Broader research on quantum computing and post-quantum technological
systems further supports this departure from deterministic causality,
highlighting contextual dependence, uncertainty, and multi-dimensional
interaction structures in complex decision environments (Memon et al., 2024;
Shamsuddoha et al., 2025; Kuka et al., 2026). These studies provide
a conceptual foundation for interpreting advanced digital marketing as a
probabilistic and nonlinear system.

Empirically, capturing such complexity requires econometric
approaches that account for unobserved heterogeneity, indirect effects, and
diminishing returns. Applied economic research demonstrates the suitability
of panel models with fixed effects and nonlinear specifications for analysing
strategic decisions under uncertainty. Mazur et al. (2023) show that firm-
level outcomes are governed by structurally nonlinear relationships, while
Prokopenko et al. (2024) emphasise that economic effects often materialise
through combined direct and mediated channels. In the marketing domain,
Kazibudzki and Trojanowski (2024) confirm that marketing effectiveness is
best evaluated through integrated quantitative frameworks linking
behavioural adjustments to economic performance.

Behavioural studies of digital consumption further reinforce the
systemic nature of marketing outcomes. Peer influence, product type, and
social context significantly shape online purchase decisions, particularly
among younger consumers (Theocharis, 2025). Spatial and location-based
factors also moderate the effectiveness of digital marketing, underscoring the
importance of contextual variation (Theocharis et al., 2025). Comparative
evidence from European e-commerce markets reveals substantial cross-
country heterogeneity in online consumer behaviour, suggesting that
responses to digital stimuli are neither uniform nor stable across institutional
settings (Madlenak et al., 2025). Moreover, integrity- and trust-based
interactions function as key behavioural transmission mechanisms through
which marketing efforts influence purchase intentions (Florea et al., 2025).

Parallel evidence from the literature on artificial intelligence and data-
driven marketing illustrates how adaptive mechanisms operate in practice.
Al-driven marketing tools are shown to increase e-commerce sales, yet their
effectiveness diminishes as algorithmic complexity intensifies, indicating the
presence of decreasing marginal returns (Madanchian, 2024). Systematic
reviews of emerging technologies in e-commerce identify personalisation,
experimentation, and omnichannel coordination as dominant trends, while
also highlighting the growing difficulty of managing their combined effects
within linear frameworks (Sandu et al., 2025). Advances in big data analytics,
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including the use of synthetic and high-dimensional data, further complicate
the marketing-performance relationship by amplifying uncertainty and
reinforcing the need for adaptive strategies (Theodorakopoulos et al., 2026).

Foundational studies on digital marketing provide the baseline for
understanding these advanced mechanisms. Early research conceptualises
digital marketing as an innovative communication and coordination tool that
restructures firm—consumer interactions (Holovchuk et al., 2018).
Subsequent work positions digital marketing as a central component of
modern business strategy, particularly in competitive and technologically
dynamic environments (Goriashchenko & llchenko, 2020; Pertsova, 2020).
Strategic analyses of e-commerce firms further indicate that marketing
behaviour reflects adaptive responses to market conditions rather than static
optimisation processes (Svobodova & Rajchlova, 2020).

Overall, the literature converges on the conclusion that digital
marketing effectiveness is nonlinear, behaviourally mediated, and context-
dependent. Economic outcomes are shaped not only by the intensity of
marketing mechanisms but also by behavioural transmission channels,
interaction effects, and market volatility. These insights directly motivate the
empirical framework adopted in this study, which models quantum
marketing intensity as a composite construct, incorporates behavioural
mediation, and explicitly accounts for nonlinear and context-dependent
effects within a multi-country panel setting.

The main research question that has been considered in this study is
how little has been done to econometrically validate the linkage between
quantum marketing processes and quantifiable behavioural and economic
returns in e-commerce. The available literature is mainly centred on single
tools, such as personalisation or omnichannel strategies, without paying any
attention to the combined, nonlinear, and state-dependent effects of these
methods. This void limits theoretical knowledge and managerial advice on
how best to use advanced digital marketing processes in terms of both
intensity and coordination.

The objective of the study is to empirically evaluate the processes by
which quantum marketing impacts e-commerce performance both beha-
viourally and economically. The aims are to create a composite quantum
marketing intensity index, approximate non-linear effects of the same,
and the channels of mediation of behaviour. The other aims include
describing the effects of interaction between the digital medium and evalua-
ting the impact of market volatility on enhancing the marketing performance.
According to the theoretical framework, the hypotheses that were tested in
the study are positive direct effects, mediation by behaviour, decreasing
returns, and amplification.

The central hypothesis of this research is that quantum marketing,
understood as a set of adaptive, personalised, and context-dependent digital
mechanisms, exerts a statistically significant influence on consumer
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behaviour and the economic performance of e-commerce firms. It is further
hypothesised that this influence is nonlinear, characterised by diminishing
marginal returns at higher levels of marketing intensity, partially mediated
by behavioural variables, and strengthened in periods of elevated market
volatility.

The study relies on a multi-country panel econometric model, which
will be applied to firm-level data on international e-commerce companies
from 2020 to 2024 to test the empirically proposed hypothesis. This
methodology is a combination of fixed-effects panel regression, mediation
estimation, nonlinear specifications, and interaction terms to estimate the
mechanisms of behavioural transmission and context-specific effects. Due to
the intricacy of the econometric design and the development of the composite
indices, the methodological design is described in detail in a dedicated
section.

The novelty of this study is the combination of quantum marketing
theory and econometric panel modelling using secondary multi-country data.
Unlike previous work, the analysis of non-linearities, interaction effects and
time-varying dynamics are captured in a unified empirical framework. The
study contributes to the marketing and digital economics literature through
the operationalisation of quantum marketing as an economic concept. From
a practical point of view, the results give evidence-based information on how
to strategically calibrate advanced marketing mechanisms in electronic
commerce.

The paper is organised in the following way. In section 1, the research
methodology, including the conceptual framework, sample construction, and
econometric model specification are demonstrated. Section 2 presents the
econometric evaluation of quantum marketing strength in e-commerce firms.
Section 3 examines the mediation of behaviour and contextual effects, and
Section 4 addresses the empirical findings and implications. The last part is
a conclusion of the key findings, limitations, and future research directions.

1. Investigation of the quantum marketing mechanism
considering behavioural and economic aspects

1.1. Justification of the research methodology

The methodological framework is a structured, multi-stage process
designed to ensure the theoretical consistency, empirical validity, and
replicability of the results. The research design integrates conceptual
development, data construction, econometric modelling, and interpretative
analysis within a coherent analytical framework. This approach enables a
systematic study of the quantum marketing mechanism from both
behavioural and economic perspectives. The overall process is summarised
in Table 1 in order to improve transparency and methodological clarity.
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Table 1
Research methodology process
Stage Description Purpose
1 Conceptualisation of quantum Theoretical grounding and hypothesis
marketing mechanisms development
2 Construction of indicators and dataset Operationalisation of behavioural and

economic variables
Identification of direct, indirect, and
nonlinear effects

Comparative analysis and robustness
assessment

3 Econometric modelling and estimation
4 Interpretation and validation of results
Source: authors’ development.

The first stage lays the theoretical basis by synthesising the literature
on quantum marketing, behavioural economics and digital commerce. The
second stage involves the translation of theoretical constructs into
measurable indicators using aggregated secondary data sources. The third
stage uses the panel econometric methods to estimate nonlinear, interactive,
and mediated relationships. The last stage is the assessment of temporal
dynamics, comparative effects, and consistency with existing empirical
evidence. Together, these stages help to assure a logical coherence of
research objectives, methods and empirical findings.

1.2. Formation of the sample of international e-commerce companies

The study uses an unbalanced panel sample of medium- and large-
sized e-commerce companies operating across multiple international digital
markets. This sample design guarantees adequate heterogeneity in marketing
practices, consumer behaviour and levels of technological adoption.

The companies represented in the sample originate from five regions
(North America, Western Europe, Central and Eastern Europe, East Asia, and
Southeast Asia), reflecting different levels of digital market maturity.
Geographically the dataset includes firms that operate in the United States,
Canada, Germany, France, the United Kingdom, Poland, Ukraine, China,
South Korea and Singapore. The sample comprises firms in key e-commerce
segments, including consumer electronics, fashion and apparel, household
goods, health and beauty, and digital services.

The dataset combines secondary data sourced from public information
such as information available on platforms, financial disclosures, digital
traffic estimators, and marketing technology databases. Behavioural
indicators are based on web analytics, marketplace dashboards and consumer
interaction metrics, and economic outcomes are based on reported sales and
transactions statistics. Marketing intensity measures are created using
information on personalisation tools, omnichannel marketing activity,
experimentation frequency, and adaptive pricing signals.
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The countries and firms selected offer variation in the regulatory
environments, consumer digital behaviour, and technological adoption. This
heterogeneity is a strength for external validity and enables the identification
of context-dependent quantum marketing effects. The multi-country design
is especially appropriate to capture the amplification mechanisms based on
volatility favoured in the conceptual framework.

The chosen firms operate in different regulatory, cultural, and
economic settings, strengthening external validity. The period 2020-2024
reflects extraordinary volatility in the markets, accelerated digitalisation, and
rapid developments in algorithmic marketing mechanisms. This time frame
allows one to measure both short-term shocks and medium-term adaptation
processes. Monthly aggregation strikes a balance between data availability
and sensitivity to behavioural and marketing dynamics.

1.3. Construction of a fixed-effects model to control for unobserved
heterogeneity

The empirical analysis uses a fixed-effects panel regression model to
address unobserved heterogeneous characteristics of firms. Time fixed effects are
included to absorb common macroeconomic shocks and seasonal patterns.
Quantum Marketing Intensity is modelled as a composite explanatory variable
integrated with digital marketing mechanisms. Behavioural indicators are
introduced as mediating variables to establish the relationship between marketing
intensity and economic outcomes. Nonlinear effects are captured by including
squared terms which make it possible to identify diminishing marginal returns.
Channel interference and contextual amplification of the channel in market
volatility are measured using interaction terms. This specification allows testing
direct, indirect and state-dependent effects at the same time.

Model 1. FE baseline:

Yit = f1QMlit + f2Xit + ui + 7 + Ui, (1)

where: Yit— denotes the economic performance outcome of firm i at time t, including
conversion rate, revenue per visit, margin, or CLV proxy;
QMlit - represents Quantum Marketing Intensity, a composite index
capturing personalisation, adaptivity, omnichannel coordination, and
experimentation intensity;
S1 — measures the average marginal effect of quantum marketing intensity
on economic performance;
Xit — is a vector of control variables such as price level, discount depth,
product ratings, delivery time, assortment size, and advertising activity;
P2 — is the corresponding vector of coefficients for control variables;
i — captures firm fixed effects controlling for time-invariant firm-specific
characteristics;
7t — denotes time fixed effects accounting for macroeconomic shocks and
seasonality;
uit — is the idiosyncratic error term.
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Model 2. Mediation (two-step):

|. Estimate Eq. A for Bi: (Behavioural response):

where:

where:

where:

where:

74

Bit = a1.QMlit + a2Xit + pi + 7 + &it, (2)
Bit — represents consumer behavioural responses, including click—through
rates, add-to-cart activity, repeat visits, or engagement indices;
a1 — captures the effect of quantum marketing intensity on consumer
behaviour;
eit — 1S the error term of the behavioural equation.

I1. Estimate Eq. B: for Yitwith Bi; (Economic outcome with mediation):
. 3
Yit = f1QMIit + S2Bit + S3Xit + wi + 7 + Ui, )

S2> — measures the mediating effect of behavioural responses on economic
performance;

the indirect effect is computed as ai-f2, representing the behavioural
transmission channel,

the direct effect is captured by g1, reflecting the influence of quantum
marketing independent of behavioural mediation.

Model 3. Quantum nonlinearity + interference:
4
Yit = S1QMlit + B2QMIi + 63(Sit ¥ Eir) + BaXit + i + e+ Ui, 4)

QM — captures nonlinear effects and diminishing marginal returns to
guantum marketing intensity;

[> — indicates whether higher levels of marketing complexity reduce
incremental effectiveness;

Sit — measures the intensity of social-based marketing channels such as
reviews, user-generated content, and influencer activity;

Eit — measures the intensity of email, push notifications, and retargeting
campaigns;

Sit-Eit — represents channel interaction or interference effects;

o3 — indicates whether channel coordination generates complementarity or
cannibalisation.

Model 4. Regime/context model:
Yit = 1QMlit + 62(QMlit - Volatilityy) + pXit + ui + e + Ui, (5)

Volatility — is an index capturing market or macroeconomic uncertainty,
including demand volatility or supply disruptions;

QMlit- Volatility — reflects the context—dependent effectiveness of quantum
marketing;

61 — measures the baseline effect of quantum marketing under stable market
conditions;

6> — captures the amplification effect of quantum marketing during periods
of heightened uncertainty.
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Together, these models identify direct, indirect, nonlinear, and
context-dependent effects of quantum marketing mechanisms in electronic
commerce. Their combined use provides a comprehensive econometric
assessment of the behavioural-economic transmission process.

1.4. Justification of the index construction methodology

Econometric estimation is performed with fixed-effects panel econometric
estimators (robust standard errors are clustered at the firm level). The effects of
mediation are assessed using sequential regression and indirect effect breakdown.
Index construction utilises standardisation and principal component techniques to
ensure scale consistency. Volatility and context indicators are included to capture
state-dependent consumer responses. All the tools are chosen to achieve the
greatest degree of interpretability, methodological rigour, and conformity to
empirical standards of digital marketing research.

The dataset is built on aggregated secondary indicators consistent with
those reported by popular digital analytics and e-commerce intelligence
platforms. Key behavioural and traffic data points equate to structures that are
commonly found in Google Analytics, Adobe Analytics and platform-level
seller dashboards. Marketing intensity components align with information
available from MarTech stack databases, A/B testing platforms, and public
disclosures on the adoption of personalisation and automation. Revenue,
conversion, and margin measures are calibrated against those commonly
reported in annual reports, industry benchmarks, and market intelligence
summaries. Traffic and engagement dynamics are in line with estimates
provided by Similarweb, Statista, as well as marketplace analytics aggregators.

2. Econometric assessment of quantum marketing intensity

The empirical analysis is based on a panel fixed-effects model that
investigates the relationship between quantum marketing mechanisms,
behavioural responses, and economic performance in e-commerce during
2020-2024. Quantum Marketing Intensity is operationalised as a composite
index that captures levels of personalisation depth and height in adapting to
two real-time, omnichannel coordination intensities of experimentation
across digital platforms.

The model uses behavioural variables to mediate consumer decision-
making in digital environments, reflecting the probabilistic and context-
dependent behaviour of consumer decision-making. Firm and time fixed
effects control for unobserved heterogeneity and macroeconomic shocks that
affect all market participants simultaneously. Nonlinear and interaction terms
are added to account for diminishing returns, channel interference, and
contextual amplification in volatile market conditions.

The results show a statistically significant positive relationship
between Quantum Marketing Intensity and conversion rates, revenue per
visit, gross margin, and customer lifetime value (Table 2).
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Table 2
Econometric results: Quantum Marketing mechanisms and E-commerce
performance (2020-2024)

Model (2)
Variable o Modgl 1) Revenue per Model (3) _Gross Model (4) CLV
onversion Rate Visit Margin Proxy
Quantum
Marketing 0.184*** (0.031) = 0.267*** (0.044)  0.121** (0.052)  0.298*** (0.061)
Intensity (QMI)
QMP —0.046** —0.071** —0.033* —0.084**
(0.019) (0.028) (0.018) (0.034)
ﬁ%l"’)‘(vz‘é‘;ra' 0.392%%* (0.057)  0.418%** (0.069)  0.205%* (0.091) = 0.476*** (0.083)
Social x Email o o - o
I teraction 0.063** (0.025) | 0.091** (0.041) = 0.058* (0.031) | 0.104** (0.047)
ng;t;ixarket 0.112%* (0.049) = 0.146*** (0.055)  0.081* (0.043)  0.169*** (0.062)
Price Index —0.214*** —0.327*%%* —0.141** —0.289%**
(0.038) (0.051) (0.064) (0.058)
— *
Discount Depth  0.176%** (0.033) = 0.221*** (0.047) - 8;’49)7 0.084 (0.061)
Product Rating 0.129%** (0.029) | 0.198*** (0.042) = 0.164** (0.067) = 0.213*** (0.059)
Delivery Time —0.087** —0.133** —0.074* —0.118**
y (0.035) (0.052) (0.041) (0.049)
Constant Yes Yes Yes Yes
Firm Fixed
Effects Yes Yes Yes Yes
Time Fixed
Effects Yes Yes Yes Yes
Observations 4.860 4.860 4.860 4.860
R (within) 0.41 0.46 0.33 0.48

Notes: Robust standard errors clustered at the firm level in parentheses. *** p < 0.01, ** p < 0.05,
*
p <0.10.

Source: authors’ development using econometric model and data from Google LLC (n. d.);
Adobe Inc. (2025); Similarweb Ltd. (n. d.); Statista GmbH (2025); World Bank (n.d.);
OECD (n .d); BuiltWith Pty Ltd. (n. d.).

The squared Quantum Marketing Intensity term is negative and
significant, indicating decreasing marginal returns to increasing levels of
marketing complexity. Behavioural indicators have very good explanatory
power, confirming their mediating role between marketing mechanisms and
economic outcomes. Cross-channel interaction effects show positive comple-
mentarity, indicating greater benefits of coordinated digital touchpoints than
of separate channels.

3. Behavioural mediation and contextual effects of quantum
marketing

In 2020, the quantum marketing effects remain moderate due to high
uncertainty and behavioural adaptation during the pandemic-induced
changes in online consumption (Table 3). In 2021, the strength of this impact
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is enhanced by the way that firms optimise personalisation algorithms, and
consumers are more responsive in this field of adaptive digital communications.
In 2022, the estimated coefficients are at their highest, which is combined with
an increase in market volatility and an over-reliance on data-driven decision
making for marketing. In 2023, effects normalise, implying that the market is
saturating, but also that there is a point of diminishing behavioural sensitivity to
over-personalisation. In 2024, quantum marketing shows continued effect-
tiveness, but less impressive improvements appear, indicating a transition
towards an effort to optimise efficiency.

Table 3

Indirect (behavioural) and direct effects of Quantum Marketing

Revenue per

Effect Type Conversion Rate Visit Gross Margin CLV Proxy
DSl 0.184%% 0.267%% 0.121%* 0.208%
Effect
Indirect Effect 0.072%%* 0.081%** 0.042%* 0.142%%*
via Behaviour
Total Effect 0.256*** 0.348*** 0.163*** 0.440***
Share of
Behavioural 28.1% 23.3% 25.8% 32.3%

Channel (%)

Source: authors’ development using econometric model and data from Google LLC (n. d.);
Adobe Inc. (2025); Similarweb Ltd. (n. d.); Statista GmbH (2025); World Bank (n. d.);
OECD (n. d.); BuiltWith Pty Ltd. (n. d.).

Table 4 presents the estimated coefficients of Quantum Marketing
Intensity across annual subsamples, capturing time-varying effects on e-
commerce revenue performance. The results demonstrate a strengthening
impact from 2020 to 2022, reflecting the increasing effectiveness of adaptive
and personalised marketing mechanisms.

Table 4
Temporal dynamics of Quantum Marketing effects (2020-2024)

QMI Coefficient

e (Revenue Model)

Interpretation

Moderate effectiveness under pandemic-driven

2020 0.198*** (0.062) -
uncertainty
2021 0.231%** (0.057) Strengtht_enlr_]g behavioural response to
personalisation
2022 0.286*** (0.051) Peak impact amid heightened market volatility
2023 0.274*** (0.049) Stabilisation with diminishing marginal returns
2024 0.259*** (0.046) Mature phase with optimised quantum mechanisms

Source: authors’ development using econometric model and data from Google LLC (n. d.);
Adobe Inc. (2025); Similarweb Ltd. (n. d.); Statista GmbH (2025); World Bank (n. d.);
OECD (n. d.); BuiltWith Pty Ltd. (n. d.).

The peak coefficient observed in 2022 dates to heightened market
uncertainty and accelerating digital consumption patterns. In 2023, the
Impact is estimated to stabilise, indicating partial consumer adaptation and
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saturation of advanced personalisation approaches. The slightly declining
2024 number seems to indicate decreasing marginal returns, with quantum
marketing practices at a mature implementation stage. Overall, the temporal
pattern confirms that the effectiveness of quantum marketing is dynamic and
context-dependent rather than constant over time. These results are in favour
of the inclusion of nonlinear and volatility interaction terms in the
econometric specification.

Across all specifications, the economic impact of quantum marke-
ting’s behavioural channels is about one-quarter to one-third of total
economic effects. The indirect pathway is especially powerful for customer
lifetime value where value is more about the long-term relational benefits
than short-term transactional benefits. Revenue-based results demonstrate
greater sensitivity to contextual volatility; that is, there is at least a state
dependency in quantum marketing mechanisms. Margin effects are positive
but reduced, indicating trade-offs between the benefits of personalisation and
the cost of personalisation (note the reduced margin profit for both product
spectrums).

4. Empirical results and discussion

Table 5 presents marginal effects of an annual increase in Quantum
Marketing Intensity, for about one standard deviation, on key performance
outcomes from 2020 to 2024.

Table 5

Annual marginal effects of Quantum Marketing intensity
by outcome (2020-2024)

2021 1.06 3.3 0.47 3.8 0.61
2022 1.24 4.1 0.55 4.6 0.83
2023 1.15 3.7 0.51 41 0.67
2024 1.09 34 0.49 3.9 0.58

Notes: (1) A values represent the annual marginal effect of a one-standard-deviation increase in
QMI, holding controls constant. (2) Conversion and margin are reported in percentage points (pp),
while revenue per visit and CLV are reported in percent changes (%).

Source: authors’ development using econometric model and data from Google LLC (n. d.);
Adobe Inc. (2025); Similarweb Ltd. (n. d.); Statista GmbH (2025); World Bank (n. d.);
OECD (n. d.); BuiltWith Pty Ltd. (n. d.).

In 2020, conversion effects increase and continue to strengthen,
reaching a peak in 2022. After this peak, marginal conversion gains gradually
decline in 2023 and in 2024, indicating saturation and diminishing returns.
This trend suggests that gains will increase rapidly in the high-uncertainty
state, after which they will partially plateau as customers become accustomed
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to customised experiences. Revenue per visit is projected to grow the most
in 2022 and clean up in 2024. The trend indicates that quantum processes
outcompete conventional targeting in markets where decision-making is
supported by adaptability and opportune offers.

The effects of gross margin are also positive but smaller, increasing
from 2020 to 2022. The fact that this is further decreasing in 2024 means that
optimisation is shifting more towards retention and experience rather than
price-driven extraction. The effects of the customer lifetime value increase
in 2020 and in 2022. This stability implies that quantum marketing can
maintain long-term stable relational value as short-term conversion impacts
begin to decline. The greatest volatility index is 2022, when there were the
most robust marginal effects of all outcomes.

This correspondence aids the contextual amplification mechanism, as
summarised by the interaction factor between quantum intensity and market
volatility. In 2021, the effects are fortified even though the volatility
decreases, which is indicative of learning-by-doing and multi-channel and
experimentation-cycle orchestration. In 2023, medium volatility is observed,
along with a small reduction in marginal effects, which is consistent with the
hypothesis of diminishing returns at high intensity levels. In 2024, decreased
volatility is linked to predictable though less significant incremental returns,
suggesting that experienced quantum marketing must be recalibrated to be
efficient.

Table 5 supports the fact that quantum marketing effectiveness is
context-dependent, time-varying, and nonlinear. The findings confirm their
orientation toward the strategic management of adaptive intensity, rather than
pursuing the ever-growing complexity of personalisation.

Generally, the discovery supports the conclusion that quantum
marketing is a nonlinear, behaviourally mediated system rather than a
promotional tool. The findings indicate that effectiveness is contingent on
contextual uncertainty, a channel interaction, and the regulated intensity of
an algorithmic intervention. Overcomplicated marketing can reduce
efficiency, underscoring the importance of calibrating strategies rather than
excessive personalisation. Economically, quantum marketing improves not
only the performance in the short term but also the customer value building
process in the long term. These findings locate quantum marketing as a
structurally different paradigm between behavioural economics and digital
management performance in electronic commerce.

Conclusions

The study achieves the identified goal through an empirical
assessment of the effects of quantum marketing mechanisms on the
performance of e-commerce, mediated by behavioural and economic factors.
The proposed goals are achieved by building a composite Quantum
Marketing Intensity index, and approximating its complex, interactive, and
context-dependent effects. The econometric findings indicate that the effects
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on the 20202024 conversion and revenue per visit, the gross margins, and
customer lifetime value are statistically significant and positive. This is
confirmation of behavioural mediation: indirect effects account for a
significant share of the overall economic results, underscoring the
importance of the behavioural-economic transmission mechanism.

The results show that quantum marketing performance is nonlinear: at
some level of intensity, marginal returns diminish. The interplay between
digital channels shows positive complementarity, underscoring the need for
coordinated omnichannel strategies rather than individualised marketing
interventions. Contextual volatility enhances the efficacy of marketing,
especially in situations that mark a period of increased uncertainty and in the
context of volatile consumer decision-making. There are empirical studies
that prove that long-term value is created through adaptive personalisation
and experimentation, which is more powerful than short-term optimisation
through transactions.

The empirical findings confirm the proposed research hypothesis. The
results demonstrate that quantum marketing intensity has a positive and
statistically significant effect on key economic outcomes in e-commerce,
including conversion rates, revenue per visit, gross margins, and customer
lifetime value. At the same time, the estimated nonlinear specifications reveal
diminishing marginal returns at higher levels of marketing intensity.
Behavioural indicators play a substantial mediating role, accounting for
approximately one-quarter to one-third of the total economic effect, thereby
confirming the behavioural-economic transmission mechanism. Moreover,
the interaction with market volatility indicates that the effectiveness of
quantum marketing is context-dependent and increases under heightened
uncertainty. Overall, the hypothesis of a nonlinear, behaviourally mediated,
and context-dependent impact of quantum marketing on e-commerce
performance is empirically supported.

In terms of limitations, the study is based on secondary information; thus,
the author has no control over the consistency of measures and may include
platform-specific reporting effects across firms and over time. The diverse
mechanisms captured by the built Quantum Marketing Intensity index may
confound the distinct mechanisms of individual personalisation or orchestration
units. With fixed effects and robustness tests, the remaining endogeneity, based
on the quality of Six Sigma and unobserved strategic capabilities, cannot be
completely ruled out. The outcomes analysed are at the aggregate firm level,
which limits the possibility of observing the process of individual consumer
decision-making underlying the behavioural mediation. Lastly, the 2020-2024
period is unique due to market conditions that may limit the extrapolation of
findings to more stable digital commerce settings.

In terms of recommendations, quantum marketing intensity should be
carefully balanced by companies, and more effort should focus on adapting
personalisation and experimentation rather than going all-in on algorithms.
Behavioural metrics should be incorporated in performance measures as
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marketing strategies to include indirect impacts that lead to long-term
customer value. It seems that coordinating digital channels across various
dimensions is recommended to capture interaction effects conducive to
digital positioning and to ensure that messages are not lost or cannibalised by
others. In periods of market uncertainty, establishments should temporarily
become more responsive to adaptive marketing to capitalise on the effects of
contextual amplifications. Further applications should focus on efficiency
optimisation, and personalisation costs and opportunities should be balanced
to guarantee sustainable revenues and profit margins.

The study as a whole is able to make contributions to the literature on
quantum marketing as a measurable and economically relevant construct.
The findings will offer managers a practical perspective on how to achieve
optimal calibration, efficiency-based implementation, and strategic coordi-
nation of superior marketing mechanisms. Future studies can build upon this
framework using consumer-level microdata, experimental methods, or fruit-
ful industry-specific implementations. Other directions for future research
can include ethical, regulatory, and artificial intelligence aspects that define
the future of quantum marketing in the digital ecosystem.
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LINOPOBUM EKO-BPEHOVHT
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Locnioocero popmysanns exo-opendie FMCG
nionpueMcme y Kowmexcmi peanizayii yineti cma-
JI020  PO3BUMKY mMd YUDPOBO2O MAPKEMUHZY.
AxmyansHicmb memu 3yMO81eHA 3pOCMAHHAM PO
eKOI02IMHOI 8I0N0GioambHOCMI OI3Hecy, MAaco8um
BUPOOHUYMBOM MOBAPIE NOBCAKOEHHO20 NONUNLY
ma HeoOXIOHICMIO IHMespayii NPUHYUNIE CMAT020
po3eumKy y mapkemuneogy oisnwHicme FMCG
nionpuemcma. Bueceno cinomesy, wo inmespayis
NPUHYUNIG CMA02o po3eumky y disionicms FMCG
nionpueMcme ma GUKOPUCIMAHHS  THCIPYMEHMIG
yughpo8o2o MapKemuHzy cnpusiiontb epexmueHomy
Gopmysantio, NPOCYBAHHIO MA PO3GUMKY €KO-
Opendis, niosuUeHHIO Q0BIPU CROJICUBANTB T KOHK)-
penmocnpomodchocmi - nionpuemcms.  Memooo-
JIO2IUHOI0  OCHOBOIO OOCTIONCEHHA € KOMNIEKC
302ATbHOHAYKOBUX | CHEeYIATIbHUX MemOOI6. AHANI3Y
Mma Y3a2anbHeHHs, CUCMEMHULl | CMpYKmYypHO-
JIO2IYHUL AHAI3, NOPIBHAbHULL QHATI3 MA MOOe-
mosanns.  Inghopmayiiiny  6a3y  docniodcenns
CMAHOBUNIU HAYKOGT Odicepena, mamepianu iniyia-
mueu United Nations Global Compact, a maxoaic
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Compact initiative, and data from the official
websites and management reports of the companies
under study. The study substantiates the concept of
eco-branding for FMCG companies in the digital
environment, identifies the essential characteristics
of an eco-brand, and proposes the author’s
definition of the concept. A conceptual model of eco-
branding has been developed that covers the factors,
stages, and outcomes of eco-brand formation in the
digital environment. Digital marketing tools have
been systematised according to the stages of the
digital consumer journey: Awareness, Conside-
ration, Conversion, Loyalty, and Advocacy. Based
on the analysis of international and Ukrainian
experience, the study demonstrates that digital
marketing communications transform environ-
mental value into added consumer value, contribute
to the development of a positive environmental
image, increase consumer loyalty, and create long-
term competitive advantages for FMCG companies.

Keywords: sustainable development, eco-
brand, eco-branding, FMCG companies, digital
environment, digital marketing, digital eco-

OaHi OQIYIIHUX catimis [ ynpasiiHCbKoi 36IMHOCMI
odocnioxcysanux komnawitl. OOIPYHMOBAHO KOH-
yenyirto exo-openounzy FMCG nionpuemcms y
yugposomy  cepedosuIyi, BUSHAYEHO CYMHICHI
O3HAKU eK0-OpeHdy ma 3anpONOHOBAHO ABMOPCbKE
susHauenHst Oeginiyii "‘exo-opend”. Po3pobrero
KOHYENMYyaibHy MOOeb eKo-OpeHOUH2Y, o OXON-
JIOE YUHHUKU, emani ma pe3yivmamu Qopmy8aHHs
exo-Opendy y yughposomy cepedosuuyi. Cucmema-
MU308AHO THCIPYMEHMU YUPPOBO2O MAPKemUHey
6I0N0GIOHO 00 emanie YUPPoBo20 WISIXY CHOICU-
eaua Awareness, Consideration, Conversion,
Loyalty, Advocacy. Ha ocnosi ananizy 3axopoo-
HO20 ma GiMUU3HAHO20 00C8I0Y 008e0eHO, WO
yughposi  mapkemuHzo8i  KoMyHiKayii 3abesne-
Y IOMb MPAHCHOPMAYII0 eKONOIUHOT YIHHOCII Y
000amKOBY CHOJICUBYY 8apmicmy OpeHOy, cnpusi-
10mb  POPMYBAHHIO  NOSUMMUBHO2O — EKONOSIYHO20
iMiOoicy, NIOBUUEHHIO NOSTIbHOCME CHOJMICUBAYIE i
CMBOPEHHIO  00820CHPOKOBUX — KOHKYDEHNHUX
nepesae FMCG nionpuemcms.

Knwouosi cnoea: crammil po3BUTOK, €KO-
Opern, exo-Openmmar, FMCG mimnpuemcTsa,
mudpoBe ceperoBHIe, LUPPOBHIA MAapKETHHT,

1 POBHUI €KO-OpPEH/IUHT.

branding.
JEL Classification: M31, M37, Q01, L67.

Introduction

Growing attention to corporate environmental responsibility and the
need to integrate sustainable development principles into companies’
activities have increased the relevance of this research. These processes are
particularly important for FMCG companies, whose operations involve the
mass production of fast-moving consumer goods, intensive use of natural
resources, and a significant influence on consumer experience. Under these
conditions, eco-branding has become an important instrument for imple-
menting marketing and branding strategies that enhance companies’
competitiveness. At the same time, the rapid development of digital techno-
logies, communication channels, and sales platforms has expanded oppor-
tunities to promote environmental values and build consumer trust in the
digital environment. This creates the need to explore the theoretical and
practical foundations of digital eco-branding for FMCG companies.

The existing literature demonstrates growing scholarly interest in
sustainable development, environmental marketing, and the formation and
development of eco-brands. The theoretical foundations of sustainable deve-
lopment and its key principles are discussed in the works of both Ukrainian
and international researchers, as well as in the materials of the United Nations
Global Compact initiative, which outlines the 17 Sustainable Development
Goals and the principles of responsible business conduct. Issues related to the
development and promotion of eco-brands, as well as the influence of brands’
environmental characteristics on consumer behaviour, have been examined
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by international scholars, including Afifa et al. (2025), Hegde et al. (2025),
and Davidenko et al. (2025), who explore the relationship between
environmental brand values, consumer perceptions, and the development of
sustainable marketing. Ukrainian researchers, including Blazhei (2016),
Bondarenko and Syazin (2024), and Chygrin and Usova (2025), focus on green
marketing, eco-branding, and the application of marketing tools to develop the
environmental image of companies. However, the systematic conceptualisation
of eco-branding for FMCG companies, which integrates the Sustainable
Development Goals with the opportunities offered by digital marketing, remains
underexplored, underscoring the need for further research.

The aim of this article is to substantiate the theoretical foundations
of eco-branding for FMCG companies in the context of implementing
the Sustainable Development Goals and to develop a conceptual model of
eco-branding in the digital environment. To achieve this aim, the study
pursues the following objectives: to examine the concept of sustainable deve-
lopment and identify the main directions for achieving the Sustainable
Development Goals by FMCG companies; to review scientific approaches to
the interpretation of the concept of an eco-brand, identify its essential
characteristics, and propose the author’s definition of the concept of an eco-
brand; to develop a conceptual model of eco-branding for FMCG companies in
the digital environment; and to analyse international and Ukrainian experience
in eco-branding for FMCG companies and validate the proposed model.

The study is based on the hypothesis that integrating sustainable
development principles into the activities of FMCG companies and applying
digital marketing tools contribute to the effective development of eco-brands,
enhance consumer trust, and create additional competitive advantages for
companies.

To test the hypothesis and achieve the research aim, a combination of
general scientific and specialised research methods was applied. Analysis
and synthesis were applied to examine scientific approaches to the
interpretation of the concepts of “eco-brand" and "eco-branding"”. Systems
analysis and structural-logical analysis were applied to identify the essential
characteristics of an eco-brand and to systematise digital marketing tools for
the promotion and development of eco-brands. Modelling was applied to
develop a conceptual model of eco-branding for FMCG companies in the
digital environment. Comparative analysis was applied to investigate
international and Ukrainian experience in the digital eco-branding of FMCG
companies.

The study draws on Ukrainian and international scholarly sources,
including publications indexed in the Scopus database, materials of the
United Nations Global Compact initiative available on the official website of
Global Compact Network Ukraine, information from the official websites
of Unilever and Chumak, as well as management reports of Unilever Ukraine
LLC and Chumak Ukraine LLC.
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The first section substantiates the concept of eco-branding in the context
of sustainable development and identifies the directions for implementing
the 17 Sustainable Development Goals in FMCG companies. It also defines the
essential characteristics of an eco-brand and proposes the author’s definition of
this concept. Furthermore, a conceptual model of eco-branding for FMCG
companies is developed, encompassing the key factors, stages, and expected
outcomes of eco-brand development in the digital environment.

The second section presents the validation of the proposed model
based on the analysis of international and Ukrainian practices of FMCG
companies. It highlights the practical aspects of implementing digital eco-
branding and emphasises its role in creating added consumer value and
enhancing companies’ competitiveness.

1. Eco-branding of FMCG companies in the context of sustainable
development

1.1. The concept of sustainable development: goals and their
implementation by FMCG companies

The concept of sustainable development began to emerge in the late
1960s as a response to the global crisis. During this period, members of the non-
governmental organisation the Club of Rome developed approaches to
analysing the crisis and identified the major socio-economic challenges facing
humanity (Zaitseva, 2019). For the following three decades, the programs and
initiatives associated with this concept were implemented primarily at the global
and national levels. The possibility of integrating sustainable development
principles into business activities at the micro level was first discussed at the
World Economic Forum in 1999 during the presentation of the Global Compact
initiative. In 2000, the United Nations Secretary-General Kofi Annan launched
the United Nations Global Compact as a platform for cooperation between the
United Nations and the business community, based on ten principles covering
human rights, labour, the environment, and anti-corruption (Global Compact
Network Ukraine, 2025b). In September 2015, all 193 United Nations Member
States adopted the 2030 Agenda for Sustainable Development, committing to
the achievement of the 17 Sustainable Development Goals.

In recent years, the concept of sustainable development has gained
prominence due to the growing environmental, social, and economic
challenges affecting societies worldwide, as well as individual countries,
regions, industries, and enterprises that are structural components of national
economies. For FMCG companies, the implementation of sustainable
development principles involves not only corporate social responsibility but
also the adoption of environmental initiatives and cooperation with public
institutions and civil society organisations (Table 1). This approach supports
the development of an eco-brand, which directly contributes to stronger
customer loyalty and greater support from key stakeholder groups, thereby
enhancing the company’s economic performance.
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Promoting awareness of the implementation of sustainable development
principles by FMCG companies involves positioning them as eco-brands,
employer brands, and other socially responsible brands. The application of
branding enables companies to enhance their value for target audiences and
society as a whole by creating a consistent customer experience, ultimately
supporting the achievement of their strategic business objectives.

1.2. Eco-branding of FMCG companies in the digital environment

Within the concept of sustainable development, considerable attention
is devoted to environmental issues, providing a foundation for the
implementation of environmental initiatives by FMCG companies. This
involves integrating the principles of resource efficiency, waste reduction,
and energy efficiency into all business processes. As contemporary
consumers increasingly prefer environmentally responsible companies, the
adoption of sustainable development practices by FMCG companies
contributes to building consumer trust and strengthening customer loyalty. In
this context, the development of eco-brands has become a strategic necessity
for FMCG companies, as it enables them to systematically demonstrate their
environmental responsibility, reflect it in their products and marketing
communications, and thereby strengthen consumer trust and loyalty while
creating a sustainable competitive advantage.

Against this background, it is important to establish clear conceptual
definitions of the terms eco-brand and eco-branding in order to clarify their
essence and identify the key stages in the development, promotion, and
growth of an eco-brand for FMCG companies.

The analysis of the scientific literature indicates that the concepts of
"eco-brand" ("ecological brand") (Deynega et al., 2025) and "green brand"
(Loucanova et al., 2021; Zinchenko et al., 2023) are used interchangeably, as
both describe brands that offer products with minimal environmental impact
and implement environmental initiatives based on sustainable development
principles. For the purposes of this study, the term "eco-brand" has been
adopted to ensure conceptual consistency, owing to its conciseness,
terminological neutrality, and widespread use in both contemporary
academic literature and business practice. Unlike the term "green brand",
which often carries metaphorical or predominantly communication-oriented
connotations, the term "eco-brand" is more universal and better suited to
academic analysis because it encompasses not only the environmental
characteristics of products but also the value-based and strategic dimensions
of brand management.

Based on a content analysis of the scientific literature (Blazhei, 2016;
Loucanova et al., 2021; Zinchenko et al., 2023; Lopes et al., 2024; Hegde
et al., 2025; Deynega et al., 2025; Chygrin & Usova, 2025), the essential
characteristics of the "eco-brand"” concept were identified:

« integration of sustainable development principles into business
activities, combining environmental, social, and economic dimensions;
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« environmental orientation of business operations, aimed at
minimising environmental impacts through environmentally responsible
products, technologies, and business processes;

« a system of environmental values and brand identity, including eco-
brand positioning, a corresponding creative concept, and a coherent system
of eco-brand identity elements;

« environmentally oriented communication through eco-labelling,
transparent communication, and socially responsible promotion that informs
stakeholders about the company’s environmental initiatives;

« the development of positive consumer perceptions by creating an
environmental brand image that fosters trust, evokes positive emotions, and
influences consumer attitudes and behaviour;

e CONSumer engagement in environmental practices through the
development of communities and encouragement of participation in
environmental initiatives;

« the creation of added consumer value and competitive advantages
derived from the environmental attributes of the brand.

The identification of these essential characteristics enabled the authors
to formulate their interpretation of the concept under study. An eco-brand is
a brand built upon a company’s environmental and social responsibility and
the environmental characteristics of its products and business processes. It
integrates sustainable development principles into the brand’s values,
identity, and communications, thereby creating a positive environmental
brand image and added consumer value.

The scientific novelty of the proposed definition lies in broadening the
concept of an eco-brand by considering it not merely as a carrier of
environmentally friendly product characteristics or a tool for green
positioning, but as the outcome of integrating a company’s environmentally
and socially responsible activities with the environmental characteristics of
its products and business processes. Unlike existing approaches, the proposed
definition emphasises the integration of sustainable development principles
into the brand’s values, identity, and communications. It also highlights the
role of an eco-brand in creating a positive environmental brand image and
enhancing consumer value.

The application of the eco-brand concept by FMCG companies
involves integrating environmental principles into product policy, production
processes, packaging, and brand communications, thereby creating added
consumer value and strengthening consumer trust. Taking these features into
account not only helps reduce environmental impacts but also creates long-
term competitive advantages for brands in the fast-moving consumer goods
market. In this context, digital marketing tools play a pivotal role by enabling
the effective promotion of the brand’s environmental values in the digital
environment and further strengthening the positive image of an eco-brand
through the creation of added consumer value.
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To better understand the essence of an eco-brand, it is necessary to
examine the process of its creation, promotion, and development within the
operations of FMCG companies in today’s digital environment. In this context,
an eco-brand is viewed as the outcome of purposeful managerial and marketing
activities aimed at integrating environmental values into the brand system.
Accordingly, further attention should be given to the concept of eco-branding as
a process of creating, promoting, and developing brands based on the principles
of environmental responsibility and sustainable development. A content analy-
sis of the literature on eco-branding (Boyenko, 2019; Gavrylets et al., 2022;
Bondarenko & Syazin, 2024; Davidenko et al., 2025; Hegde et al., 2025;
Chygrin & Usova, 2025) made it possible to identify the key drivers, stages, and
outcomes of eco-branding and to adapt them for application by FMCG
companies in the digital environment (Figure).

( N\ ( N\ N\
Eco-Branding Stages Outcomes
Drivers j‘> of Eco-Branding of Eco-Branding
AN J AN J J
s N R B
Environmental Innovation
in Products, Business j‘> Conceptualization Positive Eco-Brand |
Processes, and Eco- of the Eco-Brand USIIVELSCUat THIUNITEGE
Labeling
(N J J
4 N 4 N\ N
. Integration of Sustainable
Sustaln%)rlie;\] (I:Die};eslopment :'|> Development Principles Enhancsgdcli)gsglrper Trust
P into the Eco-Brand Model yaiy
- J (& J J
4 N 4 N\ N
e Development of an Eco- Added Consumer Value
(VEn2el el VIETE) T Brand Identity System and Eco-Brand Positionin
Identity Elements) Y g
_ J \_ J J
4 N 4 N\ N
Digital Technologies, Development of Digital Consumer Reach and
Methods, and Digital :> Marketing Communications Engagement in the Digital
Marketing Tools for the Eco-Brand Environment
- J (& J J
4 N 4 N\ N
Demand for Responsible Eco-Brand Support and e
C . ) Devel Sustainable Development, and
onsumption evelopment Competitive Advantage
- J (& J J

Conceptual model of eco-branding in the digital environment

Source: developed by the authors.

The drivers of eco-branding influence the development of an eco-
brand. The systematic implementation of the stages of eco-branding ensures
its effective market positioning. The key outcomes of the proposed
conceptual model reflect both consumer and environmental value. The
effectiveness of the model is enhanced through the application of digital
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technologies, methods, and digital marketing tools to support the promotion
and development of the eco-brand in today’s digital environment.
Consideration of the essential characteristics of an eco-brand, together with
the drivers, stages, and outcomes of eco-branding, contributes to enhancing
the competitiveness of FMCG companies.

2. Validation of the eco-branding model in the digital environment
2.1. International experience in eco-branding: the case of unilever

To demonstrate the practical applicability of the proposed conceptual
model of eco-branding in the digital environment (see Figure), the model was
validated using the example of Unilever, one of the world’s leading FMCG
companies operating in the food, personal care, and home care markets. Over
several decades, the company has systematically developed its brand as
environmentally and socially responsible, guided by the principles of
sustainable development and committed to ambitious goals to improve
environmental sustainability and quality of life. Unilever introduced its
Sustainable Living Plan in 2010 (Unilever, 2010). Since then, the company’s
approach to sustainable development has continuously evolved in response
to emerging environmental, social, and economic challenges, requiring
ongoing adaptation of its business model to the changing global environment.
At the core of this strategy is the integration of sustainable development
principles into every aspect of the company’s operations, which serves as a
key driver of its competitiveness.

As Rebecca Marmot, Chief Sustainability Officer at Unilever, stated:
"We’ve made deliberate strategic choices about where to focus and have
achieved encouraging early progress toward our goals. At the same time, we
are increasing our focus on systemic sustainability challenges to drive
changes that benefit both our business and society"” (Darley, 2025).

To enhance business performance while expanding its positive impact
on society and the environment, Unilever is implementing a comprehensive
business transformation centred on four strategic priorities: addressing
climate change, protecting natural ecosystems, reducing plastic pollution,
and improving livelihoods. These priorities form the foundation of the
company’s environmental and social responsibility strategy and demonstrate
its commitment to combining economic performance with long-term
environmental and societal value.

The analysis of Unilever’s activities demonstrates a high level of
corporate responsibility reflected in the systematic integration of the
environmental, social, and economic dimensions of sustainable development
into all business processes. The company effectively implements the full eco-
branding cycle in accordance with the conceptual model presented in Figure
(Table 2).
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Table 2

Systematisation of unilever’s practices according to the eco-branding Model

Elements of the
Model

Environmental
Innovation in
Products, Business
Processes, and Eco-
Labeling

Sustainable
Development
Principles

Eco-Brand Identity

Digital
Technologies

Demand for
Responsible
Consumption

Conceptualisation
of the Eco-Brand

Integration of
Sustainable
Development
Principles into the
Eco-Brand Model

Development of an
Eco-Brand Identity
System

Development of
Digital Marketing
Communications
for the Eco-Brand

94

in the digital environment

Implementation in unilever’s activities

Eco-branding drivers

Unilever systematically integrates environmental innovation into its product policy
and business operations, including reducing the use of virgin plastic (by
approximately 20-25% since 2019), transitioning to reusable, recyclable, or
compostable packaging (targeting 100% by 2030-2035), increasing the share of
recycled plastic (to approximately 20—25% across its global portfolio), developing
alternative packaging formats (refill and reuse), implementing regenerative
agricultural practices to improve soil health and reduce carbon emissions, and
exploring alternatives to fossil-based raw materials in chemical products

Unilever integrates sustainable development principles into its strategic
management through its ESG approach and the Sustainable Living Plan. Key
priorities include achieving net zero emissions, transitioning to sustainably sourced
raw materials (approximately 75-80% of key agricultural commodities are already
sustainably certified), combating plastic pollution, and ensuring living wages and
livelihoods across its supply chains. The company’s activities are aligned with the
United Nations Sustainable Development Goals, particularly Goals 12, 13, and 15

The company’s eco-brand identity is shaped through the consistent communication
of sustainable development values, including the publication of sustainability
reports, the integration of environmental messages across its brand portfolio (e.g.,
Dove and Hellmann'’s), the use of eco-labelling, and a strong emphasis on social
responsibility and transparency. A key element of Unilever’s positioning is its
identity as a purpose-driven business, where environmental and social
commitments are embedded in the brand architecture

The company actively leverages digital technologies to enhance the transparency
and effectiveness of its environmental initiatives, including digital supplier
management platforms, the use of Big Data to monitor emissions and resource
consumption, digital traceability tools for sustainably sourced raw materials,
satellite data for monitoring agricultural practices, and interactive ESG reports and
online dashboards

The company actively responds to the global trend of rising consumer
environmental awareness, particularly among Generation Z and Millennials, who
are more willing to pay a premium for environmentally responsible products. In
response, Unilever continues to expand its portfolio of sustainable brands, which
consistently achieve higher growth rates than the company’s other product
categories

Eco-branding stages

The conceptual foundation of Unilever’s eco-brand was established through the
Sustainable Living Plan (2010), which defined the company’s strategic
commitment to combining business growth with reducing environmental impacts
and enhancing the social value of its operations

Environmental and social objectives are integrated throughout the entire value
chain, from raw material sourcing (eliminating deforestation and implementing
supplier certification) to manufacturing (transitioning to renewable energy) and
logistics (reducing transportation-related carbon emissions)

A global identity of a responsible brand is developed through a unified system of
visual and semantic markers, including eco-packaging, labelling, communication
style, and corporate reports. The brand is associated with innovation, transparency,
and responsibility

The company implements large-scale digital campaigns to promote sustainable
consumption, making extensive use of social media, video content, interactive
platforms, ESG communications, and storytelling. Particular emphasis is placed on
educational content, including campaigns focused on reducing food waste and
conserving water
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End of Table 2

Elements of the

Implementation in unilever’s activities
Model P

The company continuously updates its sustainability objectives in response to
Eco-Brand Support | emerging global challenges, publishes regular non-financial (management) reports,
and Development participates in international initiatives, and develops partnerships with

governments and businesses to maximise the impact of its sustainability efforts

The implementation of eco-branding contributes to a high level of brand trust,
Eco-Branding strong global consumer loyalty, increased sales of sustainable brands, the
Outcomes development of a strong eco-brand image, and long-term competitive advantage. It

also enhances the company’s investment attractiveness and reputational capital

Source: systematised by the authors based on (Unilever, n.d.; Darley, 2025).

An important aspect of validating the proposed conceptual model of
eco-branding in the digital environment is the analysis of digital marketing
tools and digital marketing communications used to support the eco-brand.
Unilever actively employs official digital platforms (corporate websites and
sustainability dashboards), social media to promote environmental
Initiatives, data-driven marketing to personalise communications, and digital
reporting supported by publicly available ESG data. The use of these tools
enhances transparency, expands consumer reach, and strengthens engage-
ment in the digital environment. Thus, Unilever’s experience demonstrates
that effective eco-branding requires the comprehensive integration of
environmental initiatives and digital marketing tools throughout every stage
of eco-brand development.

The scientific value of Unilever’s experience lies in its practical
implementation of the triple-bottom-line approach to sustainable development
(economy, society, and the environment) (Unilever, 2010; Unilever, n. d.). The
company demonstrates that integrating environmental performance, social
equity, and economic performance creates a synergistic effect that
strengthens the competitiveness of its eco-brand. A particularly innovative
aspect of Unilever’s approach is its commitment to developing a circular eco-
brand economy, in which products, business processes, and brand
communications are designed according to the principles of circular resource
use, digital transparency, and collaborative ecosystems. This approach
enables the company not only to minimise its environmental impact but also
to transform sustainability into a source of innovation, reputational capital,
and long-term consumer loyalty. Overall, Unilever’s experience shows that
the strategic integration of sustainable development principles into business
practice can generate mutual reinforcement between environmental
responsibility, social responsibility, and commercial performance, transfor-
ming the company into a globally recognised eco-brand that sets new
standards for corporate culture and responsible consumption.

ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N° 4 95



MARKETING

2.2. Digital marketing toolkit for FMCG companies

To further enhance the practical applicability of the proposed eco-
branding model in the digital environment, digital marketing tools were
systematized according to the stages of eco-branding using the digital
consumer journey model consisting of Awareness, Consideration, Conver-
sion, Loyalty, and Advocacy (Chukurna & Kofman, 2023; lankovets, 2025;
Tatarintseva, 2025) (Table 3). This approach establishes a clear relationship
between the stages of eco-branding and the corresponding digital marketing
tools, thereby ensuring effective brand interaction with target audiences. In
addition, it supports the achievement of the intended outcomes of eco-
branding for FMCG companies, particularly the transformation of environ-
mental value into added consumer value.

At Unilever, the application of digital marketing tools follows a systematic
approach consistent with the proposed model. During the Awareness stage, the
company implements global digital marketing campaigns to promote sustainable
lifestyles through advertising, video content, social media, and partnership
initiatives. During the Consideration stage, it actively employs corporate
sustainability platforms, educational content, and interactive transparency tools.
At the Conversion stage, the company utilises targeted advertising, the promotion
of products with environmental attributes, and e-commerce integration. During
the Loyalty and Advocacy stages, social media, communication through the
company’s brand portfolio, and consumer engagement in environmental
Initiatives (campaign engagement) play a central role. Together, these digital
marketing communications ensure a complete consumer engagement cycle and
serve as a key driver of effective eco-branding.

The proposed eco-branding model in the digital environment was also
validated using the example of the Ukrainian company Chumak PrJSC,
founded in 1996. The company was originally engaged in vegetable
cultivation and the production of food products based on agricultural raw
materials. Following the outbreak of the full-scale war in Ukraine, the
company’s manufacturing facility located in the city of Kakhovka, Kherson
region, came under occupation. As a result, Chumak transitioned to contract
manufacturing through the production facilities of its partner companies.

Chumak positions itself as a producer of natural, healthy, and high-
quality food products, as evidenced by the "100% Natural™" label displayed
on its product packaging. At the same time, the company does not publicly
report adherence to sustainable development principles or the integration of
environmental initiatives into its corporate strategy. The company’s official
website contains only limited references to environmental innovation. In
particular, in 1999, Chumak introduced the environmentally friendly Ekolin
packaging, which combines natural calcium carbonate with plastic. The
company also launched Chumak sunflower oil, which rapidly strengthened
its market position and enabled it to become the second-largest producer in
Ukraine’s bottled sunflower oil market.
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A significant contribution to the development of Ukraine’s
agricultural sector was the introduction of a drip irrigation system. Irrigation
pipes were imported from Sweden to irrigate 20 hectares of agricultural land,
where the company had leased farmland. The results were remarkable: local
farmers harvested approximately 80 tons of tomatoes per hectare, five times
higher than the vyields typically achieved with conventional cultivation
methods prior to the introduction of drip irrigation (Chumak, n. d.).

These initiatives partially correspond to Sustainable Development Goal 9
(Industry, Innovation and Infrastructure). However, due to the loss of access to its
production facilities and agricultural land in the occupied territory, the company
is currently unable to continue using this environmentally friendly packaging.

Since the Chumak brand is associated by consumers with natural quality,
developing it as an eco-brand would strengthen consumer loyalty, enhance the
company’s brand image and reputation, and ultimately contribute to increased
sales, improved business performance, and greater competitiveness.

From the perspective of environmental sustainability and in line with
the 17 United Nations Sustainable Development Goals (Global Compact
Network Ukraine, n. d. a), the following strategic initiatives are recom-
mended for Chumak PrJSC:

« Supporting the development of the agricultural sector in Ukraine and
globally (SDG 2. Zero Hunger; SDG 9. Industry, Innovation and
Infrastructure). Given the company’s extensive experience in agriculture and
its track record of implementing innovative solutions, Chumak should
strengthen its innovation-driven approach to agricultural production by
scaling sustainable practices and expanding partnerships with research
institutions, technology companies, and agricultural producers while
considering stakeholder interests to enhance food security.

o Increasing consumers’ environmental awareness through systematic
educational brand communications (blogs, news, and information
campaigns) aimed at fostering a culture of responsible consumption and
improving understanding of the environmental consequences of pollution
while considering stakeholder interests (SDG 4. Quality Education; SDG 12.
Responsible Consumption and Production; SDG 13. Climate Action).

« Promoting gender equality through consistent corporate policies and
communications that reflect equal opportunities, equal pay, and the equitable
distribution of responsibilities while considering stakeholder interests
(SDG 5. Gender Equality).

« Reducing plastic use (SDG 14. Life Below Water; SDG 15. Life on
Land). Chumak should transition to biodegradable, environmentally friendly
packaging and implement recycling and reusable packaging practices, while
considering stakeholder interests to support the protection of marine and
terrestrial ecosystems.

« Strengthening environmental and social responsibility through the
implementation of systematic environmental initiatives and charitable
programs, including participation in environmental restoration projects,
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support for volunteer environmental initiatives, funding for agroecological
research, and the development of the company’s own environmental
philanthropy initiatives while considering stakeholder interests to restore
damaged ecosystems and strengthen consumer trust (SDG 12. Responsible
Consumption and Production; SDG 13. Climate Action; SDG 15. Life on
Land; SDG 17. Partnerships for the Goals).

In addition, Chumak PrJSC is encouraged to introduce its own
environmental philanthropy program, the "1% for Nature" initiative, under which
a portion of the revenue generated from the sale of each product would be
allocated to the restoration of ecosystems in southern Ukraine affected by the war
and the destruction of the Kakhovka Hydroelectric Power Plant. This initiative
combines environmental responsibility with social support for affected commu-
nities and is fully aligned with the United Nations Sustainable Development
Goals.

Table 4 presents the potential applications of digital marketing tools
to promote and develop the Chumak eco-brand.

Table 4
Digital marketing tools for the chumak eco-brand

Digital

marketing
tools

Application

Developing a systematic content

Core message and role in promoting and
developing the eco-brand

SMM strategy (eco-themed content Visualises the eco-brand identity through the
(Instagram, seriesg)f/'armers’ o consistent communication of values related to
Facebook, o era'EionaI trans arené natural quality, local sourcing, environmental and
TikTok, ct?ari table initiati[\)/es an%j’ social responsibility, while fostering an emotional
YouTube) S ; connection with consumers

sustainability reporting)
PR and Content | Educational content focused on Builds the brand’s image as a trusted advocate of
Marketing sustainable consumption, local environmental values and increases consumer
(Blog and production, and environmental trust through education and informative
Media) initiatives communication

. Persor)allsed gmall campaigns Supports long-term engagement with consumers

Email featuring environmental nd reinforces the brand’s values throuch
Marketing initiatives, new products, and aersoenalize?je(s:omemuﬁca;c:/: ues throug

social projects P
Influencer Collaboration with environmental | Strengthens trust in the brand through third-party
Marketin bloggers, sustainability and food validation and positions it as modern,

g influencers, and chefs environmentally conscious, and relevant
\I\illgri%tin "From Farm to Table" videos, Enhances transparency by showcasing the
(YouTubg behind-the-scenes production authentic product creation process, which serves
Reels Tikll'ok) content, and farmers’ stories as a key driver of trust in the eco-brand
SEO and Paid . Reinforces the eco-brand’s positioning in the

Promotion for eco-related search L i
Search ueries digital information space as a producer of natural,
Advertising a high-quality products

. - . . Builds a community around the eco-brand and

Community Building online communities and . .
. . - fosters the transformation of consumers into loyal
Marketing engaging with consumers
supporters and brand advocates
Interactive A
Digital Eco-challenges, gamification, and | Increases consumer engagement and fosters the
Activations participation in social initiatives behavioural dimension of the eco-brand

ESG Platforms
and Corporate
Website

Publishing sustainability reports
and environmental performance
indicators

Source: developed by the authors.
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Digital marketing tools play a pivotal role in validating the proposed
eco-branding model in the digital environment by facilitating the develop-
ment of the eco-brand identity. Rather than merely communicating environ-
mental commitments, digital marketing communications translate sustain-
nability principles into values, meanings, and brand associations that are
meaningful and understandable to consumers. In this context, particular
importance is attached to the fourth stage of the proposed digital eco-bran-
ding model — the development of digital marketing communications for
the eco-brand — which represents the core mechanism for transforming the
product’s functional attributes (natural quality and product quality) into
the brand’s intangible assets, including trust, loyalty, and emotional attachment.

Given that the Chumak brand currently lacks a systematic environ-
mental communication strategy, the proposed digital marketing tools should
be regarded not only as promotional channels but also as mechanisms for
developing an eco-brand identity grounded in the principles of sustainable
development. Accordingly, integrating digital marketing tools into the
company’s activities would enable it to: (1) develop a coherent eco-brand
identity; (2) align the brand with contemporary consumer trends; and (3)
increase consumer trust and audience engagement.

Conclusions

The concept of sustainable development provides a strategic
framework for integrating environmental, social, and economic priorities into
the operations of FMCG enterprises.

International and Ukrainian experience in eco-branding demonstrates the
effectiveness of integrating sustainable development principles with digital
marketing tools to build, promote, and develop eco-brands while simultaneously
creating added consumer value. Digital brand communications foster consumer
trust and contribute to the development of long-term competitive advantages for
FMCG enterprises in the digital environment.

The findings of this study confirm the proposed hypothesis that
integrating sustainable development principles into the operations of FMCG
enterprises, together with the application of digital marketing tools, facilitates
the effective creation, promotion, and development of eco-brands. This made
it possible to develop and substantiate a conceptual model of eco-branding
for FMCG enterprises in the digital environment, along with a corresponding
system of digital marketing tools that enhances consumer trust and
strengthens business competitiveness.

Future research should focus on further developing theoretical and
methodological approaches to evaluating the effectiveness of eco-branding
for FMCG enterprises in the digital environment, particularly by designing a
system of indicators that captures the impact of digital marketing commu-
nications on consumers’ environmental behaviour. Another promising
direction is the investigation of the role of innovative digital technologies,
particularly Big Data and artificial intelligence (Al), in developing
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personalised, environmentally oriented communications. Further attention
should also be devoted to examining the risks of greenwashing and
developing mechanisms to enhance the transparency of eco-brands in the
digital environment.
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FEVMIDIKALLISA
Y LIUGPOBOMY BPEHAUHIY

Pozenanymo ennue eetimigpixayii na gopmy-
8aHHA YUPPOBOI NOAIBHOCMI  CNOJNHCUBAUIE )
medxcax yugposoeo opendunzy. Ob6IpYHmMOBaHo,
wo eelmighixayis nepecmae o6ymu cymo maxkmuy-
HUM  [HCHDYMEHMOM — 3aMy4eHHs yeaz2u ma
MPancHOpMyemvcs y cmpameiuHuil Mexanizm
VAPAGIIHHS NOGEOIHKOBOIO AKMUBHICIIO 1 eMOYill-
HOW 83aeMOOi€l0 Kopucmysadig i3 Openoom. B
YMOBAX BUCOKOI KOHKYpeHyii, yugpoeoi Hacu-
ueHocmi ma iHEOPMAYiliHO20 NEPeBaAHMANCEHHS
eelMipikayiss Cnpusie  3aiy4eHoCmi, CIMUMYJo-
BAHHIO NOBMOPHUX Olil | (POPMYBAHHIO D0820MPU-
BANUX B3AEMUH MIdHC CHOXCUAYeM T Yudposoio
niamegopmoro bpendy. Bucynymo einomesy, wo
cucmemHe 3aCmMoCYBaHHs 2eUMIDIKAYIIHUX MEXAHIK
¥V yugposomy OpeHOUH2y RIOBUULYE NOBEOIHKOBY
JIOATIGHICMb  CNOJICUBAYIE Yepe3 NOCUNEHHS eMO-
yitiHoi 3anyyeHocmi, IHMEPaKmueHOCmi ma 2uu-
bunu 63aeM00ii 3 Operdom. Memooonozis noeonye
KOHMEeHM-aHAN3 MOOLIbHUX 3ACMOCYHKIE ma
yugposux niamegopm wecmu OpeHOi8 MpPbOX
iHOycmpill 3 KUTbKICHUM AHANI30M  NOKA3HUKIB
3a6aHMAMNCEHb, CMPYKMYPU  GIO2YKiB, CepeoHix
OYIHOK, petimuneo8ux nosuyii ma seompagixy. /[nsa
OYIHIOBAHHS.  6NIIUBY  3ANPONOHOBAHO  CUCEMY
npokci-inouxkamopie:  Download — Index  (DI),
Positive Review Rate (PRR), Web Interaction Index
(WII) ma inmezpanoruii noxasnux electronic Net
Promoter Score (eNPS). Pezynomamu 0docii-
OJICeHHs  3aC6I0UUM  HAAGHICMb  NO3UMUGHO20
63AEMO36 'SI3K)Y MINHC PIGHEM 3ACIMOCYBAHHS 2eUMIQDI-
KayiliHuUX MexaMix ma IHmezpanbHuUMu NoKda3-
HUKaMU Yughposoi nosnbHOCHi, wo 003807€ Pop-
manizyeamu  2elMiQIKayiro K CIpPYKMypHULL
enemenm yugposoi Openo-cmpamezii ma oo6IpyH-
myeamu  OOYLIbHICMb i1 CUCMEMHO20 61pO6a-
0oicenst Y NPaKmuyi MapKemuHe08UxX KOMYHIKayitl.

Knwouosi cnoea: rehmidikaris, CrIoXHBYA
JOSUTBHICTB, TM(POBHUIA OpPEHINHT, TIOBEIIHKOBA
JIOSUIBHICTH, MOOLIBHI  JOJATKH, JUIKHTAJ-
METPHUKH, IH(POBA JIOSITEHICT.
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MARKETING

Introduction

In the current context of digital transformation, consumer loyalty is no
longer an automatic consequence of satisfaction with a product or service.
Intense competition, customer awareness, and the availability of alternatives
require brands to adopt new approaches to building long-term relationships
with their target audiences. One of the most dynamic tools demonstrating
high effectiveness in the digital environment is gamification — the application
of game mechanics in non-game contexts in order to increase engagement
and stimulate repeated behaviour (Saleem et al., 2022).

Despite growing interest in gamification across educational, economic,
and social spheres (Novak, 2025; Staling & Juanjo, 2020), the scholarly
understanding of its role in the strategic management of loyalty in digital
branding remains fragmented. Recent studies indicate that gamification is
increasingly viewed as a marketing tool capable of strengthening consumer
engagement, emotional experience, and repeated interaction with a brand. In
particular, the study by Santos et al. (2024) demonstrates the intensive growth
of scholarly interest in gamification in marketing while also revealing a lack of
consistent approaches to explaining its impact on consumers’ behavioural
outcomes. Jacobides et al. (2024) regard gamification as a tool for achieving
strategic business goals, primarily customer retention and the acquisition of new
users. At the same time, Ukrainian scholars focus on related mechanisms of
digital loyalty: personalisation as a loyalty strategy in e-commerce
(Konoplyannykova, 2024) and digital brand marketing in social media as a
prerequisite for building a loyal audience (lankovets, 2024). Thus, the existing
research provides an important theoretical foundation; however, the systemic
impact of gamification mechanics on behavioural loyalty in digital branding
requires further clarification. In these studies, gamification is considered as an
element of UX or as a short-term marketing technique, whereas its potential as
a tool for building stable behavioural brand loyalty remains insufficiently
theorised and empirically studied.

Given the integrative nature of digital branding, which encompasses
social networks, mobile applications, CRM platforms, and other channels,
there is a need to study gamification specifically within a systemic approach
to loyalty management. In particular, the effectiveness of the applied
gamification mechanics and their impact on the formation of consumer
loyalty in the digital space are pressing issues.

The aim of the study is to substantiate the role of gamification as a
strategic tool of digital branding aimed at increasing consumers’ behavioural
loyalty, as well as to identify effective mechanics for its implementation in a
multichannel environment.

To achieve this aim, the following objectives were set:

« to analyse conceptual approaches to gamification in marketing and
branding;

« to systematise the game mechanics used in the digital environment to
engage consumers;
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« to examine the relationship between gamification and key digital
loyalty metrics;

« to substantiate the practical advantage of applying gamification
mechanics in digital branding.

The main hypothesis is that the systematic use of gamification
mechanics in digital branding increases consumers’ behavioural loyalty by
enhancing emotional engagement, interactivity, and the depth of interaction
with the brand.

To test the hypothesis, a mixed approach was applied: the qualitative
analysis covers a content analysis of brand cases and an analysis of the UX
interfaces of mobile applications. The quantitative component includes a
comparison of loyalty metrics using open data, industry reports, and
empirical findings from previous studies.

The main part of the article is structured into three sections. The first
summarises theoretical approaches to the interpretation of gamification in
digital branding and systematises the key game mechanics that influence
consumer loyalty. The second section proposes the analytical framework of
the study and substantiates the methodology for comparing brands based on
the level of integration of gamification elements and on digital metrics. The
third presents the results of the empirical analysis, the calculation of proxy
indicators of digital loyalty, and the interpretation of the obtained results.

1. Theoretical foundations of gamification in digital branding

A review of publications from 2024-2025 demonstrates the deep
integration of behavioural economics into branding. Dos Santos et al. (2025)
emphasise that gamification strengthens emotional and cognitive engage-
ment. Maranchak M. and Maranchak N. (2023) focus on gamification as a
driving force of consumer-generated content creation, which is one of
the indicators of digital loyalty. However, as noted by Zafar et al. (2024), the
literature lacks a unified model that would link psychological drivers to
financial metrics and behavioural factors.

In the context of branding, gamification acts as a catalyst that links the
emotional perception of a brand to practical interaction. The modern consu-
mer expects an interactive experience that simultaneously entertains,
stimulates, and informs. Gamification provides this level of interaction by
combining the "reward for action™ logic with elements of social commu-
nication. Empirical models demonstrate that consumer experience and brand
engagement often act as mediators between gamification elements and
loyalty (Singh & Milan, 2024).

The transformation of gamification from a tactical technique into a
strategic tool is driven by a number of key factors:

« the growth of competition in the online environment;

« the saturation of the digital consumer experience;

« the development of analytics and personalisation, which make it
possible to tailor gamified elements to a specific user.
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Consumers expect personalised and digitally oriented loyalty
programs, while for younger generations, a high-quality digital experience
becomes a critical condition of a program’s value, as stated by 75% of
Generation Z representatives and millennials (Deloitte, 2024).

In the context of digital branding, gamification is increasingly viewed
not as an engagement tool for entertainment but as a mechanism for strategic
loyalty management that enables building stable, mutually beneficial
relationships between a brand and a consumer. The modern concept of
loyalty goes beyond repeated purchases or favourable reviews and includes
emotional attachment, community participation, and a willingness to
promote the brand organically. Empirical studies indicate that gamification
elements (achievements, social interaction, leaderboards) can strengthen
consumer engagement. PLS-SEM analysis (Rukshar et al., 2025) revealed a
significant positive relationship between gamification and brand loyalty
(6=0.792).

Thus, gamification in marketing today is regarded as part of a
comprehensive customer experience management (CEM) system, rather than an
isolated element of UX design. Research highlights its role as a mechanism for
shaping the gamification-enabled customer experience, with a subsequent impact
on continuance intentions through other engagement factors (Liu et al., 2024).

Classic loyalty programs based solely on point accumulation and
discounts are losing their differentiating power in the digital era: the Deloitte
report emphasises that rewards remain important but are insufficient to retain
attention and build lasting program value, especially against the backdrop of
growing expectations regarding personalisation and digital experience
(Deloitte, 2024).

The main drivers of gamification for the consumer in digital branding
are scarcity and limitation, loss aversion, the desire for self-expression and
social recognition, motivation and engagement, and competition (Tan et al., 2023;
Hsu, 2022). These drivers make it possible to implement the following
mechanics:

« point systems;

« fortune wheels and random rewards;

« progress bars and task completion indicators;
« personalised quests and missions;

« leaderboards;

« quizzes and challenges;

« recurring continuous streaks;

« virtual goods, skins, and avatars;

« interactive onboarding;

« level systems and progression.

To illustrate the use of each of the described mechanics and their
impact on the consumer, a tabular systematisation with descriptions of the
impact based on real brands is appropriate (Table 1).
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Table 1

Examples and impact of the use of gamification mechanics in digital branding

Mechanic

Implementation

Point systems

Fortune
wheels and
random
rewards
Progress bars
and task
completion
indicators

Personalised
quests and
missions

Leaderboards

Quizzes and
challenges

Recurring
continuous
streaks

Virtual goods,
skins, and
avatars

Interactive
onboarding

Level systems
and
progression

Starbucks

Sephora SEA

ScanVault

Starbucks

Nike Run
Club

Nike Run
Club

Duolingo

Fortnite

Hubspot

Flipkart

Awarding "stars" for each
purchase, which can be
exchanged for free drinks or
food through the loyalty
program

Introduction of the game
elements DAILY ANGPAO
and Spin to win in the mobile
application

A progress bar for completing
an online order aimed at
confirming the correctness of
the consumer’s actions
Individual challenges in the
app, for example: "buy a latte
three times a week to receive 50
bonus stars"

Global and local runner
rankings where users compete
by distance or pace

Time-limited competitions that
activate FOMO triggers

A visual counter of consecutive
learning days ("Daily Streak")
with push notifications about
the risk of losing progress
Purchase of digital copies of
clothing and accessories with
in-game currency and avatar
customisation in the virtual
space

Replacement of static
instructions with a game-like
interface tour featuring instant
micro-rewards for the first steps

Users’ transition between status
levels depending on
accumulated SuperCoins

Program users made 300% more
purchases compared with other
customers. In 2023, 30% of the
chain’s purchases were made via
mobile devices

A 132% increase in the volume of
purchases by participants of the
gamification mechanic over a
30-day observation period

An increase in the conversion rate
by 46%

An increase in the number of daily
active users (DAU) and customer
retention by 25% and 10%,
respectively

69% of surveyed consumers
responded positively to the presence
of leaderboards, which significantly
contributes to brand perception
400,000 new app downloads at the
beginning of 2026

An increase in DAU by 36% over
the first 9 months of 2025,
exceeding 50 million users

58% of the company’s 2025
revenue comes from purchases of
in-game currency and player
personalisation elements

A reduction in the churn rate of new
users at the initial stage and an
increase in satisfaction with the
product

49% of Plus-level participants
confirmed that they began making
purchases more frequently thanks to
gamified progression. A strong
positive relationship was established
between satisfaction with the
SuperCoins program and overall
loyalty to the brand ecosystem
(correlation coefficient = 0.603)

Source: systematised by the author based on (Maijala, 2025; Braze, 2025; Azarian, 2023,;
Ovaisi, 2025; Rodrigues et al., 2021; Koninck, 2026; Duolingo, 2025; Younus &
Mahmood, 2026; Meshram et al., 2025).

Thus, the analysed studies and brand cases confirm a statistically signi-
ficant relationship between gamification mechanics and indicators of enga-
gement, brand attitude, and consumer purchasing behaviour. At the same time,
the scholarly literature lacks an analysis of recent examples, which makes it
impossible to trace a direct link between individual mechanics and brands’ open
behavioural metrics. This necessitates an empirical verification of the impact of

gamification through quantitative digital indicators.

ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N° 4 107



MARKETING

2. Analytical framework for measuring the impact of gamification

To trace the impact of gamification mechanics in practical examples,
it is proposed to conduct a study of brand cases, followed by a comparison
of the criteria for companies’ marketing performance. Accordingly, it is
appropriate to select both well-known companies that widely apply the
previously described mechanics and their competitors in similar markets with
a low or limited level of gamification.

In general, the methodology for selecting brands for comparison is based
on belonging to the same industry, a similar business model, the presence of a
mobile application as the main channel of communication with the consumer,
data availability, and differentiation in the use of gamification mechanics.

Based on these criteria, a sample of six brands was formed:

« Temu — e-commerce industry, extensively gamified;

« eBay — e-commerce industry, non-gamified,;

« Duolingo — EdTech industry (online learning), extensively gamified,;
« Rosetta Stone — EdTech industry, non-gamified;

« Monobank — online banking, extensively gamified;

« Oschadbank — online banking, non-gamified.

To illustrate the extent of a brand’s use of gamification mechanics, an
analysis of applications and websites was conducted, and a table was
compiled that demonstrates the use of each described mechanic (Table 2).
The logic of the description is to fill the corresponding cells with values in
the range of 0—1, where 0O indicates the absence of the described mechanic
and 1 indicates its presence.

Table 2
Audit of the application of gamification mechanics by brands

Rosetta

Mechanics Temu | eBay | Duolingo Stone
Point systems 1 0 1 1 1 0
Fortune wheels and random 1 0 1 0 0 0
rewards
Progress bars and task 1 0 1 1 1 0
completion indicators
Personalised quests and 1 0 1 0 1 0
missions
Leaderboards 0 0 1 0 0 0
Quizzes and challenges 1 0 1 0 1 0
Recurring continuous streaks 0 0 1 0 0 0
Virtual goods, skins, and 0 0 1 0 1 0
avatars
Interactive onboarding 1 0 1 0 1 0
Level systems and progression 1 0 1 1 1 0

Source: compiled by the author based on (Temu (App Store, Version 4.30.0), n.d,;
Temu: Shop like a billionaire, Version 4.29.1, n. d.; eBay — buy and save, n. d.; eBay
(Version 6.245.1), n. d.; Duolingo — languages and chess, n. d.; Duolingo: foreign language
lessons (Version 7.110.0), n. d.; Rosetta Stone: Learn Languages (Version 8.35.0), n. d,;
Rosetta Stone: Learn Languages (Version 8.43.5), n. d.; monobank - digital mobile bank
(Version 7.18), n. d.; monobank — bank in smartphone (Version 7.18.0), n. d.; Oschad
(Version 1.1.2571), n. d.; Oschad (Version 1.0.2571), n. d.).
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The results of the brand application audit indicate a substantial
differentiation in the level of gamification use in communication with consumers,
which creates a practical basis for formulating additional hypotheses:

H1. Brands with deeper integration of gamification mechanics
demonstrate higher user engagement indicators in mobile applications within
their industry.

H2. Gamified brands are characterised by a larger number of positive
reviews.

H3. The level of a brand’s gamification is related to integrated
indicators of digital loyalty.

To test the formulated hypotheses, open digital data on the studied
brands were collected and systematised. In particular, mobile application
indicators (number of downloads, number of reviews, average rating,
position in the category ranking) and web analytics (monthly visit volume
and average session duration) were analysed. The obtained data serve as an
empirical basis for calculating integrated indicators of the impact of game
mechanics on consumers’ digital loyalty.

Table 3
Analysis of brands’ digital activity metrics

Indicator Temu eBay Duolingo Rsize:;a Monobank | Oschadbank

App downloads, 10M 1M 5M 80 K 60 K 30 K
AppStore

App downloads, 24 M 1M 14 M 60 K 100 K 100 K
PlayMarket

Number of reviews, 2M 5M 494 M 235 K 895 K 24.49 K
AppStore

Number of reviews, 11M 499 M 43 M 404 K 1.11 M 160.79 K
PlayMarket

Average rating on 4.6/5 4.8/5 4.7/5 4.8/5 4.9/5 4.4/5
AppStore

Reviews rated 4 and 1.89M | 478M 4.66 M 225K 871.94 K 21.05K
above, AppStore

Average rating on 4.5/5 4.6/5 4.7/5 4.6/5 4.9/5 4.5/5
PlayMarket

Reviews rated 4 and 9.49M | 457M 40M 371K 1.08 M 1434 K
above, PlayMarket

Category ranking on 1 11 1 39 1 7
AppStore

Category ranking on 1 9 1 30 1 3
PlayMarket

Monthly website visits 1.53 B 666 M 56.37 M 221 M 6.51 M 396 M

Source: compiled by the author based on data as of February 2026 (Sensor tower, n. d.;
SimilarWeb PRO, n. d.).

The data in Table 3 indicate noticeable differences in digital indicators
between brands with different levels of integration of gamification
mechanics. Gamified brands generally demonstrate higher indicators of
downloads, numbers of reviews, and positions in category rankings, which
may point to a higher level of digital engagement and user activity. At the
same time, differences in web traffic and session duration require additional
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interpretation in the context of industry specifics. To systematically
generalise the results obtained, the next section calculates integrated
indicators and analyses their relationship with the brands’ level of
gamification.

3. Implementation of the analysis results in practice

For the quantitative testing of the formulated research hypotheses, a
system of proxy indicators is proposed to transform open digital metrics into
measurable indicators of digital loyalty. Given the limited access to internal
marketing performance indicators (NPS, CLV, retention rate), four
aggregated indicators were introduced:

DI (Download Index) — download index;

« PRR (Positive Review Rate) — index of positive user experience;

« Web Interaction Index (WII) — an indicator of the depth and intensity
of digital interaction;

« eNPS (electronic Net Promoter Score) — an integrated indicator of
digital loyalty.

These models enable assessment of the impact of gamification level
on a brand’s behavioural and perceptual digital indicators.

The download index reflects the relative level of installations for a
brand’s mobile application within its industry. The calculation of this index
involves:

1. Calculation of the total number of downloads:

TotalDownloads; = Downloadsppstore + Downloadspgymarket

2. Normalisation of the indicator within the industry:

TotalDownloads;

Dl = max(TotalDownloads;,gystry)

This approach eliminates scale differences across industries and
enables accurate comparisons between gamified and non-gamified brands.

PRR reflects the share of positive ratings among all reviews and serves
as a proxy for user satisfaction and emotional experience. Reviews reflecting
80 per cent or more of consumer satisfaction, i.e., a rating of 4 points and
above, are considered positive.

The indicator is calculated using the following algorithm:

1. Total number of positive reviews:

PositiveReviews; = Reviews,, + Reviewss,

2. PRR index:

PositiveReviews;

PRR; =
' TotalReviews;
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The calculation of WII is performed using the following formula:

WebVisits;

WII; =
" max(WebVisitspaysery)

To calculate the WII indices, an additional systematization of website
visit indicators by industry is required (Table 4).

Table 4
Analysis of website metrics of the category leaders of the selected brands

Categories of analysis ’ Temu ’ eBay ‘ Duolingo ’ Rsizerf;a ‘ Monobank | Oschadbank
Industry Marketplace Education Finance
Industry-leading brand Amazon Instructure Minfin
Number of website visits 2.719B 383 M 85M
of the industry-leading
brand

Source: compiled by the author based on data as of February 2026 (SimilarwWeb PRO, n. d.).

The final indicator of the impact of gamification on digital loyalty is
eNPS, which enables direct tracking of the influence of all the listed
indicators. The calculation formula is based on the sum of weighted average
indicators:

eNPS = aDI; + SPRR; + yWII,
a=pf=y=0.33

In Table 5, the results of the metric calculations for each of the

analysed brands are presented.
Table 5

Proxy indicators of the impact of gamification on digital loyalty

Indicator | Temu | eBay | Duolingo | RosettaStone | Monobank | Oschadbank |
DI 1 0.0588 1 0.0074 1 0.8125
PRR 0.8754 0.9359 0.9316 0.9327 0.9735 0.8876
WII 0.5627 0.2449 0.1472 0.0058 0.7659 0.4659
eNPS 0.8046 0.4091 0.6860 0.3121 0.9040 0.7148

Source: compiled by the author.

The results of the analysis demonstrate higher eNPS values for brands
that actively use gamification mechanics to communicate with consumers via
mobile applications and websites or online platforms.

Conclusions

The study substantiates the theoretical and applied understanding of
the role of gamification as a strategic tool of digital branding. The aim of the
study has been achieved, namely, the role of gamification as a strategic tool
of digital branding aimed at increasing consumers’ behavioural loyalty has
been argued, and effective mechanics for its implementation in a
multichannel environment have been identified. It has been established that
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gamification in the modern digital environment is shifting from a tactical
engagement element to a systemic mechanism for managing consumer
behavioural loyalty.

Within the first objective, conceptual approaches to gamification in
marketing and branding were analysed. It was substantiated that game
mechanics in the digital environment influence not only short-term
engagement but also deeper behavioural and emotional characteristics of the
consumer’s interaction with a brand. A synthesis of recent empirical studies
confirmed a statistically significant relationship between gamification
mechanics and indicators of emotional engagement, brand trust, and repeat
interaction intentions.

Within the second objective, the game mechanics used in the digital
environment to engage consumers were systematised. It was established that
point systems, progression levels, personalized quests, challenges,
leaderboards, streak mechanics, random rewards, interactive onboarding, and
other mechanics affect the consumer’s key psychological drivers — the need
for recognition, achievement, social interaction, self-expression, and loss
aversion. It is this systemic effect that creates the preconditions for
sustainable digital loyalty.

The completion of the third objective enabled an examination of the
relationship between gamification and key digital loyalty metrics. In the
practical part of the study, an analytical framework was proposed to assess
the impact of gamification on digital loyalty by comparing brands with
varying levels of game-mechanics integration across three industries:
marketplaces, online education, and online banking. The application audit
demonstrated clear differences in the level of gamification use, providing an
empirical basis for formulating and testing hypotheses.

The practical advantage of applying gamification mechanics in digital
branding was substantiated within the fourth objective. The quantitative
analysis of open digital metrics (app downloads, the number and structure of
reviews, average ratings, category positions, and web traffic) showed that
gamified brands, in most cases, exhibit higher levels of digital activity and
user interaction. For an integrated assessment of the impact, a system of
proxy indicators was introduced: Download Index (DI), Positive Review
Rate (PRR), Web Interaction Index (WII) and the aggregated indicator
electronic Net Promoter Score (eNPS).

The obtained results indicate a positive relationship between a brand’s
level of gamification and integrated indicators of digital loyalty. Brands with
a higher level of integration of game mechanics demonstrated more
significant DI and eNPS values, which provides grounds for confirming the
main hypothesis of the study: the systematic use of gamification mechanics
in digital branding increases consumers’ behavioural loyalty by enhancing
emotional engagement, interactivity, and the depth of interaction with the
brand.
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The additional research hypotheses received varying degrees of
confirmation. Hypothesis H1, which states that brands with greater
integration of gamification mechanics demonstrate higher mobile application
download indicators within their industry, is partially confirmed: this trend
is observed across all three studied industries, although the magnitude of the
differences varies. Hypothesis H2, stating that gamified brands are
characterised by a larger number of positive reviews, was partially reflected
in the results: gamified brands demonstrate higher user activity and
significant volumes of positive feedback, but do not in all cases have an
unconditional advantage in the share of positive ratings. Hypothesis H3,
concerning the relationship between a brand’s level of gamification and
integrated indicators of digital loyalty, received full substantiation, as a
higher level of use of gamification mechanics is associated with improved
eNPS values and other integrated indicators of digital interaction.

Thus, gamification can be formalised as a structural element of digital
brand strategy that affects not only short-term engagement but also
consumers’ long-term attachment, activity, and willingness to interact
repeatedly with a brand. The practical significance of the study lies in the
possibility of using the proposed system of indicators to assess the
effectiveness of gamification mechanics in digital products across various
industries. The proposed approach can be applied both in corporate analytics
and in academic research on digital loyalty.

Prospects for further research are related to expanding the sample of
brands, conducting an in-depth correlation analysis using Pearson coeffi-
cients or regression models, and studying the impact of individual
gamification mechanics on specific consumer behavioural indicators in long-
term dynamics.
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The rapid growth of the artificial intelligence
(A1) market in e-commerce and the simultaneous
inability of most companies to move from
localized experiments to the systematic integ-
ration of Al solutions underscore the relevance of
this study. For jewellery retail, this contradiction
takes on particular significance due to the
specifics of the premium segment-high buyer
emotional engagement, the critical role of visual
aesthetics, and the brand s reputational vulnera-
bility—which significantly limit the possibilities
for full automation of marketing processes. The
study is based on the hypothesis that the maximum
marketing effect in jewellery retail is achieved not
through total algorithmizing, but through a
strategically structured division of functions
between humans and artificial intelligence (A1) in
accordance with the nature of the specific task.
The methodological foundation of this work
consists of a systematic analysis and synthesis of
the results of field experiments and industry
analytical reports by McKinsey and Gartner, as
well as publications in peer-reviewed interna-
tional journals from 2021 to 2026. The study
found that the effectiveness of Al in marketing is
asymmetrical: algorithms consistently outper-
form humans in generating text content and
performing analytical tasks but fall short when it
comes to creating visually appealing materials,
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LLUI-PEKJTAMA
B IOBEJTIPHOMY PUTEJI

Cmpimke 3p0Cmantsa puHKy wmyuHo2o inme-
aekmy (L) 6 enexmpouniti Komepyii ma
00HOYacHa He30amHicmv  OinbWoCcmi  nionpu-
€MCME nepeimu 8i0 IOKAIbHUX eKCNEPUMEHMIE 00
cucmemmoi inmezpayii LI-piwens suznauaiomo
akmyanvHicme  docniodcenns. [l 108enipHo2o
pumeiiny ys cynepeyHicme Habyeae ocoOIUB020
3HaueHHs uepe3 cneyugpiKy npemianbHozo cee-
MeHma, GUCOKY eMOYIHY 3any4eHiCmb NOKYHYs,
KpUMuyHy poib Gi3ValbHOI ecmemuKku ma peny-
mayiiny epasueicmo  Opendy, wo Cymmego
00MeIICYE MONCTUBOCIE NOBHOI asmomamu3ayii
MapkemuHeoeux npoyecis. Bucynymo zinomesy,
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106enipHoMy  pumetini  00CA2a€mMbCsi He  4epes
Momanvhy aneopummisayiio, a uepe3 cmpa-
Me2iuHO CIPYKIYPOBAHULL PO3NOOIN (OYHKYIT MidiC
JHOOUHOK MA WIMYYHUM THMEAeKMOM 8i0N08IOHO
00 NpUpoOU KOHKpemHoz2o 3as0amnis. Memooo-
JI02IYHY — OCHOBY — QOCNIONCEHHS — CMAHOGIAMb
CUCMEeMHULL aHAi3 T cCuHme3 pe3ynbmamis noabo-
BUX EKCNEPUMEHMIE Ma 2aJ1y3e6UX AHANIMUYHUX
36imie McKinsey ma Gartner, a maxoc nyouikayii
Y peyen308anux MiscHapoorux eudanusx 3a 202 1—
2026 pp. ¥V x00i 0ocniosicenss 6CMAHOGIEHO, U0
eexmusHicmo LI 6 mapkemuney € acumem-
PUYHOIO. AN2OPUMMYU CMADIILHO NepedepuLyIoms
TOOUHY 'y 2eHepayii MeKcmoeozo KOHMEHMy
ma GHANIMUYHUX 3080AHHAX, Npome NOCMYNa-
10mbcst i1l Yy CMBOPeHHi i3YaNbHO-eCIEMUYHUX
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which is a decisive factor in jewellery advertising.
Specific threats to the industry were also identi-
fied: content homogenization, risks of personal
data leaks, algorithmic "hallucinations”, and
legal uncertainty in the field of intellectual
property. Based on the study’s findings, the
author developed the Intelligent Symbiosis
Marketing Framework (ISMF), a conceptual
model that operationalises the "Human-in-the-
loop™ principles and the "Centaur" behavioural
pattern in the context of jewellery retail. The
model defines criteria for task distribution
between humans and algorithms and provides for
the institutionalisation of validation protocols to
preserve the brand’s unique identity.

mamepianie, wjo € BUIHAUATLHUM YUHHUKOM OISl
106enipnoi pexnamu. Busieneno makooic cneyu-
Qiuni 3a2po3u 2anysi: 20MO2eHi3ayisi KOHMEeHMY,
PUBUKU BUMOKY NEPCOHAbHUX OAHUX, AN20pUm-
Miyni "eamoyunayii” ma npasosa HeguHAUEHICMb
y coepi  inmenekmyanvHoi  eéracwocmi. 3a
pesyibmamamu  OOCHONCEeHHs. — PO3POOJIeHO
aemopcyKy KoHyenmyaivhy mooens Intelligent
Symbiosis Marketing Framework (ISMF), wo
onepayionanizye npunyunu "Human-in-the-loop"
ma nosedinkogozo namepny "Kenmaspa" cmo-
cosHo cneyugbixu rogeniprozo pumeilny. Moodens
BU3HAYAE Kpumepii po3nodiny 3a60aHb MixC
JHOOUHOI MA aneopummom i nepedbauae incmu-
MYYIoOHARI3ayilo  aNiOayiiHUX NPOMOKOJIE Oist

30epedtceH st YHIKANbHOL I0eHMUYHOCME OPEHOY.

Keywords: artificial intelligence, jewellery Kniouoei  croea: mTydnuii iHTENeKT,
retail, digitalisation of advertising, technological | FOBETIPHUI  puTeiin, 1mdpoBisamis —peKtam,
3yO4yacTuii TeXHoJoriuHuii pyOikK, TiOpuaHa

inflexion point, hybrid model, marketing.

MOJECIIb, MAPKCTUHT .
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Introduction

The digital transformation of retail, which has intensified over the past
decade, is acquiring a qualitatively new dimension with the proliferation of
artificial intelligence (Al) technologies. While earlier digitalisation in retail
primarily focused on migrating traditional business processes to the online
environment, today the focus has shifted toward a fundamental reconfi-
guration of the very logic of value creation. Jewellery retail, as a segment
characterised by high levels of emotional consumer involvement and the
critical role of brand trust, finds itself at the epicentre of these shifts.
Al technologies simultaneously offer significant opportunities for this sector
while generating specific risks not inherent to the mass consumer market.

The relevance of this study is driven by the contradiction between the
rapid growth of the Al market in e-commerce, from USD 9.01 billion in 2025
to a projected USD 74.93 billion by 2035 Zoting (2026) and the systemic
inability of most enterprises to transition from localised experiments to the
full integration of intelligent systems into the corporate operating model.
According to Khandabattu (2025) data, generative Al is currently in the
"Trough of Disillusionment™" phase, where initial enthusiasm gives way to
difficulties in justifying real return on investment (ROI). For the jewellery
industry, this issue is particularly acute: any algorithmic error in the factual
description of a product or its visualisation can cause irreversible reputational
damage, making the issue of deliberate and structured Al integration critical
for this specific segment.

The scholarly discussion regarding Al effectiveness in marketing
processes is evolving along several lines. Singla et al. (2025) demonstrates
that high-performing organisations achieve economic impact from Al not
through point automation but via a fundamental redesign of workflows,
viewing the technology as a new operating core rather than an add-on to an
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existing model. Ju and Aral (2026), in large-scale field experiments,
quantitatively investigated the impact of autonomous Al agents on marketer
productivity and the structure of intra-team interaction. Dell’Acqua et al.
(2026) proposed the concept of the "jagged technological frontier,"
describing the asymmetric nature of current Al system competence, which
allows for predicting tasks where algorithms outperform humans and those
where they fall short. The risks of content homogenization stemming from
the excessive delegation of creative functions to algorithms were explored by
Padmakumar and He (2024). The legal and ethical dimensions of using
generative models in commercial communications were analysed by Singla
et al. (2025) and Romanchuk et al. (2024). The specifics of visual marketing
in the jewellery industry and its impact on behavioural metrics of advertising
campaigns were examined by Kobets (2021). Nevertheless, the existing
literature lacks an integrated model that systematically combines these
aspects specific to jewellery retail and proposes an operationalised
mechanism for the distribution of functions between humans and algorithms.
Addressing this gap constitutes the scholarly problem that the present study
aims to resolve.

The objective of this article is to develop a conceptual hybrid model
to organise the marketing activities of a jewellery enterprise, based on the
principles of intelligent symbiosis between humans and artificial intelligence.
To achieve this goal, the following tasks are addressed: analysing the current
state and challenges of Al scaling in e-commerce and outlining the specifics
of its application in jewellery marketing; evaluating Al effectiveness in
creating various types of advertising content through the lens of the "jagged
frontier" concept; systematizing the specific threats of Al utilization in
jewellery retail marketing; and justifying and describing the original
"Intelligent Symbiosis Marketing Framework" (ISMF) by defining criteria
for the distribution of functions between humans and algorithms.

The study is based on the hypothesis that maximum marketing effect
in jewellery retail is achieved not through full automation, but through a
strategically structured distribution of functions between humans and
algorithms according to the nature of the specific task, its creative
complexity, the risk of error, and the degree of emotional weight for the
consumer. The information base of the study includes field experiment
results, industry analytical reports from leading consulting firms such as
McKinsey and Gartner, and peer-reviewed international journal publications
from 2021 to 2026. The methodological foundation comprises systems
analysis, synthesis of existing empirical data, and conceptual modelling. A
limitation of the study is its theoretical and conceptual nature: the proposed
ISMF model requires further empirical verification on a representative
sample of jewellery enterprises.

The article is structured as follows. The first section analyses the
current state of the Al market in e-commerce, the challenges of its scaling,
and the specifics of its application in jewellery retail marketing. The second
118 ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N2 4
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section is devoted to evaluating Al’s impact on marketer productivity and
analysing the "jagged frontier concept in the context of the visual specifics
of jewellery advertising. The third section systematises the threats and
challenges of Al implementation characteristic of the premium segment. The
fourth section describes the original ISMF hybrid model, outlines the criteria
for task distribution between humans and algorithms, and discusses the
proposed approach’s limitations.

1. The current state and challenges of scaling Al in the
e-commerce market

E-commerce in general, and jewellery retail in particular, are currently
undergoing a stage of profound transformation driven by the widespread
implementation of artificial intelligence (Al) technologies. Market dynamics
confirm the scale of this shift. According to global estimates by Zoting
(2026), the Al market volume in e-commerce stood at USD 9.01 billion in
2025 and is projected to reach USD 74.93 billion by 2035, representing a
compound annual growth rate (CAGR) of 23.59% (Figure 1).
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40 33,31
30 26,79
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Figure 1. Artificial Intelligence in the e-commerce market size 2025 to 2035
(USD billion)

Source: compiled by the authors based on (Zoting, 2026).

Such dynamics demonstrate a qualitative shift in the role of Al,
moving from the category of niche experimental tools to a primary driver of
digital commerce capable of radically restructuring value chains. The level
of business adoption also shows unprecedented growth. According to Singla
et al. (2025), as shown in Figure 2, 88% of organisations already regularly
use Al in at least one of their business functions, compared to 78% in 2024.
Concurrently, a shift in focus is observed from basic generative models to
more complex autonomous systems: over 60% of market participants are
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integrating Al agent systems based on foundational models that can
independently plan and execute multi-stage workflows in real-world
operating environments (Singla et al., 2025).

Reported use of Al in at least one business function continues to increase.

Use of Al by respondents’ organizations, %0 of respondents

Organizations that use Al in at least 1 business function’ Phase of Al use among organizations
using Al in 2025

| | Fully scaled: Al has been

fully deployed and integrat-
ed across organization

| Scaling: Growing the
deployment/adoption of
Al across organization

a0 | PI|OtII‘Ig:. rnplementm_g
Al for a first use case in
Use of gen Al the business
33
90 32 | Experimenting: Any use

or early testing of Al

0

MiKinsey & Company

Figure 2. Trends in the use of Al and generative Al
in organisations (2017-2025)

Source: (Singla et al., 2025).

However, behind the positive adoption statistics lies a systemic
challenge regarding scalability. The critical hurdle remains the transition
from localised pilot projects to full-scale deployment of digital initiatives
across the entire organisation. Analytical data from McKinsey (2025)
suggests that nearly two-thirds of enterprises are still in the experimental pilot
phase, unable to integrate Al solutions into a unified corporate operating
model. This problem is primarily rooted in the structural unreadiness of
traditional retail to implement self-learning algorithms into closed business
cycles.

The position of generative Al on the technology maturity curve is
indicative in this context. According to the Khandabattu (2025) report, the
technology is currently in the "Trough of Disillusionment™ phase,
characterised by difficulties in justifying the return on investment (ROI).
Specifically, fewer than 30% of Al leaders report that their CEOs are satisfied
with the returns on these investments. Organisations with low digital maturity
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typically hold unrealistic expectations about technology and fail to overcome
barriers in risk management, including model hallucinations, algorithmic
bias, and a shortage of qualified specialists. For the jewellery industry, these
risks are particularly acute; any factual Al error in describing gemstones or
incorrect product visualisation can cause irreparable damage to a brand’s
reputation.

A study of market leaders’ practices allows for the identification of an alter-
native model for successful implementation. According to Singla et al. (2025),
high-performing organisations achieve significant economic impact not
through point Al applications for cost reduction, but through a fundamental
reimagining of workflows. Such companies view Al not as an add-on to
existing operating models, but as their new structural core, and are three times
more likely to use the technology as a catalyst for transformational change,
focusing on stimulating innovation and ensuring sustainable growth rather
than mere resource optimisation.

Systemic Al integration acquires particular importance in the
marketing strategies of the premium segment. Given the specific nature of
jewellery retail marketing, these global trends require a tailored approach.
One of the most effective strategies for the jewellery industry is the 4C
marketing mix (Customer, Cost, Convenience, Communication), in which
the customer’s opinion and individual psychological needs serve as the core
value. Al becomes a tool that enables the realisation of the 4C concept at the
level of the individual consumer rather than an averaged segment (Yanchuk &
Sharko, 2025). Accordingly, the primary directions for Al application in
jewellery retail marketing encompass three key vectors.

First, hyper-personalisation and deep behavioural analytics: machine
learning and semantic analysis methods enable the processing of vast datasets
on search activity, demographic profiles, and purchasing preferences. This
enables the formation of personalised recommendations and a transition from
"product offering” to "life event support,” significantly increasing the
customer’s long-term lifetime value (LTV).

Second, intelligent content generation and communication: modern
Large Language Models (LLMs) can automate the creation of marketing
materials while maintaining the "elite" communicative style characteristic of
luxury brands, providing a level of service previously attainable only through
highly qualified consultants.

Third, dynamic pricing: Al algorithms allow for real-time price
adjustments based on demand fluctuations, commodity market quotes for
precious metals, and user behavioural patterns, ensuring an optimal balance
between profitability and customer loyalty. The systematisation of these
processes is presented in Table 1, demonstrating the transformation of each
marketing mix element under the influence of intelligent systems.
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Table 1
Matrix of Al applications in the 4C marketing system for a jewellery enterprise

4C element gl apaprggatlon Process description Expected result

Predictive Big Data analytics Increased conversion rates
Hyper- R /
Customer ersonalization for generating individualised and customer loyalty
P offers (LTV)
Automated price adjustments
Cost Dynamic Pricing based on real-time market Maximisation of marginal
quotes and demand profit

fluctuations

Implementation of Augmented
Reality (AR) and chatbots for
online jewellery selection

Al Agents &
Virtual Try-on

Shortening of the purchase

Convenience .
decision cycle

Generative Automated content creation Reduced content
Communication Copywriting aligned with the brand’s production costs alongside
(NLP) unique Voice and Identity increased reach

Source: compiled by the authors based on (Akbar, et al., 2023; Rauschnabel, et al., 2024;
Kudelskyi, 2025).

Thus, the analysis of the current state of Al scaling in e-commerce
demonstrates that artificial intelligence is no longer merely an auxiliary
technological tool, but a strategic driver of transformation in digital retail. For
jewellery enterprises, its value lies not only in improving operational efficiency
but also in enabling deeper personalisation, more precise communication,
dynamic pricing, and enhanced customer experience. At the same time, the
successful implementation of Al depends on the ability of companies to move
beyond isolated pilot projects and integrate intelligent systems into their broader
marketing and business processes. In this context, particular attention should be
paid to the practical effectiveness of Al in one of the most important areas of
digital marketing — the creation of advertising content.

2. Al effectiveness in advertising content creation
2.1. The impact of Al on marketer productivity

Despite the growing interest among researchers in the integration of
artificial intelligence into marketing processes, quantitative evidence
regarding its specific impact on professional productivity remains scarce.
Field experiments conducted by Ju and Aral (2026) partially address this gap:
their findings indicate that hybrid "human-algorithm" interaction models
yield a 50% productivity gain per specialist compared to traditional teams
without algorithmic support.

This significant economic effect is driven not only by the purely
computational power of neural networks but also by a profound transfor-
mation in the logic of labour organisation. The integration of autonomous
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systems fundamentally alters the nature of marketing activities; the focus of
attention shifts from the manual execution of operations to their strategic
delegation and multi-level coordination. There is a conceptual evolution of
the professional functional profile: from a direct content creator, the
specialist becomes a process architect who formulates prompts and performs
expert verification of results. This transformation goes beyond simple
adaptation to a new toolkit and constitutes evidence of a structural change in
the professional role, as confirmed by specific behavioural metrics.

As Ju and Aral (2026) note, the most indicative marker of this change
in the nature of labour is a 62% reduction in direct manual text interventions
during the generation of advertising campaigns. Routine processes such as
initial copywriting, vocabulary selection, and stylistic polishing, which
previously consumed the bulk of working time, are now effectively handled
by generative models. Consequently, human cognitive resources are liberated
for critical auditing. Concurrently, there is a 17% increase in the volume of
tasks delegated to intelligent agents. This metric illustrates not only workload
optimisation but also the gradual formation of professional trust in
autonomous systems, enabling the transfer of increasingly complex, multi-
stage algorithmic workflows.

The transformation of intra-team interaction structure deserves special
attention. Research by Ju and Aral (2026) records a 25% increase in the share
of task-oriented communication (goal setting, operational planning, and
formalising instructions), while the volume of socio-emotional contacts
between employees decreases by 18%. The professional discourse becomes
more pragmatic and criteria-based, a logical consequence of shifting creative
routine to algorithms. However, this decline in the intensity of informal
communication poses latent risks; in the long term, it may undermine social
cohesion and the originality of collective decisions. For the marketing of
premium brands, where the subjective and creative components are
paramount, such algorithmic communication could become a point of
vulnerability. This phenomenon undoubtedly requires thorough verification
in future scientific inquiries.

The fundamental driver of productivity growth is the ability of
algorithms to automate routine operations and process large datasets at
speeds that fundamentally exceed human capabilities. Accordingly, the role
of the specialist evolves toward the position of a strategic coordinator
responsible for task setting and quality control of results generated by
intelligent systems. At the same time, it must be noted that despite the high
efficiency of generative models in linguistic and analytical data processing,
their capabilities remain limited when solving complex visual-aesthetic tasks.
This limitation necessitates a detailed consideration of the "jagged frontier"
phenomenon, which is the focus of the next subsection.
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2.2. Visual specifics of jewellery advertising and the "jagged frontier"
effect

Despite the positive impact on marketing team productivity, the
efficacy of Al utilisation is far from uniform. To analytically describe this
inconsistency, scholars employ the concept of the "jagged technological
frontier," which characterises the asymmetric nature of modern Al system
competence (Figure 3). The technology demonstrates a substantial advantage
in certain tasks while simultaneously falling short of human performance in
others (Dell’Acqua et al., 2026; Ju & Aral, 2026). This specific concept
serves as a key analytical tool for assessing the potential and limitations of
Al within the context of jewellery retail advertising.

Jagged Frontier of Al Capabilities

— Al Abilities
-== Equal Difficulty Tasks

TasWonithe Frontier

Figure 3. The Jagged Al Frontier
Source: (Dell’Acqua et al., 2026).

Textual content generation tasks fall within the “inside" of the jagged
frontier, where Al consistently outperforms humans. Empirical data suggest
that advertising copy created with algorithmic support is of higher quality
than materials prepared by specialists without Al tools (Ju & Aral, 2026).
Practical confirmation of this pattern was obtained through the analysis of
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real-world social media advertising campaigns: the superior quality of
Al-generated texts statistically correlates with improved click-through
rates (CTR) and view-through duration (Ju & Aral, 2026).

A fundamentally different picture is observed in the sphere of visual
content creation. The generation of high-quality imagery currently remains
"outside" the capabilities of Al systems: teams consisting exclusively of
human specialists consistently produce aesthetically superior and more
attractive advertising images that surpass the outputs of generative models
(Dell’Acqua, F., et al., 2026; Ju, H., & Aral, S., 2026). For the jewellery
market, this fact is of critical importance. Visual appeal, the play of light on
gemstone facets, the lustre of precious metals, and the precision of detail
reproduction-are decisive factors in the purchasing decision and directly
translate into behavioural metrics of the advertising campaign (Kobets, 2021).
Notably, it is precisely the high quality of human-created and curated visual
content that contributes to a significant reduction in cost-per-click (CPC) in
advertising campaigns (Ju & Aral, 2026).

Thus, the analysis of Al effectiveness in advertising content creation
demonstrates that artificial intelligence can significantly increase marketer
productivity and improve the quality of certain types of advertising materials,
particularly text-based content. However, the "jagged frontier" effect shows
that Al capabilities remain uneven, especially in visually sensitive areas such
as jewellery advertising, where aesthetic precision, emotional appeal, and
product authenticity are decisive. Therefore, while Al offers considerable
opportunities for optimising marketing processes, its application in jewellery
retail also presents specific risks and limitations. This makes it necessary to
further examine the key threats and challenges associated with the use of Al
in jewellery retail marketing.

3. Threats and challenges of Al utilisation in jewellery retail
marketing

Despite the significant potential of Al to intensify marketing
processes, the implementation of artificial intelligence technologies within
the jewellery retail marketing cycle is accompanied by a series of specific
threats that require systemic consideration. These challenges can be
categorised into three key pillars: creative limitations, ethical and legal risks,
and intellectual property issues.

The first and most specific challenge for the creative industry is the
phenomenon of "“diversity collapse." Empirical evidence suggests that the
excessive delegation of creative functions to algorithms leads to progressive
homogenization of content: generated advertising materials acquire signs of
self-similarity and gradually lose necessary variability (Ju & Aral, 2026;
Padmakumar & He, 2024). While intelligent systems are capable of raising
the average qualitative level of materials, they simultaneously neutralise
original ideas that arise through human cognitive interaction and are rooted
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in the unique professional experience of specialists. For a jewellery brand,
whose competitive advantage is defined by design authenticity and emotional
uniqueness of communication, such homogenization poses a direct threat to
differentiation and erodes market positioning.

The second block of challenges encompasses data security and the
ethics of algorithmic decision-making. The implementation of hyper-
personalisation strategies involves processing vast arrays of sensitive
personal information, creating significant risks in the event of non-
compliance with cybersecurity protocols. Unauthorised data breaches or
misuse can cause irreversible damage to a brand’s reputational capital
(Romanchuk et al., 2024). Particular attention should be paid to the problem
of the factual reliability of generative models. Modern systems remain
vulnerable to so-called "hallucinations™ the production of content that is
convincing in form but false in substance, as well as manifestations of
algorithmic bias (Khandabattu, 2025). In the jewellery industry, where the
accuracy of product characteristics is critical for consumer trust, such errors
can have particularly severe consequences. The use of automated systems
also creates a basis for manipulative practices, such as the generation of
unreliable consumer reviews or the implementation of non-transparent
dynamic pricing mechanisms (Romanchuk, et al., 2024).

The third block is related to legal uncertainty in the field of copyright
and intellectual property. The scaling of algorithmically generated content
actualises legal risks stemming from the fact that the training datasets of
generative models often contain materials protected by copyright (Singla et
al., 2025). Business entities integrating Al into the creation of advertising
products are forced to consider this factor as part of their compliance strategy.

The sum of these risks indicates that the full autonomy of marketing
functions at the current stage is premature. The effective use of Al in
jewellery marketing requires not the elimination of the human factor, but its
reimagining. Qualified personnel must perform functions of strategic
oversight, ethical expertise, and creative control, ensuring the preservation of
the brand’s corporate identity and compliance with legal norms.

4. Conceptual hybrid model for jewellery retail

Summarising the research findings presented in the previous sections, the
logical progression of this work is the development of an applied mechanism to
mitigate the identified threats. Given the limitations of the "jagged technological
frontier" (Subsection 2.2) and the systemic risks of "diversity collapse™ inherent
in the full automation of creative processes (Section 3), there is an urgent need to
establish a new management architecture.

To overcome these challenges, this study proposes a specialised
hybrid model for organising marketing departments—the Intelligent
Symbiosis Marketing Framework (ISMF), which is an original conceptual
development tailored to the specifics of jewellery retail. The framework is
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built upon two complementary principles: the "Human-in-the-loop™ strategy,
which ensures mandatory human participation at key decision-making stages,
and the "Centaur behaviour" pattern. The latter describes an interaction
model where humans and algorithms operate in parallel and complementarily
rather than sequentially. In this setup, humans undertake tasks requiring
creative judgment and emotional intelligence, while algorithms process
analytically intensive operations (Dell’Acqua, F., et al., 2026). Unlike the
situational application of digital tools, this model provides a clear strategic
division of labour based on objective criteria of technological competence.

The conceptual architecture of the proposed ISMF hybrid model is
visualised in Figure 4.

Layer 1: Data Ingestion

Block 1.1: Macroeconomic Triggers Block 1.2: Customer Data Arrays Block 1.3: Corporate Standards
(Market Quotes, Demand Dynamics) (Big Data, CRM Metrics) (Brand Identity, Tone of Voice)

Layer 2: Dual-Core Processing Engine

The Jagged Technological Frontier

Al Node: Algorithmic Generation <<;'1u$:“- Human Node: Expert Cognition
L Loop» ~

NLP Copywriting & Semantic Optimization Art Direction & Visual Aesthetic Crafting

Predictive Analytics & Audience Clustering Empathic Analysis & Psychological Targeting

A
A

Feedback Loop

Dynamic Pricing & Real-Time Adjustment

Prompt Engineering & Strategic Contextualization

Layer 3: Validation & Integration

Main Box: Institutional Validation Protocol
(Diversity Collapse Prevention Filter)

Feedback Loop Output: Synergistic Marketing Mix
- Iterative Machine F -1 CTR Maximization
Learning & Reference CPC Optimization
Prompt Calibration Brand Authenticity
Preservation

Figure 4. Intelligent symbiosis marketing framework (ISMF)

Source: developed by the authors based on (Dell’Acqua et al., 2026; Ju & Aral, 2026;
Kobets, 2021; Romanchuk, et al., 2024).

The practical implementation of the ISMF architecture involves the
transformation of marketing operations across three interconnected
dimensions.

The first dimension is the algorithmic delegation of linguistic and
analytical routines. The functional profile of the marketer is transformed
from a direct content generator into a strategic coordinator. Intelligent
systems are tasked with developing advertising materials, crafting persona-
lised communications, structuring customer databases, and implementing
dynamic pricing, adjusting product costs in real time in response to exchange
quotes and shifts in consumer demand.
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The second dimension is the preservation of human expertise in visual
aesthetics, as the creation of emotionally resonant visual content currently remains
outside the technological competence of algorithms. This is due to the fact that
the accurate rendering of the optical properties of gemstones (play of light,
dispersion, colour depth), as well as the creation of a complementary visual
context that conveys status and evokes an empathic response from the consumer,
requires refined aesthetic taste and cultural contextualization. These
characteristics are highly subjective and currently defy algorithmic formalisation,
remaining within the domain of exclusive human competence.

The third dimension is the institutionalisation of validation protocols
to neutralise the risk of "diversity collapse.” The marketing team develops
reference corporate prompts with detailed semantic instructions to preserve
the brand’s unique "voice." No algorithmically generated material is
integrated into the external media space without a final expert audit; this
principle ensures the systemic protection of unique brand identity against
gradual algorithmic unification.

At the same time, the model has defined limitations regarding its
applicability. Its successful implementation assumes a sufficient level of
digital maturity within the organisation: enterprises at the early stages
of digitalisation may encounter technical and infrastructural barriers. The model
also requires investment in developing competencies in prompt engineering and
the critical auditing of algorithmic outputs (Relyea, C., et al., 2024), which may
serve as a limiting factor for small and medium-sized enterprises.

A clear distribution of tasks between humans and algorithms requires
the development of internal regulations, the absence of such guidelines
reproduces the very problem of chaotic Al usage that the model is intended
to solve. Finally, the boundaries of the "jagged frontier" are dynamic; tasks
that are currently beyond the competence of algorithms may be mastered by
them in the near future, necessitating a regular review of the criteria for the
division of labour.

Conclusions

The conducted research allows for the assertion that digitalisation and
the implementation of artificial intelligence technologies in e-commerce
constitute an irreversible transformational process. The dynamic growth of
the global Al market and the widespread deployment of autonomous Al
agents are fundamentally reshaping the workflow architecture. For jewellery
retail, where marketing communication has traditionally relied on the 4C
strategy and close emotional contact, this transformation opens unprece-
dented opportunities for hyper-personalisation, dynamic pricing, and the
scaling of advertising campaigns.

The results of the study correlate closely with the stated objective and
illustrate that the underlying scientific hypothesis has been fully confirmed.
It has been proven that the application of generative Al is subject to
the "jagged frontier" effect of capabilities (Dell’Acqua et al., 2026). The
technology acts as a powerful catalyst for productivity (providing a 50%
increase in content generation) and quality in textual tasks; however, it acts
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as a destructor in the creation of high-quality visual content, which is critical
for jewellery sales (Ju & Aral, 2026).

The effectiveness of a hybrid approach for preserving the uniqueness of
jewellery brands has been confirmed. The study revealed that excessive
delegation of creative tasks to algorithms inevitably leads to "diversity collapse”
and the homogenization of advertising (Ju & Aral, 2026). For jewellery
companies, whose value is based on exclusivity and aesthetics, fully autonomous
advertisement generation by algorithms poses a threat to the brand’s DNA.
Therefore, the most effective solution is the proposed hybrid model based on the
"Centaur" strategy principles, where Al generates textual content and processes
data arrays, while the human marketer exercises strategic control over visual
aesthetics and emotional value (Dell’ Acqua et al., 2026; Kobets, 2021).

The scientific novelty and contribution of the study lie in the
development and justification of a conceptual hybrid model for task
distribution in jewellery brand advertising campaigns, which allows for
maximising productivity without the risk of losing creative authenticity.

The practical value of the results lies in the formulation of specific
recommendations for heads of marketing and e-commerce departments at
jewellery enterprises. It has been proven that successful Al transformation
requires marketers to transition from the role of executors to the role of managers
capable of delegating tasks to algorithms. This necessitates an urgent practical
need for companies to invest in staff retraining, particularly in developing skills
for effective prompt engineering and critical ethical evaluation of generated
outputs to minimise security risks and avoid algorithmic manipulation.

Prospects for further research in this area involve conducting
longitudinal studies on the impact of Al-generated visual content
(specifically video formats) on consumer trust levels in the luxury segment.
Additionally, the economic efficiency of implementing fully autonomous
multi-agent Al systems in direct sales processes and omni-channel customer
service for jewellery brands requires separate investigation.
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MARKETING

which leads to the formation of the illusion of
voluntary decision-making. This study examines
how the digital architecture of choice transforms
the traditional model of rational consumer beha-
viour, creating conditions for unfair competition
and inefficient resource allocation. The scientific
novelty of the study lies in identifying the
connection between the emotional and value
aspects of digital interaction and the overall effect-
tiveness of algorithmic manipulation. The practical
value of the work lies in the development of the
concept of psychological resistance as a strategy
for individual self-defence. The authors propose an
integrated model for counteracting manipulation
that involves the introduction of ethical design
standards and the active development of
consumers’ metacognitive skills. The results of the
study can serve as a basis for the creation of
educational programmes to improve digital
literacy and the development of regulatory acts in
the field of consumer protection. This work paves
the way for studying the mechanisms of ethical
programming of digital interfaces.

Keywords: choice architecture, dark patterns,
psychological manipulation, cognitive autonomy,
behavioural economics, consumer choice.
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Introduction

mucnenns (Cucmemy 1), oOHouacHo 610KyrOUU
auanimuuni pecypcu mo3ky (Cucmemy 2), wo
npuzeooums 00 opmyeanHs imo3ii  00Opo-
8iIbHOCMI nputiHamux piwens. Haykosa nHoeusna
O0CTIOJICEHHs NONS2AE Y GUABNICHHI 36 SI3K) MIC
EeMOYIUHO-YIHHICHUMU — dcneKmamu  yug@posoi
63A€MO0Il  ma  3a2anbHOI0  eeKmuUBHICHIO
aneoOpumMmiyHo20 Mauinymoeanna. Ilpakmuuna
YiHHICMb  00CNIONCEHHA 6mineHa Y po3pooyi
KOHYenyii NCuxonoeiuHoi pe3ucmeHmuocmi K
cmpamezii camo3zaxucmy ocobucmocmi. 3anpo-
NOHOBAHO THMESPOBAHY MOOeNb NPOMUOii Mami-
nyiayiaM, — wo  nepeddavac  BNpoBAOINCEHHs
eMmUYHUX CMAaHOApmie Ou3aliHy ma aKmueHull
DO36UMOK MeMa-KOZHIMUGHUX HAGUYOK CHOJICU-
6auig. Pe3ynomamu 00CTiONCEHHS MOJICYIb CIMAmu
nIOPYHMSM OJsL CMEOPEHHsL OCBIMHIX NPOSPAM 3
nioguujeHHst  yugposoi  epamomuocmi - ma
PO3POOKU pe2yisimopHux akmia y cghepi 3axucniy
npaes cnocudayis. Jocniodicents 8iOKpUBAE ULIAX
00 BUBUEHHS MEeXAHI3MIB emuyHO20 npopa-
My8arHHs yughposux inmepgpeticis.

Kniouoei cnoea: apxitekrypa BHOOpPY, TEeMHI
MaTePHH, TICUXOJIOTTYHA MaHIITYJISLis, KOTHITHBHA
aBTOHOMIs, ITOBENIHKOBA €KOHOMIKA, CITOKMBYHMA
BHOIp.

The transformation of the global economy into a digital format has

radically changed the mechanisms of interaction between suppliers and
consumers. While classical economic theory was based on the postulate of
the "rational agent” (Homo Economicus), modern digital markets increa-
singly exploit the irrational nature of the human psyche. The premise of this
study is the rapid development of choice-architecture technologies, in which
every element of the interface—from the colour of a button to the
recommendation algorithm—is designed to steer user behaviour in ways that
benefit the business. In conditions of information overload, consumers lose
their ability to think critically, making them vulnerable to hidden
psychological influences.

The key problem is the blurring of the line between ethical marketing
persuasion and destructive manipulation. The use of so-called “dark patterns"
in the digital environment creates a situation in which consumers make
economic decisions that are contrary to their own interests, while being under
the illusion of complete freedom of choice and voluntary consent
(Naimy, 2025; Witte, 2025). This leads not only to individual financial losses
but also to a general erosion of trust in the digital ecosystem, which poses a
threat to the stable development of the modern economy.
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The problem of psychological influence on consumer behaviour has
deep roots in academic discourse. The fundamental principles of persuasion
laid down by Cialdini (2006) remain the basis for understanding social
triggers such as scarcity, authority, and reciprocity, which are now automated
in the digital environment. The development of behavioural economics in the
context of digital transformation is analysed in detail in the works of
Tamilarasi (2025) and Radu et al. (2024), who point to a paradigm shift from
"rational choice™ to "manipulation” in the era of digital subscriptions.

Of particular value for understanding the architecture of choice are the
works of Trzaskowski (2023), who distinguishes between the concepts of
persuasion and manipulation through the prism of EU internet law,
emphasising the role of cognitive architecture. The issue of destructive
interface design ("dark patterns”) is explored by Mejtoft et al. (2021),
focusing on manipulative forms of obtaining consent for the processing of
personal data, which creates a technical basis for further economic pressure.

The psychological dynamics of decision-making in the marketing era of
Al and algorithms are examined by Sudirjo et al. (2024) and Nadeem (2022),
emphasising that the digital economy creates new cognitive loads that reduce
consumer resistance. Witte (2025) made an important contribution to the
classification of these phenomena by proposing an integrated framework for
defining manipulation, while Arango-Kure and Garz (2025) developed a
conceptual framework of unethical influence in marketing, which allows
legitimate sales promotion methods to be distinguished from coercive practices.

The legal and ethical aspects of consumer protection in the context of
the exploitation of their vulnerabilities are highlighted in the works of Raj
et al. (2025) and Miihdniemi (2024), in which choice manipulation is
considered an abuse of a dominant market position. Finally, Naimy (2025)
introduces the concept of "digital smoke screens,” pointing out that modern
consent is often illusory due to the complex architecture of manipulation.

Despite a significant number of developments in the fields of law and
marketing, the psychological mechanism of integrating several types of
manipulation into a single choice architecture remains insufficiently studied.
Most studies focus either on legal protection or on individual types of "dark
patterns,” while the synergistic cumulative impact of the algorithmic
environment on consumer psychological autonomy requires deeper analysis.
This article is devoted to this aspect-the combination of psychological traps
into a coherent system of digital consumer experience.

The purpose of the article is to provide a theoretical justification and a
systematic analysis of the psychological mechanisms underpinning the
manipulative architecture of digital consumer choice, and to identify their impact
on individual cognitive autonomy in the context of the modern digital economy.

To achieve this goal, the following tasks were identified and solved:

« to clarify the essence of the concept of "digital manipulation™ and
determine its place in the structure of modern choice architecture based on
an interdisciplinary approach;
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« to study the psychological tools of "dark patterns™ and classify them
according to their type of influence on the cognitive and emotional spheres
of the consumer;

« analyse the mechanism of transformation of psychological biases
(anchoring, scarcity, social proof) into specific instruments of economic
pressure in the e-commerce environment;

« identify the consequences of manipulative influence on the process of
financial decision-making and justify the need to develop strategies for
consumer psychological resistance.

The work is based on the hypothesis that the modern architecture of
digital consumer choice is not a neutral platform for decision-making, but
functions as an integrated system of psychological manipulation. This system
iIs based on the convergence of "dark patterns” and the exploitation of
cognitive biases, which leads to the deformation of consumer autonomy and
the adoption of economically inefficient decisions under the illusion of
voluntary consent. The source base of the study comprises research by
leading experts in behavioural economics, digital law, and cognitive
psychology from 2021 to 2025.

The hypothesis was tested using the following algorithm: termino-
logical analysis and systematisation (processing of scientific data to
determine the concepts of "manipulation™ and "choice architecture,"” defining
the boundary between ethical influence and coercion), deduction (transition
from general psychological principles of persuasion to the analysis of
specific mechanisms for transforming cognitive errors into profits for digital
platforms); comparative analysis (comparison of different "dark patterns” to
identify universal psychological triggers); logical generalisation (modelling
the impact of identified manipulations on financial stability and consumer
mental well-being).

This work is primarily theoretical and methodological and does not
include results from our own empirical experiments (laboratory tests or
surveys). The analysis is limited to a segment of digital markets (e-commerce
and social networks) and does not extend to offline trading practices. The
study also does not take into account individual cultural differences in
the perception of manipulation, focusing on universal cognitive mechanisms.

During the study, the hypothesis was refined: the initial assumption
about the perceived harm of manipulation was adjusted toward a "complex
architecture of choice,” in which the line between convenience and
exploitation is often subjective and depends on the design context.

A logical structure is proposed for the main part of the article, with
each section revealing a specific aspect of hypothesis testing. The main part
of the article is structured into four interrelated sections. The first section
conceptualises the manipulative architecture of choice, defines its
psychological essence as a tool for bypassing rational personality filters, and
substantiates the impossibility of neutral design in modern digital systems.
The second section is devoted to the typology of "dark patterns.” It reveals
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the mechanisms of exploiting cognitive inertia, automatic thinking, and
socio-psychological pressure, which are implemented through interface
solutions in e-commerce. The third chapter analyses the economic
consequences of manipulation, in particular the distortion of consumer
choice towards unstable behaviour patterns and the emergence of consumer
financial dependence as a result of the "dopamine loops" of digital marketing.
The fourth chapter contains a justification of psychological resistance
strategies. It defines the role of psychological literacy and ethical marketing
as key factors in protecting consumer cognitive autonomy in the digital age.

1. Conceptualisation of manipulative choice architecture in the digital
economy

The transformation of the global market into a digital format has
radically changed the mechanisms of interaction between economic actors.
While classical economic theory was based on the model of a "rational agent”
(Homo Economicus) capable of logically calculating benefits, modern digital
infrastructure is increasingly seen as a space for targeted influence on the
subconscious cognitive processes of individuals. The digital architecture of
choice is no longer a passive backdrop for transactions; it has become an
active system of persuasion, where every element of the interface, recom-
mendation algorithm, or navigation structure performs a specific psycho-
logical function of directing behaviour (Trzaskowski, 2023).

It is noteworthy that digital platforms manipulate users’ time (through
"endless feeds" or time constraints), thereby depriving people of the "time
sovereignty" necessary for rationally comparing prices and alternatives
(Suwan-Achariya, 2026).

The psychological essence of manipulation in this context lies in
covert interference with an individual’s autonomy by bypassing their rational
filters. As noted in our previous studies (Hudzenko et al., 2024), the modern
information space is saturated with complex psycholinguistic mechanisms
that transform the process of information perception, creating the precon-
ditions for the formation of predetermined behaviour patterns. In the
architecture of consumer choice, these mechanisms are adapted to algo-
rithmic e-commerce models, where the line between ethical nudging — gentle
assistance in making useful decisions — and destructive manipulation is
increasingly blurred.

The central element of such architecture is the creation of the illusion
of voluntary consent. Under the influence of pre-designed triggers, consu-
mers perceive externally imposed decisions as the result of their own free
will (Naimy, 2025). Witte (2025) suggests viewing manipulation as a form
of "covert influence" that exploits the user’s cognitive vulnerabilities for
economic gain.

For a deeper understanding of this process, it is necessary to refer to
the concept of dual-process thinking. The digital architecture of manipulation
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focuses on stimulating System 1 — the fast,
automatic, emotional, and subconscious
mode of the brain. At the same time, it
deliberately creates barriers to the activa-
tion of System 2 — slow, effortful, logical,
and analytical thinking. In the digital age,
classic principles of social influence — such
as time scarcity, social proof, or authority
(Cialdini, 2006) — are undergoing a process
of large-scale algorithmic automation. This
creates an environment in which rapid
response to interface stimuli dominates
over conscious analysis of price and
product quality.

The general logic of how the digital
architecture of manipulation works and its
impact on the decision-making process are

DIGITAL ENVIRONMENT

v

CHOICE ARCHITECTURE
(Interface + Algorithms)

v

DARK PATTENS & TRIGGERS

v

SYSTEM 1 ACTIVATION
(Analytical thinking)

!

ILLUSION OF FREE CHOICE

v

IRRATIONAL DECISIONS

v

ECONOMIC CONSEQUENCES

illustrated in Figure. (Financial loss, reducer autonomy)

Thus, manipulative choice architec-
ture functions as a holistic ecosystem in
which design psychology and data-proces-
sing algorithms work in concert to direct
consumer activity. This approach not only
stimulates demand but also changes the
very nature of consumer agency, transfor-
ming the individual from a free market
participant into an object of algorithmic
control through the "“smoke screens" of
digital interfaces.

Model of the influence of
digital choice architectture on
the rationality of consumer
decisions

Source: author’s elaboration based
on dual-process theory and choice
architecture concepts. Compiled by
the authors based on Trzaskowski
(2023), Naimy (2025), and Witte
(2025).

2. Typology and mechanisms of action of "'dark patterns"

The implementation of manipulative choice architecture in the digital
space is carried out through "dark patterns" — specific design solutions based on a
deep understanding of human cognitive errors. "Dark patterns”" (especially
subscription traps) artificially inflate the transaction costs consumers face when
cancelling a subscription. The psychological nature of these mechanisms lies in
the deliberate creation of conditions under which the consumer acts under the
influence of System 1 (automatic, emotional thinking), while the functioning of
System 2 (logical analysis) is blocked or significantly impeded.

2.1. Exploitation of cognitive inertia and linguistic traps

A significant part of digital manipulation relies on the linguistic-
psychological dimension, which we have analysed in detail in previous works
(Hudzenko et al., 2025). Verbal constructions in e-commerce interfaces are
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often designed to disorient the user. This is achieved through double
negatives, confusing terminology, or emotionally charged appeals that appeal
to basic instincts.

Manipulation of consent and the illusion of control: studies of mani-
pulative patterns in cookie requests (Mejtoft et al., 2021) show that the interface
design makes the "Accept All" button bright and accessible, while the opt-out
option is hidden behind several levels of settings. This is a classic example of
exploiting cognitive inertia: the consumer chooses the path of least resistance,
which effectively negates the essence of free consent (Naimy, 2025).

The pitfalls of digital subscriptions: the "roach motel™ mechanism
involves maximally simplified entry into financial obligations and artificially
complicated exit from them. As Radu et al. (2024) point out, such strategies
create a psychological barrier: System 2 recognises the need to cancel the
subscription, but System 1 avoids the complex and uncomfortable procedures
of "unsubscribing,” leading to irrational spending.

2.2. Social and psychological pressure and algorithmic "smoke
screens”

Modern digital platforms use personalised data to create intense
psychological pressure in real time. The use of linguistic-psychological
strategies of influence (Hudzenko et al., 2024) allows marketers to activate
specific triggers that paralyse critical thinking:

Anrtificially created scarcity: Messages such as "Only 1 item left in stock"
or "5 more people are viewing this hotel right now" provoke anxiety and fear of
missing out (FOMO). This activates an immediate System 1 response aimed at
"protecting resources," even if there is no objective need for them.

False social proof: The use of artificially generated reviews or
messages about recent purchases by other users creates peer pressure.
Consumers tend to trust the "choice of the majority,” which is an evolutionary
survival mechanism that, in the digital age, becomes a tool of exploitation
(Cialdini, 2006).

2.3. Cognitive overload as a method of disorientation

Algorithmic architecture often uses the "hiding in the crowd" or over-
informing methods. By increasing the number of choices or complicating the
product description, platforms cause cognitive fatigue (Nadeem, 2022).
When fatigued, System 2 "shuts down™ and people become highly suscep-
tible to suggestion, making decisions based on visual cues (button colour,
font size) rather than the substance of the offer.

The variety of forms of destructive interface design requires a clear
classification based not only on technical characteristics but also on the
nature of their impact on an individual’s economic behaviour. A general
overview of the most common manipulation mechanisms and their
consequences for consumers is presented in Table.
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Table
Classification of digital manipulation mechanisms and their impact on consumer
economic behaviour

Type of ""dark Psychological mechanism Consequences for consumer economic

pattern™ (activation of System 1) behavior

Exploitation of cognitive inertia = Creation of unwanted recurring costs;

DIl sulbsar it and the avoidance of complex hidden capital extraction for unused

traps (Roach motel)

procedures services
Artificially created Inducing anxiety and fear of Blocking rational price analysis;
scarcity and urgency | missing out (FOMO) conducting transactions at inflated prices.

Exploiting evolutionary trust in | Stimulating irrational demand based on

el ot el pize the "majority choice" unreliable market data

Manipulation of
consent and interface
traps

Loss of control over personal data as an
economic asset; the illusion of voluntary
decision-making

Choosing the path of least
resistance ("Accept All")

Shifting to impulsive reactions based on
visual stimuli rather than the content of
the offer

Cognitive overload Inducing cognitive fatigue
(information noise) through excessive choice

Source: author’s elaboration based on the concepts of behavioural economics and cognitive
psychology. Compiled by the authors based on Cialdini (2006), Mejtoft et al. (2021),
Nadeem (2022), Radu et al. (2024).

The data in Table show that each type of manipulation examined
distorts rational choice, ultimately resulting in direct financial losses for the
consumer or a suboptimal allocation of their personal resources.

Thus, the typology of "dark patterns™ covers the entire spectrum of
human cognitive activity — from basic text perception to complex social
interactions. All these mechanisms work toward a single goal: to make the
process of spending money as automatic as possible, minimising the moment
of rational awareness of the transaction.

3. Deformation of consumer choice and economic consequences of
manipulation

The consequences of manipulative choice architecture extend far beyond
individual marketing transactions, causing systemic deformation of economic
behaviour and undermining individual financial well-being. The psychological
mechanism of this distortion is based on an artificial shift in emphasis from
conscious planning to impulsive gratification of needs, which often leads to
decisions that are contrary to the long-term interests of the consumer.

An important factor in this process is the emotional vulnerability of
the subject in the digital space. As substantiated in our previous studies
(Hudzenko, 2025), the emotional and value aspects of interaction in the
digital environment determine the depth of a person’s involvement and their
reactivity to external stimuli. Manipulators in e-commerce exploit these
emotional states, creating conditions under which the consumer feels an acute
need for immediate purchase to restore emotional balance or confirm their
own social value. This phenomenon is described as a "dopamine loop," where
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interface rewards stimulate repetitive, often irrational, consumer activity
(Tamilarasi, 2025).

The economic consequences of such a choice architecture can be
classified in several ways:

Encouraging unsustainable consumption: the use of dark patterns
pushes users to purchase goods or services that have no real consumer value
for the individual. Méihdniemi (2024) defines this as "exploitative abuse,"
which leads to excessive accumulation of resources and financial exhaustion
of the consumer.

Distortion of price perception: through dynamic pricing and
personalised discounts, consumers lose the ability to objectively compare the
cost of products. The creation of the illusion of "exclusive benefit" (scarcity)
causes System 1 to ignore the rational calculations of System 2, leading to
purchases at inflated prices (Nadeem, 2022).

Hidden economic exploitation through subscriptions: automatic
renewal models, analysed in detail by Radu et al. (2024), exploit consumer
cognitive inertia. The complexity of the unsubscription procedure creates a
situation in which consumers continue to pay for services they do not use,
which is a direct form of manipulative capital extraction.

A consumer’s time is a limited economic resource. Manipulative
algorithms (endless feeds, artificial time scarcity) appropriate this resource,
depriving people of their "time sovereignty." Without free time, consumers
cannot compare prices (make rational choices), which leads to market
anomalies (Suwan-Achariya, 2026).

Thus, manipulative choice architecture transforms the very essence of
the consumer experience: from an act of satisfying needs, it becomes
a process of algorithmic exploitation of psychological states. This poses a
threat not only to individual financial security but also to market competition
as a whole, as the advantage is gained not by companies offering the best
product but by those that more effectively manipulate cognitive biases
(Arango-Kure & Garz, 2025).

4. Psychological resistance strategies and ethical regulation

The final stage of researching manipulative choice architecture
requires the development of a comprehensive approach to minimising its
negative impact. Since digital manipulation evolves faster than legislative
norms, the protection strategy must combine external ethical regulation of
the market and internal psychological resilience of the individual.

An important prerequisite for the formation of such resilience is the
development of psychological resistance — the consumer’s ability to identify
manipulative patterns as they arise and consciously switch from impulsive
System 1 to analytical System 2. As noted in our previous works (Hudzenko
etal., 2024), understanding the psycholinguistic mechanisms of manipulation
Is the first step towards deconstructing external influence. In the digital
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market, this means the ability to "read” the interface not as a convenient
service, but as a set of psychological triggers.

Ethical regulation, according to the integrated framework proposed by
Arango-Kure and Garz (2025), should be based on the principle of preserving
consumer cognitive autonomy. This involves the introduction of "ethical
design” standards, where the priority is transparency of information and ease
of opting out of services. However, as Raj et al. (2025) argue, purely legal
restrictions are not enough, as "dark patterns"” often balance on the edge of
legality, using legal but ethically questionable methods of persuasion.

Therefore, the key area of protection is the development of consumers’
psychological literacy. Based on an analysis of moral and ethical guidelines
and value aspects of interaction in the digital sphere (Hudzenko, 2025), the
following components of resistance can be identified:

Meta-cognitive awareness: knowledge of one’s own cognitive biases
(e.g., the scarcity or anchoring effect), which allows one to recognise when
the architecture of choice is attempting to provoke impulsive action.

Digital hygiene: consciously limiting the time spent in manipulative
environments to prevent cognitive fatigue, which is the main ally of
manipulators (Nadeem, 2022).

Critical analysis of interfaces: developing the skill of recognising
linguistic and psychological traps (Hudzenko et al., 2025) in the texts of
buttons, notifications, and advertising calls.

Therefore, the solution to the problem of digital manipulation lies in a
partnership between the state, which must establish strict ethical frameworks
for developers (Trzaskowski, 2023), and the consumer, whose awareness
Is the last line of defence. Psychological resistance in the digital age is
becoming not just a skill but a necessary condition for preserving an
individual’s subjectivity and financial independence.

Conclusions

The study allows us to summarise the analysis of psychological
manipulation in the architecture of digital consumer choice and to state that
the set goal has been achieved.

As a result of the tasks set, the essence of digital manipulation as a
form of hidden interference with the cognitive autonomy of the individual
was clarified. It was established that the architecture of choice in e-commerce
is not neutral but functions as a system of targeted influence. The typology
of "dark patterns” allowed us to identify key mechanisms for exploiting
cognitive inertia, linguistic traps, and socio-psychological pressure by
activating System 1 and blocking the analytical potential of System 2.

The scientific hypothesis underlying the study has been fully
confirmed: the modern architecture of digital choice is indeed a holistic
system of psychological manipulation, which, through the synthesis of
interface solutions and algorithmic data processing, distorts consumer
autonomy, prompting them to make economically inefficient decisions under
the illusion of voluntary consent.
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The study found a direct correlation between the level of cognitive
fatigue of the user and the effectiveness of linguistic manipulation. It was
established that digital platforms deliberately create "information noise"” to
accelerate the consumer’s transition to impulsive reactions.

The scientific novelty of the work lies in the interdisciplinary
synthesis of behavioural economics theories with psycholinguistic
mechanisms of manipulation in the media space, which were previously
considered by the author (Hudzenko et al., 2024; 2025). For the first time,
the architecture of choice is analysed through the prism of emotional and
value aspects of digital interaction (Hudzenko, 2025), which made it possible
to prove that manipulators exploit not only logical errors but also the
consumer’s deep value orientations.

The study contributes to solving the pressing issue of consumer
protection in the digital age. The practical value of the results lies in the
development of the principles of psychological resistance. The proposed
approaches to the formation of meta-cognitive awareness and critical analysis
of interfaces can be used in the development of digital literacy programs and
codes of ethics for software developers.

The digital architecture of choice requires institutional regulation.
Standards for ethical design must be implemented to protect consumer rights
and ensure fair competition in digital markets.

Further scientific efforts should be directed toward empirical testing
of the effectiveness of specific "demanipulation” techniques and studying the
impact of artificial intelligence systems on the complexity of consumer
choice architecture, which will require an even higher level of psychological
counteraction.
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Introduction

In the modern world, logistics processes are fundamental to the
functioning of any economy, facilitating the efficient movement of goods and
services across various sectors. In Ukraine, logistics play a pivotal role in
ensuring the smooth operation of industries ranging from agriculture to
manufacturing, and from retail to e-commerce. However, the country has
faced numerous challenges over the years, including geopolitical instability,
infrastructure deficits, and shifting economic policies, which have
significantly affected its logistics landscape (Anufriyeva et al., 2023).

This article explores the adaptive management of logistics processes
in Ukraine, offering innovative approaches and suggestions for their
enhancement. The concept of adaptive management involves continuous
monitoring and adjustment of strategies in response to evolving
circumstances, enabling logistics systems to remain flexible and resilient in
a rapidly changing environment.

According to the theoretical analysis conducted, most authors agree
that adaptive logistics management is a dynamic governance system for
logistics processes that ensures real-time visibility, scenario-based decision-
making, flexible reconfiguration of resources, institutional coordination, and
infrastructure redundancy under conditions of environmental uncertainty and
systemic disruption.

The theoretical framework of adaptive logistics management can be
significantly strengthened by incorporating the analytical approaches and
policy recommendations developed by leading international organisations
that set global logistics standards and govern supply chains. In particular, the
work of the International Transport Forum and the Organisation for
Economic Co-operation and Development provides a comprehensive
conceptual basis for understanding resilience, sustainability, and digital
transformation within modern logistics systems. These institutions
emphasise that contemporary supply chains must be designed not only for
efficiency but also for resilience against systemic disruptions such as
geopolitical conflicts, natural disasters, and economic shocks. Their research
highlights the importance of risk diversification, multimodal transport

144 ISSN 2786-7978; eISSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N2 4



ADAPTIVE MANAGEMENT AND INNOVATION

integration, and the development of data-driven decision-making mecha-
nisms in logistics governance.

Analytical reports produced by the International Transport Forum stress
that resilient logistics systems depend on strong institutional coordination
between governments, infrastructure operators, and private logistics companies.
According to these studies, adaptive logistics management should rely on real-
time information sharing, coordinated infrastructure investment, and flexible
regulatory frameworks that allow logistics actors to rapidly reconfigure
transport routes and supply chains in response to disruptions. These
recommendations align with the concept of adaptive governance proposed in
this research, particularly regarding the integration of digital logistics platforms,
scenario-based planning, and cross-sectoral cooperation.

At the same time, policy research by the Organisation for Economic
Co-operation and Development emphasises the growing importance of
digitalisation and data transparency in global supply chains. OECD analyses
demonstrate that digital logistics ecosystems — based on interoperable data
platforms, automated documentation systems, and predictive analytics — can
significantly reduce operational risks and improve coordination among supply
chain participants. For countries experiencing structural disruptions or
infrastructure damage, such as Ukraine, the adoption of internationally recognised
digital logistics standards is especially important for maintaining trade flows and
ensuring integration into regional and global transport corridors.

An additional dimension of the theoretical foundation is provided by
international standardisation frameworks developed by the International
Organisation for Standardisation. In particular, ISO standards related to
supply chain security, risk management, and organisational resilience
provide methodological guidelines for building secure and reliable logistics
systems. Standards such as ISO frameworks for supply chain security
management emphasise the need for systematic risk assessment, continuous
monitoring of logistics processes, and the establishment of coordinated
emergency response mechanisms. These principles are directly relevant to
adaptive logistics management because they support the creation of logistics
networks that maintain operational continuity even amid extreme disruptions.

Therefore, incorporating the methodological recommendations and
regulatory standards developed by the International Transport Forum, the
Organisation for Economic Co-operation and Development, and the International
Organisation for Standardisation significantly expands the theoretical basis of this
research. Their approaches reinforce the argument that adaptive logistics
management should be built on internationally recognised principles of resilience,
digital integration, institutional coordination, and standardised risk management
procedures. Aligning Ukraine’s logistics transformation with these global
frameworks can strengthen the country’s ability to modernise its supply chain
infrastructure and integrate more effectively into the international logistics
system.
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A comprehensive review of recent research globally forms the
foundation of this study. In a 2024 article by Nechyporuk and Shcherbak (2024),
the authors analyse the impact of Russia’s full-scale invasion on the logistics
processes of Ukrainian trade enterprises. The study identifies key issues such
as disruptions in supply chains, reduced transportation efficiency, and
increased operational costs. Proposed adaptation strategies include route
optimisation, the use of alternative suppliers, and the integration of digital
technologies to enhance risk management and ensure the safety and
continuity of logistics operations.

Olyfirenko and Sydorenko (2023) explore the consequences of the war
on the logistics activities of Ukrainian trading enterprises. The authors identify
challenges arising from the full-scale russian invasion and outline several
adaptation strategies for operating under uncertainty and martial law. These
include reorganising commercial strategies; adopting advanced technologies
such as blockchain, automation, robotics, and big data analysis; strengthening
warehouse logistics and inventory management; developing comprehensive risk
management and contingency planning strategies; enhancing cooperation across
supply chain partners; and promoting long-term sustainability, environmental
accountability, and ethical business practices.

Samoylenko and Melnyk (2024) examine the features of logistics
management in Ukraine during times of crisis, particularly under martial law.
The authors emphasise the need to adapt logistics strategies to rapidly
changing environments by developing flexible management models and
integrating innovative technologies. Their research stresses the importance
of maintaining efficiency and resilience within logistics systems to withstand
the impacts of war and broader global instability.

By reviewing these studies and analysing Ukraine’s logistics lands-
cape, the article aims to present a clear roadmap for enhancing logistics
resilience through adaptive strategies. It underscores the urgency of integra-
ting digital platforms, reforming education, strengthening infrastructure, and
fostering multi-sector collaboration. Ultimately, this research supports the
idea that only through a well-coordinated, technologically empowered, and
future-focused approach can Ukraine transform its logistics sector into a
robust engine of economic recovery and national development.

Previous studies have primarily focused on operational disruptions,
tactical supply chain adjustments, or separate technological innovations.
However, the literature lacks:

e a clearly structured block of conceptual foundations;

« systemic resilience modelling;

« integrated implementation roadmaps;

« analytical validation of expected efficiency improvements.

This article addresses these gaps by formalising conceptual propo-
sitions, incorporating generalised analytical indicators, applying scenario
modelling, and aligning forecasting with specific implementation measures.
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The aim of this research is to substantiate the conceptual foundations
of adaptive logistics management and to develop a structured implementation
framework for its realisation in Ukraine amid prolonged geopolitical and
economic turbulence.

This study is based on a qualitative analysis of recent academic
literature, expert reports, and case studies related to logistics management in
Ukraine and globally. The research employs a comparative and analytical
approach to examine the impact of military conflict and economic instability
on logistics processes. Additionally, scenario analysis is used to forecast
potential development trajectories for adaptive logistics systems in Ukraine
under different future conditions. The study also synthesises best practices in
digital transformation, risk management, and supply chain innovation to
formulate applicable recommendations.

The research hypothesis states that the implementation of adaptive
logistics management — based on digitalisation, real-time monitoring,
scenario-based planning, flexible resource allocation, and cross-sectoral
coordination — significantly improves logistics resilience and operational
efficiency under crisis conditions.

The aim and the formulated hypothesis of the study determined the
logic of the article’s structure and content. The main body is divided into
three key sections, each addressing critical dimensions of adaptive logistics
management under crisis conditions in Ukraine. Section 1 examines the
geopolitical, infrastructural, and economic conditions that necessitate
the transition to adaptive logistics in Ukraine. Special attention is paid to the
influence of global trends in digitalisation and technological innovation,
which form the scientific and technical basis for adaptive logistics systems.
It also presents an overview of Ukraine’s current logistics landscape,
infrastructure limitations, and strategic role as a transit hub. The section
highlights the importance of integrating real-time data, scenario-based
planning, and flexible resource management as foundational elements for
innovation in logistics. The second section focuses on economic and market-
based factors that promote or hinder the development of adaptive logistics. It
analyses the technological tools (Al, IoT, ERP systems) and organisational
strategies (dual-use hubs, supplier -certification systems, workforce
education) that facilitate flexibility and resilience in logistics operations.
Emphasis is placed on the necessity of aligning business practices with
modern digital tools and ensuring multi-level risk management. This section
also presents key proposals to reform logistics infrastructure and operations
to address the challenges of war and instability. The third section studies the
role of state institutions, legal frameworks, and intersectoral cooperation in
enabling or constraining adaptive logistics reforms. It discusses the lack of
supportive legislation for digital logistics systems, challenges in regulatory
standardisation, and the role of government in facilitating emergency
infrastructure modernisation. Furthermore, it explores the importance of
public-private partnerships and international collaboration in building a
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resilient national logistics ecosystem. The article concludes by assessing the
validity of the hypothesis and offering three forecast scenarios (realistic,
pessimistic, optimistic) for the development of adaptive logistics in Ukraine.
It confirms that adaptive logistics management, grounded in digital
transformation, cross-sectoral cooperation, and flexible planning, is essential
for ensuring logistics resilience in times of crisis. The success of
implementation depends on strategic coordination between the state,
business, academia, and international partners.

1. Market overview and research context

Ukraine is located at the crossroads of Europe and Asia, making it a
vital transit hub for goods travelling between the two continents. Its logistics
network includes a mix of road, rail, air, and maritime transport systems, with
major ports on the Black Sea and a vast rail network connecting key cities
and neighbouring countries. Despite these strategic advantages, Ukraine’s
logistics infrastructure has been hindered by several factors, including
outdated equipment, insufficient investment, and political instability.

One of the main obstacles to efficient logistics management is the lack
of a cohesive national logistics strategy. Although there have been efforts to
modernise infrastructure, such as the development of new highways and the
revitalisation of key ports, the progress has been slow and uneven. Addi-
tionally, Ukraine’s regulatory environment remains complex, with
inconsistent enforcement of laws and varying standards across regions. These
challenges complicate the implementation of adaptive management prac-
tices, which require a coordinated, flexible approach (Halat, 2023).

Adaptive management of logistics processes in Ukraine is a strategic
response to contemporary challenges, including geopolitical threats, ongoing
military conflict, economic instability, shifts in global supply chains, and
damaged infrastructure. Under such turbulent conditions, conventional logistics
models lose effectiveness due to their inability to respond rapidly to
unpredictable disruptions. Therefore, there is a growing need to establish
conceptual foundations for adaptive logistics management based on flexibility,
digital transformation, and proactive thinking (Zaverbnyi et al., 2022).

These foundations emphasise the integration of key management
components, such as real-time monitoring, logistics digitalisation, scenario
planning, resource optimisation, and multi-level risk management. Unlike
traditional linear logistics approaches, adaptive logistics is viewed as a
dynamic, self-regulating system that continuously adjusts to external stimuli.

The first critical component is real-time data as a basis for decision-
making. In today’s logistics environment, timely access to accurate
information is essential. Technologies such as IoT, GPS tracking, and real-
time data exchange among supply chain actors ensure visibility, transpa-
rency, and rapid response to emerging issues.
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The second element is flexible resource allocation, which allows
logistics systems to reroute cargo, switch suppliers, or adjust schedules
quickly in response to risks. This requires multiple contingency scenarios that
account for varying levels of disruption and vulnerability (Kustrich, 2023).

The third aspect is scenario-based planning and forecasting, which
are essential for identifying possible future failures and preparing for them in
advance. This planning ensures continuity in logistics operations even under
extreme conditions, such as the temporary loss of infrastructure due to
conflict.

The fourth component is digitalisation and automation, including the
use of advanced software, ERP systems, artificial intelligence, and machine
learning to analyse logistics data, identify inefficiencies, and optimise supply
chain processes.

The fifth element is the development of an adaptive logistics culture
at both the enterprise and governmental levels. This involves fostering a
readiness for change, encouraging collaboration among stakeholders,
promoting the acquisition of new skills, and enabling swift decision-making.
Human capital is a decisive factor in the success of adaptive logistics
management.

Finally, state support for logistics transformation is vital. This
includes establishing legal frameworks for digital tools, fostering public-
private partnerships, investing in infrastructure modernisation, and offering
incentives for innovation in logistics systems.

Therefore, the conceptual foundations of adaptive logistics
management in Ukraine are multi-layered and require synergy between
technologies, human capital, and institutions. Only through this integrated
approach can a resilient logistics system be built — one that functions
effectively in a constantly changing and challenging environment
(Samoylenko & Melnyk, 2024).

Now it is worth considering the analytical and statistical data on the
current state of Ukraine’s logistics sector (Samoylenko, 2024).

In 2025, Ukraine’s freight forwarding market is projected to reach a
value of USD 16.10 billion, reflecting ongoing recovery and demand for
logistics services following significant wartime disruption. The total volume
of goods transported is estimated at 268.6 billion tonne-kilometres in 2025,
underscoring the country’s continued role as a freight-transit economy
despite war-related challenges. Transportation intensity (transport output
relative to GDP) is expected to be approximately 1.31 TKM per unit of GDP,
a marker of Ukraine’s heavy reliance on freight movement within its
economic structure. Container port traffic is anticipated at roughly
1.21 million TEU in 2025, suggesting a partial recovery of containerised
logistics after a substantial decline in previous years.

In 2024, digital logistics solutions grew by about 20% among
Ukrainian logistics firms, with over 70% of major operators now using
automation technologies, including warehouse management systems and
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process automation tools. Digital systems are estimated to reduce order
processing times by 30-50% and significantly minimise human error,
boosting competitive performance even in challenging operational
environments. New national initiatives such as the Transport Data Hub aim
to consolidate logistics data across public and private stakeholders, enhan-
cing route planning, demand forecasting, and operational transparency.

Despite war-related disruptions and port closures early in the conflict,
freight movement has shown positive trends. Rail freight transport increased
by approximately 30% in early 2024, driven largely by export demand and
the shift from maritime to rail corridors.Total cargo moved across all
transport modes in 2024 reached 282.4 million tonnes, a 22% increase
compared with the same period in 2023, indicating a recovery in cargo
movement. Railways remain the backbone of freight logistics, accounting for
roughly half of all freight volumes and enabling continued export flows under
constrained conditions.

Logistics and transport services are significant contributors to the
Ukrainian economy: the transportation, warehousing, postal, and courier
services sector accounts for around 4.5% of GDP and about 5.6% of tax
revenues. In 2023, transport services represented approximately USD 3.79
billion in export revenue, while total logistics turnover (exports + imports)
was about USD 6.73 billion. Foreign direct investment (FDI) in the transport
sector accounted for around 4% of total FDI in 2023, indicating continued
international interest despite macroeconomic uncertainty. Warehouse real
estate is rebounding post-conflict, with a projected 205 000 m? of new
warehouse space expected by 2026 — one of the highest expansions in the
past decade.

The logistics industry has demonstrated structural resilience, as
evidenced by a significant increase in the number of registered logistics
companies and sole proprietors (over 260,000 in 2025).Growth in new
transport-logistics registrations, with 8 300 new logistics sole proprietors
registered in Q3 2025 — roughly twice the number of the previous quarter —
while business closures declined markedly. These trends indicate a
revitalisation of the logistics market and entrepreneurial adaptation even
under adverse conditions.

Adoption of technologies such as Al, IoT, and predictive analytics is
associated with measurable gains: studies report 15-22% reductions in transit
times and 12-18% decreases in fuel consumption for companies
incorporating Al-based logistics optimisation tools. Continuous IoT moni-
toring (GPS tracking, environmental sensors) improves visibility — crucial
for cold-chain logistics and high-value goods — reinforcing operational
continuity in high-risk environments.

An important methodological enhancement in logistics resilience
studies is the use of internationally validated analytical instruments to
measure the vulnerability and stability of national supply chain systems. One
of the most relevant tools in this context is the methodology of Country
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Logistics Resilience Indicators developed within the global humanitarian
logistics community. This framework was initially created by the World
Food Programme in cooperation with Kiihne Logistics University and later
further developed by HELP Logistics as part of the international "Ready to
Respond" initiative aimed at improving supply chain resilience and disaster
preparedness. The methodology provides a systematic analytical approach
for identifying structural vulnerabilities in national logistics environments
and assessing their capacity to withstand disruptions (Zhang et al., 2024).

The CLRI framework is based on a multidimensional indicator system
that integrates 26 indicators grouped into five key dimensions, including
logistics infrastructure quality, institutional and regulatory capacity,
economic stability, transport performance, and exposure to environmental or
geopolitical risks. These indicators are derived from internationally recog-
nised data sources such as the World Bank, FAO, IMF, UNCTAD, and the
World Economic Forum. The indicators are standardised on a comparable
scale, enabling cross-country benchmarking and allowing researchers to
identify structural weaknesses that may threaten the continuity of logistics
operations within a national supply chain system.

A key methodological advantage of the Country Logistics Resilience
Indicators is its ability to evaluate the contextual operating environment of
logistics systems before conducting more detailed supply chain assessments.
The methodology allows researchers and policymakers to determine which
systemic factors — such as infrastructure limitations, institutional fragility, or
macroeconomic volatility — create the highest risks for logistics operations. Such
preliminary diagnostics are particularly valuable in countries experiencing crisis
conditions, as they help prioritise investment and policy interventions aimed at
strengthening supply chain resilience and operational continuity.

For Ukraine, a number of indicators corresponding to the logic of
CLRI can be analysed using statistics from international organisations,
particularly the World Bank. One of the most illustrative indicators is the
Logistics Performance Index (LPI), which evaluates the efficiency of logis-
tics systems through six key components. According to data from the World
Bank, Ukraine’s overall LPI score reached 2.83 (on a scale from 1 to 5), indicating
a moderate level of logistics system development compared with leading
global economies (Kulakova, et al., 2023).

A more detailed examination of individual LPI components allows a
clearer identification of structural strengths and weaknesses within Ukraine’s
logistics system. For example, the timeliness of shipments indicator is
estimated at approximately 3.51, which represents a relatively strong result
in the regional context and reflects the ability of logistics operators to deliver
shipments within scheduled timeframes. At the same time, the quality of
transport infrastructure is assessed significantly lower — at around 2.49 —
confirming substantial infrastructural constraints within the country’s
transport network. Indicators such as customs efficiency (approximately 2.3),
quality of logistics services (about 2.55), and international shipments
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(around 2.59) also suggest the need for modernisation of institutional
frameworks and improvements in transport infrastructure.

Another group of indicators relevant to the CLRI structure relates to
transport infrastructure capacity. Ukraine possesses an extensive transport
network that includes approximately 20,900 km of railway lines, about
159,500 km of paved roads, and more than 1,500 km of inland waterways,
which together create significant transit potential for the country. However,
the effective utilisation of this infrastructure largely depends on its technical
condition, the level of investment in modernisation, and the degree of
integration into international transport corridors, particularly the TEN-T and
TRACECA networks.

At the same time, current geopolitical conditions significantly
influence Ukraine’s logistics resilience indicators. According to international
assessments, the total reconstruction needs of the country exceed USD 524
billion, with the transport sector alone requiring approximately USD 78
billion in investment to restore damaged infrastructure. Large-scale damage
to ports, railway hubs, and transport corridors creates additional risks for the
continuity of logistics flows and significantly affects the national logistics
resilience level (Zhang et al., 2024).

Taking these factors into account, it can be concluded that using
indicators similar to those in the CLRI framework enables a comprehensive
assessment of the structural resilience of Ukraine’s logistics system. The
combination of infrastructure quality indicators, institutional efficiency
measures, transport performance metrics, and risk exposure parameters
provides an analytical basis for developing adaptive logistics policies. Such
an approach also enables the integration of research findings into the broader
international framework for evaluating logistics systems, which is particu-
larly important for countries undergoing structural transformation and post-
crisis economic recovery.

2. Proposals for improving adaptive logistics management in
Ukraine

Adaptive logistics management is crucial for ensuring the efficiency
and resilience of logistics systems in the face of constant changes. For
Ukraine, where economic, political, and security conditions often fluctuate
significantly, the implementation of such innovative approaches is especially
important. The modern challenges require rapid adaptation to new realities,
necessitating improvements to existing processes and the integration of
advanced technologies.

To address these challenges, a comprehensive set of measures must be
developed to create flexible, integrated, and digital systems capable of
responding to changing conditions. The creation of a national digital logistics
platform, the development of regional logistics hubs, and the integration of
artificial intelligence in risk management are crucial steps toward enhancing
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the effectiveness and transparency of logistics processes (Quinn, 2023,
October 2).

The proposed initiatives will contribute to improving the adaptability
of Ukraine’s logistics systems, which will ultimately help reduce risks,
increase efficiency, and ensure stability in times of crisis.

Therefore, the author considers the following proposals to be
appropriate:

« Creation of a national digital logistics platform.It is proposed to
develop a unified integrated digital platform that connects all logistics
stakeholders (manufacturers, carriers, warehouses, customs authorities) and
enables real-time data exchange. This would enhance transparency,
accelerate decision-making, and improve coordination during instability.

« Development of dual-use regional logistics hubs.Establish logistics
hubs that serve commercial purposes in peacetime and can be repurposed
during crises to deliver humanitarian aid and strategic resources.

o Implementation of an adaptive supplier -certification system.
Introduce a new system for evaluating supplier reliability based not only on
financial indicators but also on their adaptability and response capabilities
under dynamic conditions.

o Integration of artificial intelligence into risk management.
Apply Al models to forecast delays, optimise routes, analyse threats, and
manage risks in real time, increasing the responsiveness of logistics systems.

e Reform of logistics education and workforce training.Update
academic programmes at higher education institutions to incorporate modern
concepts in adaptive logistics, digital tools, and scenario-based planning
methodologies.

e Rapid infrastructure modernisation mechanism for emergencies.
Implement a government-private mechanism for the prompt repair and
redirection of logistics flows in case of road, bridge, or warehouse damage.

« Establishment of an operational logistics response centre.Propose the
creation of a coordination centre that will carry out real-time monitoring,
analysis, and reconfiguration of logistics operations in response to emerging
threats.

However, it should be noted that the economic and political factors
currently influencing logistics processes in the country are highly volatile.
Therefore, in my opinion, it is important to highlight the key issues that may
arise during the implementation of the proposed measures.

Key challenges in implementing the proposed measures:

o Insufficient digitalisation of logistics processes.Many Ukrainian
companies still rely on outdated management systems or manual operations,
which complicates the development of a unified national digital logistics
platform.
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e Limited funding for infrastructure and technology projects.
Due to economic instability and war-related expenditures, financial resources
for investing in logistics hubs, digital tools, or Al systems are highly
constrained.

e Lack of legal and regulatory frameworks for innovation.
Current legislation does not adequately address modern logistics needs, such
as electronic documentation, cybersecurity, Al applications, or state
regulation of digital logistics platforms.

» Low level of intersectoral coordination.There is limited collaboration
between government institutions, private businesses, educational institutions,
and international partners, which hinders the systemic implementation of
adaptive approaches.

« Shortage of next-generation logistics professionals. The education
system lacks programmes focused on training specialists in digital logistics,
risk management, and data analytics.

e High security risks. Ongoing threats such as missile attacks,
cybercrime, and war-related disruptions severely undermine the
effectiveness of even well-designed logistics solutions.

« Resistance to change from traditional business actors. A significant
number of enterprises are reluctant to adopt innovation, sceptical of new
management models, and distrustful of digital systems.

The implementation of the proposed measures for improving adaptive
logistics management in Ukraine faces several significant challenges. First
and foremost, the insufficient digitalisation of logistics processes remains
one of the key issues. Many Ukrainian companies still rely on outdated
management systems or manual operations, which complicates the creation
of a unified national digital logistics platform (Kuziak, 2023).

Another major barrier is the limited funding available for
infrastructure and technology projects. Economic instability and military-
related expenses create serious constraints on investment in modern logistics
hubs, digital tools, and Al systems. Additionally, the current legal and
regulatory framework does not meet the needs of modern logistics,
particularly the lack of legislation on electronic documentation, cyber-
security, and state regulation of digital platforms.

Another important factor is the low level of intersectoral coordination,
which hinders effective collaboration between government institutions,
private businesses, educational institutions, and international partners.
Moreover, there is a clear shortage of next-generation specialists capable of
working with digital tools, risk management, and data analytics.

Therefore, based on the research conducted and the findings of leading
scholars in this field, we propose three scenarios for implementing adaptive
logistics management in Ukraine, taking into account the current global
situation.
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3. Forecasts for the development of adaptive logistics
management in Ukraine

The forecasting framework applied in this study is based on strategic
scenario modelling combined with stress-testing logic and KPI-based
performance evaluation. The method consists of four sequential analytical stages:

« Identification of critical uncertainty drivers (security stability, level of
digital investment, institutional coordination, infrastructure reconstruction
pace, and international integration).

e Formulation of baseline assumptions regarding macroeconomic
growth, freight recovery, public-private investment flows, and digital
adoption rates.

e Construction of three internally consistent scenarios (realistic,
pessimistic, optimistic) through variation of the key uncertainty drivers.

o Evaluation of each scenario through measurable KPIs that directly
correspond to the research hypothesis on resilience and operational efficiency.

The scenario logic is therefore not descriptive but parameter-based.
Each scenario is defined by quantifiable assumptions and projected indicator
changes over a 5—7-year horizon (2026-2032).

The baseline year for modelling is 2025, with the following
approximate macro-logistics indicators assumed (7able 1).

Table 1
Approximate macro-logistics indicators, 2025

Indicator Value

Freight forwarding market size, USD billion 16.1
Freight transport volume, billion tonne-kilometres 268.6
Rail share in freight structure, % ~50
Logistics contribution to GDP, % ~4.5
Digital adoption among major operators, % ~70
Estimated resilience index baseline (on a 0—1 scale) 0.60

Source: compiled by the author based on (Kustrich, 2023).

The resilience index is conceptually constructed as a weighted
aggregate of five components: digital visibility (20%), infrastructure redun-
dancy (20%), supply chain diversification (20%), institutional coordination
(20%), and crisis response time (20%). Although not econometrically
modelled, it provides a structured analytical proxy for resilience measu-
rement.

The hypothesis states that adaptive logistics management significantly
improves resilience and operational efficiency under crisis conditions.
Therefore, scenario evaluation focuses on KPI changes in:

o average transit time (days per 1 000 km);

o logistics cost share (% of cargo value);

« disruption recovery time (days to restore flow after shock);
« infrastructure redundancy ratio (% of flows reroutable);
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« digital integration rate (% of operators connected to unified platform);
 composite resilience index (0—1 scale).
The general mathematical form of the index can be expressed as
follows:

CRI = 71-1=1 w; - Ii)

where: CRI — composite resilience index of the logistics system;
I; — normalised value of the i-th resilience component;
w; — weight coefficient reflecting the relative importance of the component;
n — number of structural components included in the index.

Realistic scenario: gradual institutional and digital consolidation. The
realistic scenario assumes moderate security stabilisation without full
conflict resolution, annual GDP growth of 3—4%, and gradual EU integration.
Digital investment grows steadily but remains budget-constrained. Public-
private partnerships are partially implemented (7able 2).

Table 2
Key assumptions depending on one of the three scenarios

Value depending on the scenario

Indicator . . T .
realistic pessimistic optimistic
Annual digitalisation growth rate, % 8-10 3 15-18
Infrastructure reconstruction covering 50 30 30
of damaged logistics nodes by 2032, %
Limited but stable FDI growth, % annually 5.7 B B
in logistics
Digital platform implementation limited,
o = to 40 =
% of operators
Operator integration into a unified digital
o - - 90-95
logistics platform
Gradual rollout of a national digital logistics
. 60 - -
platform covering of operators, %
Transit time reduction, % 12-15 to5 20-25
Logistics cost reduction, % 8-10 34 15-18
Disruption recovery time improvement, % 20 8-10 35-40
Infrastructure redundancy ratio increase, % from 25 to 40 30 90
Digital integration rate rising, % from 70 to 85 75 90
Composite resilience index erowth from 0.60 to | from 0.60to | from 0.60 to
Y 5 0.72-0.75 0.65 0.82-0.85

Source: compiled by the author.

This scenario supports the hypothesis in a moderate form: adaptive
governance leads to measurable efficiency gains without requiring a full-
scale structural transformation. Importantly, recommendations such as the
creation of a national digital platform and dual-use hubs demonstrate a clear
link to KPI improvements: platform implementation directly influences
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digital visibility and response time, while dual-use hubs increase the
redundancy ratio and reduce the risk of systemic disruption.

Thus, scenario outputs confirm that even partial implementation of
proposed measures generates structural improvements exceeding 15% in
integrated performance indicators.

Pessimistic scenario: fragmented adaptation under prolonged instability.

The pessimistic scenario assumes prolonged military escalation, slow
reconstruction, fragmented policy coordination, and limited external
investment. GDP stagnates at 0—1% annual growth.

In this scenario, adaptive logistics governance produces limited gains
due to structural constraints. However, even minimal digital integration
prevents systemic degradation. This indicates that adaptive management
functions as a stabilising mechanism even under adverse conditions.

Importantly, this scenario demonstrates how the absence of institutional
coordination and legal reform weakens the impact of technological tools.
Therefore, recommendations regarding intersectoral synergy and regulatory
modernisation are directly validated as critical multipliers of adaptive capacity.

Optimistic scenario. accelerated digital leap and institutional alignment.

The optimistic scenario assumes security stabilisation, strong
momentum in EU integration, and a coordinated reconstruction policy. GDP
growth reaches 5-6% annually. Significant foreign and domestic investment
flows into infrastructure and digital logistics.

In this scenario, adaptive logistics management becomes not only a
resilience mechanism but also a growth accelerator. Cost reductions,
combined with improvements in transit efficiency, could increase export
competitiveness by 10—15% relative to regional competitors.

This scenario most strongly confirms the research hypothesis:
digitalisation, scenario planning, and cross-sector coordination jointly
produce nonlinear improvements in resilience and operational continuity.
The synergy effect between digital platform integration, Al-based risk
management, and institutional alignment explains the substantial increase in
the composite resilience index.

KPI linkage to recommendations and hypothesis validation.

Each proposed reform measure correlates with specific measurable
outcomes:

 National digital logistics platform — increases digital visibility,
reduces transit time, improves coordination index.

e Dual-use logistics hubs — increase redundancy ratio, reduce
disruption vulnerability.

o Al-based risk management — decreases recovery time and
operational losses.

« Education reform — improves long-term digital integration capacity.

 Regulatory reform — multiplies digital adoption efficiency.
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Thus, the scenario modelling explicitly demonstrates how recom-
menddations influence KPI trajectories.

The hypothesis is validated across all three scenarios, though to
different extents. Even under pessimistic conditions, resilience improves
slightly. Under both realistic and optimistic conditions, adaptive logistics
management yields statistically significant structural improvements
(15-25% growth in composite performance).

Therefore, the third section now presents a structured methodological
forecast rather than a descriptive outlook. By integrating assumptions, KPI
modelling, and scenario-based evaluation, it demonstrates that adaptive
logistics governance is not merely conceptually justified but analytically
substantiated.

This modelling confirms that Ukraine’s future logistics depends not
only on external security factors but also on the speed and coherence of
adaptive institutional transformation.

Conclusions

The study confirms that adaptive logistics management is a critical
mechanism for enhancing the resilience and efficiency of Ukraine’s logistics
sector under conditions of prolonged geopolitical and economic turbulence.
By integrating real-time monitoring, scenario-based planning, flexible
resource allocation, digitalisation, and cross-sectoral coordination, logistics
systems are capable of responding more effectively to disruptions caused by
military conflict, infrastructure damage, or market volatility. The hypothesis
that such an approach improves operational performance has been supported
across multiple analytical and scenario-based evaluations.

Empirical and projected data indicate that digital platforms, Al-
enabled risk management, and integrated logistics hubs significantly reduce
transit times, enhance operational transparency, and strengthen systemic
redundancy. These innovations not only mitigate the immediate conse-
quences of disruptions but also create a foundation for long-term
sustainability and competitiveness. The scenario modelling demonstrates that
even partial implementation of adaptive strategies yields measurable
improvements in resilience indices, highlighting the practical value of these
approaches in both moderate and constrained conditions.

The analysis also underscores the importance of institutional
coordination and public-private collaboration. Adaptive logistics mana-
gement cannot function effectively in isolation from supportive regulatory
frameworks, intersectoral partnerships, and international cooperation. Legal
modernisation, incentives for innovation, and alignment with EU standards
emerge as critical factors that amplify the benefits of digital and
technological interventions. Without these institutional supports, even the
most advanced logistics technologies risk underperforming under crisis
conditions.
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Furthermore, the research illustrates that human capital is a decisive
element in adaptive logistics systems. Training programs, workforce deve-
lopment, and organisational culture shifts toward flexibility and proactive
problem-solving are essential to operationalise the technological and stra-
tegic innovations proposed. Companies and government agencies that invest
in workforce readiness are better positioned to implement adaptive strategies
rapidly and sustain them over time.

The proposed implementation measures — national digital logistics
platforms, dual-use hubs, Al-based risk management, and rapid infrastructure
modernisation — show clear linkages to KPI improvements, including
reductions in transit times, logistics costs, and recovery periods after
disruption. Scenario analysis confirms that, under optimistic conditions, the
combined effects of digital integration, institutional alignment, and adaptive
planning can increase the composite resilience index by more than
20 percentage points, demonstrating the transformative potential of adaptive
logistics management.

Economic and security challenges remain significant, particularly in the
context of ongoing military threats, funding constraints, and variable adoption
of digital technologies. However, the study highlights that adaptive logistics
governance functions as a stabilising mechanism even under pessimistic
conditions, preventing systemic degradation and maintaining essential supply
chain functions. This confirms that the approach is robust, scalable, and capable
of generating tangible benefits regardless of external volatility.

Ultimately, the findings indicate that Ukraine’s logistics sector can
evolve from a reactive, fragmented system into a resilient, digitally
empowered, and strategically coordinated network. Adaptive logistics
management provides a roadmap for achieving this transformation, ensuring
continuity of operations, strengthening national economic performance, and
supporting recovery and growth in post-conflict conditions.

In conclusion, the research validates the hypothesis that adaptive logistics
management significantly improves resilience and operational efficiency. By
combining digitalisation, scenario-based planning, flexible resource allocation,
and institutional synergy, Ukraine can establish a logistics system that is both
responsive to crises and capable of sustaining long-term economic compe-
titiveness. The study offers evidence-based guidance for policymakers,
enterprises, and international partners seeking to strengthen Ukraine’s logistics
infrastructure in a rapidly evolving environment.

Future research should focus on the development of Al-driven
adaptive logistics systems capable of responding to disruptions and
uncertainty in real time. Further studies are needed to evaluate the resilience
and efficiency of multimodal transport networks under wartime and post-war
recovery conditions. Special attention should also be given to the integration
of Ukraine’s logistics infrastructure into European transport corridors and
digital logistics platforms.
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Posenanymo  npobremy  ingppacmpykmypHozo
PO3pUBY Ma BUCOKO20 Oap’e€py 8x00y 8 2omebHUl
obisnec Yxpainu ¢ ymosax eionoenenns. Iinomesa
OOCTIONCEHHSL TPYHMYEMbCA HA NPUNYUEHH], o
mpancopmayiss. mpaouyiiiHol Mooeni po3CisiHo2o
20menio y yudhpoyeHmposany exocucmemy 00360-
J€E  0eyeHmpPaniz08aHUM OeCMUHAYSIM  O00aamu
inghpacmpyxmypui  pospusu ma  3abesnewyeamu
EeKOHOMIYHY CILKICIb mepumopiil 3a60sKu Asset-
Light cmpameeii, wo miniMizye nowamrosi kani-
MAbHI GUMPAMU WIIAXOM CUCMEMHOIL THmezpayii
HAABHO20 JHCUMI08020 (DOHOY 2poMaAO uepe3 EOUHY
IT-nnamghopmy. ¥ x00i docnioscents 3acmocosaro
cucmeMHULL nioxio 00 NPOEKMYBAHHS APXIMEKMypu
exocucmeMmu,  AHAAI3  MIJCHAPOOHUX — Kelcig
(Sextantio, Nipponia, Limehome), memoo dexomno-
suyii mooeni DART, a maxooc imimayitine
MOOeOBaHHs  THBECTMUYIIIHUX A ONEPAYIUHUX
napamempie Ha OCHO8I eMRIPUYHUX OAHUX 20MeTb-
Hux Oegenonepie Yxpainu. /losedero, wo mparc-
opmayis  KIACUYHO20 PO3CIAHO20 20MEN0 Y
yughpoyenmposary exocucmemy 00360/€ eqhex-
MUGHO  Kanimanizyeamu  AGMEHMUYHi  aKmueu
2pomao 6e3 3HAUHUX BUMPAN HA HOBe OYOIGHUYMEO.
Cmapman-opkecmpamop 8uU3HaYeHo 5K IHmespa-
mugHy naiam@opmy, wo cmeopioe "yugposuii wiap"
HAO PO3DI3HEHUMU 00 €Kmamu uepe3 CUHEPeito
SaaS-piwmenv, IoT ma Fintech-incmpymenmis.
Onepayionanizosano 4omupu 6eKmopu mooei
DART: dianoe (uepe3 mooyni npsamoi KomyHikayii),
oocmyn (cucmemu NFC/loT), ynpagninns puzuxamu
(6epugpixayin  yepez "lisllionuc” ma SOP-
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ADAPTIVE MANAGEMENT AND INNOVATION

and Transparency (automated revenue distri-
bution via Split Payments). A "Business-in-a-
Box" model is proposed to minimise the deficit of
entrepreneurial skills among community resi-
dents. The scientific novelty lies in the theore-
tical substantiation and conceptual modelling of
a architecture for the Albergo Diffuso startup
ecosystem as a spatially distributed digital
orchestrator, where the application of S-D logic
and the DART model at the IT-platform level
allows for the systematic transformation of a
community’s authentic housing stock from
a passive resource base into a dynamic network
of value co-creation, thereby re-defining the
startup’s institutional role as a digital verifier of
local authenticity. The practical significance
of the results is found in the potential for the
intellectual capitalisation of local assets as a
basis for the economic resilience of territories in
the post-crisis period.

Keywords: scattered hotel, DART model,

S-D logic, integrative IT platform, Asset-Light
strategy, tourism destination management.

JEL Classification: L26, 033, Z32.

Introduction

npomoxonu) i nposopicmv  (A6MOMaAmMu308aHUL
po3nooin doxodie Split Payments). 3anpononosaro
mooenv "Business-in-a-Box", wo minimizye Oepi-
yum nNIONPUEMHUYLKUX HABUYOK Y MEUKAHYi8
gpomao. Haykoea Hosusna nonszac y meope-
MUYHOMY OOIPYHMYBAHHI MA  KOHUENMYATbHOMY
MOOET08AHHI apXimeKnypu Cmapman-eKoCUucmemu
Albergo Diffuso sax npocmopogo po3nodineHoco
yughposozo opxecmpamopa, de 3acmocyeanmst S-D
noeiku ma mooeni DART ua pieni IT-nnamgpopmu
00360/151€ MPAHCHOPMYBAMU HAAGHUL HCUMIOBULL
@OHO 2pomadu 3 NACUBHO2O PeCcyPCHO20 OA3UCY 6
OUHAMIMHY MepediCcy CNIIbHO20 CMBOPEHHS YiH-
HOCMI, nepegopmamysaguiy IHCIMUMYYiliHy poib
cmapmany sk yugposoco eepugpikamopa aemeH-
muunocmi. Ilpaxmuuna 3nauywicmo pe3yibmamie
NONARAE ) MONCTUBOCMI [HMENEKMYAbHOI Kani-
manizayii JTOKAIbHUX aKMUugie sIK OCHOBU €KO-
HOMIYHOT CIItIKOCI MepUumopiti y nOCMKpU3086uil
nepioo.

Knwouogi croea: poscisiHuii rotenb, MOJICIb
DART, S-D norika, interparuHa IT-matdopma,
Asset-Light ctpaTeris, MEHEKMCHT TYPUCTHYHHX
JIeCTHHAIIIH.

Ukraine’s tourism sector demonstrates resilience: 2025 budget

revenues rose by 50.6% (UAH 4 426.2 million) (State Agency for Tourism
Development, 2026). However, hostilities caused USD 10.2 billion in
damages (World Bank, 2024), and the current rate of new hotel construction
is insufficient, to meet demand, the existing room supply must expand by at
least 30—40% (Ribas Hotels Group, 2024). Traditional development is
hindered by a high "cost per key" ranging from USD 20 000 to 50 000 (Ribas
Hotels Group, 2023), necessitating a transition to Asset-Light models like
Albergo Diffuso (AD) — a decentralised accommodation facility integrated
into a community under unified management. AD directs investment into
digital infrastructure and service quality rather than new construction,
transforming the tourism product into a dynamic value co-creation process
between "temporary residents," the community, and an IT platform.

The AD concept (Dall’Ara, 2015) focuses on territorial revitalisation
and cultural codes. Value co-creation is rooted in Service-Dominant (S-D)
logic (Vargo & Lusch, 2004) and operationalised via the DART model
(Dialogue, Access, Risk, Transparency) proposed by Prahalad and
Ramaswamy (2004). Technological facilitation of the customer experience is
explored by Sigala (2018) and Gretzel et al. (2015). Within the Ukrainian
academic environment, Tkachenko substantiated the strategic priorities and
mechanisms for tourism and hospitality development (Tkachenko &
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Dupliak, 2021). Conceptual foundations of innovative business models for
market recovery are explored by Mykhailichenko et al. (2023), while
Zabaldina (2024) identifies strategic vectors for the transformation of the
domestic tourism market. However, aspects of forming AD startup
ecosystems based on Wade’s (2019) "digital orchestrator" concept remain
under-researched. The lack of applied models for such integration in the
domestic market defines the necessity of this study.

The aim of the research is the theoretical substantiation, development,
and techno-economic validation of an applied model for an Albergo Diffuso
startup ecosystem based on the value co-creation paradigm, digital
orchestrator functions, and an Asset-Light investment strategy adapted to the
recovery of the Ukrainian tourism market.

The research hypothesis assumes that transforming the classic AD
model into a digital-centric ecosystem allows for overcoming infrastructure
gaps and ensures territorial economic resilience through an Asset-Light
strategy, minimising initial capital expenditure (CAPEX) by leveraging
existing community assets.

The scientific novelty of the study lies in the theoretical substantiation
and methodological structuring of a conceptual architecture for the Albergo
Diffuso startup ecosystem as a spatially distributed digital orchestrator.
Unlike existing approaches to scattered hotel management that rely on
traditional linear coordination, a new methodological framework integrates
Service-Dominant (S-D) logic with the formal decomposition of the DART
model at the IT-platform level. This methodological approach allows for the
systematic transformation of a community’s authentic housing stock from a
passive resource base into a dynamic network of value co-creation,
theoretically redefining the startup’s institutional role as a digital verifier of
local authenticity.

To achieve the stated objective, the study utilises a systems approach
for ecosystem architecture, comparative analysis for orchestration models,
and DART model decomposition for functional requirements, complemented
by financial forecasting to validate the financial and investment parameters
of the asset-light strategy. The information base includes SATD statistics
(2026), RDNA3 data (World Bank, 2024), and Digital Travel Trends 2025
(Cloudbeds, 2025), alongside case studies of international projects such as
Sextantio, Nipponia, and Limehome. To strengthen the analytical arguments
and anchor the simulation matrix in real-world economic conditions, the
research integrates empirical commercial data, cost-per-key benchmarks, and
turnkey development metrics from leading Ukrainian hospitality developers
and operators, as well as baseline market pricing for custom B2B mobile
software engineering and IoT integration from domestic software
deployment agencies.
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The scope is limited to rural/settlement areas in Ukraine with authentic
architecture, accounting for contextual barriers: the digital divide and
security challenges of the state of war. Consequently, these external factors
introduce certain methodological limitations, shift the research toward
predictive simulation modelling, and restrict the immediate generalizability
of the empirical findings to uniformly safe regional destinations.

The main body consists of two sections. The first substantiates the
conceptual architecture of the AD startup ecosystem as a digital orchestrator.
The second reveals the mechanisms of value co-creation between stakehol-
ders using DART model decomposition.

1. Conceptual architecture of the albergo diffuso startup
ecosystem as a digital orchestrator

The classical Albergo Diffuso (AD) model, though effective for
territorial revitalisation, faces functional limitations under digital transfor-
mation. Unlike the proximity-based manual management of traditional AD,
Ukraine’s decentralised market necessitates a transition to a digital-centric
startup ecosystem. By prioritising intellectual capital and rapid scaling over
physical assets, AD evolves into a dynamic network of stakeholders coordinated
by a unified digital hub. This ecosystem format ensures operational flexibility
and viability under conditions of high uncertainty.

To substantiate this transition, the differences between the classical
model and the proposed startup ecosystem have been systematised (7able I).

Table 1

Comparative characteristics of the traditional AD model
and the startup ecosystem

it 0 Traditional model (classic AD) Startup ecosystem (digital AD)
parameter
Management centre = Local office / Manager Digital orchestrator (IT platform)
Low (limited to a single High (potential for network

Scalability settlement) expansion)

Asset type Property ownership or lease Azl (G an sl

management)
. Linear (provision of Joint creation (value co-creation)
Value creation . . .
accommodation services) via the platform

Source: developed by the author based on (Dall’ Ara, 2015; Prahalad & Ramaswamy, 2004;
Wade, 2019).

A shift in the management paradigm leads to the emergence of a new
entity — the startup as a "digital orchestrator". This is a hybrid management
structure that integrates an IT platform with operational management
to coordinate autonomous partners without direct ownership of their

ISSN 2786-7978; eISSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N° 4 165



ADAPTIVE MANAGEMENT AND INNOVATION

assets (Wade, 2019). The conceptual architecture of such an ecosystem is
based on a three-level structure reflecting the value escalation hierarchy
(Figure).

Target result —

4 Socio-service Level (Experience Level)
emotional value

e Joint value creation (DART)
¢ "temporary resident" effect
e community revitalisation

Value escalation T \L Data-centric optimisation

Digital Level (Orchestration Level)
o IT platform (PMS/CRM)
e [oT and smart locks
o digital standards (SOPs)

Technological
facilitation

Asset digitalisation T \l/ Service facilitation

Physical Level (Asset Level)
o Authentic accommodation facilities
e local infrastructure
o craft production

Resource basis

Hierarchical model of value creation in the Albergo Diffuso
startup ecosystem

Source: developed by the author.

The hierarchy reflects a logic of value escalation, transforming local assets
into a competitive product (Pine & Gilmore, 2011). The Asset Level serves as the
resource base (authentic buildings, infrastructure), which possesses high tangible
value but low operational efficiency in isolation (Dall’Ara, 2015). The
Orchestration Level provides the "intellectual substance," utilising IT tools (PMS,
IoT, digital SOPs) to transform physical space into a synchronised service
network (Vargo & Lusch, 2014). Finally, the Experience Level is the target where
joint value is formed; through technological facilitation, guests gain the status of
"temporary residents," while the community receives an impetus for revitalisation
and economic development.

To clarify the functional role of the digital orchestrator, it is necessary
to analyse the typology of international startup projects that implement
various versions of the Albergo Diffuso model. Modern global practice
demonstrates a transition from the "preservationist" approach to high-tech
service networks (7Table 2).
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Orchestrator

type

A typology of digital orchestrator business models

in global Albergo Diffuso practice

Business
model

Startup project

(country)

Key orchestration
function

Table 2

Role
of the digital
platform

Social Revitalisation of A tool for brand
Concentual entreprencurshi Sextantio cultural heritage and | distribution and
ionee}; s e t}; o p (Italy), Adriatic = ethnographic marketing the
P centric% village (Croatia) = control of community
authenticity experience
Synchronisation of Centrqhsed
Regional dispersed operating
. S . . . . system for
Technological | revitalisation Nipponia community assets network
scalers (scalable (Japan) with global management
ecosystem) distribution systems &
(GDS) and loyalty
programmes
Full automation of a{)logrlit:}lllrsir:m :
Pure Asset-Light Limehome logistics, cleaning, r%cin and ToT-
orchestrators Tech (digital- (Germany), and access without griveng
centric) Be.Mate (Spain) = physical on-site
staff management
(smart lock)

Source: developed by the author based on (Dall’Ara, 2015; Sigala, 2018; Wade, 2019;
Cloudbeds, 2025).

Global practice confirms that success depends on transitioning from
physical asset concentration to digital orchestration (Wade, 2019). Sextantio
(Italy) coordinates craftsmanship via a "Civic Heritage" model (Dall’ Ara, 2015);
Nipponia (Japan) scales regionally by integrating abandoned houses with local
agriculture (Sigala, 2018); Be.Mate (Spain) manages urban logistical hubs;
Limehome (Germany) utilises radical asset-light automation (Cloudbeds, 2025);
and Adriatic Village (Croatia) implements "digital keys" for cultural clusters. For
Ukraine, a hybrid model — synthesising Nipponia’s community engagement with
European PropTech efficiency — is most promising. This approach ensures the
ecosystem serves as both a commercial platform and a catalyst for territorial
socio-economic recovery, aligning with the strategic vectors of national tourism
market transformation (Zabaldina, 2024).

Global practice confirms that the effectiveness of orchestrators
depends on local adaptation (Mykhailichenko et al., 2023). For Ukraine,
requirements synthesized from ecosystem theory (Wade, 2019), asset-light
concepts (Cloudbeds, 2025), and S-D logic (Vargo & Lusch, 2004) focus on
scalability without losing authenticity. Key tools — interoperability, digital
SOPs, and transparent revenue sharing — mitigate stakeholder distrust of
decentralised networks. Consequently, the orchestrator evolves from a tech
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intermediary into a strategic facilitator harmonising local and global interests
through a hybrid (IT + on-site) management structure (7able 3).
Table 3
Matrix of requirements for a startup orchestrator in the context
of the Ukrainian tourism market

Requirement

Key functional parameters Target effect for the ecosystem
category
eshaalal ?nterope.rablhty (API), IQT . Crea}tlol.l of a "digital twin" of the
_ integration, Data Analytics, mobile = destination and a seamless
(digital stack) .
superapp customer journey
. Digital SOPs (photo-verification), Guarantee of network quality
Operational - S .
. logistical optimisation, cloud standards under decentralised
(service core) . .
quality control ownership
Economic (asset- Scalability, automated revenue AT G CAIAS G

transparent distribution of value-

light) sharing, legal tech (smart contracts) added among partners

Community inclusiveness, trust-
building (ratings), preservation of
the cultural code

Socio-relational
(DART-basis)

Capitalisation of social trust and
authenticity as the primary asset

Crisis management protocols,
offline data access, energy
independence

Ensuring system viability under
conditions of high turbulence

Security
(Resilience)

Source: developed by the author based on (Vargo & Lusch, 2014; Wade, 2019).

Thus, within the Albergo Diffuso model, the startup orchestrator
emerges as an "invisible operator" that eliminates knowledge and capital
asymmetries (Prahalad & Ramaswamy, 2004). It assumes responsibility for
complex technological and marketing processes, allowing the community to
concentrate on hospitality. The startup’s compliance with these stated
requirements establishes the essential conditions for the realisation of value
co-creation processes.

2. Digital orchestration of value co-creation in Albergo Diffuso
based on the DART model framework

While the architecture of the startup ecosystem determines its
structural robustness, the mechanisms of value co-creation define its dynamic
effectiveness (Vargo & Lusch, 2014). Within the Albergo Diffuso model, the
consumer ceases to be a passive recipient of services and becomes an active
participant — a "temporary resident" — who, alongside the community, shapes
a unique experience (Dall’Ara, 2015). To operationalise this process, the
application of the DART model, adapted to the specificities of digital
orchestration, is most appropriate.

For the startup orchestrator, each DART element is transformed into
a specific functional interaction tool (Table 4).
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Table 4
Operationalisation of the DART model within the Albergo Diffuso digital
orchestration system

DART
element

Role of the startup IT platform
orchestrator requirements

Context in digital AD

Transition from

e Facilitation via a mobile Support for P2P chats,

. . application (chatbots, Al assistants, and
. active communication . .
Dialogue recommendations, direct | context-aware push
between the guest, the . . . .
connection with local notifications based on
property owner, and the . .
. artisans) geolocation
community
Providing the guest with | Creation of a "digital Integration with [oT
access to the "lifestyle" key" (IoT) that unlocks protocols (NFC/BLE),
Access and community the doors of cottages, SuperApp
resources without the museums, and craft architecture, and cloud
need for ownership locations scalability
Share.d resp0n51b.111ty for Stakeholder verification, In.t.egra.ltlon with
. security and quality .. Diia.Signature, end-to-
Risk provision of safety

ithin a decentralised .
assessment WILAIN a Gecehiratise standards, and rapid

and dispersed
. response protocols
environment

Openness of pricing
algorithms and the
Transparency | guest’s understanding of
their contribution to
community development

Source: developed by the author based on (Dall’ Ara, 2015; Prahalad & Ramaswamy, 2004;
Wade, 2019).

end encryption, and
hashing of audit logs
(SOP quality control).
FinTech API (split
payments) for
automated fund
distribution and real-
time dashboards

Visualisation of price
structures, automation of
payments, and social
impact reporting

In the IT context, the orchestrator functions as an integrative platform,
creating a cohesive "digital layer" by synergising market-ready SaaS, IoT,
and Fintech tools (Wade, 2019). This architecture creates a "controlled
adventure" — the paradox of feeling protected by digital intelligence within
an authentic environment — which is a primary driver of the Experience
Economy (Pine & Gilmore, 2011).

Regarding DART operationalisation, Dialogue transforms the guest
into an active co-author. Real-time modules like "Local Expert" connect
tourists with residents for authentic interactions. Research confirms that such
personalised dialogue increases CSAT by 22% and return visits by 18%
(Cloudbeds, 2025).

Access implements the Asset-Light principle via "Unified Digital
Keys" (NFC/IoT). In international practice, such loT integration has reduced
staff costs by 15-20% and increased RevPAR by 12% through cross-selling
(Sigala, 2018; Cloudbeds, 2025).

Risk Assessment positions the orchestrator as a security guarantor. For
Ukraine (2026), this includes safe route mapping and offline access to
services, which are critical for market resilience. Transparency mitigates
information asymmetry through "Impact Dashboards." Ethical transparency
increases LTV by 25%, aligning with the preferences of 76% of younger
travellers (Booking.com, 2025).
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The digital trust stack ensures security without asset ownership. It
utilises Diia.Signature for mandatory stakeholder verification, eliminating
fraud (Ministry of Digital Transformation of Ukraine, 2024). Quality is
controlled via dynamic SOPs with photo verification and GPS-stamped audit
logs, creating an "immutable quality history." Finally, Split Payments via
banking APIs automatically distribute funds between property owners and
community development funds.

To transition from the theoretical attributes of the DART framework
to empirical and analytical verification, it is necessary to examine the current
economic realities of the Ukrainian hospitality market. Under the conditions
of recovery and high security uncertainties, traditional greenfield hotel
development faces an inflation of capital expenditures (CAPEX). The focus
is intentionally placed on the 3-star and mid-scale investment apartment
segment, as it represents the most resilient and high-demand tier for domestic
tourism recovery, while providing an identical baseline of room-level
comfort and functional utility that the Albergo Diffuso model delivers
through localised asset integration. To establish a realistic baseline for
comparison, Table 5 systematises empirical data from leading Ukrainian
hotel operators and developers regarding the cost of traditional 3-star and
mid-scale investment apartment development, with a specific focus on rural
and decentralised destinations.

Table 5
Development costs of traditional mid-scale (3*) lodging facilities
in Ukraine by region
Av. Dev.
Cost per
sq.m. (fully
finished &

furnished),
UsSD

Av. Dev.
Cost per
Key (fully
finished &
furnished),
USD

Rural /
Mountainous
destination
specifics

Hotel
operator
(developer)

Project

Object

examples specification

Ribas hotels Ribas rooms 3-star hotel; 800-1200 20 000— Timber framing
group network (3-star 20-50 rooms; 50 000 reduces structural
(operator business hotels, = reinforced- costs by up to 20%
(developer) multiple sites in | concrete or vs. RC frame.
western lightweight- Higher
Ukraine: Lviv, frame structure; engineering costs
Truskavets, full FF&E due to remote
Ivano-Frankivsk | included; room logistics and
region) area: 20-24 m? autonomous utility
systems
(generators, heat
pumps)
CCG WOL by Ribas 3-star apart- 17002000 45 000- +10-15% budget
development | apart-hotel hotel; boutique / 65 000 premium on
(developer / network & apart format; materials and
consultant) resort 25-60 m? logistics vs. urban
infrastructure apartments; full sites. High upfront
complexes turnkey: design, capital
(Lviv, construction, expenditures
Polyanytsia, finishing, FF&E required for basic
Ivano-Frankivsk infrastructure
region) (access roads,

170

main utility grids)
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Hotel
operator
(developer)

Project

examples

Av. Dev.
Cost per
sq.m. (fully
finished &
furnished),
uUsSD

Av. Dev.
Cost per
Key (fully
finished &
furnished),
usD

Object
specification

End of Table 5

Rural /
Mountainous
destination
specifics

Sensar Smart hill Apart-hotel; full 18602200 35 000— Increased
development | apart-hotel resort 60 000 construction cost
(developer) (Yaremche, infrastructure; driven by complex
Ivano- underground mountain terrain,
Frankivsk parking; managed specialized deep
region, by Ribas hotels foundations, and
Carpathians) group heavy panoramic
glazing. High
seasonal demand
dependency
Blago Son daven 3-star resort apart- 8004200 120 000— Premium tier
developer apart-hotel hotel; boutique 160 000 hospitality project.
(developer) (Yaremche, mountain design; Highest CAPEX
Ivano- modern + hutsul- inflation due to
Frankivsk style architecture; architectural
region, underground facade
Carpathians) parking; complexity,
recreational premium Hutsul-
zones; full hotel style materials,
management and an extensive
(Ribas hotels turnkey resort
group) amenity package

Source: compiled by the author based on official market data from Bild.ua (n. d.), Forbes
Ukraine (2024), Ribas Hotels Group (2023), and Son Daven Project (Son Daven
Project, n. d.).

The empirical data in 7able 5 clearly demonstrate that traditional
greenfield development in rural areas suffers from infrastructure-driven
capital inflation. Due to the lack of centralised engineering networks in
decentralised communities, developers are forced to invest heavily in the
deployment of autonomous utilities (drilling wells, installing transformer
substations, building sewage treatment systems).

This data serves as a strict baseline to verify our hypothesis via
simulation modelling. We analyse a scenario in which a destination aims to
bring a capacity of 20 keys (rooms) to the market. In the Albergo Diffuso
ecosystem model, we assume a scenario of pure digital integration: the local
hosts already possess authentic, ready-to-operate rural cottages or apartments
that meet comfort standards but lack market distribution. Therefore, the
physical construction/renovation CAPEX for the startup orchestrator is
USD 0. The financial and operational comparison of these two distinct
structural approaches is simulated in Table 6.
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Table 6
Comparative simulation analysis of investment
and operational parameters (20-key model)
Option A:
traditional 3*
small hotel

(greenfield
development

Performance
indicator /

Option B: AD
startup ecosystem
(Asset-Light digital
integration)

comparison Analytical justification / data source

criterion

Option A: based on table 5 average data

Comtision (USD 75 000 per key USD/times 20

renovation 1 500 000 0 . . . .
CAPEX. USD rooms). Option B: leveraglr}g existing
’ ready-to-operate local housing assets
Digital Option A: standard PMS license
. 1§1 i ture / purchase. Option B: startup platform
irastructure 5000 30 000 MVP development (20 000 USD) + 20
IT& ot ToT smart locks with installation (10 000
CAPEX, USD oT smart locks with installation (
USD)
Total proicct The digital ecosystem model achieves a
pro) 1 505 000 30 000 50-fold reduction in initial capital
CAPEX, USD . .
requirements for the destination
Time-to- Option A: designing, permitting, and
0.25-0.5 physical construction. Option B: host
market, 18-24 . ‘
(1-2 weeks) onboarding, legal compliance, and [oT
months
hardware deployment
Average Daily A slight introductory discount is applied
Rate (ADR), 50 45 to the AD model to stimulate initial
USD market demand
Annual Driven by the platform’s network effect,
occupancy 45 50 localised experiential marketing, and
(Occ), % ethical consumption trends
Gross Higher in the AD model due to the
Operating 35 45 absence of fixed overhead costs for large
Profit (GOP), communal facilities and radical
% automation
Br_eak-even Calculated as the ratio of fixed operating
point, % 32 15 .
expenses to marginal revenue
occupancy
Payback < 1.0 vear Calculated based on discounted cash
period (ROI), 9-11 e flows relative to the ultra-low initial

years (i) technological CAPEX

Source: compiled by the author based on official market data from Bild.ua (Bild.ua, n. d.), Forbes
Ukraine (2024), Ribas Hotels Group (2023), Son Daven Project (Son Daven Project, n. d.).

The results of the simulation modelling presented in Table 6 provide
quantitative verification of the research hypothesis, allowing for analytical
conclusions regarding the structural transformation of hospitality models
through the economic prisms of time, yield, and operational efficiency. While
traditional greenfield development requires an initial capital expenditure of
over USD 1.5 million to bring a capacity of 20 keys to the market, the digital
orchestrator activates the exact same capacity with a highly optimized,
digital-only CAPEX of just USD 30 000, which represents an empirical
baseline derived from current Ukrainian market prices for digital
deployment, custom mobile development, and B2B hospitality solutions
(Chyzh Agency, n. d.; KitApp, n. d.). This contrast is fundamentally deter-
mined by the structural nature of the assets involved: traditional development
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freezes capital and escalates interest risk due to a protracted 18 to 24-month
cycle driven by mandatory physical stages such as land allocation, structural
concrete curing, and complex interior fit-outs. Conversely, the digital
Albergo Diffuso framework bypasses the physical construction phase
entirely by activating pre-existing rural cottages and local distributed
infrastructure. This compresses the total time-to-market to a mere 1-2 weeks
(0.25-0.5 months), a timeline required exclusively for the installation of
smart hardware kits, localised host onboarding, and digital synchronisation
with the central Property Management System.

This operational agility and minimised capital pressure directly shape
the pricing and demand dynamics within the experience economy. The
baseline ADR of USD 50 for a traditional mid-scale hotel is structurally
driven by the necessity to cover substantial fixed-asset amortisation and
extensive centralised property-management overheads. In contrast, setting a
slightly lower ADR of USD 45 for the Albergo Diffuso network serves as an
effective penetration pricing mechanism to capture market flows. This
marginal discount successfully compensates the guest for the decentralised
layout of the destination while leveraging the authenticity of distributed rural
hosts to offer a superior price-to-value ratio. Consequently, this market
approach yields a more stable, crisis-resilient annual occupancy rate of 50%,
compared to the traditional 45% baseline which remains highly vulnerable to
seasonal demand drops.

The horizontal flexibility of distributed rural households allows for the
optimisation of the underlying cost structure, ensuring operational resilience
via a low break-even point. A traditional hotel’s GOP is structurally capped
at 35% due to heavy operational inflation, including continuous public area
utility costs, building maintenance, and static staff payrolls. The digital
orchestrator model expands the GOP to 45% by converting these heavy
liabilities into a variable, distributed layout managed primarily by local hosts,
eliminating public areas and automating contactless access to slash on-site
labour overheads. This structural transition fundamentally alters the financial
margin of safety, lowering the operational threshold required to reach
profitability from 32% occupancy in traditional hotels to just 15% within the
digital network. Because the fixed operating expenditures are minimised and
the marginal cost of maintaining an unrented decentralised room is borne
primarily by the host, the system remains financially viable.

Ultimately, the synthesis of these operational indicators results in a
divergence in investment returns, effectively validating the systemic viability
of the asset-light approach. A traditional hotel requires a lengthy 9 to 11-year
payback period because its operating cash flow must slowly amortise the
massive initial heavy CAPEX exceeding USD 1.5 million. On the other side
of the matrix, because the digital orchestrator’s initial investment entry
barrier is strictly limited to a digital-only CAPEX of USD 30000 for mobile
software and smart hardware deployment, the physical capital intensity is
virtually non-existent. When combining this minimal entry point with an

ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N° 4 173



ADAPTIVE MANAGEMENT AND INNOVATION

accelerated time-to-market and an expanded 45% GOP margin, the platform
fully recovers its total initial technology outlays within the first 6 to 9 months
of operation. This accelerated capital turnover provides a rapid, low-risk path
to sustainable economic recovery, demonstrating how a traditionally
vulnerable real estate business can be transformed into a flexible, shock-
resistant digital ecosystem for decentralised rural regions.

Although the digital platform provides operational transparency, the
fundamental subject of the ecosystem is the territorial community, which fills
the Albergo Diffuso architecture with authentic content. In this model, the
community transforms from a passive object of observation into an active co-
owner and co-author of the tourism product (7able 7).

Table 7
Role matrix of the community in the startup ecosystem

Community

role Functional manifestation Contribution to value creation

Providing authentic cottages . . .
viaing au 5% Formation of a unique housing

A rovider ranaries, and workshops for .. . .
EEtpeglts granaries, p stock that is impossible to replicate
revitalisation
. Conducting workshops and Creation of an "experience

experience ) . . " .
excursions, hosting shared dinners, economy" and emotional

creator . : .
and storytelling of local legends connection with the guest

Local cleaning, catering (home-made = Ensuring the operational viability

service partner breakfasts), and logistics of the system "on-site"

Protecting the brand from
"commoditisation" and the loss of
identity

Guardian of the Preservation of traditions,
cultural code architectural style, and local dialect

Source: developed by the author.

Successful implementation in Ukraine requires mitigating low digital
trust and skill deficits through functional simplification. The orchestrator
addresses distrust through Transparency (DART), in which automated fund
distribution turns "abstract code" into a reliable tool. To bridge the skills gap,
the "Business-in-a-Box" model embeds marketing, legal, and accounting
functions into the Orchestration Layer, allowing communities to focus on
authentic service.

Consequently, the orchestrator evolves into a digital institute for
authenticity verification, dematerialising trust-building through digital
protocols. This enables a "leapfrogging" effect for Ukrainian destinations:
bypassing standardised mass tourism to integrate directly into high-tech ethical
consumption. In the recovery era, economic resilience stems from the
intellectual capitalisation of local assets rather than capital construction, shifting
location selection toward strategic points of socio-technological resonance.

An objective evaluation of the developed model requires outlining its
structural and contextual boundaries. First, due to the current absence of fully
functioning, digital-centric Albergo Diffuso platforms in the Ukrainian
tourism market, the technical and economic analysis relies on simulation
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modelling. The quantitative metrics utilised (ADR, Occupancy, GOP)
represent weighted-average forecasted values extrapolated from independent
lodging statistics and traditional condo-hotel performance data.

Second, the geographical and security scope of the model is restricted
to relatively safe decentralised destinations (primarily the Western and
South-Western regions of Ukraine), as asymmetric warfare risks cannot be
uniformly automated or quantified within standard business models.

Third, the operational viability of the platform relies heavily on the
baseline assumption that the target rural community possesses stable internet
connectivity (or localised satellite infrastructure such as Starlink) to support
real-time IoT synchronisation and cloud quality-control audits. These
identified boundaries define the vectors for future empirical research, which
will focus on piloting the developed algorithm within a specific territorial
community using a live pool of localised housing assets.

Conclusions

As a result of this study, a practical model for forming an Albergo
Diffuso startup ecosystem has been theoretically substantiated and
developed, based on a synthesis of the value co-creation paradigm and the
functions of a digital orchestrator. The results fully confirm the scientific
hypothesis underlying the research: the transformation of the classic
dispersed hotel model into a digital-centric startup ecosystem effectively
overcomes the infrastructural gap of decentralised destinations. It has been
proven that the level of digital orchestration, implemented through an IT
platform, IoT solutions, and digital standards, serves as the critical link that
synchronises the community’s fragmented physical assets and transforms
them into a cohesive, high-value-added service product.

The scientific novelty of the findings lies in the substantiation of a
conceptual architecture for the Albergo Diffuso startup ecosystem. For the
first time, it integrates the functions of an IT platform as a "digital
orchestrator" with value co-creation tools to ensure the strategic integrity and
service standardisation of a decentralised business environment. This creates
the necessary conditions for the technological leapfrogging of domestic
destinations.

The practical value of the results lies in the development of the
"Business-in-a-Box" model, which mitigates the lack of entrepreneurial skills
among community residents through automation and the functional
simplification of complex business processes. The implementation of a
"digital trust stack" based on verification via state services (specifically
Diia.Signature) and split payment technologies creates a transparent
environment for value co-creation. This allows communities to bypass the
phase of building traditional mass infrastructure and integrate immediately
into the global market of ethical high-tech consumption.

The proposed methodology for decomposing the DART model has
enabled the translation of abstract interaction parameters into specific
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functional requirements for the IT platform, confirming the applied nature of
the research. In this model, the economic resilience of territories is achieved
not through capital construction, but through the intellectual capitalisation of
existing local assets. Future research in this direction will focus on
developing a multi-criteria mathematical algorithm for destination selection
and identifying specific promising locations in relatively safe regions of
Ukraine for the implementation of pilot projects for a startup orchestrator.
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IN BUILDING SUSTAINABLE
COMPETITIVE ADVANTAGES
IN RETAIL

The rapid commoditization of traditional sources
of retail competitiveness — price, location,
assortment, logistics — against the backdrop of the
widespread diffusion of artificial intelligence (A1)
technologies raises the question of whether Al can
remain an independent source of sustainable
competitive advantage when access to it is available
to virtually any market player. The study aims to
develop a conceptual framework that differentiates
a retailer’s Al resources by their potential to
generate sustainable competitive advantage, and to
operationalize the organizational conditions under
which that potential is realized. The study proceeds
from the proposition that sustainable competitive
advantage from Al adoption arises not from the
mere fact of using the technology, but from the
combination of the uniqueness of the technological
resource and the organizational capability of the
enterprise to exploit it effectively. A qualitative
conceptual-analytical —approach was applied,
combining a systematic review of academic litera-
ture, adaptation of the resource-based view of the
firm and the VRIO framework to Al-specific
resources, and comparison of the resulting
framework with aggregated data from four
international industry surveys. These surveys serve
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LUTYYHUN IHTENEKT Y
®OPMYBAHHI CTINKUX
KOHKYPEHTHUX NMEPEBAT
Y PUTENNI

Cmpivka — KOMOOUMU3AYiE — MPAOUYIIHUX
0dicepen KOHKYPEHMOCHPOMOICHOCHIL 6 pumeiiii —
YiHU, T0KaYii, acopmumenmy, J102iCIuKu — Ha mJi
NOBCIOOHO20 NOUWUPEHHSI MEXHONO2I WUNTYYHO20
inmenexmy (LLII) akmyanizye numannus, yu 30ameH
LIl 3amuwamuca  camocmitinum — 0dicepesiom
CMILIKOI KOHKYPEHMHOI nepesaci, Kou 00Cmyn 0o
Hb020 OMPUMYE NPAKMUYHO 0YOb-AKUll 2paseyb
PUHKY. Biomax doyinenum euenioae po3pobnents
KOHYenmyanbHoi pamku, wo ougepenyiroe LI11-
pecypcu nionpuemMcmed pumeiity 3a NOmeHyianom
hopmyearts cmitikoi KOHKypenmHoi nepesazu, ma
onepayionanizayisi opeamizayitinux ymo8 peai-
3ayii yboeo nomenyiany. J{ocniodcenHs 8UXo0ums
i3 NPUNYWEHHs, Wo CMIUKA KOHKYPEeHMHA nepe-
6aza 6i0 enposadoicennsi LI ¢hopmyemvcs ne
camum  akmom  GUKOPUCMAHHS — MEXHONOZ],
a NOECOHAHHAM VHIKALHOCMI MEXHOA0IUHO20
pecypcy  ma  OpeaHi3ayitiHoi  CHPOMOJICHOCTI
niONpuUeEMcmea 1020 eeKmugHo eKCnLyamysamu.
3acmocosano AKiCHUL KOHYENMYabHO-AHATIMUY-
HUll nioXio, W0 NOEOHYE CUCMEMAMU3AYIIO
HAyKo8oI Jnimepamypu, adanmayiro pecypcHoi
meopii ghipmu ma incmpymenmapiio VRIO oo LLII-
cneyugiunux pecypcie i sicmasienns Looy008aHoi
PaMKu 3 a2pe208aHuMu  OGHUMU  YOMUPLOX
MIJHCHAPOOHUX — 2amy3e8uxX  ONUMYBAHb, KD
BUKOHYTIOMb (DYHKYIIO 8MOPUHHO2O Odcepena Ois
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as a secondary source for assessing the plausibility
of the theoretical propositions rather than as an
instrument for their statistical testing. Application of
the framework to eight typical Al resources revealed
a consistent pattern: widely available, market-
purchased solutions systematically fail the rarity
filter and yield only operational parity, whereas
resources built on a firm’s proprietary data hold
differentiation potential whose realization depends
on digital maturity, depth of implementation,
organizational culture, cross-functional integration,
and workforce readiness. The study contributes an
operationalization of the organization criterion as
five cumulative conditions that must be established
before, rather than alongside, the adoption of a
specific Al solution. The findings offer retailers
a rationale for prioritizing investment in proprietary
data and organizational competencies over
investment in Al technology as such.

Keywords: artificial intelligence, competitive
advantage, retail, VRIO analysis, innovative
development, resource-based view, organizational
readiness.

OYIHIOBAHHA  NPABOONOOIOHOCMI  MeOpemuyHUX
nobyoos, a He IHCMpYMeHmy iX CMamucmuyHoi
nepesipxu. Anpobayis pamku Ha 60CbMiL MUNOGUX
Lll-pecypcax  eussuna  cmitikuii  NamepH:
3a2aNbHOOOCMYNHI, NPUOOAHI HA PUHKY DIULEHHS
CUCMeMAMUYHO He Npoxodsmv Ginemp pioKic-
HoCmi U 3abe3neuyiomv Juule  ONePayiliHUL
napumem, mooi siK pecypcu Ha OCHOBI YHIKAIbHUX
OaHUX NIONpUEMCMEa Marms nomexyian ouge-
penyiayii, peanizayis K020 3a1eHCUMsb Gi0 piBHs
yugpoeoi  3pinocmi, 2MUOUHU  BNPOBAONCEHHS,
Op2aHi3ayitiHoi Kynbmypu, Kpoc-(hyHKYIOHATbHOT
inmezpayii ma kadposozo 3abesneuenns. Haykogy
HOBU3HY CMAHO8UMb ONEPAYIOHANI3aAYIsA Kpume-
Dil0 0peaniz08anocmi y euensaol n’smu Kymyisi-
MUBHUX YMO8, SIKi Maiomb Oymu cpopmosani 0o
enposaodicents konkpemnozo LlI-piwenns, a ne
o0HouacHo 3 HuM. Ilpaxmuune 3nHauenHs pe3ynb-
mamieé noisieac 6 OOIPYHMYSAHHI NpioOpumen-
HOCMI iH6eCmuYill y 61ACHI OaHi Ma OP2aHi3ayititi
KoMnemeHyii NOpPIGHAHO 3 IHEECMUYIAMU 6
MexXHON02IYHI PIlUEHHS AK MAKIL.

Kniouoei cnoea: WITyd4HHH IHTEIEKT,
KOHKypeHTHa IepeBara, pureinn, VRIO-ananis,
IHHOBAIIMHMI PO3BHUTOK, pecypcHa Teopist (ipmu,
opraizariiiiHa 3pinicTb.

JEL Classification: L81, M15, 033, M10.

Introduction

Retail is currently undergoing a transformation whose scale is
compared to the shift from offline trade to e-commerce in the early 2000s.
Pressure on margins, changing consumer behaviour, and intensifying
competition from technology giants are compelling traditional chains to seek
new sources of competitiveness. In this context, artificial intelligence (Al) is
increasingly identified as a key factor in the industry’s transformation.
According to McKinsey estimates, generative Al alone could bring retailers
additional value of between USD 240 and 390 billion, equivalent to a margin
increase of 1.2—1.9 percentage points through improved customer experience
and greater efficiency of marketing operations (McKinsey & Company, 2024).
A study likewise found that full-scale Al-based transformation could unlock
approximately EUR 240-320 billion of economic value in European retail
over the next five years (McKinsey & Company & EuroCommerce, 2026).
Data from the KPMG Global Tech Report 2024 confirm this dynamic:
in 2024 the share of consumer-goods and retail companies reporting
profitability gains from AI technologies increased substantially (KPMG
Ukraine, 2025). In Europe, retail accounted for almost 10 percent of total
spending on Al and GenAl in 2024, ranking second by expenditure after the
banking sector (Statista, 2026). At the same time, the rapid and near-universal
diffusion of Al solutions gives rise to a paradox. If a technology is available
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to virtually all market players, can it continue to be regarded as a source of
competitive advantage in the classical sense of the term?

The theory of competitive advantage is traditionally based on the
tenets of strategic management, according to which the source of an
enterprise’s long-term success is its ability to create value for the consumer
more efficiently than its competitors. Porter treats competitive advantage as
the result of pursuing a strategy of cost leadership or differentiation that
secures superior performance relative to other market participants
(Porter, 1985). With the development of the resource-based view, however,
the emphasis shifted from the enterprise’s market position to its internal
resources and competencies.

According to the resource-based approach proposed by Wernerfelt (1984)
and developed by Barney (1991), it is the unique resources of an enterprise that
constitute the principal source of its competitive advantages. Barney (1991)
formulated the VRIO concept, according to which a resource can secure
sustainable competitive advantage only if it is Valuable, Rare, Inimitable, and
supported by an appropriate Organization. The concept was subsequently
complemented by the theory of dynamic capabilities, according to which an
enterprise must not only possess valuable resources but also be able to transform
them continuously in response to changes in the external environment (Teece
etal., 1997).

The influence of artificial intelligence on business competitiveness
has been actively investigated in recent years by both foreign and domestic
scholars, although the depth and focus of these studies differ considerably.

Developing the resource-based approach in the context of artificial
intelligence, Mikalef and Gupta (2021) introduce the concept of Al
capability, which they define as a set of interrelated technological, human,
and organizational resources that ensure the effective use of artificial
intelligence. The authors demonstrate empirically that it is precisely
Al capability, rather than the fact of implementing individual Al solutions,
that has a positive effect on an enterprise’s organizational creativity and
performance.

Wade and Hulland (2004) provide a theoretical basis for evaluating
artificial intelligence not as a separate technology but as a component of an
enterprise’s organizational capabilities. Accordingly, there arises a need to
determine which Al solutions specifically are capable of acquiring the
features of a strategic resource.

According to Davenport and Ronanki (2018), most contemporary Al-
implementation projects are oriented toward the automation of business
processes, whereas considerably less attention is devoted to the use of Al as
an instrument for creating long-term strategic value.

Ukrainian studies are predominantly concerned with stating the
general positive effect of Al on business processes and describing its areas
of application. Stankovska et al. (2026) examine the provision of sustainable
competitive advantages through the introduction of Al into an enterprise’s
core areas of activity. Titarenko (2025) notes that Al not only improves
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traditional approaches to competition but also changes their very nature,
making them more dynamic, personalized, and data-oriented. Tsybulak (2025)
considers the formation of new rules of global economic competition under
the influence of Al and the risks of technological lag for individual countries.
A broader theoretical context is presented in the work of Fedulova et al.
(2026), devoted to the systematization of innovative technologies as an
instrument for building the competitive advantages of trade enterprises.

In these articles the authors establish the fact of AI’s influence on
competitiveness but for the most part do not focus on the mechanism of that
influence, namely why in some companies investment in Al is transformed
into a sustainable advantage while in others it is not.

Bunea and Corbos (2026) empirically test a capability-to-advantage
model of Al application that sequentially links a company’s digital maturity,
the benefits obtained (qualitative and quantitative), customer experience,
and the resulting competitive advantage. They point to the absence of an
integrative explanation of the links among digital maturity, Al implement-
tation, and competitive outcomes.

Artificial intelligence has acquired particular significance in retail.
A systematic review of studies on Al application in retail for 2005-2021,
conducted by Heins (2023), indicates that the principal directions are demand
forecasting, inventory management, personalization of marketing
communications, automation of customer service, recommender systems,
dynamic pricing, and logistics optimization.

Bhukya et al. (2025) treat Al as a component of the Smart Retail
concept, in which it is integrated with Internet-of-Things technologies, digital
platforms, and big-data analytics.

Velasquez (2025) examines current trends and emerging challenges in
retail analytics across four key dimensions: artificial intelligence and
machine learning, big data and data analytics, data-driven retail, and data-
driven decision-making. The author identifies strategic opportunities and
future research directions required to harness retail analytics for improving
customer service, optimizing operations, and supporting competitive
advantage in physical and digital retail landscapes.

Cui and Bulis (2025) identified five principal drivers of Al, including
cost reduction, service-quality improvement, marketing activity, external
factors, and decision-making support. They also identified seven principal
barriers, including ease of use, uncertainty over profitability, a shortage of
talent, the digital environment, investment and cost, data-privacy and ethics
concerns, and organization and culture.

Wilson et al. (2024) reviewed the integration of Al into retail
operations with considerable attention to barriers. They identify a substantial
impact of Al on operating costs and profitability as a source of competitive
advantage, while emphasizing that high implementation costs and a shortage
of specialized skills are significant obstacles, especially for small and
medium-sized businesses.
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Studies that combine the theory of competitive strategy and the
experience of using Al in retail with specific cases of leading companies deserve
particular attention. Yrjold et al. (2025) synthesize approaches to creating
consumer value through Al in retail using ten cases of retailers with different
value propositions, while cautioning that ill-conceived Al initiatives may
instead destroy consumer value, for example through customers’ sense of losing
control or concerns about privacy. Jones and Wynn (2025) examined how four
leading retailers, namely Amazon, Carrefour, J. Sainsbury, and Walmart, are
developing their relationships with artificial intelligence. The authors link the
strategic potential of Al with the development of customer-centricity and
the formation of new sources of competitive advantage. At the same time, they
stress that the effectiveness of Al use depends substantially on the enterprise’s
organizational readiness, data quality, the digital competencies of personnel, and
the ability to integrate Al into strategic management. Viswanathan (2024)
illustrates, using the example of Costco, how the slow adoption of digital
technologies leaves a company behind its competitors (Walmart, Target), and
stresses the importance of the ethical aspects of Al implementation, such as data
privacy and algorithmic bias. In the study by Fedulova and Sbekhat (2026), the
example of the Aurora multi-market chain shows how a "Blue Ocean" strategy
makes it possible to create innovative value beyond the bounds of direct price
competition. This substantiates the thesis that the traditional (primarily price-
based) sources of competitive advantage in retail are being exhausted. Lykholat
et al. (2025) observe that models of digital-technology adoption in retail differ
substantially depending on the level of market development: international
chains invest predominantly in large-scale hardware automation, whereas
Ukrainian retailers emphasize software Al tools that provide greater
adaptability. A separate body of evidence consists of documented practical cases
of Al application by Ukrainian retailers (Foxtrot, NOVUS, ALLO, VARUS,
Fozzy Group, COMFY), according to data of the Ukrainian Council of
Shopping Centers (Ukrainian Council of Shopping Centers, n. d.).

A considerable share of the existing publications is confined to stating
that the introduction of AI increases the efficiency, personalization, or
profitability of retailers, without probing the question of why in some
companies these investments are transformed into a sustainable competitive
advantage while in others they yield only a temporary and quickly neutralized
effect. There is a lack of studies that combine the evaluation of Al solutions
with the criteria of VRIO analysis and thereby make it possible to
differentiate those solutions by their strategic value for the enterprise.

The aim of the article is to develop and apply a conceptual framework
that establishes the relationship among the directions of Al application, the
transformation of an enterprise’s business processes, and the criteria of VRIO
analysis, thereby making it possible to differentiate Al solutions by their real
potential to create sustainable competitive advantage.
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To achieve this aim, the following tasks were defined:

o to analyze the traditional sources of competitive advantage in retail
and to substantiate the reasons for their exhaustion under conditions of digital
transformation;

o to systematize the key directions of Al application in retail and to
assess the scale of its economic effect;

« to develop a conceptual framework for evaluating Al resources on the
basis of the resource-based view of the firm (RBV) and the VRIO toolkit;

« to apply the proposed framework to examples of a retailer’s typical Al
resources and to identify patterns that distinguish sustainable competitive
advantage from a temporary one;

« to identify the conditions under which organizational competencies
pass into a state that ensures the realization of an Al resource’s potential.

The hypothesis is formulated as a conceptual proposition that
sustainable competitive advantage from the introduction of artificial
intelligence in retail arises not from the mere fact of using the technology,
but from the combination of the resource’s uniqueness (data/model) and the
company’s organizational capability to exploit it; in the absence of at least
one of these conditions, the effect is limited to operational efficiency or to a
temporary advantage that is quickly neutralized by competitors.

To substantiate this thesis, the resource-based view of the firm (RBV)
of Barney (1991) and its toolkit, VRIO analysis (Value, Rarity, Imitability,
Organization), were applied. This toolkit is traditionally used to assess a
company’s strategic resources but has rarely been applied systematically to
specific Al resources in the retail context.

The empirical basis of the study consisted of the results of four
international industry surveys on the application of artificial intelligence in
retail: a survey of retail companies in the United States (Amperity, 2025a, by
Statista, 2026), with a sample of 1,000 specialists aged 18 and over working
in retail; a survey of companies in Italy (Istat, 2024, by Statista, 2026), with
a sample of 100 companies with ten or more years of operation; and a survey
of companies in Germany (EHI Retail Institute, 2025, by Statista, 2026), with
a sample of 119 companies; together with a survey of the expectations of
C-level executives in the retail sector regarding Al implementation by area
of work (IBM Institute for Business Value, 2026), with a sample of 100
executives of retail and consumer-goods companies in Australia, Germany,
India, Singapore, the United Kingdom, and the United States, conducted in
June and August 2025. The data were obtained from the aggregated statistical
materials of the Statista platform.

Data from international surveys are not considered statistically
comparable samples, as the studies differ by country, respondent compo-
sition, survey periods, survey design, and indicator wording. Therefore, their
use is intended for comparative and illustrative analysis aimed at identifying
recurring trends in the application of Al in retail, rather than for a statistical
comparison of its adoption rates across countries. No statistical verification
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of differences between survey results was conducted, as only aggregated data
obtained using non-uniform methodologies is available.

In the proposed logic of analysis, the chain ’prevalence of an Al
solution — nature of the resource — compliance with VRIO criteria —
potential for competitive advantage’ makes it possible to distinguish between
the technological use of Al and its strategic value.

The main body of the article is structured into five core sections,
which sequentially examine and analyze: the depletion of traditional sources
of competitive advantage in retail; the channels through which artificial
intelligence 1mpacts retail competitiveness; a conceptual framework for
assessing the strategic potential of artificial intelligence in building a
sustainable competitive advantage for retail enterprises; the role of
organizational competencies in developing sustainable competitive advan-
tage; and the conditions required to leverage organizational competencies
into a driver of sustainable competitive advantage

1. The exhaustion of traditional sources of competitive advantage
in retail

The classical sources of competitive advantage in retail, in particular
price, location, assortment, logistics, and brand, have historically provided
sustainable differentiation among market players. An analysis of the current
state of the industry, however, indicates the gradual exhaustion of these
levers as independent sources of advantage.

Price has ceased to be a differentiating factor because of market
transparency. Price aggregators and marketplaces allow the consumer to
compare offers instantly, reducing price competition to a race to the bottom
that erodes margins. Location, which for decades determined the success of
offline retail, is being devalued by the growing share of online sales and last-
mile delivery. Assortment is copied by suppliers within a matter of weeks,
and logistics solutions (proprietary warehouses, partnerships with carriers)
are available for acquisition by virtually any player through the outsourcing
of 3PL providers. Even the brand, traditionally considered the most durable
asset, is losing part of its value under the pressure of rationalized
consumption. Under conditions of economic instability, consumers increa-
singly choose between the premium and discount poles, leaving the mid-price
segment, which relied precisely on brand loyalty, in a zone of risk.

Under contemporary conditions of the digital economy, a growing
number of researchers regard digital technologies as a new class of an
enterprise’s strategic resources. The development of big data, cloud
technologies, analytics, and machine learning is changing the ways in which
competitive advantages are formed, since the principal sources of value
become information, the speed of decision-making, and the enterprise’s
ability to adapt to market changes. It is therefore important not only to
substantiate the usefulness of Al in creating competitive advantages but also
to determine the conditions under which an Al resource can become a source of
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sustainable rather than temporary advantage. The data from international
surveys are not considered as statistically comparable samples, since the studies
differ by country, respondent composition, conduction periods, survey design,
and indicator formulations. Therefore, their use has the character of a
comparative and illustrative analysis aimed at identifying recurring areas of
Al application in retail, rather than at a statistical comparison of the levels of its
adoption between countries. Statistical testing of the differences between the
survey results was not conducted, since only aggregated data obtained through
heterogeneous methodologies are available.

2. Directions of Al’s impact on a retailer’s competitiveness

The systematization of the directions of Al application in retail,
carried out on the basis of the sources analyzed, makes it possible to
distinguish five key functional blocks (Table 1).

Table 1

Systematization of the functional directions of Al application in retail

Functional block Examples of application Expected effect
Personalization and Recommended systems, dynamic Growth in average check,
customer experience pricing, personalized offers conversion, loyalty
Demand forecasting and ML models forecasting sales at the Reduction of out-of-

stock/overstock, savings in

inventory management SKU level working capital

Logistics and supply-chain = Delivery routing, warehouse Reduction of operating costs,
optimization automation shorter delivery times
Automation of in-store Computer vision, automated Reduced staffing costs, higher
operations checkouts, RPA accuracy of record-keeping

Faster campaign time-to-
market, scalability of support

Marketing and customer
interaction

Source: compiled from (Bunea & Corbos, 2026; Heins, 2023; Bhukya et al., 2025;
Velasquez, 2025; Cui & Bulis, 2025; Wilson et al., 2024; Yr1jold et al., 2025; Jones &
Wynn, 2025; Viswanathan, 2024; Lykholat et al., 2025; Ukrainian Council of Shopping
Centers, n. d.).

Generative Al for content, chatbots

A comparative analysis of industry surveys in three countries (the United
States, Italy, and Germany) confirms the unevenness of Al diffusion across
functional directions. According to the survey of U.S. retail companies
(Amperity, 2025a, by Statista, 2026), the most widespread areas of Al application
are predictive analytics (36.7% of companies), customer segmentation (33.7%),
and chatbots or virtual assistants (32.9%), whereas identity resolution (20%) and
audience suppression (11.6%) remain niche directions.

The survey of Italian retailers (Istat, 2024, by Statista, 2026) demonstrates
the dominance of marketing and sales (46.2% of companies) and the generation
of language content (42.7%), against markedly lower indicators for logistics
(8.4%) and the autonomous movement of machinery (2.4%).

The German study (EHI Retail Institute, 2025, by Statista, 2026) is
distinguished by a different emphasis. Forecasting and replenishment head

ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N° 4 185



ADAPTIVE MANAGEMENT AND INNOVATION

the list of applications (55% of the 119 companies surveyed), outstripping
even employee support (48%) and text generation (42%).

This cross-country comparison reveals an important regularity that
confirms the hypothesis of this study: the directions of Al application with
the highest levels of diffusion, such as generative content, chatbots, and basic
customer analytics, are at the same time the directions with the lowest
differentiation potential, since they involve for the most part typical, market-
purchased solutions available to virtually any competitor. By contrast,
directions with a lower but growing level of diffusion, such as inventory
forecasting based on proprietary data (55% in Germany, the highest indicator
among all the categories studied) and logistics optimization, require deeper
integration with a company’s internal data and accordingly possess a higher
theoretical potential for passing the filters of rarity and inimitability in the
proposed VRIO framework.

The categories "data quality improvement" (32% of U.S. companies) and
"data unification or preparation" (24.3%) (Amperity, 2025a, by Statista, 2026)
deserve separate attention. They do not fit directly into any of the five functional
blocks, yet they provide empirical confirmation of the thesis that the existence of
a unified, high-quality data architecture is not an incidental but a foundational
element of organizational readiness, without which the introduction of Al in any
of the five functional directions is incapable of delivering its full effect.

Data on the level of Al-adoption maturity (United States) additionally
confirm the conclusions regarding the difference between the "breadth" and the
"depth" of implementation: only 15.7% of companies have achieved full Al
adoption across several business units simultaneously, whereas 34.3% are at the
stage of mixed, fragmented adoption in individual units, and 33.5% are at
the stage of experimentation or have no adoption at all (Amperity, 2025b, by
Statista, 2026). This quantitatively illustrates that organizational competencies
must be regarded as a "bottleneck": the technological availability of Al does not
translate automatically into the organizational capability to use it effectively.

Additional confirmation of the identified regularity is provided by the
survey of C-level executives of retail companies regarding the expected
implementation of Al by area of work in 2025 (IBM Institute for Business
Value, 2026). According to the survey results, the highest expectations of
management relate to content and campaign creation and management (64% of
respondents) and to store-operation management, including loss prevention,
inventory, and workforce management (60%). Somewhat lower but also
substantial indicators are characteristic of personalized customer responses
(56%), trade-promotion creation and management (56%), and loyalty and
customer-relationship management (50%), whereas the directions associated with
the physical space of the store, such as design/layout (46%) and visual
merchandising (42%), have a relatively lower priority in executives’ plans.

To verify the correspondence between the theoretically distinguished
functional blocks and the actual practice of retailers, the results of the four
empirical surveys analyzed are consolidated into a single comparative table
(Table 2).
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Table 2

International trends in the use of artificial intelligence in retail as a basis for
assessing its strategic potential, % of respondents surveyed

Functional

block

Personalization
and customer
experience

Demand
forecasting and
inventory
management

Logistics and
supply chains

Automation of
in-store
operations

Marketing and
customer
interaction

Outside the
framework
(data
infrastructure)

USA, actual
adoption (Amperity,
2025a)

Customer
segmentation 33.7%;
chatbots 32.9%;
personalization 31.8%;
real-time customer
analytics 25.7%

Predictive analytics
36.7%

Identity resolution
20%

Content creation
29.3%

Data quality
improvement 32%;
data unification
24.3%

Italy, actual adoption
(Istat, 2024)

Logistics 8.4%;
autonomous movement
of machinery 2.4%

Administrative
processes 34%;
workflow automation
25.1%;

object identification
26.6%

Marketing/sales 46.2%
(highest in the sample);
language generation
42.7%;

analysis of written
language 37.5%

Machine learning 19.9%;
R&D 7.2%;
ICT security 4.9%

Germany,
actual
adoption
(EHI Retail
Institute,
2025)

Customer
interaction
34%; personal
assistance
28%

Forecasting
and
replenishment
55% (highest
in the sample)

Business
analytics 21%;
process
automation
21%,;

coding 16%

Text writing
42%,;

image creation
30%

Worldwide, C-
level
executives’
expectations
(IBM Institute
for Business
Value, 2026)

Personalized
responses 56%;
loyalty/CRM
50%

Store-operation
management
(inventory,
workforce, loss
prevention)
60%

Store
design/layout
46%,;

visual
merchandising
42%

Content and
campaign
creation and
management
64% (highest
indicator across
all sources)

Note. The presented indicators are not statistically comparable across countries due to differences in
samples, methodologies, and question formulations; the data are used to illustrate the prevalence of
specific areas of Al application.

Sources: (Amperity, 2025a, by Statista, 2026; Istat, 2024, by Statista, 2026; EHI Retail

Institute, 2025, by Statista, 2026; IBM Institute for Business Value, 2026).
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Despite the methodological heterogeneity of the sources, a high focus
on operational Al solutions related to forecasting, inventory management,
and process automation can be observed in three out of the four studies. The
most widespread areas of Al application remain marketing, content creation,
personalization of customer interaction, and automation of communications.
This is confirmed both by the expectations of company executives and by the
empirical data from the United States, Italy, and Germany (7able 2).

At the same time, the results obtained reveal an important regularity.
It is precisely those Al solutions that demonstrate the highest level of market
diffusion that possess the lowest potential for strategic differentiation. The
reason is that standardized content-generation tools, chatbots, personalization
systems, and other typical Al services are accessible to the majority of
retailers and therefore rapidly become an industry standard. Under such
conditions they provide an increase in operational efficiency but do not create
a sustainable competitive advantage, since they do not satisfy the rarity
criterion (Rare) of the VRIO model.

A different situation is observed with respect to the use of Al for
demand forecasting, inventory management, and operational activity.
Despite the high relevance of these directions, their practical realization
requires the integration of Al algorithms with an enterprise’s unique internal
resources: historical sales data, assortment structure, the specifics of logistics
processes, information on buyer behaviour, and other corporate data. It is
precisely this dependence on specific information resources that substantially
complicates the copying of such solutions by competitors, which increases
their correspondence to the criteria of value (Valuable), rarity (Rare), and
difficulty of imitation (Inimitable).

3. A conceptual framework for assessing the strategic potential of
artificial intelligence in building the sustainable competitive advantage
of retail enterprises

To determine the strategic potential of various areas of Al application,
it is advisable to move from assessing the level of their prevalence to
analyzing the nature of the resources on which they are based. To operatio-
nalize the distinction between a temporary and a sustainable advantage, this
study proposes that each type of Al resource be evaluated against four
sequential criteria of the resource-based view of the firm (RBV): Value (V),
Rarity (R), Imitability (I), and Organization (O). A resource that fails at least
one of the filters provides, at most, a temporary advantage or parity with
competitors. Only a resource that sequentially passes all four filters becomes
a source of sustainable competitive advantage.

Application of this framework to eight typical Al resources of a
retailer yielded the results summarized in Table 3.
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An analysis of Table 3 shows that the mere fact of using artificial
intelligence does not yet secure a sustainable competitive advantage for an
enterprise. The most widespread Al solutions, like generative services, SaaS
platforms, and typical robotic-process-automation (RPA) tools, create added
value and increase operational efficiency, yet do not satisfy the rarity criterion
(Rare), since they are generally accessible to all market participants. As a result,
they contribute to the levelling of competitive capabilities but do not secure
long-term differentiation. A similar conclusion was reached by Yrjola
et al. (2025), who note that standardized Al solutions are capable of supporting
only competitive parity, and that in the absence of consumer trust or adequate
protection of personal data their use may even reduce perceived value.

At the same time, considerably higher strategic potential belongs to Al
solutions grounded in an enterprise’s unique internal resources. These are, above
all, proprietary datasets on customers, purchase history, behavioural models,
assortment specifics, and accumulated experience of interaction with consu-
mers. Such resources are formed over an extended period, are specific to each
retailer, and cannot be acquired or quickly reproduced by competitors. It is
precisely for this reason that they satisfy the criteria of value (Valuable), rarity
(Rare), and difficulty of imitation (Inimitable) of the VRIO model and create the
preconditions for building a sustainable competitive advantage.

The obtained results are consistent with the assumption that compe-
titive advantage is created not by the Al algorithm but by the enterprise’s
unique resources with which that algorithm works.

4. The role of organizational competencies (O) in building the
sustainable competitive advantage of retail enterprises

An important result of the study is that, even in the presence of unique
data, the final status of a resource remains undetermined and depends
exclusively on the company’s organizational capability to actually use that
resource in decision-making (O). That is, the mere fact of using Al is not a
source of sustainable competitive advantage; rather, the source is the unique
combination of data, organizational processes, and competencies that emerge
around the technology. This accords directly with the empirical results of
Bunea and Corbos (2026), who show that the effect of Al implementation on
competitive advantage is substantially mediated by customer experience and
depends on the organization’s prior digital maturity. It is also linked with the
conclusions of Wilson et al. (2024), that a shortage of specialized skills and
the high costs of organizational restructuring are the principal barriers to
realizing AI’s potential, especially for small and medium-sized businesses.

Thus, the O criterion is the "bottleneck" of the entire model, and
possession of valuable and rare data is a necessary but not sufficient condition
for a sustainable advantage. Without organizational processes, analytical
competencies, and a culture of data-driven decision-making, even the most
valuable body of information remains an unused asset rather than a source of
competitive advantage.
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Consequently, a sustainable competitive advantage in retail based on
Al arises not from the fact of the technology’s implementation but at the
intersection of four conditions: value, uniqueness of the data, the difficulty
of their reproduction by competitors, and the company’s organizational
capability to convert these data into effective decisions.

5. Conditions for the transition of organizational competency (O)
into a state of building sustainable competitive advantage

Accordingly, the O criterion (organization, organizational readiness,
organizational competencies) is the decisive filter; without it, even unique,
difficult-to-reproduce Al resources remain unrealized potential. In view of
this, it is important to determine which organizational conditions specifically
determine whether a company is able to convert Al resources into real
managerial decisions.

5.1. Digital maturity as a precondition (not a consequence) of
implementation

The study by Bunea and Corbos (2026) empirically establishes that a
company’s digital maturity, manifested in the level of IT-system integration, the
availability and quality of data, and the presence of digital processes, has a
strong positive effect on the depth of Al implementation, and that it is precisely
this depth of implementation, rather than the mere fact of using Al, that
determines the scale of the benefits obtained. A company cannot acquire
organizational competencies simultaneously with the acquisition of the
technology. Digital maturity is therefore a precondition that ought to have been
formed before the launch of the Al initiative. In practical terms, this means that
if a company’s data are dispersed across isolated systems (warehouse, checkout,
CRM, and loyalty not integrated), no ML model, however sophisticated, will
receive a quality input to work with. Accordingly, the indicator of organizational
competencies is the presence of a single integrated data architecture that unites
transactional, behavioural, and operational data within a single circuit accessible
to analytical systems. The results obtained accord with the conclusions of
Bharadwaj (2000), according to which generally available information
technologies do not create a sustainable competitive advantage. What is of
decisive importance is not the technology itself but the capabilities for its use
that the enterprise has formed.

5.2. Depth and breadth of embedding ai algorithms in real business
processes

The study by Bunea and Corbos (2026) distinguishes two concepts
that are often mistakenly conflated: Al implementation (the depth and
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breadth of the embedding of algorithms in real business processes) and the
benefits from Al (the perceived effect). The empirical result of their study
showed that broad implementation does not guarantee equivalent benefits.
A company may have Al tools in many processes yet feel no substantial
effect from them if the implementation remains superficial. This accords with
the conclusion of Wilson et al. (2024) that the transition from pilot projects
to enterprise-scale operationalization becomes the principal barrier, and that
it 1s precisely the shortage of specialized skills and the high costs of such
restructuring that impede the attainment of the necessary effect. It is noted in
the study by Statista (2026) that Al implementation does not deliver the
expected strategic effect without an integrated digital architecture of
the enterprise. Only the coordinated functioning of information systems and
a unified information space create the preconditions for the effective use of
Al and its transformation from an instrument of automation into a source
of competitive advantage. In view of this, the indicator of organizational
competencies is Al solutions embedded in daily operational processes
(automatic replenishment of inventory based on a forecast, rather than a
dashboard for a manager to view), as opposed to Al solutions that exist as
isolated pilot projects in a single department.

5.3. An organizational culture of data-driven decision-making

Titarenko (2025) notes that artificial intelligence requires not only
technological but also cultural adaptation, according to which companies
must reconsider the foundations of competition and the system of
competitive relations, and that this is impossible without management’s
readiness to trust algorithmic recommendations and to act on their basis. If a
company’s culture is traditionally grounded in the intuitive decisions of an
experienced buyer or merchandiser, and the model’s forecast is perceived as
optional advice that may be ignored, then the resource does not pass the O
filter, irrespective of its technical quality. Accordingly, the indicator of
organizational competencies is the existence of formalized processes in
which the model’s recommendation is the basis of a decision by default, and
a deviation from it requires explicit justification by the manager, rather than
the reverse.

5.4. Cross-functional integration

The effective use of an Al resource requires the interaction of at least
three functions, namely the IT/data team (which builds and maintains the
model), the relevant business unit (procurement, merchandising, marketing,

which use the result), and management (which integrates the result into
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strategic decisions). The integration of new systems with existing business
processes is a complex task requiring considerable planning and adaptation
(Wilson et al., 2024). When these functions act in isolation, that is, the data
team creates a model that the relevant unit does not understand or use, the
valuable resource remains a technical artefact without business effect.
Accordingly, the indicator of organizational competencies is the existence of
cross-functional working groups or product teams responsible for a specific
Al case from development through implementation to support.

5.5. Human capital and continuous learning

Demand for specialists in machine learning, analytics, and
programming exceeds their availability on the labour market, which
complicates the realization of Al initiatives (Titarenko, 2025), and a shortage
of specialized skills is a significant barrier, especially for small and medium-
sized businesses (Wilson et al., 2024). It is important that this concerns not
only data scientists; also critical is the level of IT literacy of line managers
and of the employees who work daily with the models’ outputs. In view of
this, the indicator of organizational competencies becomes the presence not
only of a narrowly specialized analytics team but also of programmes for
raising the digital literacy of operational personnel.

These five conditions are not independent; they form a definite
sequence. Digital maturity creates the technical basis for deep
implementation; deep implementation is impossible without cross-functional
integration and qualified personnel; and the resilience of this chain is ensured
by a culture that trusts the model’s outputs. Accordingly, organizational
conditions make it possible to build sustainable competitive advantages not
through a single managerial decision ("implement AI") but as the result of
cumulative organizational development that precedes, rather than merely
accompanies, the implementation of the technology itself.

5.6. Limitations of the study and prospects for further research

The study is theoretical and conceptual in nature. The proposed VRIO
framework has been applied to illustrative examples and to four international
industry surveys on the application of artificial intelligence in retail, rather
than to empirical data of specific retailers. A promising direction for further
research is the empirical verification of the framework on the basis of case
studies or a survey of managers of Ukrainian and international trade chains,
in particular to test under which of the five specific organizational conditions
identified the organization criterion systematically passes into a state of
building sustainable competitive advantages.
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Conclusions

The traditional sources of competitive advantage in retail are
consistently losing their differentiating power under the pressure of market
transparency, the growing share of online channels, the availability of
outsourced logistics solutions, and the erosion of brand loyalty under
conditions of the economic rationalization of consumption. If Al is regarded
as an independent technological factor rather than as a resource requiring
evaluation against the criteria of strategic management, there is a risk that Al
will repeat the trajectory of devaluation followed by other accessible
resources.

The systematization provided a basis for identifying five functional
directions of Al application in retail: personalization, demand forecasting,
logistics optimization, automation of operations, and marketing. This
potential, however, is not realized automatically. The effect of transforming
Al into a competitive advantage is mediated by customer experience and
depends on the company’s initial level of digital maturity. This created the
preconditions for the formal application of the VRIO framework.

The results of the illustrative analysis are consistent with the propo-
sition of the conceptual framework, that sequentially passes each Al resource
through the four VRIO filters (value, rarity, inimitability, organization),
determining the resource’s final status, from parity to sustainable competitive
advantage. The proposed framework provides a tool applicable to an
individual Al resource rather than solely to the fact of Al use in general.

The hypothesis, formulated as a conceptual proposition, was not
refuted by the research results and is generally consistent with the obtained
findings. The analysis provided grounds to believe that the mere fact of using
Al is not a sufficient condition for generating a sustainable competitive
advantage. Standardized Al solutions available to the majority of market
participants primarily provide operational efficiency or competitive parity. In
contrast, the combination of Al with unique data, specific business processes,
and the organizational capabilities of the enterprise creates the prerequisites
for meeting the VRIO criteria and forming a sustainable competitive
advantage. At the same time, the presented results are of a conceptual and
analytical nature and do not constitute a statistical confirmation of the
proposition, which necessitates its further empirical verification.

For retailers, this has direct practical significance. The investment
priority should shift from the acquisition of off-the-shelf Al tools, which are
capable of delivering only operational efficiency and parity, toward
the purposeful development of proprietary data and, no less importantly, of
the organizational competencies around them, before or in parallel with
technological implementation.
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Further research will involve the empirical verification of the frame-
work to determine the role of the five identified organizational conditions in
the transformation of Al into a sustainable competitive advantage.
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ADAPTIVE MANAGEMENT AND INNOVATION

developing an adaptive pricing policy has not
been systematically considered. At the same
time, the analysis of the performance of
Ukrainian enterprises in 2019-2024, a period
marked by increased economic turbulence and
an unstable external environment, demonstrates
growth in business activity despite these shocks.
According to the authors, such results may be
attributed, inter alia, to the application of an
adaptive pricing policy in business practice. This
necessitates the scientific formulation of theore-
tical and methodological foundations for adap-
tive pricing policy as an anti-crisis management
instrument for an enterprise facing external
threats and heightened risks. The paper provides
a comparative analysis of traditional and
adaptive pricing policies of an enterprise, offers
the authors’ definition of the concept of adaptive
pricing policy, and identifies its purpose,
objectives, tasks, specific features, principles of
formation, and implementation mechanisms,
which may serve as a basis for further scientific
research in this field.

Keywords: price, pricing, pricing policy,

adaptive management, adaptive pricing policy,
economic instability, external shocks.

JEL Classification: D 21,0 22,D40,L11, M 21.

Introduction

OCMAHHIX POKI6, NUMAHHA (DOpMYBaHHA adan-
MUBHOI YIHOBOT NOTTMUKU CUCTEMHO NPAKMUYHO He
posenadanucs.  Boowouac  mposedenutl  amaniz
eexmusrocmi OisibHocmi nionpuemcme Yxpainu
y  2019-2024 pp., saki xapakmepu3yiomvcs
NOCUTICHHAM €KOHOMIYHOT mypOynenmHocmi ma
HeCmadilbHOCMI  306HIWHBO2O  CepedosULyd,
3aceiouUe 3p0Cmants 0bcsizie OistbHocmi bizHecy,
NOnpu 306HIWHI woku. Taki pe3yibmamu Modcymo
6ymu HaciOKOM BUKOPUCTAHHSA 8 NPAKMULL 20CHO-
0apioBamHs, 8 MomMy 4UCH 1l AOAnmMuUeHoOi YiHOB0I
nonimuku. Lle 3ymoemoe HeoOXioHicms ¢hopmy-
BAHHA HA HAYKOBOMY DIGHI MeopemuKo-memoout-
HUX 3acad aoanmueHoi YIHOBOI NOIMuKU 5K
IHCMpYMENmy aumuKkpu308020 YPAGIiHHsL NIONpu-
EMCMBOM 6 YMOBAX 306HIWHIX 3a2p03 ma Nio6u-
wenux pusuxie. [Ipogedeno komnapamusHuii aHani3
mpaouyiiinoi ma adanmueHol YiHo6oI NoimuKu
nionpueMcmea, OaHo aemMopcvKe MpaKmy8anHs
nowsmmio  "aoanmuena  yinosa  noximuxa”,
BU3HAYEHO i Memy, yinl, 3a80aHHs, 0COOAUBOCHII,
NPUHYUNYU (POPMYBAHHS MA MeXAHI3ZMU peanizayii,
wjo Modice cyey8amu RiOPYHMAM 07151 HOOATIbUIO2O0
HAYK0BO20 NOWLYKY 8 YbOMY HANPAMI OOCTIONHCEHD.

Kniouoei cnoea: 1iHa, IIHOYTBOPCHHS,
I[IHOBA MOJIITHKA, aJalTUBHE YIIPABIiHHSI, ajal-
THBHA I[IHOBA IIOJITHKA, EKOHOMIYHA HECTAO1Ib-
HICTb, 30BHIIIIHI IIIOKH.

In the current context of the national economy, the development and

implementation of an effective pricing policy have become issues of consi-
derable scientific and practical importance. The destruction of Ukraine’s
production and logistics infrastructure as a result of the full-scale invasion by
the Russian Federation, rising inflationary pressures, foreign exchange
market instability, and declining household purchasing power have adversely
affected business performance and significantly complicated the operational
activities of domestic enterprises. Under these conditions, price has evolved
from a traditional instrument of cost recovery and profit generation into a key
determinant of financial resilience, the preservation of competitive positions,
and business adaptation to external challenges.

A generalisation of recent scientific literature demonstrates a firm
academic consensus that pricing policy is one of the key instruments for
enterprise adaptation to dynamic and crisis-driven environmental changes.

In studies by Ukrainian and foreign scholars, including Shevchenko
and Hanzhala (2024), Serhiienko et al. (2025), and Hasanah and Rino (2025),
pricing is increasingly interpreted not merely as an element of the marketing
mix or a mechanism for cost recovery, but as a flexible managerial instrument
capable of ensuring an enterprise’s prompt response to macroeconomic
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instability, structural shifts in demand, and inflationary processes. Particular
attention is given to the role of adaptive pricing policy in turbulent markets,
where it contributes to maintaining financial stability by balancing
profitability objectives, market position preservation, and consumers’
purchasing power (Hasanah & Rino, 2025; Lunova, 2025).

The adaptive nature of pricing policy is closely associated with the
need to transform pricing approaches in response to changes in market
conditions and consumer behaviour. Neubert (2022), Tahat (2023), and
Vasyltsova and Hasiuk (2023) emphasise that effective adaptation of pricing
strategies requires systematic monitoring of market demand, price elasticity,
the competitive environment, and internal organisational factors. Research
by Yang and Zhang (2022) demonstrates that the effectiveness of pricing
decisions largely depends on an enterprise’s ability to respond promptly to
fluctuations in market demand, changes in the competitive landscape, and
other external factors. According to Roll and Geerties (2025), the
effectiveness of pricing policy is determined not only by the selected pricing
strategy but also by the level of an enterprise’s pricing capabilities and its
ability to adapt pricing mechanisms to dynamic market conditions. In this
context, pricing is regarded as an instrument of strategic adaptation that
facilitates the development of competitive advantages, enhances financial
resilience, and improves the long-term performance of business entities.

A distinct stream of research focuses on dynamic and digital pricing,
in which pricing policy is viewed as a mechanism to enhance organisational
flexibility in real time. Adams et al. (2025), as well as Lange, Dreessen, and
Schlosser (2025), argue that the application of digital technologies,
algorithmic models, and artificial intelligence significantly expands the
adaptive potential of pricing by enabling rapid price adjustments in response
to changes in demand, competitors’ actions, and external shocks. Thus,
scholars argue that adaptive pricing contributes not only to stabilising
financial performance but also to improving revenue management efficiency,
which is particularly important for enterprises operating in highly turbulent
economic environments. Ponomarenko I. and Ponomarenko D. (2025)
further contend that dynamic pricing based on machine learning algorithms
contributes not only to optimising demand for an enterprise’s goods and
services but also to strengthening long-term customer loyalty to brands.

Despite the growing body of literature emphasising the adaptive role
of pricing policy, its place within the broader system of adaptive enterprise
management remains insufficiently defined. Most existing studies are either
theoretical in nature or limited to specific industries and do not adequately
account for the operational realities of Ukrainian enterprises under conditions
of prolonged economic turbulence. This highlights the need for further
theoretical and applied research to develop and implement pricing policy as
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an instrument of adaptive management that enhances enterprise performance
in both crisis and post-crisis environments.

The purpose of this study is to identify the role of pricing policy within
the system of adaptive enterprise management, determine its impact on the
performance of Ukrainian enterprises operating under conditions of elevated
risks and hybrid threats, and substantiate the theoretical foundations for
developing an adaptive pricing policy as a key instrument for ensuring
enterprise efficiency and sustainable development under conditions of
economic turbulence and external shocks.

The study advances the hypothesis that enterprise pricing policy, when
implemented as an instrument of adaptive management, positively influences
financial performance, competitiveness, and organisational resilience in an
unstable economic environment. Furthermore, the flexibility of pricing
strategies and the timely adjustment of pricing decisions in response to
external risks enhance organisational performance while mitigating the
adverse effects of crisis factors on activities of domestic producers.

The research employs both general scientific and specialised methods,
including analysis and synthesis, theoretical generalisation, statistical
analysis, comparison, and graphical methods. These methods are
complementary and interconnected, ensuring consistency with the overall
logic of the conducted research.

The article is structured into three sections. The first section examines
the role of pricing policy within the mechanism of adaptive enterprise
management. The second section analyses the effectiveness of pricing
processes implemented by domestic producers in response to recent external
shocks. The third section substantiates the theoretical foundations of adaptive
pricing policy by conducting a comparative analysis of traditional and
adaptive pricing approaches, proposing the authors’ definition of the concept
of "adaptive pricing policy", identifying its key characteristics, objectives,
functions, principles, and implementation mechanisms, and formulating
recommendations for improving the effectiveness of pricing decisions
adopted by Ukrainian enterprises under conditions of economic turbulence
and an unstable business environment.

1. Pricing policy in the system of adaptive enterprise management

In the context of the challenges of recent years, such as the COVID-19
pandemic and the full-scale invasion by the Russian Federation, the
management system of Ukrainian enterprises has undergone significant
transformations, further reinforcing the role of adaptive management
mechanisms. Today, adaptability has become not a situational response but a
permanent characteristic of effective enterprise management (Wulandari, 2025).

ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N° 4 201



ADAPTIVE MANAGEMENT AND INNOVATION

Adaptive management implies an enterprise’s ability to respond
promptly to changes in the external environment and to adjust strategic and
operational decisions in order to maintain financial stability, competitive
positions, and the continuity of business activities.

Contemporary Ukrainian (Piletska & Korytko, 2018; Buniak, 2022;
Khalina & Kolbasynskyi, 2024; Hurzhy et al., 2025) and international
(Elmehdi, Laraqui, & Jarreau, 2025; Malik & Terzidis, 2025) scholars
consider adaptive management as a systemic response of an enterprise to
dynamic changes in both the external and internal environment. It is formed
as a comprehensive multi-level process encompassing strategic, operational,
and functional management decisions (Tokmakova & Lytvynova, 2015).

According to Wulandari (2025), in the era of technological
transformation, adaptive management should be based on the integration of
innovative, marketing, and digital solutions that enable enterprises to remain
competitive in the global environment. Furthermore, adaptive management
should serve as an organisational response to technological disruption and
global economic uncertainty.

Adaptive management is increasingly viewed not only as a strategic
concept but also as a practical mechanism enabling businesses to respond
promptly to a changing environment and crisis events (Shandova &
Yakovlieva, 2025; Hurzhy et al., 2025; Malik & Terzidis, 2025). However,
the practical instruments for implementing such adaptation remain
insufficiently specified.

In this context, pricing policy, in our opinion, occupies a central place
within the system of adaptive enterprise management as one of the most flexible
and responsive instruments of managerial influence. It is integrated into the
overall mechanism of adaptive enterprise management, alongside financial,
production, marketing, sales, innovation, and investment policies (Figure 1),
thereby balancing the enterprise’s internal capabilities with external market
constraints amid economic instability and global fluctuations.

Through the pricing mechanism, enterprises operating amid economic
turbulence can respond rapidly to changes in market conditions, rising
operating costs, inflation, disruptions in supply chains, shifts in consumers’
purchasing power, and intensifying competitive pressure.

Within the system of adaptive enterprise management, pricing policy
serves as a '"rapid-response regulator", enabling enterprises to promptly
adjust performance outcomes without fundamentally restructuring produc-
tion or organisational processes. Therefore, under the conditions of a wartime
economy and a high degree of uncertainty, pricing policy is transformed from
a traditional instrument of profit maximisation into a comprehensive
mechanism for ensuring business survival, stabilising cash flows, and
maintaining an enterprise’s market presence.
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Figure 1. Pricing policy in the mechanism of adaptive enterprise management

Source: developed by the authors.

2. The impact of pricing policy on the performance of domestic
enterprises

For domestic enterprises, the development of an effective pricing
policy is particularly important given the instability of the macroeconomic
environment, high inflation, and the imbalance between consumer and
producer price dynamics. At present, enterprise performance and efficiency
largely depend on the ability to develop a flexible and economically justified
pricing policy. Alongside production capacity, an effective or ineffective
pricing policy determines an enterprise’s ability to generate revenue from the
sale of goods and services, which directly affects gross profit, operating
profit, and net profit, and consequently, its prospects for further development.
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The scientific literature offers a variety of approaches to evaluating
the effectiveness of an individual enterprise’s pricing policy. The most
appropriate approach for practical application and academic research is a
comprehensive one that combines financial, market, and behavioural
performance indicators (Stoianenko & Kashyrskykh, 2026). However, the
application of these indicators at the macro level to assess the impact of
pricing policy on the performance of domestic enterprises is constrained by
the limited availability of relevant data. Therefore, to evaluate the influence
of pricing policy on the overall performance of domestic enterprises, net sales
revenue, gross profit, and net profit were selected as the principal indicators.
In our opinion, these indicators best reflect the financial outcomes of pricing
policy implementation and the results of its adaptation to the challenges that
Ukrainian businesses have faced in recent years.

The dynamics of the main financial performance indicators
of Ukrainian enterprises during 2019-2024 are presented in Figure 2.
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Figure 2. Financial performance of enterprises in 2019-2024, UAH billion
Source: compiled by the authors based on data from the State Statistics Service of Ukraine (n. d.).

As can be seen, despite adverse external shocks, including the COVID-19
pandemic and the full-scale invasion, Ukrainian enterprises have continued to
expand their operations and successfully adapt to the new business environment.
During 2019-2024, net sales revenue increased by UAH 6 363.192 billion,
while gross profit in 2024 was almost twice the level recorded in 2019. The
highest growth in both net sales revenue and gross profit was observed in 2021,
whereas in 2022 these indicators declined, reflecting the impact of the crisis and
the destabilisation of the economic environment on business activities.
However, beginning in 2023, positive growth resumed as enterprises adapted to
changes in both the internal and external business environment, including
through pricing policy, a key instrument enabling rapid responses to market
conditions and operating costs.
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With regard to net profit, this indicator demonstrates greater volatility.
In our opinion, although adaptive changes in pricing policy helped maintain
a positive trend in gross profit, they were insufficient to offset the losses
incurred by enterprises from other types of activities in 2020 and 2022.

However, the analysis of the absolute values of financial indicators
does not provide a comprehensive understanding of changes in enterprise
performance. The nominal growth in revenue and profit may result from
inflationary processes rather than from actual improvements in business
performance. Therefore, it is advisable to examine the growth rates of net
sales revenue, cost of sales, gross profit, and net profit (Figure 3), as well as
to calculate the lead coefficient to assess the efficiency of the revenue-to-cost
growth ratio (Stoianenko & Kashyrskykh, 2026).
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s Net Profit 77,6% 186,4% 57,2% 143,1% 122,4%
Revenue-to-Cost Growth Ratio 1,02 1,01 1,00 1,00 1,01

Figure 3. Growth rate dynamics of the performance indicators
of Ukrainian enterprises in 2020-2024

Source: compiled by the authors based on data from the State Statistics Service of Ukraine (n. d.).

The data presented in Figure 3 indicate that during 2020-2021, both
net sales revenue and the cost of sales exhibited positive growth. However,
the growth rate of cost of sales remained lower than that of net sales revenue,
which positively affected gross profit growth and indicates the effectiveness
of the pricing policy during this period. In contrast, 2022 was characterised
by a sharp decline across all indicators due to adverse external factors. This
effect was particularly evident in the growth rate of net profit, reflecting
increased financial risks and rising non-operating expenses.

During 2023-2024, a recovery in positive growth trends can be
observed. The growth rates of net sales revenue and the cost of sales were
almost synchronised, indicating the continued strong dependence of financial
performance on operating costs. The lead coefficient of the growth rate of net
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sales revenue over the growth rate of the cost of sales exceeded 1 in
2020-2022 and again in 2024, indicating the effectiveness of pricing
processes, as enterprises adapted their pricing strategies to increasing
production costs.

It should also be noted that gross profit grew faster than cost of sales,
which may indicate improved pricing decisions and the successful adaptation
of the pricing policy to external challenges. The growth rates of net profit, in
turn, demonstrate its sensitivity to changes in both operational and external
macroeconomic factors.

Thus, despite the nominal increase in revenue and gross profit,
enterprises continue to operate under conditions of heightened instability and
significant cost dependence. The identified synchronisation between the
dynamics of revenue and the cost of sales confirms the need to further
investigate the impact of pricing indicators on enterprise performance
through correlation analysis.

To assess the impact of pricing policy on the performance of domestic
enterprises, two additional indicators were used: the Consumer Price Index
(CPI), which reflects the overall level of inflation and consumers’ purchasing
power, and the Producer Price Index (PPI), which characterises changes in
the prices of production resources. These indicators directly affect enterprise
costs through the PPI, while the CPI influences selling prices and market
demand. Together, they determine the financial performance of enterprises.
Furthermore, the growth rates of the CPI and PPI allow assessment of the
pace of inflation.

The dynamics of these indicators during 2019-2024 are presented in
Figure 4. Their analysis enables assessment of the scale of inflationary
pressure and the imbalance between consumer and producer prices, which
directly affect the cost structure of enterprises and their ability to implement
an adaptive pricing policy.

The dynamics of the Consumer Price Index (CPI) and the Producer
Price Index (PPI) during 2020-2024 indicate an imbalance between the
consumer and producer segments of the market. In 2020, inflationary
pressures remained relatively moderate. In 2021, however, producer prices
increased at a substantially faster rate than consumer prices, reflecting a
significant rise in the cost of production resources. In 2022, inflationary
pressures intensified further due to higher costs for energy, logistics, and raw
materials.

The fact that producer prices grew faster than consumer prices
indicates a decline in enterprises’ profit margins and an increased risk of
reduced profitability. During 2023-2024, the analysed indicators gradually
stabilised; however, the Producer Price Index remained higher than the
Consumer Price Index. Consequently, throughout the study period, a
persistent gap between producer and consumer price dynamics was observed,
creating additional cost pressures and complicating the implementation of a
stable pricing policy.
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Figure 4. Dynamics of the consumer price Index (CPI)
and producer price Index (PPI) in 2020-2024

Source: compiled by the authors based on data from the State Statistics Service of Ukraine (n. d.).

In addition to examining the dynamics of absolute values and their
growth rates, it is important to determine the nature of the relationships
between changes in pricing indicators and enterprise performance indicators.
The degree of synchronisation between their fluctuations enables assessment
of the extent to which inflationary processes and changes in producer prices
influence revenue generation and profitability.

To quantitatively assess the strength and direction of the relationships
among the analysed indicators, correlation analysis was employed. This
approach enables the determination of the strength of the statistical
relationship between price indices and enterprise financial performance, as
well as the substantiation of the role of pricing policy as a factor influencing
enterprise performance (7able 1).

The data presented in Table [ demonstrate a strong positive
relationship between the growth rates of net sales revenue, the cost of sales,
and gross profit. This indicates that changes in the financial performance of
enterprises during the study period were largely determined by changes in
sales volumes and operating costs. With regard to the Consumer Price Index
(CPI), the correlation is weak and negative, indicating the absence of a direct
relationship between consumer inflation and the financial performance of
enterprises. An increase in the CPI is not automatically accompanied by
higher revenue or profit, suggesting that enterprises have limited ability to
pass inflationary pressures on to final consumers.
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Table 1

Correlation matrix of the main pricing indicators
and financial performance indicators

Growth Rate Net Sales Cost of Gross Fs:r (iJQeSLIJrT:jeeZ( Piirc?edlurfgerx
Indicators: Revenue, % Sales, % Profit, %

Net Sales 1 0.999116 0.979724 ~0.4216 0.247019
Revenue, %
Cost of Sales, % 0.999116 1 0.970459 ~0.42511 0.224964
Gross Profit, % 0.979724 0.970459 1 ~0.40217 0.337878
Consumer Price
Index (CPI), % 04216 ~0.42511 -0.40217 1 0.678603
psiucr firlss i 0.247019 0.224964 0.337878 0.678603 1

(PPI), %
Source: developed by the authors.

The Producer Price Index (PPI) exhibits a moderate positive
relationship with financial performance, indicating that changes in producer
prices have a more pronounced impact on enterprise performance than
changes in the CPI. An increase in producer prices is associated with higher
revenue and operating costs; however, it does not result in a proportional
increase in gross profit.

Therefore, the financial performance of enterprises is determined
primarily by the internal dynamics of revenues and costs rather than by
external inflationary processes. The Producer Price Index (PPI) has a stronger
impact on enterprise performance than the Consumer Price Index (CPI),
confirming the cost-driven nature of inflationary pressure. The weak or
negative correlation between the CPI and financial performance indicates the
limited ability to pass consumer price increases through to higher
profitability. These findings confirm the need to develop an adaptive pricing
policy focused primarily on cost management and timely responses to
changes in producer prices rather than solely on consumer inflation.

3. Adaptive pricing policy as an instrument for ensuring
enterprise development under conditions of economic instability

An analysis of existing scientific approaches to the interpretation of
pricing policy (Stoianenko & Kashyrskykh, 2026) indicates that pricing
policy has traditionally been viewed as a system of principles and methods
for setting prices to achieve an enterprise’s financial objectives. However,
under unstable economic conditions and wartime challenges, such an
interpretation fails to account for the need to continuously adjust pricing
decisions in response to dynamic changes in both the external and internal
operating environments.

Therefore, in our view, in addition to the active and passive pricing
policies of an enterprise (Mazur, 2020), which we consider traditional pricing
policies, it is advisable to provide a theoretical justification for, and
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subsequently implement in the system of enterprise crisis and economic
management, another type of pricing policy — adaptive pricing policy. This
concept reflects a new quality of price management under conditions of
heightened uncertainty.

A comparative analysis of traditional and adaptive pricing policies
demonstrates fundamental differences between traditional and crisis-oriented
approaches to price management (7able 2).

Table 2

Comparative analysis of traditional and adaptive enterprise pricing policies

Comparison criterion

Traditional pricing policy

Adaptive pricing policy

Operating Environment

Primary Orientation

Time Horizon

Flexibility of Pricing
Decisions

Response to External
Shocks

Role of Risk Analysis

Consideration of Costs

Relationship with Other
Enterprise Policies

Approach to Price
Formation

Customer Orientation

Frequency of Price
Revisions

Expected Outcomes

Relatively stable economic
environment and predictable market
conditions

Profit maximisation and
improvement of profitability
indicators

Primarily medium- and long-term

Limited; prices are revised
periodically

Delayed or fragmented

Risks are considered indirectly

Based on planned or standard cost

Partial integration with marketing
and financial policies

Primarily cost-based or market-
based

Focused on the average customer

Planned and scheduled

Optimisation of financial
performance

Source: developed by the authors.

High economic turbulence, external
shocks, and uncertainty

Ensuring resilience, business survival,
and the preservation of competitive
positions

Integration of short-, medium-, and
long-term decisions

High, prompt price adjustments in
response to environmental changes

Rapid, systematic, and proactive

A risk-oriented approach is a key
element

Dynamic consideration of changes in
costs, logistics, and war-related losses

Close integration with financial
policy, crisis management, and
adaptive strategy

Combined approach: cost-based,
market-based, and scenario-based

Consideration of changes in
purchasing power and the behaviour
of different customer segments

Non-scheduled; determined by
changes in the operating environment

Enhanced adaptability, stability, and
competitiveness

Unlike traditional pricing policy, which is primarily aimed at
optimising financial performance in a relatively stable environment, adaptive
pricing policy operates under conditions of continuous uncertainty and risk.
It involves frequent adjustments to pricing strategies, the application of a
scenario-based approach, and a focus on business survival and operational
stabilisation rather than solely on profit maximisation. Therefore, adaptive
pricing policy represents an evolutionary development of traditional
approaches to price management under the conditions of a crisis economy.
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Accordingly, we propose defining adaptive pricing policy as a
systematically organised enterprise activity aimed at developing, adjusting,
and implementing pricing decisions to ensure a flexible response to changes
in the external environment and the enterprise’s internal conditions, with the
objective of maintaining financial stability, competitiveness, and achieving
both strategic and operational development goals.

At present, the primary purpose of developing and implementing an
adaptive pricing policy at domestic enterprises should be to ensure their
ability to operate and develop effectively under conditions of economic
turbulence and wartime challenges through the flexible adjustment of prices
in response to changes in the market environment, cost structures, and
strategic priorities.

Based on this, the principal objectives of an adaptive pricing policy
include: ensuring the preservation of the enterprise’s financial stability and
its capacity for sustainable development; maintaining competitiveness in
both domestic and international markets; minimizing the adverse effects of
crisis factors and external shocks on enterprise performance and operational
efficiency; ensuring the stability of revenues and cash flows; and adapting
pricing decisions to changes in consumers’ purchasing power and effective
demand.

Among the distinctive features (key characteristics) of adaptive
pricing policy, the following should be highlighted:

e dynamism — the ability to promptly revise prices in response
to changes in costs, demand, exchange rate fluctuations, and risk factors;

o flexibility — the application of alternative pricing strategies, price
differentiation, and a scenario-based approach to pricing decisions;

o systemic nature — the integration of pricing decisions with the
enterprise’s financial, marketing, and crisis management policies;

o risk orientation — consideration of macroeconomic (including
wartime, logistics-related, and inflationary) and regulatory risks;

o resilience orientation — prioritising the preservation of solvency
and cash flows over short-term profit maximisation.

In our opinion, one of the most important characteristics of adaptive
pricing policy is its integrative nature. It is shaped by the enterprise’s
financial, production, investment, innovation, marketing, and sales policies,
which necessitate a comprehensive analysis of both internal and external
factors. In particular, financial policy determines the acceptable boundaries
of pricing decisions in terms of liquidity and profitability; production and
investment policies influence cost levels and production capacity; innovation
policy determines opportunities for creating added value; while marketing
and sales policies shape product commercialisation conditions and consumer
behaviour.

The effectiveness of an adaptive pricing policy directly depends on
adherence to a set of fundamental principles that constitute the
methodological basis for its development and implementation. Accordingly,
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we propose the following key principles for the development and
implementation of an adaptive pricing policy:

o the principle of system integration, according to which pricing policy
should be developed as an integral component of the enterprise management
system. Pricing decisions should be aligned with financial, production,
innovation, and sales policies to ensure managerial cohesion;

e the principle of proactivity, which requires enterprises not only to
respond to existing changes but also to anticipate potential risks and threats.
The implementation of this principle involves the use of scenario analysis
and forward-looking pricing decisions;

e the principle of economic justification, according to which adaptive
pricing decisions should be based on a comprehensive analysis of costs,
effective demand, the competitive environment, and the enterprise’s financial
capabilities;

o the principle of flexibility, which reflects the ability of pricing
processes to respond promptly to changes in the external environment and
the enterprise’s internal operating conditions. Compliance with this principle
enables price adjustments without undermining the overall development
strategy;

o the principle of customer orientation, which requires consideration of
consumers’ price sensitivity, purchasing behaviour, and perceived product
value, particularly under conditions of declining household incomes and
market instability;

o the principle of continuity, which involves the continuous monitoring
of pricing policy performance and its timely adjustment in response to
changes in the external environment and internal business processes.

Compliance with these principles creates the necessary preconditions
for developing an effective adaptive pricing policy that ensures enterprise
stability under uncertainty.

Thus, adaptive pricing policy constitutes an important instrument for
implementing adaptive enterprise management, aimed at enhancing
enterprise resilience and competitiveness in an unstable economic
environment. Its principal functions are presented in Figure 5.

The tasks that should be implemented in the process of applying an
adaptive pricing policy at an enterprise include the following:

« analysis of demand sensitivity to price changes;

« prompt adjustment of price levels and tactical pricing approaches;

« alignment of pricing decisions with the overall adaptive management
strategy;

« evaluation of the effectiveness of implemented pricing decisions.

The main mechanisms for implementing an adaptive pricing policy
that ensure the achievement of its primary goal and key objectives may
include:

o differentiated pricing, which takes into account customer segment
characteristics and regional demand differences. This approach enables
enterprises to adjust prices depending on customers’ purchasing power and
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changes in market conditions (Shevchenko & Hanzhala, 2024; Krasovska,
etal., 2025);

e dynamic pricing, which involves the regular real-time adjustment of
prices based on changes in costs, demand, and competitor behaviour. This
mechanism is particularly effective in crisis conditions and under fluctuations
in logistics costs (Krasovska et al., 2025; Ponomarenko 1. & Ponoma-
renko D., 2025);

e forecast-based pricing models, which integrate analytics data and digital
tools to predict demand, sales volumes, and optimise profitability. The use of big
data and artificial intelligence enables enterprises to respond quickly to economic
shocks and changes in consumer demand (Vasyltsova & Hasiuk, 2023;
Hasanah & Rino, 2025; Lange, et al., 2025).

FUNCTIONS OF ADAPTIVE PRICING POLICY
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Figure 5. Functions of the adaptive pricing policy of the enterprise

Source: developed by the authors.

As can be seen, an adaptive pricing policy should be based on the
application of flexible strategies that enable enterprises to respond promptly
to changes in both the external and internal environments. The core principle
of such strategies is the combination of demand forecasting, cost assessment,
and competitive analysis to formulate optimal pricing decisions (Krasovska
et al., 2025). At the same time, adaptive pricing serves not only as a
profitability tool but also as a mechanism for maintaining financial stability
and competitive advantages under conditions of turbulence and wartime
challenges (Shevchenko & Hanzhala, 2024).

A key factor in the effectiveness of adaptive pricing is the use of
digital tools and analytical platforms. Pricing simulation software, demand
management systems, and analytical dashboards enable enterprises to rapidly
assess market conditions and make informed managerial decisions
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(Vasyltsova & Hasiuk, 2023; Ponomarenko I. & Ponomarenko D., 2025).
Through the integration of such tools, pricing policy becomes an active
element of adaptive management capable of minimising risks and ensuring
financial stability even under significant external shocks.

The implementation of an adaptive pricing policy should combine
strategic and operational approaches. The strategic level ensures alignment
of pricing decisions with the enterprise’s long-term development goals,
competitive strategy, and risk profile. The tactical level focuses on
operational responses to changes in costs, demand, exchange rates, supply
conditions, and competitors’ actions. Their combination ensures managerial
flexibility, enhances the enterprise’s adaptive capacity, and enables the
achievement of the primary goal of adaptive pricing policy — maintaining
competitiveness, financial stability, and sustainable development under
conditions of economic turbulence and external challenges.

Thus, the implementation of an adaptive pricing policy allows
businesses not only to respond promptly to market changes but also to create
the prerequisites for long-term development while maintaining a balance
between economic efficiency and adaptive capacity.

Conclusions

The assessment of the interrelationship between prices, performance
outcomes, and operational efficiency makes it possible to identify the key
factors underlying enterprise development under conditions of wartime
challenges and prolonged economic instability. The results of the analysis of
the impact of pricing policy on the performance of Ukrainian enterprises
during 2019-2024 demonstrate that, in recent years, businesses have actively
adapted to external shocks to ensure survival under highly uncertain and risky
conditions, including through pricing policy. This confirms the hypothesis
that an enterprise’s pricing policy, when implemented as an instrument of
adaptive management, positively affects performance indicators,
competitiveness, and financial stability in a volatile economic environment.

It has been established that, under conditions of economic instability,
pricing policy performs the function of balancing internal enterprise
capabilities with external market constraints and represents one of the most
flexible operational instruments within the adaptive management
mechanism, alongside financial, production, marketing, sales, innovation,
and investment policies.

Unlike traditional pricing policy, which is focused on optimising
financial results in a stable environment, an adaptive pricing policy enables
enterprises to respond rapidly to external and internal changes by integrating
pricing decisions into crisis management and strategic decision-making
systems. Adaptive pricing enables enterprises to respond promptly to
fluctuations in demand, changes in cost structures, competitive actions, and
macroeconomic shocks.
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Further research in the field of effective pricing should be directed
toward the development of theoretical and methodological foundations of
adaptive pricing policy and their integration into the practical activities
of domestic enterprises. This will enable enterprises to ensure financial
stability, build sustainable competitive advantages, and maintain stable cash
flows even during periods of economic turbulence, while effectively

responding to external challenges.
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