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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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