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Abstract: Despite the advancement in neuroimaging tools, studies about using neuroimaging tools
to study the impact of advertising on brain regions and processes are scant and remain unclear
in academic literature. In this article, we have followed a literature review methodology and a
bibliometric analysis to select empirical and review papers that employed neuroimaging tools in
advertising campaigns and to understand the global research trends in the neuromarketing domain.
We extracted and analyzed sixty-three articles from the Web of Science database to answer our study
questions. We found four common neuroimaging techniques employed in advertising research. We
also found that the orbitofrontal cortex (OFC), the ventromedial prefrontal cortex, and the dorsolateral
prefrontal cortex play a vital role in decision-making processes. The OFC is linked to positive valence,
and the lateral OFC and left dorsal anterior insula related in negative valence. In addition, the
thalamus and primary visual area associated with the bottom-up attention system, whereas the top-
down attention system connected to the dorsolateral prefrontal cortex, parietal cortex, and primary
visual areas. For memory, the hippocampus is responsible for generating and processing memories.
We hope that this study provides valuable insights about the main brain regions and processes of
interest for advertising.

Keywords: bibliometric analysis; neuromarketing; brain processes; advertising research; neuroimag-
ing tools; WoS database

1. Introduction

Concepts, techniques, and methods have remained unchanged for a long period in
marketing research. For example, marketing and advertising research relied on pen and
paper for collecting data [1,2]. However, changing market structures (e.g., offline to online
and globalization) demand new methods and techniques that are able to adapt to hyper-
competitive marketing. Thus, academia and industrial environments have investigated
how marketing research can benefit from integrating these techniques and methods to
develop advertising campaigns [3]. In 2002, a novel approach emerged and the term
“neuromarketing” was coined for the first time by Smidts [4] when he defined it as the
application of neuroscience technology in marketing research. However, the Bright House
company spread the neuromarketing concept widely by creating the functional magnetic
resonance imaging (fMRI) department for marketing purposes [5,6]. Neuromarketing is a
hybrid field that involves three main fields of neuroscience, psychology, and marketing [7].
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Although the term “neuromarketing” appeared in 2002, some companies (e.g., Pepsi
company) were already used neuroimaging techniques such as electroencephalography
(EEG) before that, in order to solve marketing issues [8-11]. Neuroscientific research has
revealed that the unconscious is very clearly taking over the consumerism and decision-
making processes and thus, organizations and companies have been orienting their efforts
toward the unconscious mind of the consumer, so neuromarketing studies are largely
important for corporations [12].

Therefore, neuroscientific research has been expanded to study, describe, and explain
the neural correlates of consumer behavior (e.g., decision-making), cognitive processes
(e.g., memory, attention), and emotional processes (e.g., emotion) in advertising by using
neuromarketing techniques [11,13,14]. Neuromarketing techniques have been divided
into three clusters, as follows: (a) neuroimaging techniques such as functional magnetic
resonance imaging (fMRI), positron emission tomography (PET), functional near-infrared
spectroscopy (fNIRS), electroencephalography (EEG), magnetoencephalography (MEG),
steady skin topography (SST), and single photon emission tomography (SPET); (b) physio-
logical techniques such as, electrocardiogram (ECG), eye-tracking (ET), facial expression
recognition, and galvanic skin response (GSR); and (c) behavioral measurements such
as self-report, questionnaires, and observations [13]. Physiological techniques enable to
measure the physiological functions (e.g., respiration rate, heart-rate, pupil dilation, fixa-
tion, eye movements, blood pressure, facial muscle movement, and perspiration) when
consumers are exposed to advertisements [15]. Neuroimaging techniques enable to mea-
sure the cognitive and emotional processes toward advertisements [11,16,17]. Behavioral
measurements reveal information about consumer behavior, impressions, and concerns.
Self-report is one of the most widely used methods of collecting data about consumer states
(e.g., attitudes, feelings, and beliefs) [13]. However, how the main neuroimaging techniques
are employed in advertising campaigns is still unclear in academic literature. In addition,
there is a lack of studies of the vital role of cognitive and emotional processes in advertising.
Hence, this study presents the current scope, the most neuroimaging techniques applied in
advertising campaigns. Due to the complex nature in this domain, we carried out a review
of the literature to address the following research questions:

RQ1: What is the most cited journal in the neuromarketing field?
RQ2: What are the most employed neuroimaging tools in advertising research?
RQ3: What are the brain processes and regions of interest for advertising research?

The rest of the paper is organized as follows. In Section 2, we explain the data
collection and methodologies that were employed in this study, including a bibliometrics
analysis. Section 3 presents the bibliometric analysis, the most common neuroimaging
techniques applied in advertising, and the main brain regions and processes of interest for
advertising. Section 4 presents the discussion and conclusion of our work.

2. Materials and Methods

To answer the three research questions, this study is divided into two folds. First, we
have used a bibliometric analysis to know the global trends in the neuromarketing topic
based on the outputs of publications such as the number of publications, citations, the
productivity of each country and academic institution, and assessing the advancement
in the scientific domain [18]. Second, we have followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) framework of Moher et al. [19]
to select empirical and review papers that employed neuroimaging tools in advertising
research, to fill the gap, and to understand the global research trends in a neuromarketing
field and the neural correlates of emotional and cognitive processes in advertising. The
research is characterized by extracting documents from the Web of Science (WoS) database
relevant to our study. However, we also followed instructions recommended by Block
and Fisch [20] to present an impactful bibliometric analysis and evaluate the structure of a
specific research field that characterizes the most productive journals, authors, countries,
institutions, and the most citations, with a brief description of each part. This process
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would help us to understand the development of the neuromarketing domain and the field
of advertising studies by identifying and analyzing the general and particular domain.
Relevant documents were extracted from the WoS by using the following query applied to
the title, abstract, and keywords: (“neuromarketing” OR “consumer neuroscience”).

The overall number of publications was 570 documents from 2004 to 2020. A total
of 63 articles were selected. As shown in Figure 1, we followed PRISMA framework,
which includes four stages: (i) identification as recording identified through database
searching, (ii) screening the record publications, (iii) eligibility means assessment the
eligible publications for this review, and (iv) selecting and including studies, as follows:
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Figure 1. PRISMA flow chart. Source: own illustration.

Articles and reviews published from 2004 to 2020 were included.
We excluded any documents published in non-English languages.
We excluded any irrelevant publications (e.g., book chapters, conferences, and so forth).

We selected studies that applied neuroimaging techniques in advertising campaigns,
the scope of applying these techniques in advertising, as well as the neural correlates of
cognitive (e.g., attention and memory) and emotional processes (e.g., emotion) in advertis-
ing. By reviewing the selected publications for this study, we will improve our insights to
accomplish the objective of this review study.
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3. Results
3.1. Bibliometrics Analysis
3.1.1. Leading Countries and Academic Institutions

Table 1 shows that the USA, Italy, UK, Germany, and China were the key players in
the advancement of neuromarketing studies, which published approximately more than
50% of the global documents. Nevertheless, the USA led the top productive countries
with 16 papers, which were published in several journals, and the University of Califor-
nia System was published in three papers. The second most productive country in the
neuromarketing topic is Italy with nine papers. The third, fourth, and fifth productive
countries in the list are UK, Germany, and China, with seven papers for each country.
Although China is located in the fifth position in the most productive country, its academic
institution Ningbo University has published the largest number of documents, with four
papers among other academic institutions. The sixth country on the list is the Netherlands
with four papers. Finally, Malaysia, Lithuania, Denmark, and Brazil published the same
amount of publications, with three papers for each country.

Table 1. The 10 top prolific academic institutions and countries in the neuromarketing topic. Use
the following URL to open the map of productive institutions in VOSviewer: https:/ /bit.ly/3usc68y
(accessed on 1 March 2021).

% of Selected

Country TP Publications The Most Prolific Institution TPI
USA 16 35.6% University of California System 3
Italy 9 20.0% Sapienza University Rome 3
UK 7 15.6% Aston University 2

Germany 7 15.6% Heinrich Heine University Dusseldorf 3

China 7 15.6% Ningbo University 4
Netherland 4 8.9% Erasmus University Rotterdam 2

Malaysia 3 6.7% Monash University Sunway 2

Lithuania 3 6.7% Vytautas Magnus University 3

Denmark 3 6.7% Copenhagen Business School 2
Brazil 3 6.7% Universidade De Sao Paulo Univ Sao Paulo 1

Note: TP; total publications. TPI; total publications by institution.

3.1.2. Leading Authors

We found the top ten prolific authors in publishing about the neuromarketing area
belong to seven countries/territories as tabulated in Table 2. These authors published a
total of 25 papers, which indicates a high collaboration among them. Additionally, the
most productive author is Ma, Qingguo from China, with a total of four papers, 11 citations
by the end of 2020, and two h-index. Next is Lee, Nick from the UK, who published three
papers in neuromarketing with 35 citations and three h-index, which is considered the
highest h-index in the list. Meanwhile, Berns, Gregory s. from the USA published two
papers with two h-index, and has the highest number of the citations with 462 by the end
of 2020. Gier, Nadine Ruth from Germany published two papers and four citations. Finally,
the author from Malaysia, named Goto, Nobuhiko, published two articles, 15 citations by
the end of 2020, and one h-index.
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Table 2. The 10 top productive authors in neuromarketing research. Use the following URL to open the map of productive
authors in VOSviewer: http:/ /bit.ly/3uvMHul (accessed on 1 March 2021).

Author’s Name TP ZOO;IF—CZOZO Cit. 2021 H-Index Affiliation Country
Ma, Qingguo 4 11 1 2 Zhejiang University of Technology China
Lee, Nick 3 35 1 3 Aston University UK
Gri;giiltglr;jaalte’ 3 7 0 2 Vytautas Magnus University Lithuania
Pileliene, Lina 3 7 0 2 Vytautas Magnus University Lithuania
Berns, Gregory S. 2 462 5 2 Emory University USA
Babiloni, Fabio 2 80 0 2 Sapienza University Rome Italy
Brandes, Leif 2 29 1 2 University of Warwick UK
Chamberlain, Laura 2 29 1 2 University of Warwick UK
Gier, Nadine Ruth 2 4 0 1 Heinrich Heine University Dusseldorf Germany
Goto, Nobuhiko 2 15 1 1 Monash University Malaysia

Note: TP; total publications. TC; total citations. Cit; citation.

3.1.3. Leading Journals

The findings indicate that the Frontier in Neuroscience journal is the most produc-
tive journal with 12 documents, as tabulated in Table 3, followed by Frontiers in Human
Neuroscience, which published five documents. The 3rd productive journal is Neuropsy-
chological Trends which has published three documents. Biological Psychology, Cognitive
Neurodynamics, Computational Intelligence and Neuroscience, European Journal of Mar-
keting, and Scientific Annals of Economics and Business have published the same number
of documents, two for each journal.

Table 3. The most productive journals in neuromarketing research (minimum publication two
documents). Use the following URL to open the map of productive journals in VOSviewer: http:
/ /bitly/3pEvjQE (accessed on 1 March 2021).

TC

Source/Journal TP 2004-2020 H-Index
Frontiers in Neuroscience 12 87 5
Frontiers in Human Neuroscience 5 13 3
Neuropsychological Trends 3 3 1
Biological Psychology 2 15 1
Cognitive Neurodynamics 2 39 2
Computational Intelligence and Neuroscience 2 60 2
European Journal of Marketing 2 31 2
Scientific Annals of Economics and Business 2 7 2

3.1.4. Keywords Analysis

The keywords co-occurrence has a significant quantitative (numerical) technique in
bibliometrics [21] to investigate scientific constructs according to the assumption because
keywords provide a coherent explanation to the articles” content [22], wherein the con-
nection between two keywords is expressed by a numerical value, which indicates a link
strength between these two keywords; a higher numerical value means a stronger link
(link strength) [23]. The link strength between two keywords represents the number ap-
pearances of both these keywords in the same article. The total number of links indicates
the aggregate number of appearance together in the same paper. In VOSviewer, we set
one as the minimum occurrences of a keyword, which means keywords will appear on
the bibliometric map at least one time between these two keywords that occur together
in the same paper. In this study, a keywords co-occurrence analysis has been conducted,
which involved 420 keywords from 63 articles in 41 journals with one source as a mini-
mum number of documents. Additionally, the synonymic keywords have been analyzed
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before inserting the data into VOSviewer. For example, “neuromarketing”, and “consumer
neuroscience”.

Comerio and Strozzi [22] proposed that the keywords co-occurrence analysis is signifi-
cant to provide general claims about the content of articles. Scholars usually use keywords
co-occurrence analysis as an effective method to address the trends of research on a par-
ticular subject by exploring existing academic articles [18], including the neuromarketing
field [24]. By following Khudzari et al. [18], We carry out keywords co-occurrence analysis
to assess the hot themes in neuromarketing. The result of the keywords co-occurrence map
(Figure 2) shows that the neuromarketing research is mainly concentrated on decision-
making (13 occurrences, 165 link strength), which means that decision-making appeared
thirteen times and the link strength for these aggregate appearance is 165 links with neuro-
marketing topic; as we aforementioned, the higher the number value, the stronger the link.
This indicates that most of the research on neuromarketing focused on examining the asso-
ciation between consumer behavior and marketing practices. One possible interpretation
of that is the mismatching between the conscious world, which drives marketing practices
(i.e., advertising), and the unconscious world, which drives decision-making processes in
the human brain [25].
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Figure 2. The bibliometric map of all keywords co-occurrence. Use the following URL to open this map in VOSviewer:
http:/ /bit.ly /3gDdmmQ (accessed on 1 March 2021).

Additionally, it was expected to have a strong connection with other consumer behav-
ior aspects such as “emotion”, which is the second most examined theme(13 occurrences,
159 link strength), followed by “attention” (10 occurrences, 141 link strength). Furthermore,
the fMRI was observed to be a tool highly associated with neuromarketing research (14 oc-
currences, 268 link strength), followed by “EEG” (11 occurrences, 132 link strength), then
“ERP” (6 occurrences, 91 link strength). Table 4 presents a summary of the most frequent
keywords, wherein the highest keyword occurrence is neuromarketing.
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Table 4. Top keywords by the frequency of their occurrence.

Keyword Occurrences/Frequency Total Link Strength
Neuromarketing 38 409
Consumer neuroscience 18 243
fMRI 14 268
Decision-making 13 165
Emotion 13 159
Attention 10 141
Brain 12 139
EEG 11 132
Neuroscience 10 112
ERP 6 91
Neuroeconomics 6 79

3.1.5. Citations Trend

To answer the RQ1, we identify the most common articles in the neuromarketing
subject by using citation analysis. Citation analysis indicates the number of citations by
other documents to a specific document in order to determine the impact and popularity of
the academic article [26]. We analyzed the citation of 63 articles. The findings showed that
the most cited journal among neuromarketing journals is Nature Review Neuroscience with
approximately 347 citations. In addition, the result shows that the most citation articles
that were cited more than 100 times were published by Nature Review Neuroscience and
Elsevier, as tabulated in Table 5. Ariely and Berns [27] published the most cited articles,
with 347 citations, while the least cited document in the list was published in 2013 by
Kong et al. [28], with 24 citations.

Table 5. The ten top articles on WOS ordered by citation score among selected publications.

Authors/Year Title Journal TC 2020
Ariely and Berns [27] Science and society net'lromfa\rke'tmg: The hope and Nature Reviews Neuroscience 347
hype of neuroimaging in business
Berns and Moore [29] A neural predictor of cultural popularity Journal of Consumer Psychology 120
Vecchiato et al. [30] On the use of EEG or meg brain imaging tools in Computational In.telhgence and 56
neuromarketing research Neuroscience
Bruce et al. [31] Branding and a child’s brain: An fMRI study of neural Social Cognitive tamd Affective 41
responses to logos Neuroscience
Schneider and Woolgar [32] Technologies of trofuc revelation: enacting consumers Consumption Markets & Culture 32
in neuromarkets
Fusion of electroencephalographic dynamics and
Lin et al. [33] musical contents for estimating emotional responses in Frontiers in Neuroscience 32
music listening
Morris et al. [34] Mapping a Multldlrr.\e.nswnal Emot%on in Response to Human Brain Mapping o7
Television Commercials
. From “Where” to “What”: Distributed Representations .
Chen et al. [35] of Brand Associations in the Human Brain Journal of Marketing Research 26
Treleaven-Hassard et al. [36] Using .the P3a .to sauge a}utomatlc z';ltfcentlon to Journal of Economic Psychology 25
interactive television advertising
Kong et al. [28] Electronic evaluation for video commercials by Cognitive Neurodynamics o4

impression index

Co-Citations Analysis

Co-citation also helps to identify the thematic gaps and structure of literature in a
specific topic through co-citation analysis [20]. Additionally, it helps scholars to identify
the topic area and the content of that topic through assessing the most frequently cited
references together. Similarity in theory, method, and subject can be indicators of the
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appearance of two publications more than once in the reference list. Therefore, we have
used the VOSviewer software to measure the correlation between a couple of references by
using the link strength between them, wherein the number of the total refers to the link
strength between these references [37]. Table 6 shows the numbers of link strength between
the couple of authors, wherein higher numbers means higher correlations between them.
We found that 21 pairs of articles co-cited with each other at least ten times. Additionally,
we also found that the number of link strength between Lee et al. [38] and Lee et al. [39]
is 34 links, as the strongest co-citation correlation between a couple of authors. The
link strength between Lee et al. [39] and Ramsoy et al. [40] was the second strongest co-
citation between a couple of authors, with 13 links, followed by Ariely and Berns [27] and
Berns and Moore [29]. These findings confirm our discussion in the body of literature
in neuromarketing, wherein neuromarketing concentrates on the consumer’s behaviors,
benefits of neuromarketing in advertising research, and the neural correlates in the brain
toward advertisements.

Table 6. The ten top document pairs with more than 3 link strength.

Link Strength
Title Author1 Author 2 between
Authors 1,2
This is your brain on neuromarketing: reflections on a Lee et al. [36] Lee et al. [39] 34
decade of research
: ; o
Welcome to the jungle! The neuromarketing literature Lee et al. [39] Ramsay et al. [40] 13
through the eyes of a newcomer
Neuromarketing: the .hope énd hype of neuroimaging Ariely and Berns [27] Berns and Moore [29] 13
in business
From “Where” to “What”: Distributed
Representations of Brand Associations in the Human Chen et al. [35] Hsu and Yoon [41] 13
Brain
Trust me if you can—neurophysiological insights on
the influence of consumer impulsiveness on Hubert et al. [42] Lee et al. [39] 7
trustworthiness evaluations in online settings
Electronic evalgatlon fgr Vl.CleO commercials by Kong et al. [28] Vecchiato et al. [30] 6
impression index
Neural signals of selective attention are modulated by
subjective preferences and buying decisions in a Goto et al. [43] Lee et al. [39] 5
virtual shopping task
A neural predictor of cultural popularity Berns and Moore [29] Chen et al. [35] 5
The neuroscience of consumer choice Hsu and Yoon [41] Ramsgy et al. [40]
Ethical responsibility of neuromarketing companies in .
harnessing the market research—A global exploratory Pop et al. [44] Schne1der[a31r21]d Woolgar 5
approach
Branding and a child’s brain: an fMRI study of neural Bruce et al. [31] Chen et al. [35] 4
responses to logos
Social Consumer Neuroscience: Neurophysiological
Measures of Advertising Effectiveness in a Social Pozharliev et al. [45] Wei et al. [46] 3

Context

Co-Citation Network and Data Clustering

VOSviewer software has been used for analysis of the co-citation network that helps
scholars to address the intellectual development in a specific area. It has identified some
clusters to carry out the content analysis; thereby studying, exploring, and understanding
the structure and nature of neuromarketing tools in the advertising field. We found
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brucef2014)

49 articles that co-cited at least one time with another. Among these articles, we noticed
that at least ten times of co-citation have occurred just in 21 articles. We followed the
instructions recommended by Baker et al. [47]; Ali et al. [48]; Alsharif et al. [24] to visualize
the co-citation network map of the top ten articles by using VOSviewer software. Similarly,
we used the weighted citation count that is provided by VOSviewer software to get the
high-quality articles in each cluster.

As shown in Figure 3, the analysis results of the relevant documents illustrated three
clusters with a high correlation between them. Among these three clusters, the green
one is the largest cluster, which is dominated by Ariely and Berns [27] with 605 total
citations, followed by the red one, which is led by Vecchiato et al. [30] with almost 198 total
citations. Finally, the blue group is led by Schneider and Woolgar [32] with approximately
107 total citations. For the green group, the citations number of Ariely and Berns [27],
Berns and Moore [29], Bruce et al. [31], Chen et al. [35], Treleaven-Hassard et al. [36], Hsu
and Yoon [41], Santos et al. [49], and Hubert et al. [42] are 347, 120, 41, 26, 25, 16, 16, and
14, respectively. For the red group, the citations of Vecchiato et al. [30], Lin et al. [33],
Morris et al. [34], Kong et al. [28], Goto et al. [43], Chew et al. [50], and Pozharliev et al. [45]
are 56, 32, 27, 24, 16, 16, and 15, respectively. For the blue group, the citations of Schneider
and Woolgar [32], Pop et al. [44], Ramsoy et al. [40], Lee et al. [39], and Lee et al. [38] are 32,
23,22,19, and 11, consecutively. Although these clusters/groups address various aspects
of neuromarketing, they are highly interconnected and complementary.

cheng@@io15)

hsu@015)

santos(20711)

bem%@T 2) EoLod2017)

treleaven-hagsard (201 D]a rbewo-] 0)

morrig2009)
pozharligw (2017}
hubent{2018)
s konsiRd13)
n weei §@018)
ramsogi2018) vecchi@ (2011)
popd20o14) che 2016)
lin{@P141)
schneidgr (2012) lee{2018)
25 VOSviewer
lee @017}

Figure 3. Map of documents citations 21 articles (minimum of 10 citations). Use the following URL to open this map in
VOSviewer URL: http:/ /bit.ly /3aByx3o0 (accessed on 1 March 2021).

3.2. An Overview of Neuroimaging Tools Used in Advertising Research

Aduvertising is the branch that most benefits from neuromarketing tools. Neuromarket-
ing tools (e.g., psychological and neuroimaging tools) have been used to know the influence
of advertising on the neural mechanisms of consumers and decision-making [51-53]. For
example, these tools enable to identify neural correlates of emotional and cognitive pro-
cesses in advertising, to identify the negative or the positive elements in advertising that
cause aversion or approach behavior, to determine visual and sound features, to select
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the suitable media for advertising [54], to obtain unspoken new information [24], and
thereby creating more effective commercial advertisings [55], social initiative ads [56],
and antismoking campaigns [57,58]. These tools record and measure the emotional and
cognitive processes toward advertising and the effect of stimuli to be implemented at the
purchase point to promote sales [59].

Advances in non-invasive neuroimaging tools in the last decade facilitated to record
consumers’ neuro-signals with wearable, portable, reliable, and comfortable tools. That
has grabbed immense attention from both academia and industrial field, and collaboration
between marketers, neuroscientists, and psychologists in order to better understand what
drives consumer behavior and neural processing of advertising in the human brain [60]. For
example, it has divided neuroimaging tools that provide evidence on neural correlates of
advertising and consumers” behavior into two categories, as follows: (1) recording electrical
activity signals such as electroencephalography (EEG) and magnetoencephalography
(MEG), and (2) recording metabolic activity signals such as functional magnetic resonance
imaging (fMRI) and functional near-infrared spectroscopy (fNIRS) [13,61-65].

By neuroimaging tools, it has become possible to record and analyze the neural signals
activity in the brain; thereby, these tools have become significant for early evaluation of
marketing practices such as advertising [66,67]. The neuroimaging tools such as fMRI,
INIRS, EEG, and MEG are common used in advertising research, and undoubtedly, each
tool has pros and cons (e.g., cost, analysis data time, sample size, and spatial and temporal
accuracy) [14].

3.2.1. Functional Magnetic Resonance Imaging

FMRI is also a non-invasive tool that used huge magnetics to detect the metabolic
changes in the brain by recording the level of oxygen in the blood vessels, wherein the active
regions in the brain produce stronger signals than inactive regions [68,69]. Additionally,
it has excellent spatial accuracy (estimated 1-10 mm? in deep structure of the brain) and
acceptable temporal resolution (estimated 1-3 s) [70]. Alongside that, it uses 3D technology
to record and analyze the brain’s signals and display them on the monitor [35], which
is helping the researchers and scientists to measure brains’ reaction, such as emotional
and cognitive processes, toward advertising [60,71-76], wherein fMRI is used to know the
influence of advertising on buying decisions [76,77]. Articles have been analyzed one-by-
one, and the authors found that the fMRI tool was used in ten articles (approximately 17%
of total articles).

3.2.2. Electroencephalography and Magnetoencephalography

EEG is used the first time to measure consumers’ response toward television adver-
tisements in the early of 1970s [11]. EEG is a non-invasive tool using electrodes on the
scalp to record the frequency of the active neurons in the brain directly [78]. Additionally,
EEG can record the activation regions in the brain in milliseconds due to the high temporal
resolution, but on the opposite, has a poor spatial resolution that enables to record the
cortical brain activity (approximately 1 cm3 brain structure) [70,74,79-81]. According to
literature, EEG has five frequency bands such as delta (0—4 Hz), theta (4-7 Hz), alpha
(8-15 Hz), beta (16-31 Hz), and gamma (larger than 32 Hz) [46]. EEG is not as expensive
and noisy as the fMRI technique, but is limited to recording the cortical activity of the brain;
thereby, it is not a good technique for recording the regions underneath the cortical [68].
EEG is used to measure the cognitive processes (e.g., attention, memory) and emotional
valence [67,82-84]. MEG is similar to EEG, but MEG uses a magnetic field to measure the
activity regions in the brain, and it has a greater spatial resolution than EEG and high
temporal resolution [79]. Both of them are somewhat limited to record the cortical activity
of the brain; thereby, they are not good technologies for recording the regions underneath
the cortical [68]. We analyzed articles one-by-one, and the authors found that the EEG tool
has been used in fifteen articles (almost 24% of total articles), which is deemed as the most
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used tool in advertising research within a neuromarketing context, and the MEG tool was
employed twice in two articles (approximately 4% of total articles).

3.2.3. Functional Near-Infrared Spectroscopy

fNIRS is analogous to fMRI, is a non-invasive tool that is used to record modifications
in hemoglobin flow (e.g., oxyhemoglobin and deoxyhemoglobin) during brain activity
and establish a map of the blood oxygenation in the local brain area [85], wherein the
active regions in the brain required more oxyhemoglobin [86]. However, {NIRS has poor
spatial resolution that is limited to recording the cortical regions and cannot be employed
to measure the deeper structures of the brain, and the temporal resolution is relatively
acceptable (estimated in few seconds) [12]. However, there are several advantages of
the fNIRS tool such as being portable, inexpensive, and not noisy. Each tool used in
neuromarketing research has pros and cons, making them more or less suitable for various
research circumstances. Based on the results, it has been found that the fNIRS was used in
two articles (approximately 4% of total articles) due to it being a new tool.

These tools depend on temporal and spatial accuracy in recording the activity regions
to answer questions related to the marketing issues [87]. Although, all these tools have
been applied in advertising campaigns to evaluate the neural correlates of constructs such
as emotion, memory, and attention [88] to evaluate the neural processing in advertising [89].
Table 7 illustrated the main neuroimaging tools that have applied in advertising campaigns,
advantages and disadvantages, measure brain activity (e.g., cognitive and emotional
processes), and when they are used.

The answer of the RQ2, we have analyzed the selected articles one-by-one, and it
was found that the EEG tool has been used in fifteen articles (almost 24% of total articles),
which is deemed as the most used tool in advertising research within a neuromarketing
context, followed by the fMRI tool, which was used in ten articles (approximately 17%
of total articles), then the MEG tool was employed twice in two articles (approximately
4% of total articles). Finally, although the fNIRS is not so expensive a tool compared to
others and considered as a new neuroimaging tool, therefore, it was used in two articles
(approximately 4% of total articles). Therefore, the EEG tool is considered as the most
neuroimaging tool that used in advertising research.
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Table 7. Application of neuroimaging techniques in advertising campaigns.
Brain Activity (Cogniti d .
Tool rain Achvity (Cognitive an When Is It Used? Advantages Disadvantages Cost
Emotional Processes)
High spatial accuracy (estimated by
Testing advertisements, brand, 1-10 mm?3 of deep structures), reliable
Memory, sensory perception, pack.aging design, prices, and valid for measgring cog.nitive .Low temporal accuracy ‘
. o reposition a brand, sensory processes (e.g., attention, emotion, and  (estimated by 1-10 s), expensive,
emotional valence (e.g., positive - . .. . . .
. . celebrity endorsement, online memory), localizing neural processing ~ non-scalable, inconvenient, the .
fMRI or negative), emotional arousal . . ; . o . High
. . experience, product quality, during consumer choices and complexity in data analysis, and
(e.g., high or low), attention, . 2. . . . . . . .
promotion, product characteristics, consumption experience, ability to ethical barriers as an invasion of
reward, engagement. - , . . . . .
predicting consumer’s choices and detect changes in chemical privacy, need wide rooms.
identify their needs. composition or changes in the flow
fluids in the brain.
Testi dverti ts, 1 , . . .
colng acvertsements, 1080 High temporal accuracy (estimated by ~ Low spatial accuracy (almost 1
. developing advertisements, 2 . . . 3
Emotions (e.g., valence and . - milliseconds), relatively inexpensive, cm?), non-scalable, results can
. in-store environment, app and . . . . .
arousal), attention, memory, . . . . non-invasive tool, data analysis be influenced by artifacts and
L . social media, website design and . . . . . e
cognition and recognition, . . . . straightforward, valid for measuring experimental settings, difficult .
EEG usability, movie trailers, packaging e . X . . Moderate- High
engagement or boredom, desi . ¢ cognitive information processing, to retrieve the exact location for
. esign, pricing, sensory studies, .o . . -
excitement, and mental . . g statistical software packages available,  each recorded signal, it is not
prints and images design, and . . .
workload. . I allows comparisons between left and  possible to record the emotional
identifying the key moments of an . .
. ) right hemispheres. arousal.
advertisements or video.
Testing advertisements, brand, new  Good temporal accuracy, non-invasive, Low spatial accuracy, expensive,
MEG Attention, memory, perception.  product, packaging design, sensory able to detect changes in chemical and ethical barriers, need for a High
studies, and identify needs. components. room with low temperatures.
Attention, emotion (e.g., valence Testing advertisements, brand, Low sensitivity to motion artifacts, .
. . . Low spatial accuracy and
FNIRS and arousal), sensory prices, product (e.g., quality, portable, low cost, use in real-world Moderate
- . o temporal accuracy.
characteristics, and experience). situations, comfortable.

perception.
Source: [12,60].




Sustainability 2021, 13, 6488

13 of 25

3.3. Main Brain Processes and Regions of Interest for Advertising

Every year, millions and maybe billions of US dollars are spent on advertising campaigns
to reach a large number of target audiences and maintain the consumers’ purchase processes.
Selecting media channels should be compatible with the purpose of advertising, features
of product and target market characteristics. Thus, every day consumers are exposed to
hundreds of ads by media such as TV, radio, and so forth [90]. Kotler and Keller [91] defined
advertising as a paid communication to inform or persuade target audiences about a certain
organization, product, brand, service, or even idea. Globally, when the coronavirus put a halt
on many industries, the spending on advertising worldwide has been increasing steadily. It
is expected to go back on a steady growth track starting in 2021, and exceed 630 billion US
dollars in 2024, wherein TV advertising spending in 2019 amounted to more than 176 billion
U.S. dollars. Although it is expected to decrease to nearly 158 billion dollars by 2022, it will
remain the largest spending sector among media sectors [92].

In today’s hyper-competitive environment, advertising has become more complicated
and challenging, therefore, marketing research should adapt to this new situation to achieve
advertising excellence [12]. At the end of the 20th century, businesses began employing
concepts and neuroscience tools such as the fMRI to study the consumer behavior (e.g.,
decision-making) toward marketing stimuli. The findings showed that the majority of mental
processing occurs unconsciously or subconsciously, which highly contributes to decision-
making [93]. The majority of studies examine the impact of advertising on attention, emotions,
memory, and making decisions processes. For instance, neuromarketing studies focus on how
consumers evaluate, process, and experience advertisements [36,94,95]. Hence, neuroimaging
tools has been introduced to explore, understand, analyze, and explain the consumer behavior
(e.g., decision-making), emotional processes (e.g., emotions and feelings), and cognitive
processes (e.g., attention and memory) toward advertising campaigns [94-99].

Indeed, advertising is the branch that most benefits from neuromarketing [100] be-
cause neuromarketing is capable to record and measure the impact of advertising on the
neural mechanisms of consumers and decision-making in the human brain [53,101]. Thus,
neuromarketing has improved our understanding of cognitive, neuronal, and emotional
processes in the brain related to advertising campaigns [59]. Advertising illustrated a rising
interest in measuring cognitive and emotional processes. Figure 4 illustrated the proposed
framework of brain processes and regions of interest for advertising.

Emotional
processes

Cognitive
processes

Emotion
*  Valence and Arousal

* Attention (e.g., bottom-up

and Top-down system)
Neuromarketing * Memory (e.g., long and
in the Context of short-term memory)

advertising

Consumer
behaviour

* Making decision

Figure 4. The proposed framework of main brain processes of interest for advertising. Source: own
illustration.
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3.3.1. Decision-Making Processes

For decades, marketing research oriented all efforts to understand how the consumer
decision-making and the mechanisms of making decisions. Therefore, many models
and theories aimed to understanding the decision-making process through qualitative or
quantitative research methods [11]. The market research has been focused on qualitative
methods because researchers believe maybe these methods can help to reveal consumers’
decision-making process [55]. According to [102], the consumers do not fully realize what
led them in taking a particular decision, and it has been discovered that the making decision
process is more complicated than we had realized. This led us to infer that the decision-
making process is not only relying on rational factors, but also unconscious processes such
emotion, attention, and memory [103]. Therefore, there are essential factors that are playing
a vital role in decision-making processes such as emotions, attention, and memory. That is
the reason for orienting towards consumer neuroscience studies [104,105].

To answer the second part of the RQ3, it has been found that several areas of the
PFC are the most important regions in the consumer brain when we talk about decision-
making processes, wherein the regions behind the frontal praise, the premotor cortex and
the motor cortex, translate the decisions into concrete actions [106]. For example, some
studies showed that the orbitofrontal cortex (OFC) and the ventromedial prefrontal cortex
(vinPFC) are engaged in making decisions through the perceived value of ads or products,
processing different choices [107,108]. The dorsolateral prefrontal cortex (dIPFC) plays a
vital role in decision-making processes; in terms its responsibility for cognitive control
over emotions [109]. In addition, the ventrolateral prefrontal cortex (vVIPFC) plays a vital
role in motivating social norm compliance by display expose to threats from others [110].
Therefore, these regions in the brain can provide valuable insights about decision-making
processes and consumer choices.

3.3.2. Emotional Processes

At the beginning of the 21st century, the role of emotions increasingly grabbed atten-
tion from both academia and industrial environments because emotions drive consumer
choices [111]. Emotion is one of the aspects that most gets the attention of many researchers.
Indeed, emotions are accompanied by involuntary somatic reactions such as facial expres-
sions (e.g., smiling and frowning) and physiological reactions (e.g., sweating), which are
caused by changes in the autonomic nervous system (ANS) [112]. The role of emotions in
decision-making has been further explained through neurological and cognitive frame-
works such as the somatic marker theory [113]. The majority of researchers agreed on
two dimensions of measuring emotion: (a) valence, and (b) arousal [53]. Valence refers to
either positive emotions (e.g., pleasure) or negative emotions (e.g., displeasure) that are
produced by a stimulus or the situation that elicits individuals [114-116], while arousal
refers to the intensity of emotional responses, which are commonly used to classify the
different forms of emotional affect either high arousal (e.g., surprised) or low arousal
(e.g., calmness) (Figure 5) [114,117,118]. It may be high when the stimulus produces a
high activation in the participation (e.g., surprised) or maybe low when produces low
activation (e.g., calmness). Several models have affirmed on both valence and arousal as
two dimensions of emotion [119-121]. With these two dimensions, valence measures from
positive to negative while emotional arousal measures from high to low [117,121,122]. In
the same context, it is too difficult to separate between them because stimuli used to induce
emotional valence, as well as to determine a change in emotional arousal [123]. Therefore,
it is not only important to examine the role of positive and negative stimuli in attention and
the associated processes, but also to dissociate between different levels of arousal within
the emotional categories, which can be achieved [124].
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Figure 5. Valence and arousal model of emotions [118].

Contemporarily, researchers attempted to investigate brain activity signals correlated
with an increase of emotional processes during the interaction with marketing stimuli such
as advertisements [88,125]. To answer the second part of the RQ3, the literature findings
showed that the frontal cortex (FC) and prefrontal cortex (PFC) regions play a central role
in generation of emotions [126,127]. The left PFC is linked with approach behavior, while
the right PFC connected with withdrawal/avoidance behavior [128]. Additionally, the
amygdala is correlated with regulation of emotional responses, which involves the emotion
processing toward marketing stimuli such as ads [110]. For example, fMRI studies showed
that the positive valence (pleasure) related to a stronger activity in the orbitofrontal cortex
(OFC), while negative valence (displeasure) associated with a stronger activity in the lateral
OFC and left dorsal anterior insula [129]. O’Doherty et al. [130] found that a negative
valence is connected to a stronger activity in the lateral OFC. Morris et al. [34] carried out
the experiment to record the neural reactions of the three keys of emotion (e.g., arousal,
dominance, and pleasure) toward TV ads by using fMRI tool. They found that the arousing
and pleasant advertising are connected to the frontal and temporal brain regions. Similarly,
the fMRI has been used by Chen and Morris [73] to record emotional responses toward
TV ads. The findings revealed that the arousal and pleasure play a vital role in emotions
toward advertisements, which led to decision-making.

3.3.3. Cognitive Processes

Attention and emotion are highly connected to each other [131,132]. The PFC also
plays a vital role in attention, which is linked with the neurons of processing visual
stimuli in the occipital lobe (primary visual cortex) in the brain [133]. Consumers receive
approximately 11 million bits of information every second through their senses (e.g., vision,
olfactory, and so forth), but the ability of consumers to process information has been
estimated at 50 bits [134]. That leads us to attention and how consumers perceive and
process information, and thus select information that gets prioritized over other available
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External
stimuli

information [122]. According to Meneguzzo et al. [135], perception of unconsciously
perceived stimuli has activated the anterior cingulate cortex (ACC) and insula cortex in
order to shape the basis of conscious perception. According to the literature, there are two
types of attention system: (a) bottom-up (saliency filters), and (b) top-down system [13,136].
Furthermore, the anterior cingulate cortex is playing a vital role in a dynamic relationship
between top-down modulation and bottom-up primary sensory [135,137]. For example,
Smith and Gevins [138] found that occipital lobe (OL) is connected to attention processes to
TV ads. A recent fMRI study found that the compatibility between advertising and gender
voice (male, female) induce endogenous attention regions [139].

e  Bottom-up system (visual saliency/involuntary control); this system is driven by
automatic neural processes toward the external world. In other words, in this system,
the process begins from the external stimuli (e.g., color, contrast, brightness, etc.) that
automatically grab consumers’ attention, therefore, the signal comes from external
stimuli to the eyes to the thalamus regions and then to the primary visual region in
the occipital lobe (OL), as depicted in Figure 6 [13,136,140-142].

Primary
Thalamus visual
region

Eyes

Figure 6. The model of bottom-up attention system. Source: own illustration.

e  Top-down system (goal-driven attention/voluntary control); this system is oriented
by consumers toward goals and relies on internal and external states, goals, and
expectation (goal-driven attention). In this system, the dIPFC and parietal cortex are
engaging and modulating the activation of the primary visual cortex in the occipital
lobe, as shown in Figure 7 [13,136,140-142]. In other words, this is where you need
to focus your mental energy, need to think hard about what you want to look at.
Therefore, the signal begins from the internal world of the consumer.

Internal
stimuli

) Primary
dIPFC Parietal visual
cortex .
region

Figure 7. The model of top-down attention system. Source: own illustration.

Memory studies provide valuable insights into the neural correlates of advertising
in the brain. Memory is the most complicated variable among others, and marketers and
advertisers are highly interested in encoding and retrieving memories besides long-term
memory (LTM) and short-term memory (STM) processes [132,140]. To answer the second
part of the RQ3, it has been noticed that the hippocampus (HC) plays a major role in
generating memories and processing of memory. Additionally, the amygdala (AMY) is
located next to and closely related to the HC, which is a significant modulator of the
memory system [143]. Therefore, emotions also play a vital role in memory processes,
which help us to store and remember memories [132,144]. Rossiter et al. [145] conducted the
first study to measure visual memory encoding toward TV ads by using EEG. They found
that the left-brain hemisphere is responsible for transferring the information from short-
to-long term memory. Fallani et al. [146], Astolfi et al. [147] used EEG to assess the brain
regions triggered by successful memory-encoding of TV ads. The findings showed more
activity in the cortical area irrespective the frequency of the EEG. The EEG investigations
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into the effect of message advertising on the recognition memory. The results showed
activity in the gamma band, which directly effects memory, and also the significance of the
EEG tool in study the advertising message processing [148]. Previous fMRI study found
that greater activity in the amygdala and fronto-temporal are linked with memory ads
(memorable and unmemorable) [149,150].

3.4. Ethics

Actually, the significant concern for the term “Neuromarketing” has only quickly
increased throughout the last decade, which led to discussing series of ethical issues not
only in society, but also in scientific committees, media, and press [151]. For example,
when the publicity and media have reported about the potential dangers of NM regarding
finding a “buy button” in the individuals’ mind by advertisers and marketers [152], to
analyze their private thoughts and emotions to impact on their purchasing decisions,
besides manipulation of the consumers’ minds [153]. NM is used to create better products
or ads to entice consumers, but not manipulate the consumers’ minds [152]. For example,
companies can know their consumers’ preferences and behaviors by NM and, thus, can
provide more beneficial and profitable services and products. According to Ariely and
Berns [27], NM’s application by companies concentrating on profit rather than consumers’
wellbeing through harmful ads for products (e.g., tobacco, alcohol ..., etc.). This may be
true to some extent, and the reason to indicate NM for violating ethical boundaries and
breaking the consumers’ trust.

In addition, many scientists and researchers have pointed out that NM might threaten
individuals’ privacy if this technology can deal with consumer behavior effectively and
accurately [154]. However, others have argued that these worries are probably premature
because state-of-the-art imaging technology does not allow for precise predictions of con-
sumers’ decisions [155]. Thus, NM danger concerns have led several governments (e.g.,
France) to take some concrete procedures against rogue use of NM tools [156]. Therefore,
the ethical issues are considered the most sensitive factors that should be considered when
neuro-scientists, neuro-marketers, and companies conduct their academic and commercial
NM research [51]. Thus, companies have to abide by rules and ethics issues [157]. Plus,
companies should abide by the laws and the government’s declarations regarding con-
sumers, children, and patients [151]. For instance, any studies related to human research
should follow the government’s laws, and it must conduct a rigorous investigation after
any human researches by government and company ethics committees [158].

From an academic perspective, according to Plassmann et al. [159], there are three
major challenges, as follows: Firstly, consumer neuroscience research often faces the
criticisms that they provide correlational evidence, but not causal evidence; thereby, they
provide valuable information about understanding the consumers’ brain, not consumers’
behavior. Accordingly, marketing researchers are encouraged to see neuromarketing as
an additional tool to improve/develop behavioral measures and interpretation. Secondly,
because of the small sample size, the experiments of neuroscience lack generalizability and
reliability of the findings; for example, if we look at publications in prestigious journals
(e.g., Journal of Cognitive Neuroscience and Journal of Marketing Research), the sample
size of experiments is almost 20-30 volunteers in each circumstance, to present converging
evidence toward the specific case. The last challenge is interpreting findings; it is assumed
that the brain region is united based on the previous study. In other words, it has been
noticed that when a certain cognitive process happens, a particular region in the brain is
active, but there might be another cognitive process that is not examined directly, but is
associated with that cognitive process (i.e., a reverse inference) [11].

In this regard, firstly, companies and organization have to focus on the orientation of
the NM toward the right way by increasing the wellbeing of society and produce profitable
products to satisfy the actual consumers’ needs and desires; meanwhile, it should not
fall into promoting harmful products such as, but not limited to, tobacco, which the
press and media can exploit to fuel speculations and trigger aggressive attacks on NM.
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Secondly, companies and organizations should not look at these arbitrary assumptions
and continue to strive for success and stay productive. Eventually, it is hoped that all
companies follow the government rules and instructions to secure the consumers’ safety
and privacy foremost.

4. Discussion

In recent years, the majority of research focused on studying the neural correlates of
consumer behavior (i.e., decision-making), emotional and cognitive processes that have
applied in advertising campaigns to explain the conscious and unconscious processes
that occur in the human brain and pinpoint the active regions of these processes in the
mind. We have followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) framework based on Moher et al. [19] to select relevant documents
for this review study as the neuroimaging techniques applied in advertising. The findings
suggest that the number of papers has been rapidly growing since 2004. Interestingly,
approximately 50% of the total publications were contributed by the USA, Italy, England,
Germany, and China, while other remained studies were placed in several continents such
as Europe, Latin America, Asia, African regions, and Australia (e.g., see Table 1). Although
the USA is the most productive country with 16 papers, China was the most productive
country in terms of the number of publications per author, for example, Ma, Qingguo,
with four papers. However, the most productive journal is Frontiers in Neuroscience, with
12 documents and 87 total citations. Therefore, we encourage scholars and researchers to
further inspect the neuromarketing subject and its techniques from emerging countries.

In the last decade, neuroimaging techniques have developed, and therefore, grabbed
attention of both academics and industries. The authors adopted the bibliometrics analysis
because it would help to answer the RQ1. The findings showed that the most cited journal
among neuromarketing journals is Nature Review Neuroscience with approximately 347 ci-
tations. It is significant to provide a clear overview of preferred and popular neuroimaging
techniques employed in advertising studies. We found a wide set of techniques used
in advertising research, but at the same time, we observed that there are some common
neuroimaging techniques among researchers. Thus, we found four common neuroimag-
ing techniques that were preferred and used in advertising research such as fMRI, EEG,
MEG, and FNIRS [13,160,161]. The comprehensive review of selected articles in order to
answer the RQ2, it was found that the EEG is the technique employed most in advertising
research to record /measure the consumer behavior (i.e., decision-making), cognitive (i.e.,
attention and memory) and emotional (i.e., emotion) processes compared to fMRI due
to less cost and high temporal resolution [1,6,60]. Whereas the EEG was used in fifteen
articles, which account for approximately 24% of total articles, the fMRI has been used in
ten articles, which account for almost 17% of selected articles, while the MEG and fNIRS
were employed in two articles, with approximately 4% of total articles for each technique.

In addition, papers emphasized the advantages of the fMRI in recording the distal
brain structures compared with other techniques in responsible regions on decision-making
processes [14,162,163]. The choice of appropriate technique by researchers or marketers is
dependent on research questions and marketing purposes. No less important and linked to
RQ3, in this review, it has been found that the advertising research is interested to measure
the consumer behavior (i.e., decision-making), cognitive (e.g., attention and memory) and
emotional [164] processes. Additionally, the findings showed that the PFC, located in
the frontal lobe (FL), is the most significant region when it comes to decision-making
processes. For example, the OFC, the vimPFC [108], and the dIPFC play a central role in
decision-making processes [109]. In addition, we found the left PFC and right PFC linked to
approach and avoidance behavior, respectively. While the OFC engaged in positive valence
(pleasure), lateral OFC and left dorsal anterior insula were associated with negative valence
of emotion (displeasure) [129]. Finally, the FL and temporal lobe (TL) are engaged to dimen-
sions of emotion (valence and arousal) [34]. For attention, we found thalamus and primary
visual regions in the OL engaged in bottom-up attention system as well as dIPFC, parietal
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cortex, and primary visual regions engaged in top-down attention system [13,136,140,141].
The hippocampus was linked with generating and processing memories, and the amygdala
related to the modulator of the memory system [143]. In addition, it has found that the
activation of the right hemisphere is associated with subliminal stimulation, while the
left hemisphere is related to supraliminal stimulation, which led us to infer that the right
hemisphere is related to emotional processing and left hemisphere associated with higher
level emotional processing [135,165].

5. Conclusions

Implication of the research findings for theory and practice: Theoretically, the current
findings can be divided into three folds, as follows: Firstly, neuroimaging techniques
such as fMRI, EEG, MEG, and fNIRS in assessing the neural correlate of decision-making,
cognitive, and emotional processes can be beneficial in marketing research (e.g., advertising,
branding). Secondly, it will help the marketers and scholar to identify the positive and
negative elements in advertisements before putting it in the real-world, thereby, enhance the
strengths and address the weakness, which lead to more effective advertising campaigns.
Third, the majority of the studies focused on detecting the neural correlates of emotional
and cognitive processes in the brain toward advertising (e.g., message effectiveness),
thereby, the ability of these processes to predict consumer behavior after advertising
campaigns. In addition, there are some studies focused on gender voice and political
messages in advertising campaigns. Therefore, these three folds together can explain
the neural correlates of cognitive and emotional processes of interest for advertising. An
application of this research may offer measurable explanations of how advertising works
in consumers’ mind, therefore creating the irresistible advertising campaigns.

Limitations and Future research: Although we tried to minimize the shortcomings in
methodology, this study comes with a limitation that offers opportunities for future research.
We focus on the publications that were published in the English language and overlooked
the non-English language publications, therefore our study is not completely bias-free. For
future trends, we suggest that scholars should investigate the impact of neuromarketing
research on moral and ethical issues alongside the contributions of neuromarketing research
in other disciplines such as economics and crisis management. It is significant for scholars
to employ and design an experiment well to get high accuracy results.

General Conclusion: For decades, marketers and advertisers tried to understand what
is in the consumer brain and how they make decisions. Neuroscientific research has
shown that the majority of mental processing occurs unconsciously or subconsciously,
which highly contribute to decision making. In today’s hyper-competitive environment,
advertising has become more complicated and challenging, so marketing research should
adapt to this new situation to achieve advertising excellence. Hence, neuromarketing
has been introduced to explore, understand, analyze, and explain the consumer behavior
(e.g., decision-making), emotional processes (e.g., emotions and feelings), and cognitive
processes (e.g., attention and memory) toward advertising campaigns. Most studies
in advertising demonstrate the vital role of the cognitive and emotional processes in
decision-making, wherein the PFC and FL are the most important regions when it comes
to making decisions.

The findings suggested that neuroimaging techniques are highly important to measure
and record decision-making, cognitive, and emotional processes in the consumer mind
toward advertisements. For example, fMRI and EEG are deemed as the most preferred
techniques that are used in advertising research. We believe that our study provides a
comprehensive overview of the current and the main common neuroimaging techniques
that are applied in advertising research, as well as the main brain processes and regions
of interest for advertising campaigns. We hope that this study will help scholars and
practitioners to identify the appropriate technique for their experiments to increase their
accuracy and reliability results.



Sustainability 2021, 13, 6488 20 of 25

Author Contributions: A.H.A., conceptualization, methodology, writing—original draft prepara-
tion, and result discussion; N.Z.M.S. and R.B., supervision, review and editing; A. R H.E., funding
acquisition and methodology; A.A.M., review, editing and result discussion; ].A., A FA. and AH.A.,
data curation. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicant.
Informed Consent Statement: Not applicant.

Data Availability Statement: Not applicant.

Acknowledgments: The authors would like to thank Universiti Teknologi Malaysia (UTM), Azman
Hashim International Business School (AHIBS) and Taif University, Ranyah University College,
Department of Financial and Administrative Sciences for supporting this study.

Conflicts of Interest: The authors of this manuscript declare that they have no conflict of interest
concerning its drafting, publication, or application.

References

1.  Jordao, I.L.D.S.; Souza, M.T.D.; Oliveira, ] H.C.D.; Giraldi, ].D.M.E. Neuromarketing applied to consumer behaviour: An
integrative literature review between 2010 and 2015. Int. J. Bus. Forecast. Mark. Intell. 2017, 3, 270-288. [CrossRef]

2. Isa,S.M.; Mansor, A.A ; Razali, K. Ethics in Neuromarketing and its Implications on Business to Stay Vigilant. KnE Soc. Sci. 2019,
687-711. [CrossRef]

3.  Reimann, M.; Castafio, R.; Zaichkowsky, J.; Bechara, A. How we relate to brands: Psychological and neurophysiological insights
into consumer—brand relationships. J. Consum. Psychol. 2012, 22, 128-142. [CrossRef]

4. Smidts, A. Kijken in Het Brein: Over de Mogelijkheden van Neuromarketing; Erasmus Research Institute of Management: Rotterdam,
The Netherlands, 2002.

5. Fisher, C,; Chin, L.; Klitzman, R. Defining neuromarketing: Practices and professional challenges. Harv. Rev. Psychiatry 2010, 18,
230-237. [CrossRef]

6.  Fortunato, V.C.R,; Giraldi, ]. D.M.E.; Oliveira, ].H.C.D. A review of studies on neuromarketing: Practical results, techniques,
contributions and limitations. J. Manag. Res. 2014, 6, 201-221. [CrossRef]

7. Mansor, A.A.; Isa, S.M. Fundamentals of neuromarketing: What is it all about? Neurosci. Res. Notes 2020, 3, 22-28. [CrossRef]

8. Olson, J.; Ray, W. Brain Wave Responses to Emotional Versus Attribute Oriented Television Commercials; Marketing Science Institute:
Cambridge, MA, USA, 1983.

9. Rothschild, M.L.; Hyun, Y.J.; Reeves, B.; Thorson, E.; Goldstein, R. Hemispherically lateralized EEG as a response to television
commercials. ]. Consum. Res. 1988, 15, 185-198. [CrossRef]

10.  Alwitt, L.F. EEG activity reflects the content of commercials. Psychol. Process. Advert. Eff. Theory Res. Appl. 1985, 13, 209-219.

11. Caruelle, D.; Gustafsson, A.; Shams, P.; Lervik-Olsen, L. The use of electrodermal activity (EDA) measurement to understand
consumer emotions—A literature review and a call for action. J. Bus. Res. 2019, 104, 146-160. [CrossRef]

12.  Alvino, L.; Pavone, L.; Abhishta, A.; Robben, H. Picking Your Brains: Where and How Neuroscience Tools Can Enhance
Marketing Research. Front. Neurosci. 2020, 14. [CrossRef] [PubMed]

13.  Ramsoy, T.Z. Introduction to Neuromarketing & Consumer Neuroscience; Neurons Inc.: Herlev, Denmark, 2015.

14. Reimann, M.; Schilke, O.; Weber, B.; Neuhaus, C.; Zaichkowsky, J. Functional magnetic resonance imaging in consumer research:
A review and application. Psychol. Mark. 2011, 28, 608-637. [CrossRef]

15. Hamelin, N.; El Moujahid, O.; Thaichon, P. Emotion and advertising effectiveness: A novel facial expression analysis approach. J.
Retail. Consum. Serv. 2017, 36, 103-111. [CrossRef]

16. Lim, WM. Demystifying neuromarketing. J. Bus. Res. 2018, 91, 205-220. [CrossRef]

17.  Alsharif, A.H.; Salleh, N.Z.M.; Baharun, R.; Yusoff, M.E. Consumer Behaviour Through Neuromarketing Approach. J. Contemp.
Issues Bus. Gov. 2021, 27, 344-354.

18. Khudzari, ].M.; Kurian, J.; Tartakovsky, B.; Raghavan, G.V. Bibliometric analysis of global research trends on microbial fuel cells
using Scopus database. Biochem. Eng. J. 2018, 136, 51-60. [CrossRef]

19. Mobher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1-9. [CrossRef] [PubMed]

20. Block, J.H.; Fisch, C. Eight tips and Questions for Your Bibliographic Study in Business and Management Research; Springer:
Berlin/Heidelberg, Germany, 2020; Volume 3, pp. 1-6.

21. Wang, M.; Chai, L. Three new bibliometric indicators/approaches derived from keyword analysis. Scientometrics 2018, 116,
721-750. [CrossRef]

22. Comerio, N.; Strozzi, F. Tourism and its economic impact: A literature review using bibliometric tools. Tour. Econ. 2019, 25,

109-131. [CrossRef]


http://doi.org/10.1504/IJBFMI.2017.085371
http://doi.org/10.18502/kss.v3i22.5082
http://doi.org/10.1016/j.jcps.2011.11.003
http://doi.org/10.3109/10673229.2010.496623
http://doi.org/10.5296/jmr.v6i2.5446
http://doi.org/10.31117/neuroscirn.v3i4.58
http://doi.org/10.1086/209156
http://doi.org/10.1016/j.jbusres.2019.06.041
http://doi.org/10.3389/fnins.2020.577666
http://www.ncbi.nlm.nih.gov/pubmed/33343279
http://doi.org/10.1002/mar.20403
http://doi.org/10.1016/j.jretconser.2017.01.001
http://doi.org/10.1016/j.jbusres.2018.05.036
http://doi.org/10.1016/j.bej.2018.05.002
http://doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
http://doi.org/10.1007/s11192-018-2768-9
http://doi.org/10.1177/1354816618793762

Sustainability 2021, 13, 6488 21 of 25

23.

24.

25.
26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Ravikumar, S.; Agrahari, A.; Singh, S.N. Mapping the intellectual structure of scientometrics: A co-word analysis of the journal
Scientometrics (2005-2010). Scientometrics 2015, 102, 929-955. [CrossRef]

Alsharif, A.H.; Salleh, N.Z.M.; Baharun, R. Research trends of neuromarketing: A bibliometric analysis. J. Theor. Appl. Inf. Technol.
2020, 98, 2948-2962.

Wight, R. Brain Science: The Magic Bullet that Can Help Marketing Hit the Target better; University of Warwick: Coventry, UK, 2008.
Kumar, S.; Sureka, R.; Colombage, S. Capital structure of SMEs: A systematic literature review and bibliometric analysis. Manag.
Rev. Q. 2019, 4, 1-31. [CrossRef]

Ariely, D.; Berns, G.S. Neuromarketing: The hope and hype of neuroimaging in business. Nat. Rev. Neurosci. 2010, 11, 284-292.
[CrossRef]

Kong, W.; Zhao, X.; Hu, S.; Vecchiato, G.; Babiloni, F. Electronic evaluation for video commercials by impression index. Cogn.
Neurodyn. 2013, 7, 531-535. [CrossRef]

Berns, G.S.; Moore, S.E. A neural predictor of cultural popularity. J. Consum. Psychol. 2012, 22, 154-160. [CrossRef]

Vecchiato, G.; Astolfi, L.; Fallani, ED.; Toppi, ].; Aloise, E,; Bez, F; Rei, D.M.; Kong, W.Z.; Dai, ].G.; Cincotti, F,; et al. On the Use of
EEG or MEG Brain Imaging Tools in Neuromarketing Research. Comput. Intell. Neurosci. 2011, 12. [CrossRef]

Bruce, A.S.; Bruce, ].M.; Black, WR.; Lepping, RJ.; Henry, ].M.; Cherry, ].B.C.; Martin, L.E.; Papa, V.B.; Davis, A.M.; Brooks, WM.;
et al. Branding and a child’s brain: An fMRI study of neural responses to logos. Soc. Cogn. Affect. Neurosci. 2014, 9, 118-122.
[CrossRef]

Schneider, T.; Woolgar, S. Technologies of ironic revelation: Enacting consumers in neuromarkets. Consum. Mark. Cult. 2012, 15,
169-189. [CrossRef]

Lin, Y.-P; Yang, Y.-H.; Jung, T.-P. Fusion of electroencephalographic dynamics and musical contents for estimating emotional
responses in music listening. Front. Neurosci. 2014, 8, 94. [CrossRef]

Morris, ].D.; Klahr, N.J.; Shen, F; Villegas, J.; Wright, P.; He, G.J.; Li, Y.J. Mapping a Multidimensional Emotion in Response to
Television Commercials. Hum. Brain Mapp. 2009, 30, 789-796. [CrossRef]

Chen, Y.P; Nelson, L.D.; Hsu, M. From "Where" to "What": Distributed Representations of Brand Associations in the Human
Brain. J. Mark. Res. 2015, 52, 453-466. [CrossRef]

Treleaven-Hassard, S.; Gold, J.; Bellman, S.; Schweda, A.; Ciorciari, J.; Critchley, C.; Varan, D. Using the P3a to gauge automatic
attention to interactive television advertising. . Econ. Psychol. 2010, 31, 777-784. [CrossRef]

Van Eck, N.; Waltman, L. Manual for VOSviewer Version 1.5. 4; Universiteit Leiden and Erasmus Universiteit Rotterdam: Rotterdam,
The Netherlands, 2013.

Lee, N.; Brandes, L.; Chamberlain, L.; Senior, C. This is your brain on neuromarketing: Reflections on a decade of research. .
Mark. Manag. 2017, 33, 878-892. [CrossRef]

Lee, N.; Chamberlain, L.; Brandes, L. Welcome to the jungle! The neuromarketing literature through the eyes of a newcomer. Eur.
J. Market. 2018, 52, 4-38. [CrossRef]

Ramseay, T.Z.; Skov, M.; Christensen, M.K.; Stahlhut, C. Frontal brain asymmetry and willingness to pay. Front. Neurosci. 2018, 12,
138. [CrossRef] [PubMed]

Hsu, M.; Yoon, C. The neuroscience of consumer choice. Curr. Opin. Behav. Sci. 2015, 5, 116-121. [CrossRef]

Hubert, M.; Hubert, M.; Linzmajer, M.; Ried], R.; Kenning, P. Trust me if you can—neurophysiological insights on the influence of
consumer impulsiveness on trustworthiness evaluations in online settings. Eur. ]. Market. 2018, 52, 118-146. [CrossRef]

Goto, N.; Mushtagq, F; Shee, D.; Lim, X.L.; Mortazavi, M.; Watabe, M.; Schaefer, A. Neural signals of selective attention are
modulated by subjective preferences and buying decisions in a virtual shopping task. Biol. Psychol. 2017, 128, 11-20. [CrossRef]
Pop, N.A.; Dabija, D.-C.; Iorga, A.M.J.A.E. Ethical responsibility of neuromarketing companies in harnessing the market
research—A global exploratory approach. Amfiteatru Econ. 2014, 16, 26—40.

Pozharliev, R.; Verbeke, W.].; Bagozzi, R.P. Social consumer neuroscience: Neurophysiological measures of advertising effective-
ness in a social context. . Advert. 2017, 46, 351-362. [CrossRef]

Wei, Z.; Wu, C.; Wang, X.Y.; Supratak, A.; Wang, P.; Guo, Y.K. Using Support Vector Machine on EEG for Advertisement Impact
Assessment. Front. Neurosci. 2018, 12, 12. [CrossRef]

Baker, H.K.; Pandey, N.; Kumar, S.; Haldar, A. A bibliometric analysis of board diversity: Current status, development, and future
research directions. J. Bus. Res. 2020, 108, 232-246. [CrossRef]

Ali, J.; Jusoh, A.; Abbas, A.E; Nor, KM. Global Trends of Service Quality in Healthcare: A bibliometric analysis of Scopus
Database. J. Contemp. Issues Bus. Gov. 2021, 27,2917-2930.

Santos, ].P; Seixas, D.; Brandao, S.; Moutinho, L. Investigating the role of the ventromedial prefrontal cortex in the assessment of
brands. Front. Neurosci. 2011, 5. [CrossRef] [PubMed]

Chew, L.H.; Teo, J.; Mountstephens, J. Aesthetic preference recognition of 3D shapes using EEG. Cogn. Neurodyn. 2016, 10,
165-173. [CrossRef] [PubMed]

Samsuri, N.; Reza, F.; Begum, T.; Yusoff, N.; Idris, B.; Omar, H.; Isa, S.M. Application of EEG/ERP and eye tracking in underlying
mechanism of visual attention of auto dealer’s advertisement—A Neuromarketing research. Int. J. Eng. Technol. 2018, 7, 5-9.
[CrossRef]

Telpaz, A.; Webb, R.; Levy, D.]. Using EEG to predict consumers’ future choices. J. Mark. Res. 2015, 52, 511-529. [CrossRef]


http://doi.org/10.1007/s11192-014-1402-8
http://doi.org/10.1007/s11301-019-00175-4
http://doi.org/10.1038/nrn2795
http://doi.org/10.1007/s11571-013-9255-z
http://doi.org/10.1016/j.jcps.2011.05.001
http://doi.org/10.1155/2011/643489
http://doi.org/10.1093/scan/nss109
http://doi.org/10.1080/10253866.2012.654959
http://doi.org/10.3389/fnins.2014.00094
http://doi.org/10.1002/hbm.20544
http://doi.org/10.1509/jmr.14.0606
http://doi.org/10.1016/j.joep.2010.03.007
http://doi.org/10.1080/0267257X.2017.1327249
http://doi.org/10.1108/EJM-02-2017-0122
http://doi.org/10.3389/fnins.2018.00138
http://www.ncbi.nlm.nih.gov/pubmed/29662432
http://doi.org/10.1016/j.cobeha.2015.09.005
http://doi.org/10.1108/EJM-12-2016-0870
http://doi.org/10.1016/j.biopsycho.2017.06.004
http://doi.org/10.1080/00913367.2017.1343162
http://doi.org/10.3389/fnins.2018.00076
http://doi.org/10.1016/j.jbusres.2019.11.025
http://doi.org/10.3389/fnins.2011.00077
http://www.ncbi.nlm.nih.gov/pubmed/21687799
http://doi.org/10.1007/s11571-015-9363-z
http://www.ncbi.nlm.nih.gov/pubmed/27066153
http://doi.org/10.14419/ijet.v7i3.22.17112
http://doi.org/10.1509/jmr.13.0564

Sustainability 2021, 13, 6488 22 of 25

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

81.

Venkatraman, V.; Dimoka, A.; Pavlou, P.A.; Vo, K.; Hampton, W.; Bollinger, B.; Hershfield, H.E.; Ishihara, M.; Winer, R.S.
Predicting advertising success beyond traditional measures: New insights from neurophysiological methods and market response
modeling. |. Mark. Res. 2015, 52, 436—452. [CrossRef]

Fugate, D.L. Neuromarketing: A layman’s look at neuroscience and its potential application to marketing practice. . Consum.
Mark. 2007, 24, 385-394. [CrossRef]

Eser, Z.; Isin, E.B.; Tolon, M. Perceptions of marketing academics, neurologists, and marketing professionals about neuromarketing.
J. Mark. Manag. 2011, 27, 854-868. [CrossRef]

Orzan, G.; Zara, I; Purcarea, V. Neuromarketing techniques in pharmaceutical drugs advertising. A discussion and agenda for
future research. J. Med. Life 2012, 5, 428-432.

Cartocci, G.; Caratt, M.; Modica, E.; Maglione, A.G.; Rossi, D.; Cherubino, P.; Babiloni, F. Electroencephalographic, heart rate, and
galvanic skin response assessment for an advertising perception study: Application to antismoking public service announcements.
JoVE J. Vis. Exp. 2017, 162, e55872. [CrossRef]

Modica, E.; Rossi, D.; Cartocci, G.; Perrotta, D.; Di Feo, P.; Mancini, M.; Arico, P.; Inguscio, B.M.S.; Babiloni, F. Neurophysiological
Profile of Antismoking Campaigns. Comput. Intell. Neurosci. 2018, 5, 1-11. [CrossRef] [PubMed]

Cherubino, P.; Caratt, M.; Modica, E.; Rossi, D.; Trettel, A.; Maglione, A.G.; Della Casa, R.; Dall’Olio, M.; Quadretti, R.; Babiloni,
F. Assessing cerebral and emotional activity during the purchase of fruit and vegetable products in the supermarkets. In
Neuroeconomic and Behavioral Aspects of Decision Making; Springer: Berlin/Heidelberg, Germany, 2017; pp. 293-307.

Cherubino, P.; Martinez-Levy, A.C.; Caratu, M.; Cartocci, G.; Di Flumeri, G.; Modica, E.; Rossi, D.; Mancini, M.; Trettel, A.
Consumer Behaviour through the Eyes of Neurophysiological Measures: State-of-the-Art and Future Trends. Comput. Intell.
Neurosci. 2019, 2019. [CrossRef]

Casado-Aranda, L.-A.; Dimoka, A.; Sanchez-Fernandez, ]. Consumer processing of online trust signals: A neuroimaging study. J.
Interact. Mark. 2019, 47, 159-180. [CrossRef]

Adil, S.; Lacoste-Badie, S.; Droulers, O. Face Presence and Gaze Direction In Print Advertisements: How They Influence Consumer
Responses—An Eye-Tracking Study. |. Advert. Res. 2018, 58, 443—455. [CrossRef]

Martinez-Fiestas, M.; Del Jesus, M.I.V.; Sanchez-Fernandez, J.; Montoro-Rios, EJ. A psychophysiological approach for measuring
response to messaging: How consumers emotionally process green advertising. J. Advert. Res. 2015, 55, 192-205. [CrossRef]
Kruikemeier, S.; Lecheler, S.; Boyer, M.M. Learning from news on different media platforms: An eye-tracking experiment. Polit.
Commun. 2018, 35, 75-96. [CrossRef]

Russell, C.A.; Swasy, J.L.; Russell, D.W.; Engel, L. Eye-tracking evidence that happy faces impair verbal message comprehension:
The case of health warnings in direct-to-consumer pharmaceutical television commercials. Int. J. Advert. 2017, 36, 82-106.
[CrossRef]

Cartocci, G.; Maglione, A.G.; Vecchiato, G.; Di Flumeri, G.; Colosimo, A.; Scorpecci, A.; Marsella, P.; Giannantonio, S.; Malerba,
P,; Borghini, G. Mental workload estimations in unilateral deafened children. Proceedings of 2015 37th Annual International
Conference of the IEEE Engineering in Medicine and Biology Society (EMBC), Milan, Italy, 25-29 August 2015; pp. 1654-1657.
Di Flumeri, G.; Herrero, M.T.; Trettel, A.; Cherubino, P.; Maglione, A.G.; Colosimo, A.; Moneta, E.; Peparaio, M.; Babiloni, F.
EEG frontal asymmetry related to pleasantness of olfactory stimuli in young subjects. In Selected Issues in Experimental Economics;
Springer: Berlin/Heidelberg, Germany, 2016; pp. 373-381.

Morin, C. Neuromarketing: The new science of consumer behavior. Society 2011, 48, 131-135. [CrossRef]

Murray, M.M.; Antonakis, J. An Introductory Guide to Organizational Neuroscience; SAGE Publications: Los Angeles, CA, USA, 2019.
Burle, B.; Spieser, L.; Roger, C.; Casini, L.; Hasbroucq, T.; Vidal, F. Spatial and temporal resolutions of EEG: Is it really black and
white? A scalp current density view. Int. J. Psychophysiol. 2015, 97, 210-220. [CrossRef]

McClure, S.M.; L, J.; Tomlin, D.; Cypert, K.S.; Montague, L.M.; Montague, PR. Neural correlates of behavioral preference for
culturally familiar drinks. Neuron 2004, 44, 379-387. [CrossRef] [PubMed]

Sebastian, V. Neuromarketing and evaluation of cognitive and emotional responses of consumers to marketing stimuli. Proc. Soc.
Behav. Sci. 2014, 127, 753-757. [CrossRef]

Chen, E; Morris, ].D. Decoding neural responses to emotion in television commercials. J. Advert. Res. 2016, 56, 11-28.

Nyoni, T.; Bonga, W. Neuromarketing methodologies: More brain scans or brain scams? Dyn. Res. . 2017, 2, 30-38.

Alsharif, A H.; Salleh, N.Z.M.; Baharun, R.; Safaei, M. Neuromarketing approach: An overview and future research directions. J.
Theor. Appl. Inf. Technol. 2020, 98, 991-1001.

Shi, Z.H.; Wang, A.L.; Aronowitz, C.A.; Romer, D.; Langleben, D.D. Individual differences in the processing of smoking-cessation
video messages: An imaging genetics study. Biol. Psychol. 2017, 128, 125-131. [CrossRef]

Boksem, M.; Smidts, A. Brain responses to movie trailers predict individual preferences for movies and their population-wide
commercial success. J. Mark. Res. 2015, 52, 482-492. [CrossRef]

Berger, H. On the electroencephalogram of man. Electroencephalogr. Clin. Neurophysiol. 1969, 3, 28-37.

Aditya, D.; Sarno, R. Neuromarketing: State of the arts. Adv. Sci. Lett. 2018, 24, 9307-9310. [CrossRef]

Bercea, M.D. Anatomy of methodologies for measuring consumer behavior in neuromarketing research. Proceedings of LCBR
European Marketing Conference, Munich, Germany, 9-10 August 2012; pp. 1-14.

Bazzani, A.; Ravaioli, S.; Trieste, L.; Faraguna, U.; Turchetti, G. Is EEG Suitable for Marketing Research? A Systematic Review.
Front. Neurosci. 2020, 14, 1-16. [CrossRef]


http://doi.org/10.1509/jmr.13.0593
http://doi.org/10.1108/07363760710834807
http://doi.org/10.1080/02672571003719070
http://doi.org/10.3791/55872
http://doi.org/10.1155/2018/9721561
http://www.ncbi.nlm.nih.gov/pubmed/30327667
http://doi.org/10.1155/2019/1976847
http://doi.org/10.1016/j.intmar.2019.02.006
http://doi.org/10.2501/JAR-2018-004
http://doi.org/10.2501/JAR-55-2-192-205
http://doi.org/10.1080/10584609.2017.1388310
http://doi.org/10.1080/02650487.2016.1196030
http://doi.org/10.1007/s12115-010-9408-1
http://doi.org/10.1016/j.ijpsycho.2015.05.004
http://doi.org/10.1016/j.neuron.2004.09.019
http://www.ncbi.nlm.nih.gov/pubmed/15473974
http://doi.org/10.1016/j.sbspro.2014.03.349
http://doi.org/10.1016/j.biopsycho.2017.07.019
http://doi.org/10.1509/jmr.13.0572
http://doi.org/10.1166/asl.2018.12261
http://doi.org/10.3389/fnins.2020.594566

Sustainability 2021, 13, 6488 23 of 25

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.
111.

Ohme, R.; Matukin, M.; Pacula-Lesniak, B. Biometric measures for interactive advertising research. J. Interact. Advert. 2011, 11,
60-72. [CrossRef]

Dulabh, M.; Vazquez, D.; Ryding, D.; Casson, A. Measuring consumer engagement in the brain to online interactive shopping
environments. In Augmented Reality and Virtual Reality; Springer: Berlin/Heidelberg, Germany, 2018; pp. 145-165.

Vecchiato, G.; Babiloni, F. Neurophysiological Measurements of Memorization and Pleasantness in Neuromarketing Experi-
ments. In Analysis of Verbal and Nonverbal Communication and Enactment: The Processing Issues; Springer: Berlin, Germany, 2011;
Volume 6800, pp. 294-308.

Jackson, P.A.; Kennedy, D.O. The application of near infrared spectroscopy in nutritional intervention studies. Front. Hum.
Neurosci. 2013, 7, 473. [CrossRef]

Ernst, L.H.; Plichta, M.M.; Lutz, E.; Zesewitz, A K,; Tupak, S.V.; Dresler, T.; Ehlis, A.-C.; Fallgatter, A.]J. Prefrontal activation
patterns of automatic and regulated approach-avoidance reactions—A functional near-infrared spectroscopy (fNIRS) study.
Cortex 2013, 49, 131-142. [CrossRef] [PubMed]

Bercea, M. Quantitative versus qualitative in neuromarketing research. Munich Pers. RePEc Arch. 2013, 4, 1-12.

Langleben, D.D.; Loughead, ].W.; Ruparel, K.; Hakun, J.G.; Busch-Winokur, S.; Holloway, M.B.; Strasser, A.A.; Cappella, J.N.;
Lerman, C. Reduced prefrontal and temporal processing and recall of high “sensation value” ads. Neuroimage 2009, 46, 219-225.
[CrossRef]

Casado-Aranda, L.-A.; Sanchez-Fernandez, J.; Montoro-Rios, F.J. Neural correlates of voice gender and message framing in
advertising: A functional MRI study. J. Neurosci. Psychol. Econ. 2017, 10, 121. [CrossRef]

Piwowarski, M. Neuromarketing tools in studies on models of social issue advertising impact on recipients. In Proceedings of
International Conference on Computational Methods in Experimental Economics, Lublin, Poland, 30 November—1 December 2017; Springer
International Publishing: Cham, Switzerland, 2018; pp. 99-111. [CrossRef]

Kotler, P; Keller, K.L. Marketing Management, Global Edition, 5th ed.; Pearson Education: London, UK, 2016.

Guttmann, A. Advertising Market Worldwide- Statistics and Facts. Available online: https://www.statista.com/topics/990/
global-advertising-market/ (accessed on 6 April 2021).

Ruschendorf, J. Neuromarketing: Insights into the Consumer Brain and Its Adaption to Brand Management. Bachelor’s Thesis,
Novia University of Applied Sciences, Turku, Finland, 2020.

Morillo, LM.S.; Alvarez-Garcia, ].A.; Gonzalez-Abril, L.; Ramirez, ].A.O. Discrete classification technique applied to TV advertise-
ments liking recognition system based on low-cost EEG headsets. Biomed. Eng. Online 2016, 15, 197-218. [CrossRef]

Cha, K.C.; Suh, M.; Kwon, G.; Yang, S.; Lee, E.]. Young consumers’ brain responses to pop music on Youtube. Asia Pac. ]. Market.
Logist. 2019, 32, 1142-1148. [CrossRef]

Morillo, LM.S.; Garcia, J.A.A.; Gonzalez-Abril, L.; Ramirez, J.A.O. Advertising Liking Recognition Technique Applied to
Neuromarketing by Using Low-Cost EEG Headset. In Bioinformatics and Biomedical Engineering; Ortuno, F., Rojas, L., Eds.; Springer
International Publishing Ag: Cham, Switzerland, 2015; Volume 9044, pp. 701-709.

Golnar-Nik, P; Farashi, S.; Safari, M.-S. The application of EEG power for the prediction and interpretation of consumer
decision-making: A neuromarketing study. Physiol. Behav. 2019, 207, 90-98. [CrossRef]

Shaari, N.; Syafiq, M.; Amin, M.; Mikami, O. Electroencephalography (EEG) application in neuromarketing-exploring the
subconscious mind. J. Adv. Manuf. Technol. (JAMT) 2019, 13, 81-92.

Kaklauskas, A.; Bucinskas, V.; Vinogradova, I.; Binkyte-Veliene, A.; Ubarte, I.; Skirmantas, D.; Petric, L. Invar neuromarketing
method and system. Stud. Inform. Control 2019, 28, 357-370. [CrossRef]

Sanchez-Fernandez, J.; Casado-Aranda, L.-A.; Bastidas-Manzano, A.-B. Consumer Neuroscience Techniques in Advertising
Research: A Bibliometric Citation Analysis. Sustainability 2021, 13, 1589. [CrossRef]

Anuar, N.N.A.; Isa, S.M.; Mansor, A.A. Subconscious response on marketing mix for green and non-green goods: A neuromarket-
ing study. Res. Conf. Natl. Int. (RCNI) 2021, 1, 73-83.

Page, G. Scientific realism: What neuromarketing can and can’t tell us about consumers. Int. J. Mark. Res. 2012, 54, 287-290.
[CrossRef]

Vermaak, M.; de Klerk, H.M. Fitting room or selling room? Millennial female consumers’ dressing room experiences. Int. |.
Consum. Stud. 2017, 41, 11-18. [CrossRef]

Hu, Z.; Nasiry, ]. Are markets with loss-averse consumers more sensitive to losses? Manage. Sci. 2018, 64, 1384-1395. [CrossRef]
Agarwal, S. Introduction to Neuromarketing and Consumer Neuroscience. J. Consum. Mark. 2015, 32, 302-303. [CrossRef]
Hausel, H.-G. Neuromarketing: Erkenntnisse der Hirnforschung fiir Markenfiihrung, Werbung und Verkauf; Haufe-Lexware: Freiburg,
Germany, 2013; Volume 68.

Montazeribarforoushi, S.; Keshavarzsaleh, A.; Ramsoy, T.Z. On the hierarchy of choice: An applied neuroscience perspective on
the AIDA model. Cogent Psychol. 2017, 4, 1363343. [CrossRef]

Daw, N.D.; Odoherty, J.P.; Dayan, P.; Seymour, B.; Dolan, R.J. Cortical substrates for exploratory decisions in humans. Nature
2006, 441, 876-879. [CrossRef]

Rilling, ].K.; King-Casas, B.; Sanfey, A.G. The neurobiology of social decision-making. Curr. Opin. Neurobiol. 2008, 18, 159-165.
[CrossRef]

Rilling, J.K.; Sanfey, A.G. The neuroscience of social decision-making. Annu. Rev. Psychol. 2011, 62, 23-48. [CrossRef]

Damasio, A.R. Self Comes to Mind: Constructing the Conscious Brain; Vintage: New York, NY, USA, 2012.


http://doi.org/10.1080/15252019.2011.10722185
http://doi.org/10.3389/fnhum.2013.00473
http://doi.org/10.1016/j.cortex.2011.09.013
http://www.ncbi.nlm.nih.gov/pubmed/22036575
http://doi.org/10.1016/j.neuroimage.2008.12.062
http://doi.org/10.1037/npe0000076
http://doi.org/10.1007/978-3-319-99187-0_8
https://www.statista.com/topics/990/global-advertising-market/
https://www.statista.com/topics/990/global-advertising-market/
http://doi.org/10.1186/s12938-016-0181-2
http://doi.org/10.1108/APJML-04-2019-0247
http://doi.org/10.1016/j.physbeh.2019.04.025
http://doi.org/10.24846/v28i3y201912
http://doi.org/10.3390/su13031589
http://doi.org/10.2501/IJMR-54-2-287-290
http://doi.org/10.1111/ijcs.12294
http://doi.org/10.1287/mnsc.2016.2678
http://doi.org/10.1108/jcm-08-2014-1118
http://doi.org/10.1080/23311908.2017.1363343
http://doi.org/10.1038/nature04766
http://doi.org/10.1016/j.conb.2008.06.003
http://doi.org/10.1146/annurev.psych.121208.131647

Sustainability 2021, 13, 6488 24 of 25

112.

113.

114.

115.
116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.
133.

134.
135.

136.
137.

138.

139.

140.

141.

142.

143.
144.

145.

Winkielman, P.; Berntson, G.G.; Cacioppo, J.T. The Psychophysiological Perspective on the Social Mind. In Blackwell Handbook of
Social Psychology: Intraindividual Processes; Blackwell Publishing: Hoboken, NJ, USA, 2008; pp. 89-108.

Reimann, M.; Bechara, A. The somatic marker framework as a neurological theory of decision-making: Review, conceptual
comparisons, and future neuroeconomics research. J. Econ. Psychol. 2010, 31, 767-776. [CrossRef]

Russell, J.A.; Barrett, L.F. Core affect, prototypical emotional episodes, and other things called emotion: Dissecting the elephant. J.
Personal. Soc. Psychol. 1999, 76, 805. [CrossRef]

Lewin, K. A Dynamic Theory of Personality (DK Adams & KE Zaner, Trans.); McGraw Hill: New York, NY, USA, 1935.

Baldaro, B.; Mazzetti, M.; Codispoti, M.; Tuozzi, G.; Bolzani, R.; Trombini, G. Autonomic reactivity during viewing of an
unpleasant film. Percept. Mot. Ski. 2001, 93, 797-805. [CrossRef] [PubMed]

Lang, PJ.; Bradley, M.M.; Cuthbert, B.N. Motivated attention: Affect, activation, and action. Atten. Orienting: Sens. Motiv. Process.
1997, 97, 135.

Posner, J.; Russell, ].A.; Peterson, B.S. The circumplex model of affect: An integrative approach to affective neuroscience, cognitive
development, and psychopathology. Dev. Psychopathol. 2005, 17, 715. [CrossRef]

Thayer, R. The Biopsychology of Mood and Activation; Oxford University Press: New York, NY, USA, 1989.

Watson, D.; Tellegen, A. Toward a consensual structure of mood. Psychol. Bull. 1985, 98, 219. [CrossRef] [PubMed]

Dolcos, E; Katsumi, Y.; Denkova, E.; Dolcos, S. Factors influencing opposing effects of emotion on cognition: A review of evidence
from research on perception and memory. Phys. Mind Brain Disord. 2017, 3, 297-341.

Ramsoy, T. An Introduction to Consumer Neuroscience & Neuromarketing. Available online: https:/ /www.coursera.org/learn/
neuromarketing/lecture/FTWBU /introduction-to-this-course (accessed on 29 March 2021).

Lindquist, K.A.; Satpute, A.B.; Wager, T.D.; Weber, J.; Barrett, L.F. The brain basis of positive and negative affect: Evidence from a
meta-analysis of the human neuroimaging literature. Cereb. Cortex 2015, 26, 1910-1922. [CrossRef]

Shafer, A.; Iordan, A.; Cabeza, R.; Dolcos, F].J. Brain imaging investigation of the memory-enhancing effect of emotion. J. Vis.
Exp. JoVE 2011, 51, e2433. [CrossRef]

Vecchiato, G.; Astolfi, L.; Fallani, ED.V.; Cincotti, F.; Mattia, D.; Salinari, S.; Soranzo, R.; Babiloni, F. Changes in brain activity
during the observation of TV commercials by using EEG, GSR and HR measurements. Brain Topogr. 2010, 23, 165-179. [CrossRef]
Davidson, R.J.; Irwin, W. The functional neuroanatomy of emotion and affective style. Trends Cogn. Sci. 1999, 3, 11-21. [CrossRef]
Amthor, F. Neuroscience for Dummies; John Wiley & Sons: Hoboken, NJ, USA, 2016.

Davidson, R.J. What does the prefrontal cortex “do” in affect: Perspectives on frontal EEG asymmetry research. Biol. Psychol.
2004, 67, 219-234. [CrossRef] [PubMed]

Small, D.M.; Gregory, M.D.; Mak, Y.E.; Gitelman, D.; Mesulam, M.M.; Parrish, T. Dissociation of neural representation of intensity
and affective valuation in human gustation. Neuron 2003, 39, 701-711. [CrossRef]

O’Doherty, ]J.; Kringelbach, M.L.; Rolls, E.T.; Hornak, J.; Andrews, C. Abstract reward and punishment representations in the
human orbitofrontal cortex. Nat. Neurosci. 2001, 4, 95-102. [CrossRef] [PubMed]

Matthews, G.; Wells, A. The Cognitive Science of Attention and Emotion; Dalgleish, T., Power, M.]., Eds.; John Wiley & Sons, Ltd.:
Hoboken, NJ, USA, 1999; pp. 171-192.

Genco, S.; Pohlmann, A.; Steidl, P. Neuromarketing for Dummies; John Wiley & Sons: Hoboken, NJ, USA, 2013.

Armstrong, K.M.; Fitzgerald, ].K.; Moore, T. Changes in visual receptive fields with microstimulation of frontal cortex. Neuron
2006, 50, 791-798. [CrossRef] [PubMed]

Wilson, M. Six views of embodied cognition. Psychon. Bull. Rev. 2002, 9, 625-636. [CrossRef] [PubMed]

Meneguzzo, P,; Tsakiris, M.; Schioth, H.B.; Stein, D.J.; Brooks, S.J. Subliminal versus supraliminal stimuli activate neural responses
in anterior cingulate cortex, fusiform gyrus and insula: A meta-analysis of fMRI studies. BMC Psychol. 2014, 2, 1-11. [CrossRef]
Knudsen, E.I. Fundamental components of attention. Annu. Rev. Neurosci. 2007, 30, 57-78. [CrossRef]

Crottaz-Herbette, S.; Menon, V. Where and when the anterior cingulate cortex modulates attentional response: Combined fMRI
and ERP evidence. J. Cogn. Neurosci. 2006, 18, 766-780. [CrossRef]

Smith, M.E.; Gevins, A. Attention and brain activity while watching television: Components of viewer engagement. Media
Psychol. 2004, 6, 285-305. [CrossRef]

Casado-Aranda, L.A.; Van der Laan, L.N.; Sanchez-Ferndndez, ]. Neural correlates of gender congruence in audiovisual
commercials for gender-targeted products: An fMRI study. Hum. Brain Mapp. 2018, 39, 4360-4372. [CrossRef]

Plassmann, H.; Ramsoy, T.Z.; Milosavljevic, M. Branding the brain: A critical review and outlook. J. Consum. Psychol. 2012, 22,
18-36. [CrossRef]

Schiller, D.; Freeman, J.B.; Mitchell, ].P.; Uleman, J.S.; Phelps, E.A. A neural mechanism of first impressions. Nat. Neurosci. 2009,
12,508. [CrossRef]

Van Zoest, W.; Donk, M.; Theeuwes, J. The role of stimulus-driven and goal-driven control in saccadic visual selection. J. Exp.
Psychol. Hum. Percept. Perform. 2004, 30, 746. [CrossRef]

McGaugh, J.L. Memory—A century of consolidation. Science 2000, 287, 248-251. [CrossRef]

Erk, S.; Kiefer, M.; Grothe, J.; Wunderlich, A.P,; Spitzer, M.; Walter, H. Emotional context modulates subsequent memory effect.
Neuroimage 2003, 18, 439-447. [CrossRef]

Rossiter, J.R.; Silberstein, R.B.; Harris, P.G.; Nield, G. Brain-imaging detection of visual scene encoding in long-term memory for
TV commercials. J. Advert. Res. 2001, 41, 13-21. [CrossRef]


http://doi.org/10.1016/j.joep.2010.03.002
http://doi.org/10.1037/0022-3514.76.5.805
http://doi.org/10.2466/pms.2001.93.3.797
http://www.ncbi.nlm.nih.gov/pubmed/11806603
http://doi.org/10.1017/S0954579405050340
http://doi.org/10.1037/0033-2909.98.2.219
http://www.ncbi.nlm.nih.gov/pubmed/3901060
https://www.coursera.org/learn/neuromarketing/lecture/FTWBU/introduction-to-this-course
https://www.coursera.org/learn/neuromarketing/lecture/FTWBU/introduction-to-this-course
http://doi.org/10.1093/cercor/bhv001
http://doi.org/10.3791/2433
http://doi.org/10.1007/s10548-009-0127-0
http://doi.org/10.1016/S1364-6613(98)01265-0
http://doi.org/10.1016/j.biopsycho.2004.03.008
http://www.ncbi.nlm.nih.gov/pubmed/15130532
http://doi.org/10.1016/S0896-6273(03)00467-7
http://doi.org/10.1038/82959
http://www.ncbi.nlm.nih.gov/pubmed/11135651
http://doi.org/10.1016/j.neuron.2006.05.010
http://www.ncbi.nlm.nih.gov/pubmed/16731516
http://doi.org/10.3758/BF03196322
http://www.ncbi.nlm.nih.gov/pubmed/12613670
http://doi.org/10.1186/s40359-014-0052-1
http://doi.org/10.1146/annurev.neuro.30.051606.094256
http://doi.org/10.1162/jocn.2006.18.5.766
http://doi.org/10.1207/s1532785xmep0603_3
http://doi.org/10.1002/hbm.24276
http://doi.org/10.1016/j.jcps.2011.11.010
http://doi.org/10.1038/nn.2278
http://doi.org/10.1037/0096-1523.30.4.749
http://doi.org/10.1126/science.287.5451.248
http://doi.org/10.1016/S1053-8119(02)00015-0
http://doi.org/10.2501/JAR-41-2-13-21

Sustainability 2021, 13, 6488 25 of 25

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.
158.

159.

160.

161.

162.

163.

164.

165.

Fallani, ED.V.; Astolfi, L.; Cincotti, F.; Mattia, D.; Marciani, M.G.; Gao, S.; Salinari, S.; Soranzo, R.; Colosimo, A.; Babiloni,
F. Structure of the cortical networks during successful memory encoding in TV commercials. Clin. Neurophysiol. 2008, 119,
2231-2237. [CrossRef] [PubMed]

Astolfi, L.; Fallani, ED.V.; Cincotti, F.; Mattia, D.; Bianchi, L.; Marciani, M.G.; Salinari, S.; Gaudiano, I.; Scarano, G.; Soranzo, R.
Brain activity during the memorization of visual scenes from TV commercials: An application of high resolution EEG and steady
state somatosensory evoked potentials technologies. |. Physiol. Paris 2009, 103, 333-341. [CrossRef]

Morey, A.C. Memory for positive and negative political TV ads: The role of partisanship and gamma power. Polit. Commun. 2017,
34,404-423. [CrossRef]

Bakalash, T.; Riemer, H. Exploring ad-elicited emotional arousal and memory for the ad using fMRI. ]. Advert. 2013, 42, 275-291.
[CrossRef]

Seelig, D.; Wang, A.-L.; Jaganathan, K.; Loughead, ].W.; Blady, S.J.; Childress, A.R.; Romer, D.; Langleben, D.D. Low message
sensation health promotion videos are better remembered and activate areas of the brain associated with memory encoding. PLoS
ONE 2014, 9, e113256. [CrossRef] [PubMed]

Ulman, Y.I; Cakar, T.; Yildiz, G. Ethical Issues in Neuromarketing: I consume, therefore I am. Sci. Eng. Ethics 2015, 21, 1271-1284.
[CrossRef]

Stanton, S.; Armstrong, W.; Huettel, S. Neuromarketing: Ethical implications of its use and potential misuse. J. Bus. Ethics 2017,
144,799-811. [CrossRef]

Berlifiska, E.; Kaszycka, I. Neuromarketing—chance or danger for consumers in opinion of MCSU'’s students. In Proceedings of
the MakeLearn and TIIM Joint International Conference, Managing Innovation and Diversity in Knowledge Society Through
Turbulent Time, Timisoara, Romania, 25-27 May 2016; pp. 355-359.

Murphy, E; Illes, J.; Reiner, P. Neuroethics of neuromarketing. J. Consum. Behav. 2008, 7, 293-302. [CrossRef]

Brammer, M. Brain scam? Nat. Neurosci. 2004, 7, 1015. [CrossRef]

Nemorin, S.; Gandy, O. Exploring neuromarketing and its reliance on remote sensing: Social and ethical concerns. Int. . Commun.
2017, 11, 4824-4844.

Arlauskaité, E.; Sferle, A.; Arlauskaite, E. Ethical issues in neuromarketing. Science 2013, 311, 47-52.

Moreno, B.; Arteaga, G. Violation of ethical principles in clinical research. Influences and possible solutions for Latin America.
BMC Med. Ethics 2012, 13, 1-4.

Plassmann, H.; Venkatraman, V.; Huettel, S.; Yoon, C. Consumer neuroscience: Applications, challenges, and possible solutions. J.
Mark. Res. 2015, 52, 427-435. [CrossRef]

Smidts, A.; Hsu, M.; Sanfey, A.G.; Boksem, M.A; Ebstein, R.B.; Huettel, S.A.; Kable, ] W.; Karmarkar, U.R; Kitayama, S.; Knutson,
B.J.M.L. Advancing consumer neuroscience. Mark. Lett. 2014, 25, 257-267. [CrossRef]

Harris, J.; Ciorciari, J.; Gountas, J. Consumer neuroscience for marketing researchers. J. Consum. Behav. 2018, 17, 239-252.
[CrossRef]

Weber, R.; Mangus, ].M.; Huskey, R. Brain imaging in communication research: A practical guide to understanding and evaluating
fMRI studies. Commun. Methods Meas. 2015, 9, 5-29. [CrossRef]

Weber, B. Consumer Neuroscience and Neuromarketing. In Neuroeconomics; Springer: Berlin/Heidelberg, Germany, 2016;
pp. 333-341.

Researcher, E. The Component Process Model of Emotion, and the Power of Coincidences. Available online: http:
/ /emotionresearcher.com/the-component-process-model-of-emotion-and-the-power-of-coincidences/ (accessed on 30
March 2021).

Bauer, P.R; Reitsma, ].B.; Houweling, B.M.; Ferrier, C.H.; Ramsey, N.F. Can fMRI safely replace the Wada test for preoperative
assessment of language lateralisation? A meta-analysis and systematic review. J. Neurol. Neurosurg. Psychiatry 2014, 85, 581-588.
[CrossRef] [PubMed]


http://doi.org/10.1016/j.clinph.2008.06.018
http://www.ncbi.nlm.nih.gov/pubmed/18760962
http://doi.org/10.1016/j.jphysparis.2009.07.002
http://doi.org/10.1080/10584609.2016.1266534
http://doi.org/10.1080/00913367.2013.768065
http://doi.org/10.1371/journal.pone.0113256
http://www.ncbi.nlm.nih.gov/pubmed/25409187
http://doi.org/10.1007/s11948-014-9581-5
http://doi.org/10.1007/s10551-016-3059-0
http://doi.org/10.1002/cb.252
http://doi.org/10.1038/nn1004-1015
http://doi.org/10.1509/jmr.14.0048
http://doi.org/10.1007/s11002-014-9306-1
http://doi.org/10.1002/cb.1710
http://doi.org/10.1080/19312458.2014.999754
http://emotionresearcher.com/the-component-process-model-of-emotion-and-the-power-of-coincidences/
http://emotionresearcher.com/the-component-process-model-of-emotion-and-the-power-of-coincidences/
http://doi.org/10.1136/jnnp-2013-305659
http://www.ncbi.nlm.nih.gov/pubmed/23986313

	Introduction 
	Materials and Methods 
	Results 
	Bibliometrics Analysis 
	Leading Countries and Academic Institutions 
	Leading Authors 
	Leading Journals 
	Keywords Analysis 
	Citations Trend 

	An Overview of Neuroimaging Tools Used in Advertising Research 
	Functional Magnetic Resonance Imaging 
	Electroencephalography and Magnetoencephalography 
	Functional Near-Infrared Spectroscopy 

	Main Brain Processes and Regions of Interest for Advertising 
	Decision-Making Processes 
	Emotional Processes 
	Cognitive Processes 

	Ethics 

	Discussion 
	Conclusions 
	References

