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Abstract
The rapid growth of e-commerce has transformed how consumers discover, evaluate, and
purchase products, yet much of this decision-making occurs below the level of conscious
awareness — a gap that traditional self-report research methods struggle to capture.
Neuromarketing, which draws on neuroscience, psychology, and biometric measurement (EEG,
fMRI, eye tracking, GSR, and facial expression analysis), offers a route to understanding these
subconscious responses, while artificial intelligence increasingly enables the automated
interpretation of such data at the scale required by modern digital commerce. Despite growing
interest in both fields, neuromarketing and AI-driven personalization have largely developed
as separate research streams, with few studies conceptually integrating the two or examining
their combined ethical implications. This study addresses that gap by proposing an integrated
conceptual framework linking neuromarketing measurement techniques, AI-driven
interpretation and personalization mechanisms, and their combined influence on online
consumer behaviour. Using a mixed-methods design, the study synthesizes existing literature
through a systematic review and supplements it with a survey of 150 online shoppers,
examining their awareness of neuromarketing applications, emotional and cognitive responses
to digital stimuli, perceptions of AI-driven personalization, and attitudes toward related ethical
issues. Findings indicate that functional and AI-enabled cues — particularly personalized
recommendations, product imagery, and interface simplicity — are the most strongly reported
influences on purchase behaviour, while emotional engagement, though rated comparatively
lower, remains conceptually significant given its subconscious nature. Respondents also
prioritized data protection and transparency over the convenience personalization offers. The
study contributes a theoretically grounded, empirically supported framework with
implications for researchers, e-commerce practitioners, and policymakers navigating the
ethical use of AI-enabled neuromarketing.

Keywords: Neuromarketing; Artificial Intelligence; Online Consumer Behaviour; E-Commerce;
Personalization; Consumer Neuroscience; Data Privacy Ethics
1. Introduction
The growing impact and reach of digital technology has fundamentally altered how consumers
search for information, evaluate products, and make decisions about what to buy. Online
shopping is becoming a competitive alternative for retailing thanks to the Internet, mobile

https://unicredit-capitalia.eu/


J Euro Eco His.
ISSN : 0391-5115
Volume 7, Issue 3 ( 2026)

https://unicredit-capitalia.eu/ 572

apps, recommendation systems, and secure online payment methods. As more online
businesses compete for customer attention, understanding the psychology and emotions that
drive purchase decisions has become increasingly important. Traditional marketing research
techniques, such as focus groups, interviews, and surveys, can be effective in directing
marketing decisions, but they are not always able to elicit the subconscious reasons behind
consumers' purchases. Increasingly, this gap is being addressed not by neuroscience alone, but
by the convergence of neuroscience with artificial intelligence — a shift that is reshaping how
digital businesses read and respond to consumer behavior.

Neuromarketing, grounded in theories from consumer behavior, psychology, and neuroscience,
is a field that examines how marketing stimuli interact with the human brain. Techniques such
as electroencephalography (EEG), functional magnetic resonance imaging (fMRI), eye tracking,
galvanic skin response (GSR), facial expression analysis, and other biometric measurements
allow researchers to investigate the emotional, cognitive, and physiological reactions that
occur during a consumer's decision-making process. These techniques are based on actual data
about attention, recall, engagement, trust, and emotional arousal, rather than relying solely on
customers' subjective self-reports. On their own, however, these tools generate large, complex,
and often noisy streams of data that are difficult to interpret and even harder to apply at the
scale of modern e-commerce. This is where artificial intelligence has become central: AI and
machine learning techniques are increasingly used to decode, classify, and interpret
neurophysiological and biometric signals in real time, transforming neuromarketing from a
lab-based, manual process into a scalable analytical capability that can be embedded directly
into digital commerce platforms.

Customers navigating online marketplaces are overloaded with both visual and informational
stimuli as a result of the e-commerce boom. Numerous elements, such as website design,
product presentation, color schemes, pricing strategies, customer reviews, recommendation
algorithms, marketing content, and checkout procedures, influence purchasing decisions. AI-
enabled neuromarketing offers a way to determine which of these digital marketing elements
most effectively generate attention, satisfaction, and purchase intention, by combining
neurophysiological insight with the pattern-recognition and predictive capabilities of AI.
Consumer behavior in online shopping is shaped by both rational assessment and emotional
processing, with factors such as trust, perceived risk, brand familiarity, social influence,
product aesthetics, scarcity messaging, and personalized suggestions all playing a role — often
below the level of conscious awareness. By analyzing physiological and neural responses
through AI-driven models rather than relying on verbal or self-reported responses, this
integrated approach can illuminate underlying thought processes that consumers themselves
may not be able to articulate, helping marketers build more effective, trust-based engagement
strategies.

Recent developments in AI, machine learning, big data analytics, and predictive algorithms
have moved neuromarketing beyond passive measurement toward active, adaptive application.
Rather than simply supplementing neuromarketing research, AI now plays an enabling role at
its core: automating the interpretation of EEG, eye-tracking, and GSR data; predicting
customer buying habits from behavioral and neurophysiological signals; personalizing product
recommendations in real time; and dynamically adjusting digital marketing strategies based on
inferred emotional and cognitive states. This tighter integration of AI and neuromarketing
allows businesses to deliver a highly customized buying experience, boosting conversion rates
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and strengthening competitive positioning. At the same time, this convergence raises
important issues around consumer privacy, informed consent, data security, and the
responsible use of biometric and neural information — concerns that intensify as AI systems
gain the ability to infer and act on consumers' subconscious states.

Given the growing use of both neuromarketing and AI in online retail, a considerable body of
research has examined consumer reactions to digital marketing tactics in relation to emotional
involvement, visual attention, cognitive load, and decision fatigue. However, most existing
work treats AI and neuromarketing as separate streams — one focused on algorithmic
personalization and prediction, the other on neurophysiological measurement — rather than
as an integrated system. There remains a clear gap in research that conceptually connects AI-
enabled interpretation of neuromarketing data with the broader landscape of online consumer
behavior, particularly within the fast-evolving and highly personalized digital marketplace.

This research addresses that gap by proposing an integrated conceptual framework of AI-
enabled neuromarketing in e-commerce, linking neuroscientific and biometric measurement
techniques, AI-driven interpretation and personalization mechanisms, and their combined
influence on online consumer behavior. The study examines how emotional and cognitive
responses to online shopping environments are captured and interpreted through AI-enabled
neuromarketing tools, how this integration strengthens the effectiveness of online marketing
strategies, and what challenges and ethical considerations arise from its use. The resulting
framework is intended to advance conceptual understanding of AI-neuromarketing
convergence and to offer practical implications for researchers, policymakers, e-commerce
companies, and marketers seeking to optimize the online customer journey responsibly.

1.1Background of the study

Consumer decision-making in online retail has traditionally been understood through models
that assume a largely conscious, rational evaluation of price, features, and alternatives. This
assumption underpins much of classical consumer behavior theory and continues to inform
standard market research methods such as surveys, interviews, and focus groups. However, a
substantial body of behavioral and cognitive research has since established that purchase
decisions are shaped heavily by unconscious, emotional, and heuristic-driven processes that
self-report methods struggle to capture accurately. Consumers are often unable to articulate
why a particular product page, layout, or recommendation influenced their choice, even when
it demonstrably did — a limitation that has direct implications for how e-commerce platforms
such as Amazon, Flipkart, and Myntra design and optimize the customer journey.

Neuromarketing emerged in response to this measurement gap, drawing on neuroscience,
psychology, and behavioral economics to capture physiological and neural markers of
consumer response — attention, emotional arousal, cognitive load, and memory encoding —
through tools such as EEG, fMRI, eye tracking, GSR, and facial expression analysis. Within e-
commerce specifically, these tools have been applied to study how consumers respond to
visual layout, product imagery, pricing displays, recommendation placement, scarcity cues,
and checkout flow. A recurring finding across this literature is that emotional and attentional
responses to these digital stimuli often diverge from what consumers report when asked
directly, reinforcing the value of physiological measurement in digital retail contexts.
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In parallel, e-commerce platforms have increasingly adopted AI-driven systems —
recommendation engines, dynamic pricing algorithms, behavioral targeting, and
personalization models — that infer consumer preference and intent from behavioral and
transactional data rather than physiological signals. These two research and application
streams have largely developed independently: neuromarketing research has concentrated on
physiological measurement of consumer response, while AI-driven personalization research
has concentrated on behavioral and transactional prediction, with comparatively little work
examining how the two can be combined. Yet the underlying objective of both is the same —
inferring the consumer's underlying psychological state from indirect signals — which suggests
a natural, currently underexplored point of convergence: using AI not merely alongside
neuromarketing, but to interpret and operationalize neuromarketing data itself (e.g.,
automating EEG/eye-tracking analysis, or using biometric data to train predictive
personalization models).

This fragmentation has left a gap in the literature: existing studies tend to examine either a
single neuromarketing technique in isolation (e.g., eye-tracking on product pages) or a single
AI application (e.g., recommendation algorithms), rather than modeling how AI-enabled
neuromarketing operates as an integrated system influencing online consumer behavior. Few
studies offer a conceptual structure that connects neuromarketing measurement, AI-driven
interpretation, and consumer behavioral outcomes within a single framework — a gap made
more pressing as online consumer behavior continues to evolve alongside AI-driven
recommendations, hyper-personalization, and emerging technologies such as virtual and
augmented reality.

This convergence also raises ethical considerations that existing frameworks rarely address
together. The use of biometric and neural data in commercial settings intersects with concerns
around informed consent, data transparency, algorithmic bias, and compliance with tightening
data protection regulations. Because AI-enabled neuromarketing involves both the capture of
sensitive physiological data and its algorithmic interpretation, ethical and regulatory questions
apply at two compounding levels — data collection and automated inference — a distinction
that is often collapsed in existing discussions of neuromarketing ethics.

Given this gap, the present study synthesizes existing literature across neuromarketing and AI-
driven personalization to propose an integrated conceptual framework that explains how AI-
enabled neuromarketing tools shape online consumer behavior — linking neurophysiological
measurement, AI-driven interpretation and personalization mechanisms, and resulting
behavioral and ethical outcomes within a single structure.

1.2Justification of the Study
As established above, neuromarketing and AI-driven personalization have developed as largely
separate research streams, even though e-commerce platforms increasingly rely on both —
often simultaneously — to shape the consumer's purchase journey. This disconnect is not
merely a theoretical gap; it has direct practical and policy consequences. E-commerce
companies are already deploying AI-driven recommendation engines, dynamic pricing, and
behavioral targeting at scale, frequently without a clear conceptual understanding of the
neuropsychological mechanisms these systems exploit, or the ethical implications of doing so.
Practitioners are, in effect, operationalizing neuromarketing principles through AI systems
faster than research has been able to conceptualize, evaluate, or regulate that convergence.
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This creates a pressing need for a framework that keeps pace with practice. Without one,
businesses risk deploying AI-enabled personalization in ways that are effective but opaque —
optimizing for engagement and conversion without a clear account of why they work
psychologically, or whether they cross ethical lines around consent, manipulation, and data use.
This concern is sharpened by tightening data protection regulation globally (e.g., GDPR in the
EU, India's DPDP Act), which increasingly requires organizations to justify how behavioral and
biometric data is collected, interpreted, and acted upon — a requirement that is difficult to
meet without a coherent conceptual account of what "AI-enabled neuromarketing" actually
entails.

Accordingly, this study is justified on three grounds:

Theoretical contribution: It offers a coherent conceptualization that has not previously been
available, synthesizing fragmented findings on neuromarketing techniques, AI-driven
personalization, and online consumer behavior into a single integrated framework — rather
than treating these as parallel, unconnected domains.

Practical relevance: It provides e-commerce businesses and marketers with an evidence-
based foundation for improving website design, engagement, and conversion in ways that are
both effective and ethically grounded, rather than relying on ad hoc or purely algorithmic
optimization.

Policy relevance: It contributes to the broader, increasingly urgent policy debate on the
acceptable use of biometric and behavioral data in digital marketing, offering conceptual
clarity that can inform regulatory and governance discussions as data protection standards
continue to tighten worldwide.

Taken together, this study addresses a gap that is simultaneously theoretical, commercial, and
regulatory — introducing a unified framework that connects neuromarketing tools, consumer
psychology, AI-driven technological enablers, and online purchase behavior.

1.3Objectives of the Study
To review key neuromarketing techniques (EEG, fMRI, eye tracking, GSR, facial expression

analysis, and biometric measurement) used to capture consumers' physiological and neural
responses in digital environments.

To examine emotional and cognitive responses of online consumers (attention, trust,
emotional engagement, cognitive load) and how these responses influence the online
purchasing process.

To assess how AI and machine learning are used to interpret and operationalize
neuromarketing data — through personalization, predictive analytics, and dynamic
recommendation systems — in digital marketing strategy.

To develop an integrated conceptual framework linking neuromarketing techniques, AI-
driven interpretation mechanisms, and online consumer behavior outcomes.

To examine the ethical and regulatory considerations associated with AI-enabled
neuromarketing, including consent, data privacy, and algorithmic bias.

2. Review of Literature
2.1 Evolution of Neuromarketing
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In recent times, the discipline of Neuromarketing has appeared that is an interdisciplinary field
that combines neuroscience, psychology, behavioural economics, and marketing to explain
consumer decisions on a subconscious level. Smidts (2002) coined the term neuromarketing to
refer to the use of neuroscientific approaches in marketing research. Later, Lee, Broderick and
Chamberlain (2007) defined neuromarketing as the use of neuroscience to create an
understanding of how marketing stimuli affect consumers' cognitive and emotional reactions.
Unlike traditional marketing research, which is mainly based on the self-reported opinions and
intentions of consumers, neuromarketing also offers objective physiological data of the
reactions of consumers that are not necessarily consciously perceived by them (Ariely & Berns,
2010).

Commerce is increasingly digital, making neuromarketing more relevant than ever. Today,
online consumers receive a ton of information, images, feeling and other stimuli in a brief span
of time, making it even more vital for marketers to grasp how consumers make unconscious
decisions. Systematic reviews in recent years have shown that the application of
neuromarketing in the lab has broken away from the ivory tower to become relevant to real-
world web optimization, digital advertising, product recommendations, and customer
experience management (Singh et al., 2023; Sinha, Misra, & Mishra, 2024).

2.2 Neuromarketing Techniques in Consumer Research
The literature is fairly extensive in the field of understanding consumer behaviour with the use
of neuroscientific tools. EEG is used to assess brain activity and has been extensively used to
study attentional processes, cognitive workload, memory retention and emotional involvement
in the processing of marketing-related stimuli (Venkatraman et al., 2015). Using functional
magnetic resonance imaging (fMRI), researchers can measure brain activity to determine
which areas are linked with the processing of rewards, the building of trust, and the decision to
buy a product or brand, thus gaining insight into how consumers subconsciously assess
products and brands (Ariely & Berns, 2010).
Eye-tracking is one of the most popular neuromarketing tools in e-commerce research since it
captures fixations on certain parts of a website, dwell time, and visual attention. Research
shows that images of products, colour schemes, banners and ratings from customers catch
users' attention far more than textual descriptions, and have a profound effect on their buying
decisions. Similarly, Galvanic Skin Response (GSR), facial expression analysis, and biometric
measurements can objectively measure emotional arousal and physiological involvement in
online shopping experiences (Sinha et al., 2024).

Recent evidence also indicates that the use of several of the neuroscientific techniques
together is more predictive than the use of one technique alone. The combination of EEG, eye
tracking, behavioural analysis, and AI provides a multimodal approach that can capture both
conscious and subconscious consumer behaviour, leading to more comprehensive insights into
purchase intent and customer engagement (Singh et al., 2023).

2.3 Neuromarketing inOnline Shopping Behaviour
With the rise of digital commerce, people have changed the way they shop. In a virtual
shopping environment, there are many other factors present that can stimulate a consumer,
such as the website design, product presentation, personalized suggestions, consumer reviews,
dynamic prices, and promotional messages. These stimuli trigger emotional and cognitive
responses affecting the process of purchase (Sinha et al., 2024).
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Empirical studies show that the impression of the web design, usability of the interface, the
user experience of navigation and the colour psychology have a positive effect on trust,
emotion and buying intention. Eye tracking research has found that consumers spend more
time glancing at an image of a product, discount labels, customer ratings and call to action
buttons than reading a detailed product description. Likewise, scarcity messages, social proof
and personalized suggestions boost emotional activation and trigger impulse buying behavior
(Cialdini, 2021)

In addition, developments in AI and machine learning have bolstered the neuromarketing
applications for digital commerce. Recommendation systems use AI to study users' buying
habits, website interactions, and other data to produce customised shopping experiences. By
combining neuroscientific knowledge with predictive analytics, the marketer can fine-tune
customer engagement, boost conversion rates and increase the satisfaction of online shopping
(Chawla et al., 2026).

2.4 AI-Driven Interpretation of NeuromarketingData

While early neuromarketing research relied heavily on manual analysis of neurophysiological
data, recent advances in artificial intelligence and machine learning have transformed how
EEG, eye-tracking, GSR, and facial expression data are processed and interpreted. Traditional
neuromarketing analysis required trained specialists to manually identify patterns in
brainwave activity or physiological arousal, a process that was time-consuming and difficult to
scale beyond controlled laboratory settings. Machine learning algorithms, particularly deep
learning models, now enable automated classification of emotional states, attention levels, and
cognitive load directly from raw biometric signals, substantially reducing the time and
expertise required to generate actionable insights (Singh et al., 2023).

AI-based emotion recognition systems, trained on facial expression and physiological datasets,
can now infer consumer affective states in real time as they interact with digital interfaces,
allowing marketers to assess emotional responses to website elements at scale rather than
through small, lab-based samples. Similarly, predictive models trained on eye-tracking and
GSR data have been used to forecast purchase intent and engagement with greater accuracy
than single-technique approaches alone, reinforcing the value of multimodal, AI-integrated
neuromarketing analysis (Sinha et al., 2024). Beyond interpretation, AI systems increasingly
close the loop between measurement and action: insights derived from neurophysiological
data are fed into recommendation engines and personalization algorithms, allowing digital
platforms to adjust content, layout, or offers dynamically based on inferred consumer states
rather than static rules (Chawla et al., 2026). This shift signals a move from AI as a
complementary tool to AI as the primary mechanism through which neuromarketing insight is
operationalized in real-world digital commerce.

2.5 Ethical Considerations in Neuromarketing and AI

The growing capability of neuromarketing and AI systems to infer consumers' subconscious
emotional and cognitive states has raised significant ethical concerns among researchers and
regulators. A central issue is informed consent: because neuromarketing techniques capture
physiological and neural responses that consumers themselves may be unaware of, questions
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arise as to whether conventional consent mechanisms are adequate when the data being
collected reveals information the consumer did not knowingly disclose (Ariely & Berns, 2010).
This concern is amplified in AI-enabled contexts, where biometric data may be used not only
to understand past behavior but to train predictive models that anticipate and influence future
behavior.

Data privacy and security represent a related concern, particularly as biometric and neural data
are considered highly sensitive under emerging data protection frameworks such as the GDPR
in the European Union and India's Digital Personal Data Protection (DPDP) Act. The use,
storage, and processing of biometric information can create significant privacy risks, including
unauthorized disclosure, cross-matching across databases, and re-identification or extraction
of additional personal attributes from biometric representations (Melzi et al., 2024).
Algorithmic bias is a further concern because AI-based biometric and re-identification systems
may exhibit variations in performance across demographic characteristics, potentially resulting
in biased or discriminatory outcomes (Mazzon et al., 2024). Taken together, these concerns
demonstrate that the ethical challenges of AI-enabled neuromarketing operate at two levels —
the collection and protection of sensitive physiological data, and the subsequent algorithmic
interpretation and application of that data.

2.6 ResearchGap
Although a growing volume of literature has examined neuromarketing and AI-driven
personalization in online retail, several gaps remain. Much of the existing research focuses on
individual neuromarketing tools — EEG, eye tracking, or GSR — in isolation, with limited
attention to how these techniques can be jointly interpreted through AI to produce a more
complete picture of consumer response. Similarly, while psychological constructs such as trust,
attention, and emotional involvement are well studied, they are rarely connected to
technological enablers such as AI-driven interpretation, predictive analytics, and
personalization within a single explanatory model. Systematic reviews confirm that integrated
models explaining the joint effects of cognitive, emotional, behavioural, and AI-driven
technological factors on online purchase decisions remain scarce (Singh et al., 2023; Sinha et al.,
2024). Ethical dimensions of this convergence — including biometric data collection, informed
consent, algorithmic bias, and data privacy — remain similarly under-researched, particularly
where AI is used to interpret and act on neurophysiological data specifically, rather than
conventional behavioral data. This study addresses these gaps by proposing an integrated
conceptual framework that connects neuromarketing measurement, AI-driven interpretation,
and their combined influence on online consumer behavior, while incorporating the associated
ethical considerations.

3. ResearchMethodology
3.1 ResearchDesign
This study adopts a mixed-methods research design, combining a qualitative systematic
literature review with a quantitative, descriptive survey. The first phase synthesizes existing
literature across neuroscience, psychology, consumer behaviour, digital marketing, and
artificial intelligence to develop an integrated conceptual framework explaining how AI-
enabled neuromarketing shapes online consumer behaviour. The second phase empirically
tests the practical relevance of this framework by surveying online shoppers on their awareness
of neuromarketing applications, their emotional and cognitive responses to digital stimuli, the
influence of AI-driven personalization, and their perceptions of the associated ethical issues.
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This design allows the conceptual framework to be grounded in theory while also being
assessed against real consumer perceptions.

3.2 ResearchApproach
The literature-synthesis component follows a systematic literature review (SLR) method, based
on principles of transparent, comprehensive, and reproducible evidence synthesis (Tranfield,
Denyer, & Smart, 2003; Snyder, 2019). The empirical component follows a descriptive
quantitative research approach, using a structured questionnaire to measure consumer
perceptions across four dimensions directly aligned with the study's objectives:
(i) awareness of neuromarketing techniques,
(ii) emotional and cognitive drivers of purchase decisions,
(iii) the influence of AI-enabled personalization and website design, and
(iv) ethical perceptions surrounding data use in neuromarketing.

3.3 Sources of Data

The study draws on both secondary and primary data. Secondary data was retrieved from peer-
reviewed journal articles, conference proceedings, book chapters, and credible review papers
sourced from Scopus, Web of Science, ScienceDirect, SpringerLink, EmeraldInsight, Taylor &
Francis Online, Wiley Online Library, IEEE Xplore, and Google Scholar. Primary data was
collected directly from online shoppers through a structured survey, designed to empirically
test the constructs identified through the literature review.

3.4 Search Strategy

Literature was retrieved using combinations of key terms, including "neuromarketing," "AI-
enabled neuromarketing," "consumer neuroscience," "online consumer behaviour," "eye
tracking e-commerce," "biometric measurement," "AI personalization," "recommendation
systems," and "neuromarketing ethics," combined using Boolean operators (e.g.,
"neuromarketing" AND "artificial intelligence"; "personalization" AND "purchase intention";
"biometric data" AND "consumer privacy").

3.5 Inclusion and Exclusion Criteria

To ensure the relevance and quality of the literature, predefined inclusion and exclusion
criteria were applied. Studies were included if they were peer-reviewed, published in
recognized academic outlets, and addressed neuromarketing, AI-driven personalization, online
consumer behaviour, digital marketing, or related ethical and privacy issues. Studies were
excluded if they were non-peer-reviewed, focused exclusively on offline contexts without
digital relevance, lacked sufficient theoretical or methodological information, or were
unavailable in English. These criteria ensured that the selected literature was relevant to the
study objectives and provided a reliable foundation for developing the proposed conceptual
framework.

3.6 Data Synthesis / FrameworkDevelopment Process

The retained literature was analysed using thematic content analysis. Key concepts, theoretical

https://unicredit-capitalia.eu/


J Euro Eco His.
ISSN : 0391-5115
Volume 7, Issue 3 ( 2026)

https://unicredit-capitalia.eu/ 580

positions, and empirical findings were coded and grouped into recurring themes: the evolution
of neuromarketing, neuroscientific measurement techniques, emotional and cognitive
consumer responses, AI-driven interpretation and personalization, and ethical considerations.
This thematic synthesis was used to map relationships between neuromarketing tools,
psychological mechanisms, AI-enabled technological factors, and online purchase behaviour,
forming the theoretical basis of the integrated conceptual framework — the same four
dimensions later tested empirically in the survey.

Figure 1:

Integrated Conceptual Framework of AI-Enabled Neuromarketing in E-Commerce
3.7 Survey Population and Sampling

The survey targeted active online shoppers, given the study's focus on digital purchase
behaviour. A total of 150 valid responses were collected using convenience sampling with
respondents recruited via online survey forms shared through social media and e-commerce
user communities.

3.8 Survey Instrument andMeasures

Data was collected using a structured questionnaire divided into four sections, mirroring the
study's core dimensions:

 Section A – Demographic profile (gender, age, shopping frequency)
 Section B – Consumer perceptions of neuromarketing applications (e.g., product

imagery, personalized recommendations, website colour/design, promotional videos,
scarcity messaging, brand storytelling)

 Section C – Effect of specific neuromarketing and AI-driven factors on online shopping
behaviour (e.g., interface simplicity, emotional engagement, visual design, customized
recommendations, limited-time offers, consumer reviews/ratings)

 Section D – Consumer perceptions of ethical issues in neuromarketing (e.g., data
protection, disclosure of personalized marketing, ethical regulation, comfort with data
sharing)
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All perception-based items were measured on a five-point Likert scale ranging from 1 (Strongly
Disagree) to 5 (Strongly Agree).

4. Results and Discussions
Results:
The purpose of the study was to find out how the use of neuromarketing applications affected
customers' online shopping behavior. Consumer awareness of neuromarketing techniques, the
importance of visual and emotional perception in decision-making, the impact of personalized
websites on customer engagement, and perceptions of ethical issues were the four dimensions
examined. The data collected from 150 online shoppers was analyzed using descriptive
statistics and mean score analysis.

Table 1. Demographic Profile of Respondents
Variable Category Frequency Percentage (%)
Gender Male 71 47.3%

Female 79 52.7%

Age
18-25 years 40 26.7%
26-35 years 52 34.7%
36-45 years 38 25.3%

Above 45 years 20 13.3%
Shopping Frequency Weekly 51 34%

Monthly 68 45.3%
Occasionally 31 20.7%

Interpretation
The demographic profile of the 150 respondents is given in Table 1. There was slightly more
female than male respondents (52.7% to 47.3%) The majority belonged to the 26–35 years’ age
group (34.7%), followed by 18–25 years (26.7%), 36–45 years (25.3%), and above 45 years (13.3%).
When it comes to shopping frequency, most shoppers (45.3%) shop monthly, then weekly
(34.0%) and occasionally (20.7%). In general, the sample is representative of the users of online
shopping, suitable to study applications of Neuromarketing in online shopping behavior.

Table 2. Consumer Perceptions of Neuromarketing Applications
Statement Mean SD Rank

Attractive product images affect my purchasing decisions. 4.31 0.71 1
Personalized recommendations encourage purchases 4.22 0.78 2
Colour scheme and design of a website influence my
shopping experience

4.11 0.76 3

Promotional videos enhance my interest in products. 4.08 0.83 4
Scarcity messages encourage immediate purchases. 4.02 0.86 5
Emotional connection to a brand is strengthened by brand
storytelling.

3.96 0.89 6

Interpretation
The descriptive statistics of respondents' opinions about the elements of digital marketing that
influence online buying behavior are displayed in Table 2. Respondents agreed that these
factors positively influence their purchasing decisions, as evidenced by the mean scores of all
the assertions being above 3.90.
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The attractive product images received the highest mean score (M = 4.31, SD = 0.71), indicating
that the product images have the biggest impact on the decision to buy. Following tailored
suggestions, personalization (M = 4.22, SD = 0.78) and website color scheme and design (M =
4.11, SD = 0.76) were also emphasized as being crucial. Additionally, it was discovered that
customers' purchase intentions were positively impacted by the scarcity messaging (M = 4.02,
SD = 0.86) and promotional videos (M = 4.08, SD = 0.83). Brand storytelling had the lowest
mean (M = 3.96, SD = 0.89), yet respondents concurred that it fosters an emotional bond with
a brand.

Overall, the findings show that individualized digital marketing strategies and images are more
successful in encouraging online shoppers to make purchases than emotional narratives and
scarcity marketing techniques.

Table 3: Effect of Neuromarketing Factors on Online Shopping Behaviour
Neuromarketing Variable Mean SD Level of

Influence
Simplicity of the user interface 4.18 0.80 High

Emotional engagement 3.98 0.85 Moderate
Visual design 4.11 0.76 High

Customized Recommendations 4.22 0.78 High
Limited time offers 4.02 0.86 High

Consumer Reviews & Ratings 4.15 0.81 High

The table shows that all six neuromarketing parameters have a favorable impact on online
purchase behavior. Customized product recommendations had the highest mean score (M =
4.22, SD = 0.78) of all the criteria, suggesting that they have a significant impact on consumers'
decisions to make online purchases. The user interface's simplicity (M = 4.18, SD = 0.80) and
customer reviews and ratings (M = 4.15, SD = 0.81) came next, indicating that social validation
and ease of use have a significant impact on online buyers. Additionally, visual design showed
a high degree of influence (M = 4.11, SD = 0.76), emphasizing the significance of eye-catching
and visually appealing online purchasing interfaces. Similar to this, limited-time offers (M =
4.02, SD = 0.86) had a high degree of effect, suggesting that promotional cues based on
urgency can motivate consumers to make purchases. In comparison to the other characteristics,
emotional involvement had the lowest mean score (M = 3.98, SD = 0.85) and was categorized
as having a modest level of influence. Overall, the results indicate that functional and
personalized digital cues—specifically, user-interface simplicity, personalized
recommendations, and customer evaluations and ratings—have a greater impact on online
purchase behavior than emotional engagement.

Table 4. Consumer Perceptions of Ethical Issues in Neuromarketing
Statement Mean SD Rank

Data Protection 4.48 0.55 1
Disclosure of Personalized Marketing 4.36 0.63 2

Ethical Regulations 4.27 0.67 3
Convenience of Personalized Advertisements 4.05 0.76 4

Comfort with sharing browsing data 3.61 0.88 5

The results demonstrate that data protection obtained the highest mean score (M = 4.48, SD =
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0.55) and ranked first, demonstrating that consumers place a high value on the security of their
personal information. Personalized marketing disclosure came in second (M = 4.36, SD = 0.63),
followed by ethical regulations (M = 4.27, SD = 0.67). Convenience of tailored adverts came in
fourth (M = 4.05, SD = 0.76), while comfort with sharing browsing data obtained the lowest
mean score (M = 3.61, SD = 0.88). Overall, the findings show that consumers choose privacy,
openness, and ethical standards over the ease of targeted marketing.

Discussion
The empirical findings of this study lend practical, convergent support to the conceptual
arguments developed in the literature review, while also revealing some noteworthy tensions
between what respondents report and what neuromarketing theory would predict. Taken
together, the four result tables help address each of the study's stated objectives and situate
the primary survey findings within the broader conceptual framework proposed for
neuromarketing in online shopping behaviour.
With respect to the emotional and cognitive drivers of online purchase behaviour (Objective 2),
the results present an interesting paradox. Attractive product images (M = 4.31), personalized
recommendations (M = 4.22) and website colour/design (M = 4.11) were rated as the strongest
influences on purchase decisions, while brand storytelling and emotional engagement
consistently received the lowest mean scores across Tables 2 and 3 (M = 3.96 and M = 3.98
respectively, the latter categorized as only a "moderate" influence). At first glance this suggests
that functional and personalization cues outweigh emotional appeals in shaping online buying
behaviour. However, this pattern is also consistent with a core premise of the neuromarketing
literature reviewed in Section 2: because emotional and subconscious processing occurs below
the threshold of conscious awareness, self-reported instruments such as questionnaires are
structurally limited in their ability to capture it (Ariely & Berns, 2010; Sinha, Misra, & Mishra,
2024). Respondents may simply be unable to accurately report how strongly emotional cues
shape their decisions, even when those cues are in fact operating. This reinforces, rather than
contradicts, the study's underlying argument for why physiological and neurological
measurement tools such as EEG, GSR and facial expression analysis add value beyond what
conventional surveys can offer (Venkatraman et al., 2015).
On the technological and personalization dimension (Objectives 3 and 4), the results are more
unambiguous. Customized recommendations emerged as the single strongest influence on
purchase behaviour in Table 3 (M = 4.22), closely followed by interface simplicity (M = 4.18)
and consumer reviews and ratings (M = 4.15). This is well aligned with the literature on AI-
enabled personalization, which argues that recommendation engines that combine
behavioural data with predictive analytics improve engagement and conversion by tailoring
the shopping experience to individual users (Chawla et al., 2026). The comparatively high
influence of limited-time offers (M = 4.02) further supports prior findings that urgency- and
scarcity-based cues remain effective triggers of impulse purchase behaviour in digital retail
environments (Cialdini (2021).
The findings on ethical perceptions (Table 4) add an important dimension that is often under-
examined in applied neuromarketing research. Consumers ranked data protection (M = 4.48)
and disclosure of personalized marketing practices (M = 4.36) above the convenience that
personalization delivers (M = 4.05), and were markedly less comfortable with the idea of
sharing browsing data (M = 3.61) than with any other ethical statement. This ordering suggests
that, notwithstanding their appreciation for personalized and visually engaging experiences,
consumers hold transparency and control over their data as a higher priority than the
functional benefits personalization provides. This is consistent with the ethical concerns raised
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in the Background and Justification sections of this study, and echoes wider academic
discussion on informed consent, algorithmic bias and responsible use of biometric and
behavioural data in an era of tightening data-protection regulation (Singh et al., 2023; Sinha et
al., 2024).
As illustrated in Figure 1, the proposed framework conceptualizes online consumer behaviour
as a three-stage pathway: neuromarketing techniques generate physiological and behavioural
signals, AI-driven interpretation processes these signals, and this interpretation shapes
consumer behaviour outcomes such as attention, trust, and purchase intention — all within a
boundary of ethical and regulatory oversight spanning the interpretation and outcome stages.
The empirical findings offer indirect but consistent support for this pathway. The strong
influence of personalized recommendations, product imagery, and interface simplicity (Tables
2 and 3) reflects the framework's middle stage, where AI-driven interpretation is translated
into personalized cues that measurably shape behaviour. Similarly, the priority respondents
placed on data protection and transparency (Table 4) corresponds to the framework's ethical
oversight component, confirming this is not a peripheral concern but one consumers weigh
alongside, and at times above, the benefits of personalization. Together, these results trace a
path consistent with the framework's structure, lending preliminary empirical grounding to
the conceptual model this study set out to develop.
Overall, the results provide converging, if indirect, empirical support for the integrated
conceptual framework this study set out to develop. Functional and technologically enabled
cues, particularly personalization, visual presentation and social proof, appear to exert the
most immediately reportable influence on online purchase behaviour, while the emotional and
ethical dimensions, though rated comparatively lower or more cautiously, remain conceptually
central because they operate through subconscious and trust-based mechanisms that self-
report methods are not well equipped to detect. This underscores the value of the multimodal
approach recommended in the literature, combining behavioural survey data with genuine
neurophysiological measurement, to fully capture the cognitive, emotional, technological and
ethical forces that jointly shape online consumer behaviour.

5. Limitations of the Study

 Reliance on self-reported survey data: Although the study reviews neuroscientific
tools such as EEG, fMRI, eye tracking, GSR, and facial expression analysis, and proposes
a conceptual framework linking these tools to AI-driven interpretation, the primary
data reported in Section 4 was collected through a self-report questionnaire rather than
actual physiological or neurological measurement, and the survey itself does not
incorporate AI-based interpretation of biometric data. This limits the study's ability to
fully empirically validate the proposed framework and to capture subconscious or non-
verbalized emotional responses — precisely the gap neuromarketing techniques are
designed to address. Future research combining this framework with genuine
physiological or AI-interpreted biometric data would strengthen empirical validation.

 Sample size and composition: The primary data is based on 150 respondents, which,
while adequate for preliminary descriptive analysis, restricts the statistical power and
generalizability of the findings to the broader population of online shoppers.

 Geographic and cultural scope: The respondent sample does not appear to span
diverse geographic or cultural contexts, limiting the extent to which findings can be
generalized across markets with different digital infrastructure, regulatory
environments, and cultural attitudes toward privacy and online shopping.
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 Cross-sectional design: Data were collected at a single point in time, so the study
cannot capture how consumer perceptions of neuromarketing techniques,
personalization, or privacy evolve as technology and regulation change.

 Correlational, not causal, evidence: The mean-score and descriptive analyses
reported indicate association rather than causation, so claims about which stimuli
"drive" purchase behaviour should be treated as directional rather than confirmed
causal effects.

 Non-probability sampling: No sampling frame or random sampling procedure is
described, raising the possibility of self-selection bias among respondents who are
more digitally engaged or more favourably disposed toward online shopping.

 Common method bias and social desirability bias: Because all four dimensions —
awareness, emotional response, personalization influence, and ethical perception —
were measured using the same self-report instrument at the same point in time,
responses may be affected by consistency effects. This is particularly relevant to the
ethics-related findings (Table 4), where respondents may have overstated their concern
for data privacy relative to their actual data-sharing behaviour — a discrepancy well
documented in the literature as the "privacy paradox."

 Perception-based rather than behavioural outcome data: The survey captures
respondents' stated perceptions of what influences their shopping behaviour, rather
than actual purchase behaviour, click-through data, or conversion outcomes. Since
stated influence and actual behavioural influence do not always align, particularly for
subconscious or emotionally driven responses, this represents an important distinction
between what this study measures and true behavioural outcomes.

 Lack of product-category or platform specificity: The survey does not distinguish
between different online shopping contexts (e.g., fashion, electronics, groceries) or
platforms (mobile app, desktop, social commerce), even though neuromarketing and
AI-personalization effects are likely to vary meaningfully across these contexts.

6. Future Scope of the Study
The findings and limitations of this study open several avenues for future research that could
extend and empirically strengthen the proposed integrated conceptual framework of AI-
enabled neuromarketing.

 Empirical validation using physiological and AI-interpreted data. Future studies
should move beyond self-report instruments and incorporate actual neurophysiological
and biometric data — such as EEG, eye-tracking, GSR, or facial expression analysis —
processed through AI-based interpretation models. This would allow direct empirical
testing of the framework's core proposition: that AI-enabled interpretation of
neurophysiological signals can explain aspects of online consumer behaviour that self-
reported data cannot capture, particularly subconscious and emotionally driven
responses.

 Larger and more diverse samples. Subsequent research should draw on larger
sample sizes with greater statistical power, using probability-based sampling methods
to reduce self-selection bias and improve generalizability. Expanding the sample across
different countries, cultures, and regulatory environments would also help establish
whether the relationships identified in this study hold consistently across markets with
differing digital infrastructure, data protection regimes, and cultural attitudes toward
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privacy.
 Longitudinal and experimental designs. Because consumer attitudes toward

personalization, AI-driven marketing, and data privacy are likely to shift as technology
and regulation evolve, future studies would benefit from longitudinal designs that track
changes in perception and behaviour over time. Controlled experimental designs — for
instance, A/B testing personalized versus non-personalized interfaces while capturing
biometric responses — could also help establish causal, rather than merely
correlational, relationships between AI-enabled neuromarketing stimuli and purchase
behaviour.

 Behavioural and platform-specific outcome data. Future research should
incorporate actual behavioural and transactional data — such as click-through rates,
conversion rates, cart abandonment, and time-to-purchase — alongside perception-
based survey data, to validate whether stated influence aligns with actual purchasing
behaviour. Studies could also be designed around specific product categories (e.g.,
fashion, electronics, groceries) and platforms (e.g., mobile apps, desktop, social
commerce), since neuromarketing and AI-personalization effects are likely to vary
meaningfully across these contexts.

 Addressing the privacy paradox. Given the gap this study observed between
consumers' stated concern for data privacy and their simultaneous appreciation of
personalized experiences, future research could specifically investigate the "privacy
paradox" in the context of AI-enabled neuromarketing — examining under what
conditions consumers are willing to trade privacy for personalization, and how
transparency and consent mechanisms might be designed to resolve this tension.

 Development of ethical and regulatory guidelines. As AI-enabled neuromarketing
technologies continue to advance, there is a growing need for research that translates
the ethical considerations identified in this study — informed consent, algorithmic bias,
and data protection — into practical governance frameworks and industry guidelines.
Future interdisciplinary research involving marketers, technologists, ethicists, and
policymakers could help ensure that the adoption of these technologies remains both
commercially effective and socially responsible.

Taken together, these directions would allow future researchers to build on the conceptual and
preliminary empirical foundation established in this study, moving toward a more fully
validated, generalizable, and practically actionable understanding of how AI-enabled
neuromarketing shapes online consumer behaviour.

7.Conclusion

This study set out to examine how AI-enabled neuromarketing shapes online consumer
behaviour, and to propose an integrated conceptual framework linking neuromarketing
measurement techniques, AI-driven interpretation and personalization mechanisms, and their
combined influence on the online purchase journey. Through a systematic review of literature
spanning neuroscience, psychology, consumer behaviour, digital marketing, and artificial
intelligence, the study traced the evolution of neuromarketing from a lab-based discipline into
a scalable, AI-integrated capability now embedded across digital commerce platforms. The
review identified a clear gap in the literature: while neuromarketing and AI-driven
personalization have each been extensively studied, they have largely developed as separate
research streams, with few studies conceptually integrating the two — and fewer still
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addressing the compounded ethical considerations that arise when AI is used to interpret
sensitive neurophysiological and biometric data.

To address this gap, the study proposed an integrated conceptual framework and
supplemented it with a preliminary empirical survey of 150 online shoppers, examining their
awareness of neuromarketing applications, the emotional and cognitive factors influencing
their purchase decisions, the role of AI-driven personalization, and their perceptions of
associated ethical issues. The empirical findings offered convergent, if indirect, support for the
proposed framework. Functional and AI-enabled cues — particularly personalized
recommendations, product imagery, interface simplicity, and consumer reviews — emerged as
the most strongly reported influences on purchase behaviour, while emotional engagement
and brand storytelling, though rated comparatively lower, remain conceptually significant
precisely because they operate through subconscious mechanisms that self-report methods are
inherently limited in capturing. This finding reinforces, rather than undermines, the central
argument for why physiological and AI-interpreted neuromarketing measurement adds value
beyond conventional survey-based research. The findings on ethical perceptions further
revealed that consumers place data protection, transparency, and disclosure above the
convenience that personalization offers, underscoring the importance of responsible and
transparent data practices as AI-enabled neuromarketing technologies continue to advance.

Taken together, this study contributes to the literature in three ways. Theoretically, it offers an
integrated conceptual framework that has not previously been available, bridging the
neuromarketing and AI-personalization literatures into a single explanatory structure.
Practically, it provides e-commerce businesses and marketers with an evidence-based
foundation for designing more effective, ethically grounded digital marketing strategies. From
a policy perspective, it contributes to the ongoing debate on the responsible use of biometric
and behavioural data, at a time when data protection regulation continues to tighten globally.
While the study's empirical component is constrained by its reliance on self-reported data,
sample size, and cross-sectional design, it nonetheless provides a meaningful foundation for
future research that combines this conceptual framework with genuine physiological and AI-
interpreted biometric measurement, larger and more diverse samples, and behavioural
outcome data. As AI continues to reshape how digital businesses understand and respond to
consumer psychology, an integrated, ethically grounded framework of AI-enabled
neuromarketing will become increasingly essential to both academic understanding and
responsible commercial practice.
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