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Abstract

Neuromarketing, with its automated and implicit processes, has a profound impact on
understanding customer decision making and unveils concealed insights into consumer
behaviour. There is an increasing interest among researchers in exploring how consumers’
brain responses influence their decision-making processes. A primary goal in today's market
is understanding what motivates consumers to choose one product over another. Although
neuromarketing positions itself as a key research field to achieve this goal, it remains
a relatively young and rapidly evolving discipline. Therefore, it is useful to present a
comprehensive review of the scientific studies concerning the application of neuromarketing,
with special attention to its diverse tool and outlining the distinct benefits that ensure the
rigorous execution of high-quality neuromarketing research. The purpose of the present
study is to provide a “comprehensive overview of the application of neuromarketing tools -
classification of neuroimaging and physiological tools” - on the practice of marketing
research. Thus, literature review was covered aiming academic papers, scientific articles
and relevant sources in this field and using the methodology text-mining. The papers were
selected between 2010 and 2023 using the search for “neuromarketing tools” in valid
databases. Valuable results are provided especially for the use of “electroencephalography ”
(EEG) and “functional magnetic resonance imaging” (fMRI) regarding cost efficiency.
Overall, this paper seeks to serve as a valuable resource for understanding the array
of neuromarketing tools available and their advantages, achieved through bibliometric and
content analysis studies. What distinguishes this research is its up-to-date review of
neuromarketing tools and their proven effectiveness in targeted domains. Consequently,
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it provides valuable insights and guidance for both academic and business endeavours,
aiming to enhance efficiency in marketing research and inspire future investigations.

Keywords: consumer behaviour, decision-making process, neuromarketing,
“electroencephalography” (EEG), “functional magnetic resonance imaging” (fMRI).

JEL Classification: M31, O32.

1. Introduction

Antonio Damasio, a well-known neuroscientist and appreciated author once
said, “We are not thinking machines that feel, we are feeling machines that
think”. According to Damasio and many others, despite our admiration for
cognitive abilities, the brain has long depended on instinctual reactions for millions
of years. Regarded from a neuromarketing point of view, it suggests that certain
principles should be employed in advertising messages to enhance information
processing at the brain level (Morin, 2011). There is an increasing interest among
marketing researchers and academics for this young neuromarketing field that
helps in finding concealed insights into consumer behaviour and in understanding
customer decision making.

1.1 Context

At Harvard University, “Neuromarketing” as an idea was created by therapists
in 1990 (Cuesta et al., 2018; Singh et al., 2023). However, in 2002, Ale Smidts,
a Dutch organisational theorist who was also a marketing professor, presented the
term “Neuromarketing” (Boriceanu, 2009). A year later, in 2003, researchers utilised
fMRI brain imaging techniques to investigate and comprehend consumers'
preferences for common beverages such as Coca-Cola and Pepsi (McClure et al.,
2004). This study, through its incomplete elucidation of consumer decision-making
prompted a quest for deeper insights into this emerging research field (Stasi et al.,
2017). “Neuromarketing” is part of the “Neuroscience” research domain that aims
to anticipate the consumer’s behaviour through the cerebrum’s basic actions and
responses. It is demarcated as the field of study of the cerebral apparatus to
comprehend consumers’ behaviour to advance a business’s marketing strategies
(Boriceanu, 2009).

2. Problem Statement

Year by year the number of papers focused on this young domain grows, and that
is why it is very hard to get a clear overview of the neuromarketing tools and
afterwards to keep up with the proven efficiency of every single one of them obtained
in specific studies. That is why it is necessary to provide a user-oriented presentation
of the neuromarketing literature. For a newcomer in neuromarketing field, there is a
great need for a detailed guide for high-quality research. “Therefore, we discuss the
different steps a newcomer is likely to take when moving into the neuromarketing
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field, along with their informational needs at various stages of their development
as a neuromarketing researcher” (Lee et al., 2018). The added value of this study
is to present the application and the efficiency of the neuromarketing tools
to marketing research demonstrated in papers published in well-regarded and
influential marketing journals.

3. Aims of the Research

The objective of this research project is to provide a better understanding of the
application and efficiency of neuromarketing tools in marketing research. This goal
can be achieved by getting a comprehensive overview of the field: from the past up
to the present and setting the future agenda. So, the contribution of this study would
be to present an up-to-date review of the specialised literature and provide a set of
directions for future improvement of the research in the field of neuromarketing, as
discovered from the literature review (Lee et al., 2018; Sanchez-Nufiez et al., 2021).

4. Research Methods

In pursuit of an exploratory approach, a research based on secondary sources was
chosen, in order to obtain insights about the use of “neuromarketing tools in
marketing research”. To achieve this goal, the search for papers was started by
establishing the keywords: “neuromarketing”, “neuromarketing tools in marketing
research”, “application of neuromarketing tools”, “EEG”, and “fMRI”. The first
criterion used to select the papers for this secondary data research was related to the
publishing year: the interval between 2010 and 2023 was chosen. The second
criterion was represented by the scientific databases, where the keywords provided
valuable results: Springer Open, Wiley Online Library, Sagepub, Emerald, MDPI,
and Elsevier. In the end, a total of 20 papers were returned according to the required
criteria and were included in the present analysis.

5. Findings

The articles included in this study have had performed different types of
researches: comprehensive analysis using keyword cooccurrence analysis and
science mapping tools; text-mining; systematic reviews; “Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses” (PRISMA) framework; Themes,
Contexts, Characteristics and Methodology framework (TCCM) or bibliometric
analysis.

5.1 Literature Review - Background

Studies using neuroimaging methodologies provide insight into the real-time
consumer response to a specific stimulus (Burgos-Campero & Vargas-Hernandez,
2013). What is needed before sophisticated brain imaging studies is strong theory
which predicts specific neural activation differences, rather than exploratory work
aiming to map “what happens in response to a marketing stimulus” (Lee et al., 2010).

1042



Proceedings of the 7™ International Conference on Economics and Social Sciences (2024), ISSN 2704-6524, pp. 1040-1049

The neural measures are better predictors of population-level data than self-report
measures. Marketers can apply these tools to gain insights about the consumers’
intention towards their products and services, and it can help them test their branding
and marketing strategies before actually implementing them in the target market
(Agarwal & Dutta, 2015). Neuromarketing techniques can be split into two main
categories: “neuroimaging” and “non-neuroimaging” techniques (Martinez-Navarro
et al., 2019). “Neuroimaging techniques” involve monitoring brain activity and
electrical signals, whereas “non-neuroimaging techniques” do not engage with
neurological activity (Gill & Singh, 2020). Calvert et al. (2004), Kenning and
Plassmann (2005), Zurawicki (2010) and Bercea (2012) helped with further detailing
this classification as presented below.

“Neuroimaging Techniques”

A. “Recording Metabolic Activity in the Brain”:

e fMRI (“functional Magnetic Resonance Imaging”): measures the oxygen used
by different areas of the brain (it measures: “memory encoding, sensory
perception, trust and brand engagement, loyalty, preference, recall”).

e PET (“Positron Emmision Tomography”): “is a clinical imaging symptomatic
method used to quantify the body’s metabolic movement” (it measures:
“memory encoding, engagement, emotional engagement, attention, processing
visual input”).

o8]

. “Recording Electrical Activity in the Brain”:

e EEG (“Electroencephalogram™) test: it evaluates the electrical signals sent
from one neuron to another (it measures: “attention, engagement, excitement,
emotional valence and cognition, memory encoding, recognition”).

e fNIRS (“Functional near-infrared spectroscopy”): is an optical technique for
monitoring brain activity, that utilises near-infrared light.

e MEG (“Magnetoencephalography”): analyses and maps brain activity using
a cap equipped with 100-300 sensors (it measures: “perception, attention,
memory”).

e SST (“Steady-State Topography™): it measures: “sensory perception, valence of
emotions”.

e TMS (Transcranial Magnetic Stimulation)

“Non-Neuroimaging Techniques”:

e ET (Eye tracking): This records individuals' eye movements during an eye-
tracking task (it measures: “visual search, fixation position, eye movement
patterns, spatial resolution, excitement, pupil dilation”).

e Facial coding or Facial Expression: It detects subtle muscle movements
when individuals react to marketing stimuli (it measures: “unconscious
reactions, emotions”).
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o fEMG (facial Electromyography): it employs facial sensors to record the
electrical response generated by facial muscles contractions (it measures:
“unconscious and subconscious reactions, valence”).

e Galvanic Skin Response (GSR) or Skin Conductance: researchers employ
GSR to assess the level of customer excitement following the exposure
to external stimuli (it measures: “emotional engagement, valence and arousal
of emotions™).

e Heart Rate
Implicit Response Tests: another type of tools that provides subconscious
data on behaviour or attitude (it measures: “reaction time, underlying attitudes/
evaluation”).

e Measuring physiological responses.

5.2 Neuromarketing Tools in Marketing Research: Up-to-date Review

Yadava et al. (2017) in their study utilised an affordable setup to analyse brain
activity through EEG signals, which provided high temporal resolution, was more
cost-effective than fMRI and used fewer electrodes - only 14. He demonstrated that
these parameters expanded the application of EEG from the laboratory to everyday
practice. The main contribution of that study was offering a neuromarketing
framework that could be utilised to develop market strategies, conduct research and
predict market success by enhancing existing models (Yadava et al., 2017). Lin et
al. (2018) concentrate on “various ways in which EEG research can inform
marketers, such as research on attention, memory, attitudes, decision-making,
emotions and more”, while Hakim and Levy (2018) try to establish the specific
application of EEG in predicting the preferences.

Neuromarketing field provides promising results as Ruanguttamanun (2014)
shows in his study that fMRI offers a new cutting edge method that is able to shed
light on subconscious processes, which could substantially increase the effectiveness
of advertising messages.

According to Shahriari et al. (2019), marketers must comprehend the
subconscious aspects of consumer behaviour to fulfil their needs, as the majority of
cognitive processes occur subconsciously, making it difficult for consumers to
express their preferences explicitly. Neuromarketing is the side of neuroscience
research that focuses on understanding the consumer behaviour through the brain's
instinctual processes and responses (Gill & Singh, 2020). Their research adds value
to marketing research by offering an efficient method to measure the customer’s
unconscious reactions. In their study, Singh et al. (2023) demonstrate that
neuromarketing methods excel in gauging customer responses to marketing actions.
Their neuromarketing study “conveys valuable insights to scholars, researchers and
marketers by offering comprehensive future research perspectives and theoretical
evolution for augmenting their overall understanding of the neuromarketing
discipline” (Singh et al., 2023).
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5.3 Neuromarketing Tools in Marketing Research: Future Agenda

Similar to other technologies, neuroscience technology meets a significant
challenge: the ethical considerations, such as maintaining privacy and
confidentiality, protecting vulnerable groups, and ensuring the honest interpretation
of research findings (Shahriari et al., 2019). Ethical issues act as a barrier in the
development of neuromarketing, but to a certain extent they are regulatory
mechanisms for the progress of the field (Bercea Olteanu, 2015; Vlasceanu, 2014).
In their paper, Ulman et al. (2014) suggest that “neuromarketing technologies should
be sufficiently discussed in public spheres and its use on humans should be fully
carried out according to the ethical principles and legal regulations designed in line
with human rights and human dignity”.

Since 2015, the application of Machine Learning in neuromarketing focuses
especially on “like/dislike classification problem” and “predicting consumer choice
problem” (Rawnague et al., 2020). For instance, using “advanced neural recording
method” and “signal processing tools”, researchers can analyse EEG signals and
determine how they relate to marketing stimuli. This demands the implementation
of advanced “Machine Learning algorithm application” in Neuromarketing.
According to Rawnague et al. (2020) the most utilised classification algorithms in
Neuromarketing experiments over the last five years included: “Support Vector
Machine” (SVM), “Linear Discriminant Analysis” (LDA), “Artificial Neural
Network” (ANN), “Naive Bayes”, “k-Nearest Neighbor” (KNN) and “Hidden
Markov Model” (HMM).

In their study, Alsharif et al. (2023) emphasise the neural responses related to
consumer behaviour such as attention, emotions, perception, reward processing, and
motivation, to be taken into account in the marketing mix, and EEG was the most
involved tool in this research. “The frontal and temporal gyri were correlated with
pleasure/displeasure and high/low arousal; the occipital lobe is linked to attention
processes, while the hippocampus relates to long and short-term memory”. Gill and
Singh (2020) state in their study that the EEG test holds an advantage over fMRI due
to its portability, enabling it to test individuals in public locations such as shops and
cinemas. Along with EEG, fNIRS is one of the most commonly used noninvasive
neuroimaging techniques that can be applied in portable environments.

Casado-Aranda et al. (2023) stated that “fMRI and EEG stand out in providing
a comprehensive insight into the brain processes underlying the processing of
communication”. The activation of “deep emotional, mentalising, memory and
valuation networks in communication contexts may strongly predict behavioural
tendencies, persuasion, and conversion”. The added value provided by this study
is the valuable overview of suitability and cost efficiency of neuromarketing tools.
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Figure 1. ‘Most relevant neurophysiological tools by cost and suitability
in communication research’
Source: Casado-Aranda et. al., 2023.

In their paper (Mileti et al., 2016), the researchers introduce “the integration
of neuromarketing and nanotechnologies that could start a new field of research,
which is termed nanomarketing”. Nanomarketing makes possible “noninvasive
and nonintrusive experiments in shopping places” and real-time monitoring of
consumers' mental processes. The added value for our research: wireless and
remote-controlled nanodevices could facilitate a continuous monitoring of the
neurophysiological processes of the subjects. This eliminates the limitations
and artificiality of laboratory studies and makes the results more applicable to
everyday life conditions. So, using portable/wearable or environmental devices
could significantly enhance companies’ abilities to comprehend, predict and adapt
to market changes.

6. Conclusions and Implications

This study revealed the application and increasing efficiency of “neuromarketing
tools in marketing research”, offering a better understanding of their use in decoding
the emotions that trigger the decision-making process. Using neuromarketing tools
in marketing research has significant managerial implications and here are some of
them: improved marketing strategies, competitive advantage, enhanced consumer
insights, product development, cost efficiency, and ethical considerations.
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This research has certain limitations that need to be acknowledged. Firstly,

the study relied on secondary data sources, such as academic articles, which may
have limited the depth of the analysis. Secondly, the criteria used for selecting
articles for the analysis may have introduced a degree of subjectivity, which could
potentially affect the comprehensiveness of the findings. Although efforts were
made to ensure a representative sample, the inclusion and exclusion criteria might
have affected the results.

As a future research direction, it should be taken into account organising an

up-to-date expertise of the technological advancements of EEG test.
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