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Electroencephalography in consumer behaviour
and marketing: a science mapping approach
Aroa Costa-Feito 1✉, Ana M. González-Fernández1,

Carmen Rodríguez-Santos 1 & Miguel Cervantes-Blanco1

Since its inception, the field of consumer neuroscience and neuromarketing has undergone

significant development. The principal objective of this work is to identify current research

and to define emerging topics in both consumer neuroscience and neuromarketing using

electroencephalography (EEG) since no studies have thus far examined this issue. To this

end, a bibliometric analysis was conducted with the Science Mapping Software tool SciMAT.

In total, 497 articles published between 2002 and 2022 were examined. The analysis

encompassed all research from brain regions, technologies, and marketing which can be

applied for a better understanding of consumer behaviour. The main contribution of this work

is the comprehensive and objective review of the topic, which highlights the potential interest

in applying EEG to emerging technologies (e.g., augmented reality, mixed reality, or virtual

reality), tourism marketing communications, healthy food products, consumer willingness-to-

pay, service marketing, dynamic stimuli, and consumers’ emotions.

Introduction

During the last 20 years, marketing researchers and professionals have witnessed the
emergence of a new discipline, namely consumer neuroscience (CNS) and neuro-
marketing. This field has an increasing impact on our understanding of how individuals

process marketing stimuli using techniques derived from neuroscience (Oliveira et al., 2022).
Hubert and Kenning (2008) were among the first researchers to differentiate both terms from an
academic perspective, explaining that CNS encompasses the study of cognitive and affective
processes that concern consumption, their psychological interpretation, and the behaviours
triggered by them. Neuromarketing then applies the findings from CNS in the scope of man-
agerial practice.

The increasing relevance of these research areas is indicated by the growing interest in science
and practice, as evidenced by the works of Harris et al. (2018), Cherubino et al. (2019), and
Karmarkar and Plassmann (2019) who provide an overview of consumer neuroscience and
discuss when and how it is useful to integrate neurophysiological data into research conducted in
business fields. Furthermore, Zoëga Ramsøy (2019) suggests a basic foundation for the use of
neuroscience and related methods in studying advertising effects. Other authors have used
neuroscientific and physiological methods to analyse pricing (Boz et al., 2017; Kong et al., 2019),
text (Kong et al., 2019), logos (Lourenção et al., 2020), and images for advertising purposes
(Muñoz-Leiva et al., 2018; Kong et al., 2019; Espigares-Jurado et al., 2020; Lourenção et al., 2020;
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Zhao et al., 2021). In addition, numerous conferences, calls for
papers from prominent scientific journals, and calls for research
by institutes such as the Marketing Science Institute focus on this
subject. CNS and neuromarketing have also been included in the
Marketing Science Institute’s bi-annual Research Priorities since
2016. This demonstrates the need to understand consumer
behaviour through neuroscientific and psychological techniques
and to identify the advances in the field (Marketing Science
Institute, 2016, 2018, 2020, 2022).

These methods have been used in academic research for more
than two decades and have been applied in a diverse range of
scientific areas ranging from psychological and medical diagnoses
to studies on tourism or sports sciences. Studies concerning
marketing involving these methods began to emerge in the 2000s.
Among other aspects, these focused on the fact that advances in
scholarly understanding of consumer behaviour are closely rela-
ted to knowledge of consumer psychology and of the technologies
that can be implemented as methodological research tools
(Smidts, 2002).

From its inception to the present day, CNS and neuro-
marketing have continued to thematically evolve in accordance
with the particular interests of numerous researchers. For
instance, the last two decades have witnessed several hundred
studies in the realm of commercial communication, such as
advertising effectiveness with banner type and engagement as
moderators (Muñoz-Leiva et al., 2018) and the effectiveness of
web advertising through attention and memory (Kong et al.,
2019). Both these studies used eye-tracking technology. Other
studies identified how visual attention to social media impacts the
intention to visit restaurants using electroencephalography (EEG)
(Simonetti and Bigne, 2022), and analysed consumers’ conscious
and unconscious reactions to food packaging using both EEG and
skin conductance techniques (García-Madariaga et al., 2019).
Research has also analysed users’ responses to influencer adver-
tising through EEG and eye-tracking technology (Pozharliev
et al., 2022), and discussed the potential of neuroscientific
methods in the service field (Verhulst et al., 2020).

It is important to address that not all neuroscience and
physiological techniques are suitable for measuring all types of
marketing stimuli (Murray and Antonakis, 2019). Of all the
physiological and neuroscientific methods used in CNS, an
EEG seems to be one of the most powerful technologies, par-
ticularly in the analysis of perceptual constructs (Hubert and
Kenning, 2008; Harris et al., 2018, Tivadar and Murray 2019;
Aldayel et al., 2020). This methodology improves the internal
validity of studies on consumer psychology, enables real-time
analysis, and incurs lower up-front investment than other
technologies used in the field (see Lin et al., 2018). Despite its
huge relevance and the wealth of EEG literature related to
consumer behaviour, no studies examine the range of topics in
which EEG was used over the last decades. Therefore, there is a
need to organise all existing information on this field of
research. For this purpose, bibliometrics is a highly appropriate
technique, as it uses various quantitative measures on a con-
sistent set of bibliographic data.

To date, few investigations have identified what marketing
themes and constructs can be analysed with different neuro-
marketing technologies. Some studies analysed the potential of
eye tracking and its suitability in examining marketing topics
(Zuschke, 2020; Muñoz-Leiva et al., 2022). Similarly, the work by
Caruelle et al. (2019) used a skin conductance method to
understand consumer emotions. Based on the above, a biblio-
metric study is required that captures the significant volume of
scientific information generated around EEG in marketing and
consumer behaviour over the last two decades. This is to address
the following objectives:

1. To analyse the evolution of marketing and consumer
behaviour research topics over the years using EEG.

2. To identify current research topics addressed through EEG-
based methods and emerging topics in the field.

To achieve these objectives, scientific output over the time-
frame under study was identified through an analysis of the main
themes associated with the application of EEG in marketing and
consumer behaviour. This bibliometric approach enables orga-
nising existing scientific information, identifying research gaps,
and offering recommendations for potential new academic and
professional studies based on bibliometric research methodology
(Muñoz-Leiva et al., 2022).

This study makes two main contributions: (1) It maps the
evolutionary path of the EEG-based CNS and neuromarketing
literature by quantifying, aggregating, and ranking key topics,
offering broad insight into its intellectual structure. (2) It derives
emerging topics that are currently being addressed and could
guide future EEG-based CNS and neuromarketing scholars.

The paper is structured thus: Following this introduction, the
section “EEG-based in consumer behaviour and marketing”
provides a theoretical background of EEG, how it operates, and its
functionalities, including the application of this technology in
marketing and consumer behaviour research. Section “Methods”
presents the stages of the methodology followed in this study,
detailing the bibliographic information database selected, periods
under study, evolution of the publication of EEG research, and
bibliometric analysis procedure performed using SciMAT soft-
ware. Section “Results” provides the results of the EEG research
topics for marketing and consumer behaviour by period, offering
a longitudinal perspective. Section “Discussion” discusses the
results, and the section “Research agenda” proposes a research
agenda based on the emerging topics identified. Finally, the main
conclusions are presented in the section “Conclusions”. The
paper concludes by exploring the theoretical and practical
implications of the work presented, the limitations of the study,
and issues to be considered in future research. It is expected that
this work will serve as a guide for researchers and academics in
their future research through the use of EEG in marketing and
consumer behaviour. It also extends the work of Lim (2018) by
providing a holistic view of the field and identifying emerging
research topics that require further investigation.

EEG-based in consumer behaviour and marketing
In recent years, researchers have ventured into the use of neu-
roscience methods including EEG; fMRI; magnetoencephalo-
graphy (MEG); positron emission tomography (PET); functional
near-infrared spectroscopy (fNIRS); and other biometrics and
physiological tools including eye-tracking, facial coding, skin
conductance, and heart rate, to better evaluate consumer
responses (Lin et al., 2018; Karmarkar and Plassmann, 2019;
Bazzani et al., 2020).

The main brain-based methods used in the field of CNS and
neuromarketing are EEG and fMRI. fMRI is a neuroimaging
technique used to measure the amount of deoxygenated hae-
moglobin during neuronal activity. However, its temporal reso-
lution is relatively lower than that of EEG (Lin et al., 2018).
Furthermore, MEG and PET are not preferred devices in CNS
and neuromarketing research because of their higher cost and
technical complexities (Karmarkar and Plassmann, 2019; Bazzani
et al., 2020).

EEG is a non-invasive electrophysiological technique that
measures brainwave activity via sensors (electrodes) and is one of
the most commonly used neuroimaging techniques (di Flumeri
et al., 2019; Bazzani et al., 2020). When neurons communicate
with each other, the electrical activity produced can be measured
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on the scalp via electrodes. Electrodes are usually located
according to the international 10–20 system, which is based on
their scalp-related location, and are directly applied to the scalp
or in a head cap (Lin et al., 2018; Bazzani et al., 2020).

The main advantage of EEG over fMRI, MEG, and PET is that
it provides real-time data, great temporal, and potentially good
spatial resolution (with a high number of electrodes). It is also less
invasive and a relatively less expensive method of measuring
brain waves. Other advantages include a more natural setting and
portability (allowing its use in environments outside the labora-
tory with the more recent dry cap and wireless EEG), the ability
to identify and remove artefacts related to movement with relative
ease, and lower per-subject costs (enabling wider research
accessibility) (Lin et al., 2018; di Flumeri et al., 2019; Karmarkar
and Plassmann, 2019; Tivadar and Murray, 2019). However, what
really stands out in EEG is its usefulness in capturing direct and
objective data to further assist researchers in (1) understanding
the cognitive and emotional processes involved in information
processing and decision-making and (2) understanding implicit
processes often difficult to measure when using self-report mea-
sures such as surveys (Lin et al., 2018). When used appropriately,
EEG precision enables researchers to capture responses to com-
mon marketing topics including advertising, pricing, and
branding. Furthermore, the use of EEG methods can assist in
discerning cause-and-effect relationships between marketing sti-
muli and their associated cognitive responses (Lin et al., 2018).

Regarding EEG types and electrodes, EEG systems improve
electrode–skin conductance with gels or solutions. However, with
the more recent wearable and dry EEG caps, some advances have
been made in the use of dry electrode systems that do not require
gels or solutions, which enables bringing research from the
laboratory to applicative fields (di Flumeri et al., 2019; Tivadar
and Murray, 2019). On the other hand, the number of electrodes
used to explore brain activity can vary from 3 to 256 (Tivadar and
Murray, 2019; Bazzani et al., 2020; Sanders et al., 2020). In fact, a
study conducted by di Flumeri et al. (2019) demonstrated the
high quality achieved by dry EEG caps, since all the electrodes
used guaranteed the same quality levels as wet electrodes. This
reduces the set-up time and increases user comfort.

Using EEG methods, consumer responses are typically revealed
in two ways: event-related potential (ERP) components and EEG
neural oscillations (also called ‘waves’ or ‘bands’). ERP is an
event-related potential used to understand perceptual or cognitive
processes in response to sensory stimuli, and can be positive (P)
or negative (N), which are reflected in the direction of the
deviation from the baseline. Table 1 shows the most popular
ERPs (Lin et al., 2018) and why they are of interest in CNS and
neuromarketing research.

On the other hand, EEG neural oscillations can be divided into
delta band (0.2–4 Hz), theta (5–8 Hz), alpha (8–14 Hz), beta
(15–29 Hz), gamma (30–90 Hz), and very high frequencies
(>90 Hz), which measure the voltage of electrical potential and
frequency of oscillations (Hz) in brain activity (Tivadar and
Murray, 2019; Bazzani et al., 2020).

Some researchers (Lin et al., 2018; Gountas et al., 2019; Kar-
markar and Plassmann, 2019; Tivadar and Murray, 2019; Bazzani

et al., 2020) highlighted that EEG can be used to measure arousal
and engagement responses to information, attention and mem-
ory, attitudes and preferences, decision-making, affect and emo-
tions, perception, motivation, and their neural correlates. Other
researchers noted that EEG can measure constructs such as trust
and risk, reward, or willingness-to-buy in real-life purchasing
situations (Harris et al., 2018; Aldayel et al., 2020). This
emphasises the importance of EEG in consumer behaviour
research.

Finally, a common complaint regarding the use of neuroscience
technologies to study consumer behaviour is the use of small
sample sizes, which is perceived as resulting in low statistical
power. However, the fundamental biological composition of the
brain does not vary as widely as other behavioural variables.
Actually, the experimental design used for conducting CNS stu-
dies is much more controlled than behavioural experiments (Lin
et al., 2018), thus being valuable in the consumer behaviour field.

Methods
Bibliometric analyses have gained research relevance in recent
years. Their utility in scientifically mapping a given field of study
has aroused interest among researchers because it enables the
identification of thematic evolution patterns, the principal pur-
pose of which is to allow researchers to gain a more rigorous
understanding of large unstructured databases (Kuc-Czarnecka
and Olczyk, 2020). Bibliometric analysis summarises the con-
ceptual structure of a particular field, facilitating the identification
of relationships between its various sub-disciplines, themes, and
articles (Cobo et al., 2011, 2012; Gutiérrez-Salcedo et al., 2018). In
this study, SciMAT software was used to complete a bibliometric
analysis of the CNS and neuromarketing field.

SciMAT is an open-source science mapping software that helps
researchers carry out the different steps of the science mapping
workflow into a single software, from data loading and pre-
processing of the raw data to the visualisation and interpretation
of the results (Cobo et al., 2012).

The relevant data for this study were extracted from the Web of
Science (WoS) database. The WoS database is the best source of
international multidisciplinary quality scientific output (Mon-
tero-Díaz et al., 2018; Muñoz-Leiva et al., 2022). Moreover, WoS
includes more than 21,400 journals and its main part is Core
Collection, which includes six citation indexes: Science Citation
Index Expanded, Social Sciences Citation Index, Arts & Huma-
nities Citation Index, Conference Proceedings Citation Index,
Books Citation Index, and, Emerging Sources Citation Index
(Pranckutė, 2021). Scopus is a major alternative to WoS
(Pranckutė, 2021; Muñoz-Leiva et al., 2022), covering a large
number of documents (Visser et al., 2021). However, the extent of
content overlap between WoS and Scopus was determined to be
varying greatly across disciplines (Pranckutė, 2021). In this
regard, following the recommendations of Muñoz-Leiva et al.
(2022), and finding that the list of records provided by Scopus has
a number of citations per year out of total citations (399) lower
than WoS (514), we opted for WoS to carry out our exhaustive
search.

Table 1 Most popular ERPs in CNS research.

P100 (P1)/N100 (N1) Sensory processing
P200 (P2) Selective attention, working memory, earliest ERP component to respond to affective valence
N200 (N2) Cognitive control
P300 (P3) Decision-making, memory processes, propensity to buy.
N400 (N4) Language component (brand name product incongruities)
LPP Affective perception, modulation of emotions.
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The WoS database constitutes the quality benchmark of aca-
demic databases, and its Journal Citation Reports offer unbiased
(publisher-neutral) information together with the most important
bibliographic references in the academic literature (Gutiérrez-
Salcedo et al., 2018). All of these considerations contribute to
WoS being one of the most relied-upon databases for different
context studies such as customer relationship management (Liu
et al., 2020), customer experience (Sindhu and Bharti, 2020), eye-
tracking technology in marketing research (Muñoz-Leiva et al.,
2022), advertising (Sánchez-Núñez et al., 2021), industrial mar-
keting (Valenzuela Fernandez et al., 2019), sustainability, and
tourism marketing (Cavalcante et al., 2021; Pahrudin et al., 2022).

Sample and research design. To understand the current state of
the art and establish potential future trends in our field of interest,
we conducted an advanced search of the WoS Core Collection.
The keywords used were selected based on those found to be most
frequently used by authors in the field. First, we used a basic
search string using (‘Consumer neuroscience’ or ‘Neuromarket-

ing’) and (‘EEG’ or ‘electroencephalography’). This search string
yielded a set of documents. After reviewing the keywords used in
those papers, we built a definitive search string by adding new
keywords that did not appear in the previous search string.
Specifically, the keywords used had to be included in the Title,
Abstract, Author given Keywords, or Source. The types of
documents searched, the language selected, the time period, and
the categories taken into account can be consulted in Table 2.

This left us with 497 articles with which to conduct the
bibliometric analysis. All information relevant to this work can be
found at the end of the paper, in the data availability statement,
and be downloaded from an Open Access repository.

The bibliometric analysis encompassed all research from the
last 20 years on brain regions, EEG, and marketing, which relates
to consumer behaviour themes investigated over the last two
decades. Three periods of study were established according to the
number of publications per year (Fig. 1), showing the frequency
of EEG use in CNS. The first period, 2002–2010, roughly
corresponds to the first decade in which the initial acceptance of

Table 2 Advanced search.

Search string (TS= ("consumer" OR "customer" OR "buyer" OR "consumer neuroscience" OR "consumer-neuroscience" OR "neuromarketing" OR
“neuro-marketing" OR “neuromarketing research” OR “consumer research” OR “customer research” OR "consumer behavior" OR
"consumer-behavior" OR "consumer behaviour" OR "consumer-behaviour" OR "customer behavior" OR "customer behaviour" OR
"customer-behavior" OR "customer-behaviour" OR “consumer behavior research” OR “consumer behaviour research” OR “customer
behavior research” OR “customer behaviour research” OR “consumer habits” OR “customer habits” OR “consumption habits” OR
“consumption behaviour” OR “consumption behavior” OR "consumption" OR "marketing") AND TS= ("EEG" OR
"Electroencephalography" OR "Electroencephalogram" OR “electroencephalograph” OR “electroencephalographic”)

Time period 2002 or 2003 or 2004 or 2005 or 2006 or 2007 or 2008 or 2009 or 2010 or 2011 or 2012 or 2013 or 2014 or 2015 or 2016 or 2017
or 2018 or 2019 or 2020 or 2021 or 2022

Document types Article or Review Articles
Language English
WoS categories Neurosciences or Business or Psychology or Management or Communication or Economics or Psychology Biological or Psychology

Experimental or Psychology Multidisciplinary or Multidisciplinary Sciences or Behavioral Sciences or Hospitality Leisure Sport
Tourism or Psychology Applied or Ethics or Neuroimaging or Social Issues or Sociology or Psychology Social or Information Science
Library Science

Fig. 1 An overview of EEG-based CNS and neuromarketing studies in Web of Science. Data accessed: July 2022.

REVIEW ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-023-01991-6

4 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2023) 10:474 | https://doi.org/10.1057/s41599-023-01991-6



EEG technology in the field was demonstrated. In the second
period, 2011–2017, the use of EEG experienced a growth phase.
During the third period, 2018–2022, extensive use of EEG in CNS
studies is evident.

To build the knowledge base with which to work in SciMAT,
the raw bibliographic data retrieved from WoS needed to be
checked for errors and duplication (Cobo et al., 2012). SciMAT
offers several tools to complete this process, including the option
to edit individual entities such as the author or journal title, and
the facility to merge synonymous and/or misspelled terms.
Manual screening to check the retrieved studies was performed
before the analysis. The validation criteria were that the article
extracted must be related to CNS, neuromarketing, consumer
behaviour, and/or EEG technology. After preparing the knowl-
edge base, a network was constructed using the unit of analysis

(in our case, keywords) in order to explore the relationships
between keywords through a co-occurrence matrix (Cobo et al.,
2012). As a final step, before grouping the data using a clustering
algorithm, keyword frequencies were normalised using the
equivalence index (Cobo et al., 2012). Figure 2 shows a schematic
of the analysis process.

The science map produced by SciMAT can be visualised in
various ways, but most commonly using a strategic diagram. To
better understand the results, the composition of the diagram is
briefly explained in Fig. 3. The strategic diagram comprises two
orthogonal axes, where network centrality is represented on the
x-axis and density on the y-axis. Centrality is a measure of the
degree of interaction between topics. Density, on the other hand,
indicates the degree of interaction within a given topic, such that
higher-density themes have more in-depth development (Cobo et

Fig. 2 Analytical process implemented.
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al., 2011). Thus, the four quadrants of the strategic diagram
correspond to four types. Cobo et al. (2012) explained how
researchers analyse the results of the strategic diagram, starting
with the upper-right quadrant and moving in a clockwise
direction around the diagram:

● First quadrant ‘motor clusters’: Topics are very well
developed internally and externally with respect to others
in the diagram. These themes are highly relevant and
determine the overall shape of the wider discipline.

● Second quadrant ‘basic and transversal clusters’: Topics are
essential to the field of investigation and require further
research.

● Third quadrant ‘emergent or declining clusters’: Topics are
underdeveloped and poorly related internally and exter-
nally. They might be emergent or declining depending on
whether they have been studied in depth in the past.

● Fourth quadrant ‘highly developed and isolated clusters’:
Topics are very specialised or highly developed internally
but poorly interrelated with other topics.

Results
The results are presented separately for the three different periods:
2002–2010, 2011–2017, and 2018–2022. Each subsection provides a
detailed description of the topics associated with the identified areas,
represented by different colours: marketing (purple), neuroscientific
techniques (orange), and brain areas studied (blue). Figure 4 pro-
vides an overview of these findings, offering a comprehensive visual
representation of the research landscape.

Research topics from 2002 to 2010. The first period of study,
2002–2010, reflects a phase where the application of EEG in
CNS was in its infancy. There are very few published articles
from this period, and the topics researched are very general.
Regarding topics corresponding to marketing (purple nodes),
prior literature states that in the first decade of CNS, the focus
was on the four P’s: product, price, promotion, and place
(Smidts et al., 2014). Specifically, EEG was used to evaluate the
cognitive process triggered by different food products and
advertisements. Entering the period 2011–2017, the food
products theme evolved, demonstrating a thematic evolution
from an emerging theme in 2002–2010 to a highly developed
one in 2011–2017. While in this first period (2002–2010),
advertising is considered a basic and transversal theme, indi-
cating an interest in studying brands’ communication using

EEG. Two articles associated with this period must be taken
into consideration. One studying advertisements’ effectiveness
through brain asymmetries (Ohme et al., 2010), and another
exploring the potential of EEG in analysing advertisements
(Astolfi et al., 2008).

Regarding physiological and neuroscientific techniques (orange
nodes), the tool heart rate is highlighted in the first time period
because of its combination with EEG in CNS studies. Aligned
with the extant literature, this first period was characterised by
physiological techniques (Hubert and Kenning, 2008). However,
heart rate appears in the third quadrant, which indicates that it
should be considered a declining theme because it does not
appear in later periods. The results indicate oscillations as a highly
developed topic thanks to advances in medicine (Hallschmid
et al., 2002; Masaoka et al., 2005; Herrmann and Debener, 2008).
Furthermore, this theme evolves during the second period
diverging to form: Theta waves (Vecchiato et al., 2014) and
ERP (Telpaz et al., 2015).

Finally, considering areas related to brain areas (blue nodes),
two topics stand out: frontal EEG asymmetry and the brain. These
key terms refer to studies on the brain’s frontal cortex, specifically
asymmetries in activity between the two hemispheres. Brain
activity asymmetry is a driving theme that has captured the
attention of numerous researchers (Ariely and Berns, 2010; Ohme
et al., 2010). Thus, in this early phase, it is emphasised how the
positive and negative effects of stimuli could be assessed by
observing such phenomena. Indeed, it has been shown that
activity in the left frontal region of the brain is associated with
positive responses to a given stimulus (liking), whereas activity in
the right region indicates negativity (dislike) (Aldayel et al., 2020).

Research topics from 2011 to 2017. The second period
2011–2017, is the most significant one in terms of scientific
productivity. Regarding marketing, the topic of neuroeconomics
stands out, especially as applied to neuroscience and the study of
consumer responses to marketed products. Although neuroeco-
nomics is classified as a precursor discipline in consumer neu-
roscience (Kenning and Plassmann, 2005; Smidts et al., 2014), it
remained of research interest throughout this period.

Consumer response appears as a basic and transversal theme in
marketing. This is linked to research on online advertising and
product placement recall (Barnett and Cerf, 2017; Guixeres et al.,
2017). Furthermore, this topic is related to the analysis of implicit
and explicit emotions aroused by food products (Walsh et al.,
2017b, 2017a). This keyword maintains its position as a fundamental
and transversal theme moving into the following period, 2018–2021.

The term product can be distinguished as a highly developed
theme, appearing in the fourth quadrant, and is seen in
association with studies using EEG to examine product
selection and preference (Apriliantya et al., 2016; Guo et al.,
2016). Considering neuroscientific techniques, in this period,
studies involving oscillations, a theme already identified in the
previous period, can be delineated into studies using one of
two methods to analyse brain activity: those using frequency
bands, particularly Theta, or those using ERP (Lin et al., 2018).
Studies involving Theta waves are an emerging phenomenon
and used to link patterns of brain activity to particular stimuli
such as advertising spots, tourism images, and product
perception (Aldayel et al., 2020). Interest in ERP increases
during this period given its ability to predict consumer
preferences (Telpaz et al., 2015).

Concerning the research on brain areas, the interest in studying
the prefrontal cortex increased due to the greater spatiotemporal
resolution of EEG. In particular, EEG was used here to measure
the effects of stimuli processed in the prefrontal cortex, such as

Fig. 3 Strategic diagram. Adapted from Cobo et al. (2012).
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attention, decision-making, motivation, and emotional expression
(Aldayel et al., 2020).

Research topics from 2018 to 2022. The final period,
2018–2022, represents a significant development in the con-
ceptual structure of the discipline. Driving themes in the area
of marketing include taste and purchase, with the aim of
understanding how consumers respond to food products as
well as to healthy and unhealthy snacks. Brand and consumer
responses turn out to be basic and transversal themes, in the
analyses of consumer preferences and perceptions of food and
beverages, and electronic devices. In addition, a new term,
classification, emerges to capture researchers’ attention during
this period. Here, the focus is on categorising consumer
responses to products that are either branded or not.

Regarding neuroscientific techniques, oscillations, started to
experience a decline from its position as a highly developed topic
between 2002 and 2011. Generally, the specialist literature no
longer refers to oscillations or waves, but rather to frequency
bands or ERP. In fact, the measurement of P3, a type of ERP,
emerges and soon comes to dominate this area of work. Its
potential is linked to the processing of attention, recall, and
decision-making. The applicability in the area of marketing is
very high (Lin et al., 2018), given its connection with social media
and consumer engagement analysis.

Another technique known as eye tracking also emerges as a
technology used in combination with EEG in CNS. The current
high level of interest in this technique highlights it as a driving
theme during this period of study. Indeed, only eye tracking and
EEG demonstrate research trends in CNS during this time.

Finally, for the study of brain processes and brain areas, a
stand-out theme is consumer attention. This theme is highly
relevant and strongly linked to the study of recall and
emotional response using ERP. The analysis of the impact on
consumers by different marketing variables is also a highly
developed theme in this period. Furthermore, the topic of
frontal EEG asymmetry is now a fundamental and transversal
brain area topic, despite that it was a driving theme in the
period 2002–2011. This finding suggests the need to continue
using brain asymmetry measurements to investigate the
positive and negative valences of marketing stimuli, comple-
menting it with other techniques such as facial coding or
electromyography (EMG). Another brain process that con-
stitutes a fundamental and transversal theme is decision-
making, particularly in relation to the use of EEG to enable the

interpretation of consumer decisions, analysis of consumers’
willingness to buy certain products, and heuristics.

Discussion
The scientific output of the last 20 years has driven significant
development in the field of CNS and neuromarketing. The cur-
rent findings shown in this work contain the main topics, the
relationships between them, and the evolution of the entire
conceptual structure.

In this section, we use a longitudinal evolution map offered by
SciMAT (Fig. 5), which provides the temporal progression of
topics (Cobo et al., 2012) to obtain a dynamic perspective of the
conceptual structure of published research. The column repre-
sents a period, and the lines establish the relationships between
different topics over time. A thematic nexus is represented by
solid lines displaying when topics share a matching focal item,
whereas the dotted lines indicate those topics are related because
they share specific keywords in common. In addition, the thick-
ness of the lines indicates the inclusion index and the volume of
the spheres is proportional to the number of published docu-
ments associated with each theme (Cobo et al., 2011, Murgado-
Armenteros et al., 2015). A summary of the thematic areas is as
follows:

● Food research
● Analysis of product attributes
● Consumer willingness to pay
● Research on TV commercials
● Consumer decision-making
● Research on consumer emotions
● Healthy products
● Advertising
● Consumer preferences
● Consumer lifestyle

First, the food research area was studied in the two first periods
using the concept of consumer research, and it emerged fully as a
topic in the last period. Relating this issue to the results above, the
topic has been studied by analysing the attention processes related
to food products (García-Madariaga et al., 2019; Moya et al.,
2020), store illumination as a heuristic for food shopper response
(Berčík et al., 2016), decision-making processes (Zhang, 2018),
choice processes associated with the acquisition of food products
(Stasi et al., 2018), and recall (Park et al. 2011). There is much
scientific production related to food research in the current
period, determining one important area addressed by EEG in the

Fig. 4 Conceptual structure in EEG-based CNS and neuromarketing studies. Purple nodes are referred to themes that correspond to marketing topics.
Orange nodes are related to physiological and neuroscientific techniques. Blue nodes are associated with brain areas.
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CNS and neuromarketing field. Some advances have already been
made in this domain, such as the work of Costa-Feito and Blanco-
Moreno (2023), where they investigate the conscious and
unconscious perceptions of healthy food, through CNS and

Artificial Intelligence techniques. However, as demonstrated in
this study, the implementation of EEG in food research allows not
only the understanding of perception but also decision-making,
recall, and willingness-to-buy.

Fig. 5 Longitudinal evolution map in EEG-based consumer neuroscience.
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Second, the analysis of product attributes is traditionally stu-
died using Fishbein’s theory, asking consumers to consciously
identify particular attributes and assign them a score based on
their importance. As observed in the “Results” section, EEG
technology has advanced the understanding of this area (Guo
et al., 2016; Schoen et al., 2018) by identifying important features
in consumer decision-making processes they are not consciously
aware of. For instance, colours, sizes, shapes, sounds, flavours,
prices, as well as other characteristics of the products.

Although research on willingness to pay has been effectively
explored using traditional techniques, some advances have been
made through the application of EEG. In the last two periods,
some researchers (Barnett and Cerf, 2017; Zhang, 2018, Zoëga
Ramsøy et al., 2019) used EEG to determine the neural
mechanisms underlying consumers’ willingness to pay processes.
However, no studies focused on market segmentation and the
drivers of perceived value (Bazzani et al., 2020), clarifying this
topic as a research priority.

The relevance of TV commercials has been deeply investigated
in the past using EEG. Some researchers focused on analysing
frontal asymmetries (Vecchiato et al., 2011), while others exam-
ined affective and cognitive indices such as happiness, surprise,
and attention (Yang et al., 2015). New formats of television
advertisements (with QR codes or smartphone ad extensions)
have opened new research directions where consumers’ multi-
device interaction can be analysed using EEG techniques.
Moreover, commercials are becoming increasingly common on
social media platforms, where the different cognitive and affective
processes resulting from the use of various platforms can be
studied using EEG.

On the other hand, research on decision-making processes has
evolved towards word-of-mouth. Traditionally, research focus has
been on how consumers shape their preferences and make their
decisions (Guo et al., 2016), but now, studies tend to examine
how perceived source credibility and electronic word-of-mouth
influence consumers’ decision-making processes (Pozharliev
et al., 2022). This issue is part of a new research strand by
using EEG.

In addition, the use of EEG to study consumers' emotions has
been of interest in the last two periods with a focus on identifying
the positive and negative valence of emotions (Vecchiato et al.,
2014; Bozhkov et al., 2017). A trend of analysing prefrontal cortex
signals is observed among consumer emotion recognition-based
experiments in the current period (Harris et al., 2019; Rawnaque
et al., 2020). This issue is frequently connected to advertising,
opening new research lines in real shopping environments where
the data collection is more complex due to the difficulty of iso-
lating biases and noises that occur outside the laboratory.
Regardless of its application inside or outside the laboratory, it is
recommended to combine EEG with facial coding or electro-
myography (EMG) to identify the specific emotion evoked by the
stimulus, rather than just its positive or negative valence.

Health has emerged as a novel research trend, especially in
relation to sustainable consumerism and the consumption of
healthy products (Stasi et al., 2018; Russo et al., 2020). As an
emerging issue, the number of academic publications in this
regard is steadily increasing, such as the work conducted by
Costa-Feito and Blanco-Moreno (2023). However, more research
is needed on how persuasive statements such as 'low in fat,' 'high
in protein,' or 'zero sugars' influence consumer decision-making,
being the EEG a potential technique to understand consumer
perceptions.

In addition, the increasing importance of studies on advertising
is evident over time. Although these studies did not constitute a
motor theme in the early periods, their importance later emerged
as a crucial part of other motor themes (consumers’ emotions and

TV commercials). This trend suggests that advertising will con-
tinue to play a key role in the coming years.

Considering consumer preferences, EEG-based research is
gaining momentum. This issue has also been investigated in
relation to virtual reality (Gao et al., 2019), product attributes
(Guo et al., 2016; García-Madariaga et al., 2019), and brand
preferences (Horska et al., 2016; Schoen et al., 2018). However,
little research has been conducted on consumer preferences
regarding services. For instance, the differences in cognitive and
affective processes involved in enjoying a live show or experien-
cing it through platforms such as metaverse. Other potential
developments in the field can be extended to tourism or aes-
thetics, where EEG has room for implementation (Aldayel et al.,
2020).

Finally, research on lifestyle is beginning to obtain scientific
results. Although a few studies have analysed consumer responses
to retail greenery through a lifestyle centre (Rosenbaum et al.,
2019), there is still much to be done on how consumers with
different lifestyles process marketing stimuli. This can be
accomplished by applying EEG in conjunction with lifestyle
questionnaires, which allows to profile the sample and identify
the different cognitive and affective responses to products and
services in relation to their lifestyle.

Finally, general research interest has focused principally on
products during the three periods of study. This opens the pos-
sibility of a new research line in the analysis of services. Only
three studies appeared during the periods of bibliometric analysis
in the tourism research field (Bastiaansen et al., 2018, 2022; Zoëga
Ramsøy et al., 2019).

Research agenda
The bibliometric and science mapping analysis provides a foun-
dation for identifying emerging research gaps (Cobo et al.,
2011, 2012). Actually, authors such as Sánchez-Camacho et al.
(2020), Vila-Lopez and Küster-Boluda (2021), Molina-Collado
et al. (2022), Muñoz-Leiva et al. (2022) and Salgado Sequeiros
et al. (2022) have used the science mapping approach to identify
emerging avenues. Thus, the ten broader areas previously iden-
tified can also be used to develop and discuss a research agenda.

A large amount of information collected and analysed has
enabled identifying research avenues, which we hope enhance
both research and the field.

(1) Issues related to tourism marketing communications and
destination marketing in tourists’ purchase behaviour require
further research. In recent years, a few studies have used neu-
roscientific and physiological methodologies to investigate tour-
ists’ attention to destination images (Zhao et al., 2021),
advertising effectiveness on travel websites (Muñoz-Leiva et al.,
2018; Kong et al., 2019; Espigares-Jurado et al., 2020), and
tourism pricing (Boz et al., 2017). However, much remains to be
done in tourism research. For instance, EEG methodology has
been applied to measure emotions in tourism destination mar-
keting (Bastiaansen et al., 2018, 2022; Zoëga Ramsøy et al., 2019),
but this issue is in its infancy. Despite that, it provides many
advantages because EEG is capable of capturing more objective
tourists’ responses including those that are unconscious (Telpaz
et al., 2015) to enhance tourism marketing strategies.

(2) From the perspective of new technological development,
more attention must be paid to emerging technologies. Virtual
reality, augmented reality, and mixed reality are interesting areas
of research. In this regard, recent studies have compared the visit
intentions evoked and the process of booking holiday travel in an
immersive virtual reality environment (Bigne and Maturana,
2022), and explored the factors that influence consumers’
acceptance of augmented reality in the retail sector (Castillo and
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Bigne, 2021). These emerging technologies combined with EEG
show new trends that can be targeted by CNS and neuro-
marketing researchers.

(3) Issues related to healthy food products require further
investigation. Previous research focused on how consumers per-
ceive different food packaging (García-Madariaga et al., 2019;
Moya et al., 2020), predict food purchases (Kytö et al., 2019), and
food product communication (Russo et al., 2020). However, more
research is needed on how healthy habits and lifestyles influence
consumers’ perception of food products and their decision-
making process.

(4) Previous research on willingness to pay focused on how
consumers perceive different payment platforms such as credit
cards or PayPal (Casado-Aranda et al., 2018). Hence, future
studies should explore how consumers perceive new virtual
products (e.g., NFTs) or their experience on new virtual platforms
(e.g., the Metaverse) and their willingness to pay for them. This
new research gap can be addressed using EEG methodology,
which will enable researchers to develop strategies for marketing
directors.

(5) Domain service marketing has received little attention in
terms of EEG methodology. As shown in the discussion section,
no practical studies investigate this issue. Thus, doing so would
open a future research avenue. Because service marketing has the
inherent characteristic of intangibility, images and videos have
been used to combat this challenge (Espigares-Jurado et al., 2020).
Here, EEG technology can be used to analyse the effectiveness of
these images and videos, and as a tool to explore the cognitive and
affective processes derived from them.

(6) More research is needed to analyse dynamic stimuli using
the EEG method. The bibliometric analysis conducted highlighted
TV commercials as one of the most prominent themes. However,
most of the stimuli analysed using neuroscientific and physiolo-
gical methods are static (Muñoz-Leiva et al., 2018; Kong et al.,
2019; Zhao et al., 2021), probably because it is difficult to design
this type of experiment for recollecting data. Thus, we encourage
researchers to investigate marketing dynamic stimuli given that
current marketing strategies are in most cases based on stimuli
that are continually in motion (2D videos, 360° videos, films or
games, among others).

(7) In the bibliometric analysis, the study of consumer emo-
tions emerged as a prominent theme. Topics such as brain
asymmetry and affective stimuli can be addressed using the EEG
method. However, recent literature demonstrated that attention
and memory play an important role in the consumer decision-
making process and influence consumer behaviour (Kong et al.,
2019; Moyle et al., 2019; Zhao et al., 2021). Thus, researchers
should investigate how attention, memory, and emotion influence
the consumer decision-making process. It could also be beneficial
to implement the Stimulus-Organism-Response model (Mehra-
bian and Russell, 1974) widely used in CNS and neuromarketing
studies.

(8) Finally, numerous researchers emphasised the importance
of combining EEG with other physiological techniques such as
eye tracking (Cherubino et al., 2019; Karmarkar and Plassmann,
2019; Li et al., 2021). Aligned with this literature, the bibliometric
analysis here showed that eye tracking is an important tool to use
alongside EEG. Thus, both methodologies should be used in
future research (among others) to provide more information on
how consumers process marketing stimuli.

Conclusions
The purpose of this research was to synthesise the evolution of
EEG as a methodology and research topic in the CNS and neu-
romarketing field using a bibliometric approach. This study

addresses the research gap in this field, thereby fulfilling the
proposed objective.

The sophistication of EEG technology has evolved, giving rise
to wearable and dry EEG caps and varying from 3 electrodes to
256. This is also evident in the large volume of studies that use
this neuroscientific technique and the multidisciplinary nature of
its use, which further enhances its benefits. The need to better
understand human decision-making processes and behaviours
has been a primary driver for many researchers. As such, more
than 1250 scientific articles from more than 100 scientific areas
published from 2002 to the present day in the WoS Core Col-
lection have involved EEG. Of the total output, which has wit-
nessed continued growth, neuroscience and business-related
studies carry particular weight given the highly transversal nature
of this discipline.

Since its origin, the application of EEG has focused on the
product and advertising fields. Subsequently, while this approach
has not changed per se, its field of application has broadened to
include subject areas such as healthy products, food, retail, TV
commercials, social media, tourism destination marketing, and
virtual reality. Focusing on this, we observed researchers’ interest
in identifying the factors that arouse consumers’ feelings,
decision-making processes, preferences, and willingness to pay by
using tools from neuroscience. While significant contributions
have been made in the field, there is still room for further
development in the analyses of consumers' emotions and per-
ceptions in relation to healthy food, social media platforms, and
virtual ones such as Metaverse. EEG could contribute to those
analyses, in combination with artificial intelligence and tradi-
tional market research techniques.

From the current work, the lines of research that emerged are
virtual products and new virtual platforms, service marketing
(explicitly, tourism marketing communications), and the analysis
of dynamic stimuli. On the other hand, it is important to bear in
mind the combination of EEG with other neuropsychological and
physiological techniques in practice.

Contributions and limitations
This study directly contributes to the flow of new knowledge in
this field and summarises the current findings for both
researchers and practitioners, thus having practical and academic
implications. Regarding academics, no bibliometric analyses have
to date explored the inception and subsequent evolution of EEG
in the field of CNS and neuromarketing, despite it being one of
the best neuroscientific tools to analyse consumer behaviour
(Aldayel et al., 2020). As such, the current work is also expected
to serve as a reference point in the academic field. It could also
serve as a guide for those interested in starting to work in this
discipline.

Regarding practical implications, managers can benefit from
this research, as it enhances their understanding of the EEG, CNS
and neuromarketing literature and major application themes.
This provides opportunities for execution by implementing EEG
studies on virtual products or virtual platforms (e.g., NFTs or the
Metaverse), applying EEG methods to examine tourism market-
ing communications or service marketing, and exploring the
effectiveness of the dynamic stimuli used to promote products or
services (e.g., video advertisements on social networks or 360°
videos).

However, this study has limitations that need to be considered.
The bibliometric analysis was based on information gathered
solely from the WoS Core Collection. While this database brings
together the world’s most important academic reference material
and is considered a benchmark of quality, we recommend that
further research be conducted to expand the current study by
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including articles from other bibliographic databases, such as
Scopus. It could be done in other software such as VoS Viewer,
since SciMAT is inconsistent with the structure of Scopus.

In addition, this analysis narrowly focused on EEG-based CNS
and neuromarketing studies. It would be interesting to conduct a
similar study encompassing other physiological and neu-
roscientific techniques used in this field, such as eye tracking, skin
conductance, or fMRI.

Data availability
The dataset generated during and analysed during the current
study are available in the Zenodo repository with the title EEG-
based Consumer Neuroscience and Neuromarketing Dataset and
https://doi.org/10.5281/zenodo.6860680

Received: 13 February 2023; Accepted: 26 July 2023;

References
Aldayel M, Ykhlef M, Al-Nafjan A (2020) Deep learning for EEG-based preference

classification in neuromarketing. Appl Sci 10:1–23. https://doi.org/10.3390/
app10041525

Apriliantya F, Purwanegara M, Suprijantob (2016) Effects of colour towards
underwear choice based on electroencephalography (EEG) 24:331–336
Australas Mark J 24:331–336. https://doi.org/10.1016/j.ausmj.2016.11.007

Ariely D, Berns GS (2010) Neuromarketing: the hope and hype of neuroimaging in
business. Nat Rev Neurosci 11:284–292. https://doi.org/10.1038/nrn2795

Astolfi L, Fallani FDV, Cincotti F, Mattia D, Bianchi L, Marciani MG, Salinari S,
Colosimo A, Tocci A, Soranzo R, Babiloni F (2008) Neural basis for brain
responses to TV commercials: a high-resolution EEG study. IEEE Trans Neural
Syst Rehabil Eng 16:522–531. https://doi.org/10.1109/TNSRE.2008.2009784

Barnett SB, Cerf M (2017) A ticket for your thoughts: method for predicting
content recall and sales using neural similarity of moviegoers. J Consum Res
44:160–181. https://doi.org/10.1093/jcr/ucw083

Bastiaansen M, Straatman S, Driessen E, Mitas O, Stekelenburg J, Wang L (2018)
My destination in your brain: a novel neuromarketing approach for evalu-
ating the effectiveness of destination marketing. J Destin Mark Manag
7:76–88. https://doi.org/10.1016/j.jdmm.2016.09.003

Bastiaansen M, Straatman S, Mitas O, Stekelenburg J, Jansen S (2022) Emotion
measurement in tourism destination marketing: a comparative electro-
encephalographic and behavioral study. J Travel Res 61. https://doi.org/10.
1177/0047287520981149

Bazzani A, Ravaioli S, Trieste L, Faraguna U, Turchetti G (2020) Is EEG suitable for
marketing research? A systematic review. Front Neurosci 14. https://doi.org/
10.3389/fnins.2020.594566

Berčík J, Horská E, Wang RWY, Chen YC (2016) The impact of parameters of
store illumination on food shopper response. Appetite 106. https://doi.org/10.
1016/j.appet.2016.04.010

Bigne E, Maturana P (2022) Does virtual reality trigger visits and booking holiday
travel packages? Cornell Hosp Q. https://doi.org/10.1177/19389655221102386

Boz H, Arslan A, Koc E (2017) Neuromarketing aspect of tourism pricing psy-
chology. Tour Manag Perspect 23:119–128. https://doi.org/10.1016/j.tmp.
2017.06.002

Bozhkov L, Koprinkova-Hristova P, Georgieva P (2017) Reservoir computing for
emotion valence discrimination from EEG signals. Neurocomputing 231.
https://doi.org/10.1016/j.neucom.2016.03.108

Caruelle D, Gustafsson A, Shams P, Lervik-Olsen L (2019) The use of electro-
dermal activity (EDA) measurement to understand consumer emotions—a
literature review and a call for action. J Bus Res 104. https://doi.org/10.1016/j.
jbusres.2019.06.041

Casado-Aranda LA, Liébana-Cabanillas F, Sánchez-Fernández J (2018) A neu-
ropsychological study on how consumers process risky and secure E-payments. J
Interact Mark 43:151–164. https://doi.org/10.1016/j.intmar.2018.03.001

Castillo SMJ, Bigne E (2021) A model of adoption of AR-based self-service tech-
nologies: a two country comparison. Int J Retail Distrib Manag 49. https://
doi.org/10.1108/IJRDM-09-2020-0380

Cavalcante W, Coelho A, Maia Bairrada C (2021) Sustainability and tourism
marketing: a bibliometric analysis of publications between 1997 and 2020
using VOSviewer software. Sustainability 13:4987. https://doi.org/10.3390/
su13094987

Cherubino P, Martinez-Levy AC, Caratù M, Cartocci G, di Flumeri G, Modica E,
Rossi D, Mancini M, Trettel A (2019) Consumer behaviour through the eyes
of neurophysiological measures: state-of-the-art and future trends. Comput
Intell Neurosci 1:1–41. https://doi.org/10.1155/2019/1976847

Cobo MJ, López-Herrera AG, Herrera-Viedma E, Herrera F (2011) An approach
for detecting, quantifying, and visualizing the evolution of a research field: a
practical application to the Fuzzy Sets Theory field. J Informetr 5:146–166.
https://doi.org/10.1016/j.joi.2010.10.002

Cobo MJ, López-Herrera AG, Herrera-Viedma E, Herrera F (2012) SciMAT: a new
science mapping analysis software tool. J Am Soc Inf Sci Technol
63:1609–1630. https://doi.org/10.1002/asi.22688

Costa-Feito A, Blanco-Moreno S (2023) Unconscious and conscious aspects of
healthy food consumption: a neuromarketing and artificial intelligence
approach. In: Benítez-Andrades JA, García-Llamas P, Taboada Á, Estévez-
Mauriz L, Baelo R (eds) Global challenges for a sustainable society. EURECA-
PRO 2022. Springer proceedings in earth and environmental sciences.
Springer, Cham

di Flumeri G, Aricò P, Borghini G, Sciaraffa N, di Florio A, Babiloni F (2019) The
dry revolution: evaluation of three different EEG dry electrode types in terms
of signal spectral features, mental states classification and usability. Sensors
(Switzerland) 19. https://doi.org/10.3390/s19061365

Espigares-Jurado F, Muñoz-Leiva F, Correia M, Sousa C, Ramos C, Faísca L (2020)
Visual attention to the main image of a hotel website based on its position,
type of navigation and belonging to Millennial generation: an eye tracking
study. J Retail Consum Serv 52:1–11. https://doi.org/10.1016/j.jretconser.
2019.101906

Gao T, Zhang T, Zhu L, Gao Y, Qiu L (2019) Exploring psychophysiological
restoration and individual preference in the different environments based on
virtual reality. Int J Environ Res Public Health 16. https://doi.org/10.3390/
ijerph16173102

García-Madariaga J, Blasco López MF, Burgos IM, Recuero Virto N (2019) Do
isolated packaging variables influence consumers’ attention and preferences?
Physiol Behav 200. https://doi.org/10.1016/j.physbeh.2018.04.030

Gountas J, Gountas S, Ciorciari J, Sharma P (2019) Looking beyond traditional
measures of advertising impact: using neuroscientific methods to evaluate
social marketing messages. J Bus Res 105:121–135. https://doi.org/10.1016/j.
jbusres.2019.07.011

Guixeres J, Bigné E, Ausín Azofra JM, Alcañiz Raya M, Colomer Granero A,
Fuentes Hurtado F, Naranjo Ornedo V (2017) Consumer neuroscience-based
metrics predict recall, liking and viewing rates in online advertising. Front
Psychol 8. https://doi.org/10.3389/fpsyg.2017.01808

Guo F, Ding Y, Wang T, Liu W, Jin H (2016) Applying event related potentials to
evaluate user preferences towards smartphone form design. Int J Ind Ergon
54:57–64. https://doi.org/10.1016/j.ergon.2016.04.006

Gutiérrez-Salcedo M, Martínez MÁ, Moral-Munoz JA, Herrera-Viedma E, Cobo
MJ (2018) Some bibliometric procedures for analyzing and evaluating
research fields. Appl Intell 48. https://doi.org/10.1007/s10489-017-1105-y

Hallschmid M, Mölle M, Fischer S, Born J (2002) EEG synchronization upon
reward in man. Clin Neurophysiol 113. https://doi.org/10.1016/S1388-
2457(02)00142-6

Harris JM, Ciorciari J, Gountas J (2018) Consumer neuroscience for marketing
researchers. J Consum Behav 17:239–252. https://doi.org/10.1002/cb.1710

Harris JM, Ciorciari J, Gountas J (2019) Consumer neuroscience and digital/social
media health/social cause advertisement effectiveness. Behav Sci 9. https://
doi.org/10.3390/bs9040042

Herrmann CS, Debener S (2008) Simultaneous recording of EEG and BOLD
responses: a historical perspective. Int J Psychophysiol 67. https://doi.org/10.
1016/j.ijpsycho.2007.06.006

Horska E, Bercik J, Krasnodebski A, Matysik-Pejas R, Bakayova H (2016) Inno-
vative approaches to examining consumer preferences when choosing wines.
Agric Econ (Czech Republic) 62. https://doi.org/10.17221/290/2015-
AGRICECON

Hubert M, Kenning P (2008) A current overview of consumer neuroscience. J
Consum Behav 7:272–292. https://doi.org/10.1002/cb.251

Karmarkar UR, Plassmann H (2019) Consumer neuroscience: past, present, and
future. Organ Res Methods 22. https://doi.org/10.1177/1094428117730598

Kenning PH, Plassmann H (2005) NeuroEconomics: an overview from an eco-
nomic perspective. Brain Res Bull 67:343–354. https://doi.org/10.1016/j.
brainresbull.2005.07.006

Kong S, Huang Z, Scott N, Zhang Z, Shen Z (2019) Web advertisement effec-
tiveness evaluation: attention and memory. J Vacation Mark 25:130–146.
https://doi.org/10.1177/1356766718757272

Kuc-Czarnecka M, Olczyk M (2020) How ethics combine with big data: a biblio-
metric analysis. Humanit Soc Sci Commun 7. https://doi.org/10.1057/s41599-
020-00638-0

Kytö E, Bult H, Aarts E, Wegman J, Ruijschop RMAJ, Mustonen S (2019) Com-
parison of explicit vs. implicit measurements in predicting food purchases.
Food Qual Preference 78. https://doi.org/10.1016/j.foodqual.2019.103733

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-023-01991-6 REVIEW ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2023) 10:474 | https://doi.org/10.1057/s41599-023-01991-6 11

https://doi.org/10.5281/zenodo.6860680
https://doi.org/10.3390/app10041525
https://doi.org/10.3390/app10041525
https://doi.org/10.1016/j.ausmj.2016.11.007
https://doi.org/10.1038/nrn2795
https://doi.org/10.1109/TNSRE.2008.2009784
https://doi.org/10.1093/jcr/ucw083
https://doi.org/10.1016/j.jdmm.2016.09.003
https://doi.org/10.1177/0047287520981149
https://doi.org/10.1177/0047287520981149
https://doi.org/10.3389/fnins.2020.594566
https://doi.org/10.3389/fnins.2020.594566
https://doi.org/10.1016/j.appet.2016.04.010
https://doi.org/10.1016/j.appet.2016.04.010
https://doi.org/10.1177/19389655221102386
https://doi.org/10.1016/j.tmp.2017.06.002
https://doi.org/10.1016/j.tmp.2017.06.002
https://doi.org/10.1016/j.neucom.2016.03.108
https://doi.org/10.1016/j.jbusres.2019.06.041
https://doi.org/10.1016/j.jbusres.2019.06.041
https://doi.org/10.1016/j.intmar.2018.03.001
https://doi.org/10.1108/IJRDM-09-2020-0380
https://doi.org/10.1108/IJRDM-09-2020-0380
https://doi.org/10.3390/su13094987
https://doi.org/10.3390/su13094987
https://doi.org/10.1155/2019/1976847
https://doi.org/10.1016/j.joi.2010.10.002
https://doi.org/10.1002/asi.22688
https://doi.org/10.3390/s19061365
https://doi.org/10.1016/j.jretconser.2019.101906
https://doi.org/10.1016/j.jretconser.2019.101906
https://doi.org/10.3390/ijerph16173102
https://doi.org/10.3390/ijerph16173102
https://doi.org/10.1016/j.physbeh.2018.04.030
https://doi.org/10.1016/j.jbusres.2019.07.011
https://doi.org/10.1016/j.jbusres.2019.07.011
https://doi.org/10.3389/fpsyg.2017.01808
https://doi.org/10.1016/j.ergon.2016.04.006
https://doi.org/10.1007/s10489-017-1105-y
https://doi.org/10.1016/S1388-2457(02)00142-6
https://doi.org/10.1016/S1388-2457(02)00142-6
https://doi.org/10.1002/cb.1710
https://doi.org/10.3390/bs9040042
https://doi.org/10.3390/bs9040042
https://doi.org/10.1016/j.ijpsycho.2007.06.006
https://doi.org/10.1016/j.ijpsycho.2007.06.006
https://doi.org/10.17221/290/2015-AGRICECON
https://doi.org/10.17221/290/2015-AGRICECON
https://doi.org/10.1002/cb.251
https://doi.org/10.1177/1094428117730598
https://doi.org/10.1016/j.brainresbull.2005.07.006
https://doi.org/10.1016/j.brainresbull.2005.07.006
https://doi.org/10.1177/1356766718757272
https://doi.org/10.1057/s41599-020-00638-0
https://doi.org/10.1057/s41599-020-00638-0
https://doi.org/10.1016/j.foodqual.2019.103733


Li S, LV T, Chen M, Zhang P (2021) The prospects of using EEG in tourism and
hospitality research. J Hosp Tour Res. https://doi.org/10.1177/1096348021996439

Lim W (2018) Demystifying neuromarketing. J Bus Res 91:205–220. https://doi.
org/10.1016/j.jbusres.2018.05.036

Lin MH, (Jenny), Cross SNN, Jones WJ, Childers TL (2018) Applying EEG in
consumer neuroscience. Eur J Mark 52:66–91. https://doi.org/10.1108/EJM-
12-2016-0805

Liu W, Wang Z, Zhao H (2020) Comparative study of customer relationship man-
agement research from East Asia, North America and Europe: a bibliometric
overview. Electron Mark 30. https://doi.org/10.1007/s12525-020-00395-7

Lourenção M, de Moura Engracia Giraldi J, de Oliveira JHC (2020) Destination
advertisement semiotic signs: analysing tourists’ visual attention and per-
ceived ad effectiveness. Ann Tour Res. https://doi.org/10.1016/j.annals.2020.
103001

Marketing Science Institute (2016) Research priorities 2016–2018. https://www.
msi.org/events/msi-research-priorities/. Accessed 8 Aug 2022

Marketing Science Institute (2018) Research priorities 2018–2020. https://www.
msi.org/articles/marketers-top-challenges-2018-2020-research-priorities/.
Accessed 8 Aug 2022

Marketing Science Institute (2020) Research priorities 2020–2022. Available from
https://www.msi.org/wp-content/uploads/2020/06/MSI_RP20-22.pdf. Acces-
sed 8 Aug 2022

Marketing Science Institute (2022) Research priorities 2022–2024. Marketing Sci-
ence Institute

Masaoka Y, Koiwa N, Homma I (2005) Inspiratory phase-locked alpha oscillation
in human olfaction: source generators estimated by a dipole tracing method. J
Physiol 566. https://doi.org/10.1113/jphysiol.2005.086124

Mehrabian A, Russell JA (1974) An approach to environmental psychology. MIT
Press, Cambridge, MA

Molina-Collado A, Santos-Vijande ML, Gómez-Rico M, Madera JM (2022) Sus-
tainability in hospitality and tourism: a review of key research topics from
1994 to 2020. Int J Contemp Hosp Manag 34:3029–3064. https://doi.org/10.
1108/IJCHM-10-2021-1305

Montero-Díaz J, Cobo MJ, Gutiérrez-Salcedo M, Segado-Boj F, Herrera-Viedma E
(2018) A science mapping analysis of “Communication” WoS subject cate-
gory (1980–2013). Comunicar 26. https://doi.org/10.3916/C55-2018-08

Moya I, García-Madariaga J, Blasco MF (2020) What can neuromarketing tell us
about food packaging? Foods 9. https://doi.org/10.3390/foods9121856

Moyle BD, Lee MC, Bec A, Scott N (2019) The next frontier in tourism emotion
research. Curr Issues Tour 22. https://doi.org/10.1080/13683500.2017.1388770

Muñoz-Leiva F, Liébana-Cabanillas F, Hernández-Méndez J (2018) Etourism
advertising effectiveness: banner type and engagement as moderators. J Serv
Mark 32:462–475. https://doi.org/10.1108/JSM-01-2017-0039

Muñoz-Leiva F, Rodríguez-López ME, García-Martí B (2022) Discovering pro-
minent themes of the application of eye tracking technology in marketing
research. Cuad Gest 22. https://doi.org/10.5295/CDG.211516FM

Murgado-Armenteros EM, Gutiérrez-Salcedo M, Torres-Ruiz FJ, Cobo MJ (2015)
Analysing the conceptual evolution of qualitative marketing research through
science mapping analysis. Scientometrics 102:519–557. https://doi.org/10.
1007/s11192-014-1443-z

Murray MM, Antonakis J (2019) An introductory guide to organizational neu-
roscience. Organ Res Methods 22:6–16. https://doi.org/10.1177/
1094428118802621

Ohme R, Reykowska D, Wiener D, Choromanska A (2010) Application of frontal
EEG asymmetry to advertising research. J Econ Psychol 31:785–793. https://
doi.org/10.1016/j.joep.2010.03.008

Oliveira PM, Guerreiro J, Rita P (2022) Neuroscience research in consumer
behavior: a review and future research agenda. Int J Consum Stud. https://doi.
org/10.1111/ijcs.12800

Pahrudin P, Liu L, Li S (2022) What is the role of tourism management and
marketing toward sustainable tourism? A bibliometric analysis approach.
Sustainability 14:4226. https://doi.org/10.3390/su14074226

Park C, Looney D, Mandic DP (2011) Estimating human response to taste using
EEG. In: Liang Z (ed) Proceedings of the annual international conference of
the IEEE Engineering in Medicine and Biology Society (EMBS), IEEE

Pozharliev R, Rossi D, de Angelis M (2022) Consumers’ self-reported and brain
responses to advertising post on Instagram. Eur J Mark 56:922–948. https://
doi.org/10.1108/EJM-09-2020-0719

Pranckutė R (2021) Web of Science (Wos) and Scopus: the titans of bibliographic
information in today’s academic world. Publications 9. https://doi.org/10.
3390/publications9010012

Rawnaque FS, Rahman KM, Anwar SF, Vaidyanathan R, Chau T, Sarker F, Mamun
KA al (2020) Technological advancements and opportunities in Neuro-
marketing: a systematic review. Brain Inform 7. https://doi.org/10.1186/
s40708-020-00109-x

Rosenbaum MS, Ramírez GC, Matos N (2019) A neuroscientific perspective of
consumer responses to retail greenery. Serv Ind J 39. https://doi.org/10.1080/
02642069.2018.1487406

Russo V, Songa G, Marin LEM, Balzaretti CM, Tedesco DEA (2020) Novel food-
based product communication: a neurophysiological study. Nutrients 12.
https://doi.org/10.3390/nu12072092

Salgado Sequeiros J, Molina-Collado A, Gómez-Rico M, Basil D (2022) Examining
50 years of social marketing through a bibliometric and science mapping
analysis. J Soc Mark 12. https://doi.org/10.1108/JSOCM-06-2021-0145

Sánchez-Camacho C, Martín-Consuegra D, Carranza R (2020) An analysis of the
scientific literature produced on bank marketing through bibliometrics and
scientific mapping – what has been the role of sales in banking? Int J Bank
Mark 39. https://doi.org/10.1108/IJBM-06-2020-0336

Sánchez-Núñez P, Cobo MJ, Vaccano G, Pelaez JI, Herrera-Viedma E (2021)
Citation classics in consumer neuroscience, neuromarketing and neuroaes-
thetics: identification and conceptual analysis. Brain Sci 11:1–23. https://doi.
org/10.3390/brainsci11050548

Sanders N, Choo S, Nam CS (2020) The EEG Cookbook: a practical guide to
neuroergonomics research. In: Nam C (ed) Neuroergonomics, Springer

Schoen F, Lochmann M, Prell J, Herfurth K, Rampp S (2018) Neuronal correlates
of product feature attractiveness. Front Behav Neurosci 12. https://doi.org/10.
3389/fnbeh.2018.00147

Simonetti A, Bigne E (2022) How visual attention to social media cues impacts visit
intention and liking expectation for restaurants. Int J Contemp Hosp Manag
34:2049–2070. https://doi.org/10.1108/IJCHM-09-2021-1091

Sindhu P, Bharti K (2020) Mapping customer experience: a taxonomical study
using bibliometric visualization. VINE J Inf Knowl Manag Syst 51. https://
doi.org/10.1108/VJIKMS-11-2019-0178

Smidts A, Hsu M, Sanfey AG, Boksem MAS, Ebstein RB, Huettel SA, Kable JW,
Karmarkar UR, Kitayama S, Knutson B, Liberzon I, Lohrenz T, Stallen M,
Yoon C (2014) Advancing consumer neuroscience. Mark Lett 25:257–267.
https://doi.org/10.1007/s11002-014-9306-1

Smidts A (2002) Kijken in het brein: Over de mogelijkheden van neuromarketing. In:
ERIM Inaugural Address Series Research in Management. Available via DIA-
LOG. https://ideas.repec.org/p/ems/euriar/308.html. Accessed 1 Aug 2023

Stasi A, Songa G, Mauri M, Ciceri A, Diotallevi F, Nardone G, Russo V (2018)
Neuromarketing empirical approaches and food choice: a systematic review.
Food Res Int 108. https://doi.org/10.1016/j.foodres.2017.11.049

Telpaz A, Webb R, Levy DJ (2015) Using EEG to predict consumers’ future
choices. J Mark Res 52:511–529. https://doi.org/10.1509/jmr.13.0564

Tivadar RI, Murray MM (2019) A primer on electroencephalography and event-
related potentials for organizational neuroscience. Organ Res Methods
22:69–94. https://doi.org/10.1177/1094428118804657

Valenzuela Fernandez LM, Nicolas C, Merigó JM, Arroyo-Cañada FJ (2019)
Industrial marketing research: a bibliometric analysis (1990–2015). J Bus Ind
Mark 34. https://doi.org/10.1108/JBIM-07-2017-0167

Vecchiato G, Cherubino P, Maglione AG, Ezquierro MTH, Marinozzi F, Bini F,
Trettel A, Babiloni F (2014) How to measure cerebral correlates of emotions
in marketing relevant tasks. Cogn Comput 6. https://doi.org/10.1007/s12559-
014-9304-x

Vecchiato G, Toppi J, Astolfi L, de Vico Fallani F, Cincotti F, Mattia D, Bez F,
Babiloni F (2011) Spectral EEG frontal asymmetries correlate with the
experienced pleasantness of TV commercial advertisements. Med Biol Eng
Comput 49. https://doi.org/10.1007/s11517-011-0747-x

Verhulst N, Vermeir I, Slabbinck H, Larivière B, Mauri M, Russo V (2020) A
neurophysiological exploration of the dynamic nature of emotions during the
customer experience. J Retail Consum Serv 57. https://doi.org/10.1016/j.
jretconser.2020.102217

Vila-Lopez N, Küster-Boluda I (2021) A bibliometric analysis on packaging
research: towards sustainable and healthy packages. Br Food J 123. https://
doi.org/10.1108/BFJ-03-2020-0245

Visser M, van Eck N, Waltman L (2021) Large-scale comparison of bibliographic
data sources: Scopus, Web of Science, Dimensions, Crossref, and Microsoft
Academic. Quant Sci Stud 2:20–41. https://doi.org/10.1162/qss_a_00112

Walsh A, Duncan S, Bell MA, O’Keefe SF, Gallagher D (2017a) Breakfast meals and
emotions: Implicit and explicit assessment of the visual experience. J Sens
Stud 32:12265. https://doi.org/10.1111/joss.12265

Walsh A, Duncan S, Bell MA, O’Keefe SF, Gallagher D (2017b) Integrating implicit
and explicit emotional assessment of food quality and safety concerns. Food
Qual Preference 56:212–224. https://doi.org/10.1016/j.foodqual.2016.11.002

Yang T, Lee DY, Kwak Y, Choi J, Kim C, Kim SP (2015) Evaluation of TV
commercials using neurophysiological responses. J Physiol Anthropol 34.
https://doi.org/10.1186/s40101-015-0056-4

Zhang X (2018) Research on the evaluation and decision-making of product
premium based on electroencephalography (EEG) testing technology. Neu-
roQuantology 16. https://doi.org/10.14704/nq.2018.16.3.1199

Zhao T, Wong I, Tong P, Li N, Xiong X (2021) Gazing at the gazers: an investi-
gation of travel advertisement modality interference. J Travel Res 61:730–746.
https://doi.org/10.1177/00472875211002645

Zoëga Ramsøy T (2019) Building a foundation for neuromarketing and consumer
neuroscience research. J Advert Res 59:281–294

REVIEW ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-023-01991-6

12 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2023) 10:474 | https://doi.org/10.1057/s41599-023-01991-6

https://doi.org/10.1177/1096348021996439
https://doi.org/10.1016/j.jbusres.2018.05.036
https://doi.org/10.1016/j.jbusres.2018.05.036
https://doi.org/10.1108/EJM-12-2016-0805
https://doi.org/10.1108/EJM-12-2016-0805
https://doi.org/10.1007/s12525-020-00395-7
https://doi.org/10.1016/j.annals.2020.103001
https://doi.org/10.1016/j.annals.2020.103001
https://www.msi.org/events/msi-research-priorities/
https://www.msi.org/events/msi-research-priorities/
https://www.msi.org/articles/marketers-top-challenges-2018-2020-research-priorities/
https://www.msi.org/articles/marketers-top-challenges-2018-2020-research-priorities/
https://www.msi.org/wp-content/uploads/2020/06/MSI_RP20-22.pdf
https://doi.org/10.1113/jphysiol.2005.086124
https://doi.org/10.1108/IJCHM-10-2021-1305
https://doi.org/10.1108/IJCHM-10-2021-1305
https://doi.org/10.3916/C55-2018-08
https://doi.org/10.3390/foods9121856
https://doi.org/10.1080/13683500.2017.1388770
https://doi.org/10.1108/JSM-01-2017-0039
https://doi.org/10.5295/CDG.211516FM
https://doi.org/10.1007/s11192-014-1443-z
https://doi.org/10.1007/s11192-014-1443-z
https://doi.org/10.1177/1094428118802621
https://doi.org/10.1177/1094428118802621
https://doi.org/10.1016/j.joep.2010.03.008
https://doi.org/10.1016/j.joep.2010.03.008
https://doi.org/10.1111/ijcs.12800
https://doi.org/10.1111/ijcs.12800
https://doi.org/10.3390/su14074226
https://doi.org/10.1108/EJM-09-2020-0719
https://doi.org/10.1108/EJM-09-2020-0719
https://doi.org/10.3390/publications9010012
https://doi.org/10.3390/publications9010012
https://doi.org/10.1186/s40708-020-00109-x
https://doi.org/10.1186/s40708-020-00109-x
https://doi.org/10.1080/02642069.2018.1487406
https://doi.org/10.1080/02642069.2018.1487406
https://doi.org/10.3390/nu12072092
https://doi.org/10.1108/JSOCM-06-2021-0145
https://doi.org/10.1108/IJBM-06-2020-0336
https://doi.org/10.3390/brainsci11050548
https://doi.org/10.3390/brainsci11050548
https://doi.org/10.3389/fnbeh.2018.00147
https://doi.org/10.3389/fnbeh.2018.00147
https://doi.org/10.1108/IJCHM-09-2021-1091
https://doi.org/10.1108/VJIKMS-11-2019-0178
https://doi.org/10.1108/VJIKMS-11-2019-0178
https://doi.org/10.1007/s11002-014-9306-1
https://ideas.repec.org/p/ems/euriar/308.html
https://doi.org/10.1016/j.foodres.2017.11.049
https://doi.org/10.1509/jmr.13.0564
https://doi.org/10.1177/1094428118804657
https://doi.org/10.1108/JBIM-07-2017-0167
https://doi.org/10.1007/s12559-014-9304-x
https://doi.org/10.1007/s12559-014-9304-x
https://doi.org/10.1007/s11517-011-0747-x
https://doi.org/10.1016/j.jretconser.2020.102217
https://doi.org/10.1016/j.jretconser.2020.102217
https://doi.org/10.1108/BFJ-03-2020-0245
https://doi.org/10.1108/BFJ-03-2020-0245
https://doi.org/10.1162/qss_a_00112
https://doi.org/10.1111/joss.12265
https://doi.org/10.1016/j.foodqual.2016.11.002
https://doi.org/10.1186/s40101-015-0056-4
https://doi.org/10.14704/nq.2018.16.3.1199
https://doi.org/10.1177/00472875211002645


Zoëga Ramsøy T, Michael N, Michael I (2019) A consumer neuroscience study of
conscious and subconscious destination preference. Sci Rep 9. https://doi.org/
10.1038/s41598-019-51567-1

Zuschke N (2020) An analysis of process-tracing research on consumer decision-
making. J Bus Res 111:305–320. https://doi.org/10.1016/j.jbusres.2019.01.028

Author contributions
Acquisition, analysis, and interpretation of data—AC-F. Revising it critically for
important intellectual content—AMG-F and MC-B. Revising it critically and final
approval of the version to be published—CR-S.

Competing interests
The authors declare no competing interests.

Ethical approval
This article does not contain any studies with human participants performed by any of
the authors.

Informed consent
This article does not contain any studies with human participants performed by any of
the authors.

Additional information
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1057/s41599-023-01991-6.

Correspondence and requests for materials should be addressed to Aroa Costa-Feito.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2023

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-023-01991-6 REVIEW ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2023) 10:474 | https://doi.org/10.1057/s41599-023-01991-6 13

https://doi.org/10.1038/s41598-019-51567-1
https://doi.org/10.1038/s41598-019-51567-1
https://doi.org/10.1016/j.jbusres.2019.01.028
https://doi.org/10.1057/s41599-023-01991-6
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Electroencephalography in consumer behaviour and marketing: a science mapping approach
	Introduction
	EEG-based in consumer behaviour and marketing
	Methods
	Sample and research design

	Results
	Research topics from 2002 to 2010
	Research topics from 2011 to 2017
	Research topics from 2018 to 2022

	Discussion
	Research agenda
	Conclusions
	Contributions and limitations
	Data availability
	References
	References
	Author contributions
	Competing interests
	Additional information




