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A Comprehensive Bibliometric Analysis of fNIRS and fMRI Technology
in Neuromarketing
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Abstract: The aim of this study is to perform a comprehensive bibliometric analysis of functional near-
infrared spectroscopy (fNIRS) and functional magnetic resonance imaging (fMRI) tools. To achieve this
aim, we adopted the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
protocol and bibliometric analysis (VOSviewer) for extracting the relevant papers (articles and reviews)
from the Scopus database between 2002 and 2022. A total of 86 papers were included in the analysis.
The results showed an increasing trend in publications over the years—the top countries in terms of
publication outcome were the United States, Germany, Spain, and Australia. The analysis also identified
the most influential authors and institutions in the field. In addition, we analyzed the most frequently
cited articles, journals, and keywords related to fNIRS and fMRI tools. This bibliometric analysis
provides insights into the current state of research on fNIRS and fMRI tools. It also provides insights
into the direction of future research in this field. In this study, we will provide general insights and
details about current trends in neuromarketing research using fNIRS and fMRI.
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1. INTRODUCTION

The field of neuromarketing has gained significant attention in recent years due to its
potential to reveal the underlying mechanisms of consumer behavior (Pilelien¢ et al., 2022;
Alsharif et al., 2023a). Neuromarketing is a hybrid field that includes marketing, neuroscience,
and psychology (Alsharif et al., 2021a), which relies on advanced technologies such as
functional near-infrared spectroscopy (fNIRS) and functional magnetic resonance imaging
(fMRI) to measure participants' neural activity as they engage with different marketing stimuli
(Cherubino et al., 2019; Alvino et al., 2020; Alsharif et al., 2022a; Alsharif et al., 2022b). These
non-invasive tools provide researchers with valuable insights into how consumers respond to
various marketing tactics, such as advertisements, product packaging, and brand logos (Ernst et
al., 2013; Jackson & Kennedy, 2013). Thus, scholars have shifted to using neuroscience tools
such as but not limited to fMRI to measure and record subconscious and unconscious consumer
responses toward marketing stimuli, which cannot be measured by self-report methods such as
but not limited to surveys (Cherubino et al., 2019; Alsharif et al., 2021b).

fNIRS is a non-invasive neuroimaging technique that measures changes in blood
oxygenation in the brain as an indirect measure of neural activity (Nambu et al., 2009; Gier et
al., 2020; Sargent et al., 2020). It emits near-infrared light into the brain tissue and detects the
reflected light using specialized sensors (Kopton & Kenning, 2014; Cakir et al., 2018; Krampe
etal., 2018; Burns et al., 2019). The amount of reflected light indicates the level of oxygenated
and deoxygenated blood in the brain, reflecting the neurons' activity in that region. fNIRS has
several advantages over other neuroimaging techniques, including its portability, ease of use,
and lower cost (Cakir et al., 2018; Krampe et al., 2018; Alvino et al., 2020; Alsharif et al.,
2021d). It is particularly useful in studying brain activity in naturalistic settings, such as when
participants are watching television commercials or shopping in a retail store (Gier et al., 2020;
Sargent et al., 2020). fMRI is a neuroimaging technique that uses powerful magnets to measure
changes in blood flow in the brain, which indicates changes in neural activity (Linzmajer et al.,
2021; Sanchez-Fernandez & Casado-Aranda, 2021). Unlike fNIRS, fMRI provides a more
detailed spatial resolution, allowing researchers to identify the precise location of brain activity
(Lloyd-Fox et al., 2010; Burle et al., 2015; Krampe et al., 2018). However, fMRI is more
expensive and requires participants to remain confined, making it less suitable for naturalistic
settings (Alsharif et al., 2020b). Nonetheless, fMRI is widely used in neuromarketing research
to investigate how consumers respond to different marketing stimuli (Alsharif et al., 2022c¢).

fMRI and fNIRS are two neuroimaging methods that are used to measure levels of
oxygenated and deoxygenated hemoglobin in a non-invasive and metabolically interesting way
(Shimokawa et al., 2009; Ernst et al., 2013; Jackson & Kennedy, 2013; Alvino et al., 2020).
While fMRI provides greater spatial accuracy, estimated at 1-10 mma3 in deep brain structures,
fNIRS has poor spatial accuracy, estimated at 4cm in cortical activity regions (Lloyd-Fox et al.,
2010; Burle et al., 2015; Krampe et al., 2018). However, both methods have acceptable temporal
accuracy, estimated in seconds (Sitaram et al., 2009; Kopton & Kenning, 2014). Researchers
have employed fMRI and fNIRS in marketing studies to record neural responses associated with
consumer behavior, such as preference, perception, purchase decisions, and choices (Lloyd-Fox
et al., 2010; Kopton & Kenning, 2014). Additionally, fNIRS is a portable, innovative, and cost-
effective neuroimaging method compared to fMRI (Plichta et al., 2011; Ernst et al., 2013;
Kopton & Kenning, 2014; Cakir et al., 2018; Krampe et al., 2018).
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Aware of the growing interest in neuromarketing, several studies analyzing scientific
production on neuromarketing have already been published (Alsharif et al., 2021d; Alsharif
et al., 2023b; Alsharif et al., 2023c). However, no previous research was performed to map
the ((neuromarketing OR consumer neuroscience) AND (functional near-infrared
spectroscopy OR fnirs) OR (*magnetic resonance imaging OR *mri)) research production in
the Scopus database. Therefore, this study differs from other review papers concentrating on
the global academic research trends of studies that used fNIRS and fMRI tools in
neuromarketing or consumer neuroscience research between 2002 and 2022 on the Scopus
database. To this end, this study tries to fill the gap in scientific literature. This study aims to
provide a comprehensive bibliometric analysis of the ((neuromarketing OR consumer
neuroscience) AND (functional near-infrared spectroscopy OR fnirs) OR (*magnetic
resonance imaging OR *mri)) identifying the most prolific countries, academic institutions,
authors, journals. In addition, the articles having the highest numbers of citations, the co-
citation network of authors and papers, and the hot keywords with occurrences will be
determined. The main contributions and steps of this bibliometric analysis study are
summarized and listed as follows:

(1) To identify the growth of annual scientific publications based on journals' outputs.

(2) To identify the overall performance, such as productive countries, institutions,
journals, and authors.

(3) To identify the most prominent themes/keywords in the ((neuromarketing OR
consumer neuroscience) AND (functional near-infrared spectroscopy OR fnirs) OR
(*magnetic resonance imaging OR *mri)).

(4) To identify the most-cited articles to be considered in future studies.

(5) To provide new references and directions to the scholars who are interested in the
((neuromarketing OR consumer neuroscience) AND (functional near-infrared spectroscopy
OR fnirs) OR (*magnetic resonance imaging OR *mri)).

The structure of this research is as follows: Section 2 outlines the methodology employed
in this study. Section 3 is concerned with a bibliometric analysis of pertinent literature. Section
4 discusses the results of the paper. Section 5 provides concise conclusions. Finally, Section
6 presents the study's limitations and potential future directions.

2. METHODS

The research used the PRISMA protocol to find relevant papers and conducted a
bibliometric analysis to determine global research trends in neuromarketing. The study looked
at the most productive countries and academic institutions, leading journals in the field,
prolific authors who published papers using fMRI and fNIRS tools, most-cited papers, and
occurrences of keywords to assess improvements in publications. This study aims to provide
an overview of the current trends to fill the existing gap. Accordingly, four research questions
were established to justify the structure and to gain the full view of the existing scientific
research in the analyzed domain:

RQ1: Is there and what is the annual growth of scientific publications in the field?

RQ.: What are the most productive a) countries; b) academic institutions; c) journals; d) authors?

RQs: What are the most prominent keywords in selected articles?

RQ4: What are the most-cited articles in the field?
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Endeavoring to answer the research questions, the current study starts by extracting articles
from the Scopus database in March 2023. In addition, this study has followed the instruction
Alsharif et al. (2020a) to present a thorough bibliometric analysis detecting and listing the most
productive countries, academic institutions, journals, and authors; later on, a brief description of
each analyzed parameter is provided. The VOSviewer software was utilized to create
visualization maps, which simplifies bibliometric research across various fields, including
neuromarketing (Alsharif et al., 2022a; Pilelien¢ et al., 2022; Alsharif et al., 2023b). In particular,
VOSviewer has been used in several studies related to neuromarketing (see Alsharif et al., 2021c;
Alsharif et al., 2022d) to gain a comprehensive understanding of the development of using fNIRS
and fMRI in this field. The procedure used in the study enabled the identification of 86 papers
that were published between 2002 and 2022. The study's authors focused specifically on papers,
including articles and reviews, that utilized fNIRS and fMRI tools between 2002 and 2022 due
to the significant increase in publications. Additionally, only papers written in English were
included, as it was the most typically used language in the field. The study aimed to identify as
many relevant papers as possible to explore and analyze the global academic trends (e.g.,
productive countries, institutions, authors, and other relevant factors) related to using fNIRS and
fMRI in marketing activities. The selection process for selecting articles is shown in Figure no.
1, and the articles included in the study had to meet the following traits:

e Methods: fNIRS and fMRI.

e Publication year: 2002-2022.

e Language: English.

e Document type: article and review (conference papers (11 papers), book chapters
(8), short survey (2), Books (1), Notes (1), and editorials (1) had been excluded).

= 5 : The following query applied to the title,
2 Recol gs::: :anbe:f abstract, and keywords: TITLE-ABS-
‘g o T Sy KEY((neuromarketing OR consumer
b= (n=117) neuroscience) AND (functional near-
.§ infrared spectroscopy OR fNIRS) OR
= l (*magnetic resonance imaging OR
*MRI))
Record screened after
BaedonienorcLiay Excluded articles based on year
and year from 2002 to 2022 2023 (n=2)
(n=115)
2 |
£ Record excluded due to the
g Record screened Non-English language (Korean
@ publications (n = 110) — (2), Spanish (2), )l-'rench (1)) (n=
1 s
Record ?nly articles (74) Excluded due to document type
and review (12) (n = 86) (conf. paper (11), book chapter
1 (8), short survey (2), book (1),
editorial (1), note (1)) (n=21)

E Full text articles and
= reviews assessed for
20 eligibility
= (n=86)
.§ Studies included in data The Scopus database
2 extraction between 2002 search 25 March 2023
o) and 2022
@ (n=86)

Figure no. 1 — PRISMA process for selecting papers
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3. RESULTS

As a result of the procedure, 86 academic journal papers that utilized fNIRS and fMRI
tools in marketing research were identified. The analysis revealed a significant publication
growth, with over 50% of the total papers being published in the last five years, from 2018 to
2022. Figure no. 2 illustrates the annual publications published between 2002 and 2022, with
one paper being published in 2002 and the number increasing almost seventeen-fold in 2020
before slightly decreasing to eight times in 2022. The increasing interest among researchers
and practitioners in neuromarketing has led to a rise in the number of publications and
researchers interested in using fNIRS and fMRI in marketing research.

18
16
14
12

10

Documents

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
Year

Figure no. 2 — The annual papers used fNIRS and fMRI from 2002 to 2022.
3.1 A bibliometric analysis
3.1.1 Leading countries and institutions

The analysis revealed that the countries that produced at least three papers could be
classified into three groups based on their productivity levels. The first group consists of one
country that produced more than twenty papers, the second group consists of one country that
published between ten and twenty papers, and the third group consists of eleven countries that
produced between three and ten papers each. As depicted in Table no. 1, the USA, Germany,
and Spain have collectively contributed to more than half of the total papers since 2002.
Specifically, the USA has been the most productive country, with twenty-five papers and the
highest total citation count (1455 TCs). The University of Southern California, an institution
in the USA, has published five papers with 471 total citations of the institution (TCsl). While
Denmark has published four papers with 470 TCs, the Copenhagen Business School, the
Danish institution, has published the second-highest-cited papers with 428 TCsl. Although at
the bottom of the list, Mexico has contributed to the fifth-highest-cited papers with 220 TCs,
and its institution, Tecnologico de Monterrey, has published two papers with the fifth-highest-
cited papers (179 TCsl).
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Table no. 1 — The most productive countries and academic institutions of neuromarketing
research (minimum of three articles contribution of the country)

TPsbythe TCsbythe The most prolificacademic TPsl by the TCsl by the

Country end of 2022 end of 2022 institutions end of 2022 end of 2022
USA 25 1455 Unl_ver5|_ty of Southern 5 471
California
Germany 15 674 H(_e_lnrlch-Helne-UnlverSIIat 6 183
Disseldorf
Spain 7 17 Universidad de Granada 4 5
Australia 6 131 Swinburne University of 2 81
Technology
Canada 5 251 Université McGill 3 193
Austria 5 60 Wirtschaftsuniversitat Wien 1 16
Italy 5 45 Sapienza Universita di Roma 3 41
Netherlands Erasmus Universiteit
5 128 Rotterdam 3 121
Denmark 4 470 Copenhagen Business School 2 428
Japan 4 33 Tohoku University 2 24
China 4 10 Zhejiang University 2 8
South Korea 3 72 Sungkyunkwan University 2 24
Mexico 3 220 Tecnologico de Monterrey 2 179

Note: TPs; total publications, TCs; total citations, TPsl; total publications by institution, TCsl; total
citation of the institution

3.1.2 Most productive authors

Table no. 2 displays the most prolific authors in neuromarketing research with the
highest number of papers. Nine authors from seven different countries and nine different
academic institutions were identified. Two authors have produced six papers each, two
authors have published four papers each, and the rest of the authors have released three papers.
Reimann, M. and Kenning, P. are the most productive authors, with six papers each and
affiliations with Eller College of Management (USA) and Heinrich-Heine-Universitat
Dusseldorf (Germany) with 468 and 266 total citations (TCs), respectively. Krampe, C. and
Casado-Aranda, L.A. have consecutively produced four papers each, with 65 and 5 TCs. The
remaining authors have published three papers each. For more details, check Table no. 2.

Table no. 2 — The most-productive authors with a minimum of three papers

TPs by the TCs by the
end of 2022 end of 2022

Author's name Affiliation of the author Country

Reimann, M. 6 468 Eller College of Management USA
Kenning, P. Heinrich-Heine-Universitit ~ Germany
6 266 ..
Diisseldorf
Krampe, C. Wageningen University & Netherland
4 65
Research
Casado-Aranda, L.A. 4 5 Universidad a Distancia de Spain
Madrid
Zaichkowsky, J. 3 460 Beedie School of Business Canada
Smidts, A. 3 121 Erasmus Universiteit Netherland

Rotterdam
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TPs by the TCs by the

Author's name end of 2022 end of 2022

Affiliation of the author Country

Hubert, M. 3 76 Aarhus Universitet Denmark
Babiloni, F. 3 40 Hangzhou Dianzi University China
Séanchez-Fernandez, J. 3 1 Universidad de Granada Spain

3.1.3 Leading journals

Table no. 3 shows the journals that have published at least three papers that used fNIRS
and fMRI tools in neuromarketing research. One journal has published five papers, one journal
has published four papers, and the remaining journals have published three papers each.
Frontiers in Human Neuroscience is the most productive journal with five papers, and published
the third-highest-cited paper was written by Kopton and Kenning (2014) and used the fNIRS
tool. The Journal Of Consumer Psychology, which has published three papers, has the highest-
cited paper with 281 TCs written by Reimann et al. (2010) and used the fMRI tool. Qualitative
Market Research, which is located at the end of the list with three papers, has the second-highest-
cited paper with 88 TCs written by Kenning et al. (2007) and used the fMRI tool.

Table no. 3 — The most productive journals with a minimum of three published papers
Reference of the

TPsby TCshy s TCs by
Source/Journal the end the end ?O::g'tiﬂe Tool theend Publisher
0f 2022 of 2022 F;n% o gozz of 2022
o™ s MRS e MR
e (G wes o e
Fonters i 3 9 Gieretal. (2020) fNIRS 5 Lroniers Media
L. Cao and Frontiers Media
Frontiers in Psychology 3 7 Reimann (2020) fNIRS 3 Sa
Journal of Consumer Reimann et al. .
Psychollo?y 3 476 (20'1'0) I fMRI 281 Wiley-Blackwell
Journal of Economic Stallen et al. .
Psychology 3 98 (2010) fMRI 54 Elsevier
. American
Journal of Marketing 3 120 Chen et al. fMRI 49 Marketing
Research (2015) .
Association
,F\’Asgfll‘e‘i:ggy and 3 26 (Sztg'z'g)a” etal avRri 10 Wiley-Blackwell
Qualitative Market Kenning et al. Emerald
Research 3 19 oo fMRI 8 publishing

3.1.4 Keywords analysis

In bibliometric analysis, keyword occurrences provide a quantitative approach to express
the strength of links between paired keywords, with a larger number indicating a stronger link.
This analysis provides a comprehensive explanation of the article's content. The link strength
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between keywords reflects their frequency in the article, while the total number of links
represents the overall number of keyword appearances in the article. The current paper
conducted an author keywords co-occurrence analysis using VOSviewer software, which
involved 35 keywords with at least two occurrences. This method is important for presenting
general claims about the article's content and assessing trend themes in a particular subject,
such as neuromarketing. The results showed that fMRI and fNIRS tools had been frequently
used to study and understand consumer behaviors, including emotions and decision-making,
toward marketing stimuli like advertising and branding. Figure no. 3 depicts these findings.

1 ngire
nerbet
functional magfiétic resonance functional maggietic resonance
em@tion
braggling
fmri
— advertising
consumer neuroscience
e
preference marketing
decisioggmaking p
consumegbehaviour
neumplogy
emations b@in
cre
\ ognitior
neuromarketing
neuroeg@nomics
dipfc
fnirs
neurggthics
prefrontal cortex b
electroencephalography (eeg)

brain activity

d spect
P neuroimaging

Figure no. 3 — Map of authors' keywords co-occurrence (with min. two occurrences)

Table no. 4 provides an overview of the most frequently used keywords that have
appeared at least four times in the data. The term "consumer neuroscience™ has the highest
frequency with 31 instances and 37 total-link-strength, followed by the term
"neuromarketing”. Both of these fields have utilized functional magnetic resonance
imaging (fMRI) and functional near-infrared spectroscopy (fNIRS) techniques to
investigate and comprehend consumer behavior, decision-making, and the prefrontal
cortex's response to marketing stimuli such as branding. The term "consumer behavior"
has been used four times with 12 total-link-strength, "decision-making" has been used five
times with seven total-link-strength, and "prefrontal cortex" has been used four times with
five total-link-strength. Similarly, the term "branding" has appeared four times with ten
total-link-strength.



Scientific Annals of Economics and Business, 2023, Volume 70, Issue 3, pp. 459-472 467

Table no. 4 — Top keywords by a minimum of four occurrences

# Categories Keyword Occurrences Total-link-strength
1 Field Consumer neuroscience 31 37
Neuromarketing 23 36
Neuroscience 11 15
Marketing 6 15
Decision-making 5 7
Consumer behavior 4 12
Branding 4 10
Neuroeconomics 4 8
Prefrontal cortex 4 5
2 Methods  Functional magnetic resonance imaging/ fMRI 33 44
fNIRS 9 13

3.1.5 Citation analysis

Analyzing citations is crucial for gaining insights into global trends in a specific research
field, such as neuromarketing, as it provides valuable information about the most frequently
cited papers. Future researchers or practitioners can use this information to identify impactful
articles. In this study, we analyzed a total of 86 papers that used fNIRS and fMRI tools in
neuromarketing research, and identified the most frequently cited articles in Table no. 5, with
over 65 total citations (TCs), which investigated consumer behavior in response to marketing
stimuli such as branding. Table no. 5 shows that one paper had over 200 TCs, and the article
titled "Aesthetic package design: A behavioral, neural, and psychological investigation,"”
which used fMRI tools and was published by the Journal of Consumer Psychology, was the
most cited article with 281 TCs. The second most cited article was "A functional magnetic
resonance imaging study of neural dissociations between brand and person judgments,”
published by the Journal of Consumer Research, with 193 TCs, which also used fMRI tools.
Furthermore, four papers had between 150 and 100 TCs, while three articles had less than 100
TCs, with the least cited article being "Near-infrared spectroscopy (NIRS) as a new tool for
neuroeconomic research,” with 66 TCs.

Table no. 5 — The top cited document (minimum 65 citations)

TCs by
Paper Year Journal Tool Type theend of
2022
“Aesthetic package de.51gn.: A bgha\{loril, 2010 Journal of Consumer MR A 281
neural, and psychological investigation Psychology
“A functional magnetic resonance imaging Journal of consumer
study of neural dissociations between brand 2006 fMRI A 193
. i research
and person judgments
“How we relate to brands: Psychological and Journal of Consumer
neurophysiological insights into consumer— 2012 fMRI A 147
. S Psychology
brand relationships
“The neural mechanisms underlying the
influence of pavlovian cues on human 2008 Journal of Neuroscience fMRI A 134
decision making”
Defining neuromarketing: Practices and 2010 Harvard review of ) R 119

professional challenges psychiatry
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TCs by
Paper Year Journal Tool Type theend of
2022
Hypothetlcal and real ch0|ce dlﬁsrentlally Journal of neuroscience  fMRI A 106
activate common valuation areas
w . . . Qualitative Market
e 207 Resahin  wRIA 6
emne International Journal

Consumer”neurosmence for marketing 2018 Journa_l of Consumer R 74
researchers Behaviour

Near-infrared spectrqscopy (NIBS) asanew oo, Frontiers in human NIRS A 66
tool for neuroeconomic research neuroscience

4. DISCUSSION

Over time, there has been an increasing interest in utilizing neuroscience tools, such as
fMRI and fNIRS, in marketing research to better understand consumer behavior toward
advertising stimuli (Alsharif et al., 2021d). In line with this, the current study employed the
PRISMA framework to identify pertinent articles that utilized fMRI and fNIRS tools to study
consumer behavior in neuromarketing. Ultimately, eighty-six articles and reviews were
extracted from the Scopus database using the established procedures. Additionally,
bibliometric analysis was employed to reveal global academic research trends in
neuromarketing activities, which facilitated the identification of the most productive
countries, academic institutions, authors, journals/sources, and trend citations for future
studies, ultimately saving researchers' time. Specifically, the analysis revealed the United
States as the most productive country, with twenty-five papers utilizing fNIRS and fMRI tools
in marketing studies, followed by Germany, Spain, and Australia.

Despite being ranked ninth on the list, the Copenhagen Business School, a Danish
institute, published the paper with the second-highest number of citations. Furthermore,
Reimann, M. and Kenning, P. were found to be the most productive authors, having published
six papers with 468 and 266 TCS, respectively, followed by Krampe, C. and Casado-Aranda,
L.A., who published four papers with 65 and 5 TCs, respectively. Analysis of the most prolific
journals in neuromarketing revealed that while Frontiers in Human Neuroscience was the
most productive journal, publishing five papers with 116 TCs, the European Journal of
Marketing had the second-highest citations count with four papers and 101 total citations.
This suggests that the number of publications does not necessarily reflect the number of
citations. The study titled "Aesthetic package design: A behavioral, neural, and psychological
investigation" by Reimann et al. (2010), which utilized the fMRI tool, was identified as the
most cited article, with 281 total citations, published in the Journal of Consumer Psychology.
The second most cited article was "A functional magnetic resonance imaging study of neural
dissociations between brand and person judgments,” published in the Journal of Consumer
Research and also utilizing fMRI, with 193 total citations, written by Yoon et al. (2006).

In summary, it has been observed that emerging countries have not made significant
contributions to neuromarketing research papers. Consequently, this paper calls upon scholars
and researchers from these countries to investigate global academic trends in neuromarketing
studies, as this can offer a comprehensive understanding of studies that can be explored in
future research.
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5. CONCLUSION

In marketing research, traditional self-report methods such as interviews, surveys, and
focus groups have been used to better understand consumers' reactions toward marketing
activities. However, these methods cannot accurately explain subconscious and unconscious
behaviors. Therefore, researchers and marketers have turned to neuroscience tools such as
fNIRS and fMRI to measure these concealed responses of consumers. The growing interest
in using these tools in marketing research has led to increased academic publications, from
one paper in 2002 to 17 papers in 2020, with a slight decline to eight papers in 2022. This
study aims to present a comprehensive overview of the global academic trends in
neuromarketing, including the leading country, top academic institutions, most prolific
authors, most-cited paper, top journals, and a number of citations, with a focus on studies that
have utilized fNIRS and fMRI in marketing research.

The study analyzed 86 papers that employed fNIRS and fMRI techniques in marketing
research. The results showed that developed countries had the highest number of published papers,
with the United States leading at 24 papers, followed by Germany (15 papers), Spain (7 papers),
and Auwstralia (6 papers). Most authors produced fewer than five papers, but Reimann, M. and
Kenning, P. are the most prolific authors, each with six papers and 468 and 266 citations,
respectively. The Frontiers in Human Neuroscience journal had the most publications, with five
papers and 79 TCs, while the European Journal of Marketing had four papers and 96 TCs. The
study found that the number of publications did not always reflect the number of citations. The
paper with the highest number of citations was "Aesthetic package design: A behavioral, neural,
and psychological investigation,” with 285 citations, followed by "A functional magnetic reso-
nance imaging study of neural dissociations between brand and person judgments" with 195 TCs.

6. LIMITATIONS AND FUTURE DIRECTIONS

The aim of the paper was to minimize methodological restrictions in the study, but some
restrictions were still encountered, and suggestions were made for future research. The study
focused solely on articles and reviews published in English language journals between 2002
and 2022, which were indexed in the Scopus database. This approach, however, ignored other
documents such as conference papers, book chapters, short surveys, editorials, books, and
notes, which could lead to bias in the study. To address this limitation, the authors recommend
that researchers and marketers from emerging countries should publish their works in this
field for future studies. The paper provides a comprehensive overview of the global academic
trends of using fNIRS and fMRI tools in neuromarketing activities between 2002 and 2022,
based on the analyzed publications.

Acknowledgements
The authors would like to thank Universiti Teknologi Malaysia (UTM) and Vytautas Magnus
University for supporting this study.

ORCID

Ahmed H. Alsharif " https://orcid.org/0000-0002-1364-3545
Nor Zafir Md. Salleh “*" https://orcid.org/0000-0001-7230-8766
Lina Pileliené "= https://orcid.org/0000-0003-2704-8314


https://orcid.org/0000-0002-1364-3545
https://orcid.org/0000-0003-2704-8314

470 Alsharif, A. H., Salleh, N. Z. M., Pilelieng, L.

References

Alsharif, A. H., Md Salleh, N., & Baharun, R. (2020a). Research trends of neuromarketing: A
bibliometric analysis. Journal of Theoretical and Applied Information Technology, 98(15), 2948-
2962.

Alsharif, A. H., Md Salleh, N. Z., Baharun, R., & Alsharif, H. (2021a). Neuromarketing: Marketing
research in the new millennium. Neuroscience Research Notes, 4(3), 27-35.
http://dx.doi.org/10.31117/neuroscirn.v4i3.79

Alsharif, A. H., Md Salleh, N. Z., Baharun, R., & Alsharif, H. (2021b). Neuromarketing: The popularity
of the brain-imaging and physiological tools. Neuroscience Research Notes, 3(5), 13-22.
http://dx.doi.org/10.31117/neuroscirn.v3i5.80

Alsharif, A. H., Md Salleh, N. Z., Baharun, R., & Rami Hashem E, A. (2021c). Neuromarketing research
in the last five years: A bibliometric analysis. Cogent Business & Management, 8(1), 1978620.
http://dx.doi.org/10.1080/23311975.2021.1978620

Alsharif, A. H., Md Salleh, N. Z., Pileliené, L., Abbas, A. F., & Ali, J. (2022a). Current Trends in the
Application of EEG in Neuromarketing: A Bibliometric Analysis. Scientific Annals of Economics
and Business, 69(3), 393-415. http://dx.doi.org/10.47743/saeb-2022-0020

Alsharif, A. H., NorZafir, M. S., Rohaizat, B., & Mehdi, S. (2020b). Neuromarketing approach: An
overview and future research directions. Journal of Theoretical and Applied Information
Technology, 98(7), 991-1001.

Alsharif, A. H., Salleh, N. Z. M., Abdullah, M., Khraiwish, A., & Ashaari, A. (2023a). Neuromarketing
Tools Used in the Marketing Mix: A Systematic Literature and Future Research Agenda. SAGE
Open, 13(1), 1-23. http://dx.doi.org/10.1177/21582440231156563

Alsharif, A. H., Salleh, N. Z. M., Ahmad, W. A. W., & Khraiwish, A. (2022b). Biomedical Technology
in Studying Consumers’ Subconscious Behavior. International Journal of Online and Biomedical
Engineering (iJOE), 18(8), 98-114. http://dx.doi.org/10.3991/ijoe.v18i08.31959

Alsharif, A. H., Salleh, N. Z. M., Al-Zahrani, S. A., & Khraiwish, A. (2022c). Consumer Behaviour to
Be Considered in Advertising: A Systematic Analysis and Future Agenda. Behavioral Sciences
(Basel, Switzerland), 12(12), 472. http://dx.doi.org/10.3390/bs12120472

Alsharif, A. H., Salleh, N. Z. M., Alrawad, M., & Lutfi, A. (2023b). Exploring global trends and future
directions in advertising research: A focus on consumer behavior. Current Psychology (New
Brunswick, N.J.)(June 3), 1-24. http://dx.doi.org/10.1007/s12144-023-04812-w

Alsharif, A. H., Salleh, N. Z. M., Baharun, R., Abuhassna, H., & Hashem E, A. R. (2022d). A global
research trends of neuromarketing: 2015-2020. Revista De Comunicacién, 21(1), 15-32.
http://dx.doi.org/10.26441/RC21.1-2022-A1

Alsharif, A. H., Salleh, N. Z. M., Baharun, R., Hashem E, A. R., Mansor, A. A., Ali, J., & Abbas, A. F.
(2021d). Neuroimaging Techniques in Advertising Research: Main Applications, Development,
and Brain Regions and  Processes.  Sustainability = (Basel), 13(11), 1-25.
http://dx.doi.org/10.3390/su13116488

Alsharif, A. H., Salleh, N. Z. M., Hashem E, A. R., Khraiwish, A., Putit, L., Arif, L. S. M., & Alsharif,
H. (2023c). Exploring Factors Influencing Neuromarketing Implementation in Malaysian
Universities:  Barriers and  Enablers.  Sustainability  (Basel), 15(5), 4603-4632.
http://dx.doi.org/10.3390/su15054603

Alvino, L., Pavone, L., Abhishta, A., & Robben, H. (2020). Picking your brains: Where and how
neuroscience tools can enhance marketing research. Frontiers in Neuroscience, 14(2), 1-25.
http://dx.doi.org/10.3389/fnins.2020.577666

Burle, B., Spieser, L., Roger, C., Casini, L., Hasbroucq, T., & Vidal, F. (2015). Spatial and temporal
resolutions of EEG: Is it really black and white? A scalp current density view. International
Journal of Psychophysiology, 97(3), 210-220. http://dx.doi.org/10.1016/j.ijpsycho.2015.05.004

Burns, S. M., Barnes, L. N., McCulloh, I. A., Dagher, M. M., Falk, E. B., Storey, J. D., & Lieberman,
M. D. (2019). Making social neuroscience less WEIRD: Using fNIRS to measure neural signatures


http://dx.doi.org/10.31117/neuroscirn.v4i3.79
http://dx.doi.org/10.31117/neuroscirn.v3i5.80
http://dx.doi.org/10.1080/23311975.2021.1978620
http://dx.doi.org/10.47743/saeb-2022-0020
http://dx.doi.org/10.1177/21582440231156563
http://dx.doi.org/10.3991/ijoe.v18i08.31959
http://dx.doi.org/10.3390/bs12120472
http://dx.doi.org/10.1007/s12144-023-04812-w
http://dx.doi.org/10.26441/RC21.1-2022-A1
http://dx.doi.org/10.3390/su13116488
http://dx.doi.org/10.3390/su15054603
http://dx.doi.org/10.3389/fnins.2020.577666
http://dx.doi.org/10.1016/j.ijpsycho.2015.05.004

Scientific Annals of Economics and Business, 2023, Volume 70, Issue 3, pp. 459-472 471

of persuasive influence in a Middle East participant sample. Journal of Personality and Social
Psychology, 116(3), el-ell. http://dx.doi.org/10.1037/pspa0000144

Cakir, M. P, Cakar, T., Girisken, Y., & Yurdakul, D. (2018). An investigation of the neural correlates
of purchase behavior through fNIRS. European Journal of Marketing, 52(1/2), 224-243.
http://dx.doi.org/10.1108/EJM-12-2016-0864

Cao, C. C., & Reimann, M. (2020). Data Triangulation in Consumer Neuroscience: Integrating
Functional Neuroimaging With Meta-Analyses, Psychometrics, and Behavioral Data. Frontiers in
Psychology, 11(Nov 5), 550204. http://dx.doi.org/10.3389/fpsyg.2020.550204

Chen, Y. P, Nelson, L. D., & Hsu, M. (2015). From “where” to “what”: Distributed representations of
brand associations in the human brain. JMR, Journal of Marketing Research, 52(4), 453-466.
http://dx.doi.org/10.1509/jmr.14.0606

Cherubino, P., Martinez-Levy, A. C., Caratu, M., Cartocci, G., Di Flumeri, G., Modica, E., . . . Trettel,
A. (2019). Consumer behaviour through the eyes of neurophysiological measures: State-of-the-art
and future trends. Computational intelligence and neuroscience, 3(2), 01-41.
http://dx.doi.org/10.1155/2019/1976847

Ernst, L. H., Plichta, M. M., Lutz, E., Zesewitz, A. K., Tupak, S. V., Dresler, T., . . . Fallgatter, A. J.
(2013). Prefrontal activation patterns of automatic and regulated approach-avoidance reactions - a
functional  near-infrared  spectroscopy  (fNIRS) study. Cortex, 49(1), 131-142.
http://dx.doi.org/10.1016/j.cortex.2011.09.013

Gier, N. R., Strelow, E., & Krampe, C. (2020). Measuring dIPFC Signals to Predict the Success of
Merchandising Elements at the Point-of-Sale - A fNIRS Approach. Frontiers in Neuroscience,
14(November), 575494. http://dx.doi.org/10.3389/fnins.2020.575494

Jackson, P. A., & Kennedy, D. O. (2013). The application of near infrared spectroscopy in nutritional
intervention  studies. Frontiers in Human Neuroscience, 7(2), 473-479.
http://dx.doi.org/10.3389/fnhum.2013.00473

Kenning, P., Plassmann, H., & Ahlert, D. (2007). Applications of functional magnetic resonance
imaging for market research. Qualitative Market Research, 10(2), 135-152.
http://dx.doi.org/10.1108/13522750710740817

Kopton, I. M., & Kenning, P. (2014). Near-infrared spectroscopy (NIRS) as a new tool for
neuroeconomic  research.  Frontiers in  Human  Neuroscience, 8(2), 549-562.
http://dx.doi.org/10.3389/fnhum.2014.00549

Krampe, C., Gier, N. R., & Kenning, P. (2018). The Application of Mobile fNIRS in Marketing
Research-Detecting the “First-Choice-Brand” Effect. Frontiers in Human Neuroscience, 12(4),
433-444. http://dx.doi.org/10.3389/fnhum.2018.00433

Linzmajer, M., Hubert, M., & Hubert, M. (2021). It’s about the process, not the result: An fMRI
approach to explore the encoding of explicit and implicit price information. Journal of Economic
Psychology, 86(October ), 102403. http://dx.doi.org/10.1016/j.joep.2021.102403

Lloyd-Fox, S., Blasi, A., & Elwell, C. E. (2010). Illuminating the developing brain: The past, present
and future of functional near infrared spectroscopy. Neuroscience and Biobehavioral Reviews,
34(3), 269-284. http://dx.doi.org/10.1016/j.neubiorev.2009.07.008

Nambu, 1., Osu, R., Sato, M. A., Ando, S., Kawato, M., & Naito, E. (2009). Single-trial reconstruction
of finger-pinch forces from human motor-cortical activation measured by near-infrared
spectroscopy (NIRS). Neurolmage, 47(2), 628-637.
http://dx.doi.org/10.1016/j.neuroimage.2009.04.050

Pileliené, L., Alsharif, A. H., & Alharbi, |. B. (2022). Scientometric analysis of scientific literature on
neuromarketing tools in advertising. Baltic Journal of Economic Studies, 8(5), 1-12.
http://dx.doi.org/10.30525/2256-0742/2022-8-5-1-12

Plichta, M. M., Gerdes, A. B., Alpers, G. W., Harnisch, W., Brill, S., Wieser, M. J., & Fallgatter, A. J.
(2011). Awuditory cortex activation is modulated by emotion: A functional near-infrared
spectroscopy (fNIRS) study. Neurolmage, 55(3), 1200-1207.
http://dx.doi.org/10.1016/j.neuroimage.2011.01.011


http://dx.doi.org/10.1037/pspa0000144
http://dx.doi.org/10.1108/EJM-12-2016-0864
http://dx.doi.org/10.3389/fpsyg.2020.550204
http://dx.doi.org/10.1509/jmr.14.0606
http://dx.doi.org/10.1155/2019/1976847
http://dx.doi.org/10.1016/j.cortex.2011.09.013
http://dx.doi.org/10.3389/fnins.2020.575494
http://dx.doi.org/10.3389/fnhum.2013.00473
http://dx.doi.org/10.1108/13522750710740817
http://dx.doi.org/10.3389/fnhum.2014.00549
http://dx.doi.org/10.3389/fnhum.2018.00433
http://dx.doi.org/10.1016/j.joep.2021.102403
http://dx.doi.org/10.1016/j.neubiorev.2009.07.008
http://dx.doi.org/10.1016/j.neuroimage.2009.04.050
http://dx.doi.org/10.30525/2256-0742/2022-8-5-1-12
http://dx.doi.org/10.1016/j.neuroimage.2011.01.011

472 Alsharif, A. H., Salleh, N. Z. M., Pilelieng, L.

Reimann, M., Zaichkowsky, J., Neuhaus, C., Bender, T., & Weber, B. (2010). Aesthetic package design:
A behavioral, neural, and psychological investigation. Journal of Consumer Psychology, 20(4),
431-441. http://dx.doi.org/10.1016/j.jcps.2010.06.009

Séanchez-Ferndndez, J., & Casado-Aranda, L. A. (2021). Neural Predictors of Changes in Party
Closeness after Exposure to Corruption Messages: An fMRI Study. Brain Sciences, 11(2), 158.
http://dx.doi.org/10.3390/brainsci11020158

Sargent, A., Watson, J., Topoglu, Y., Ye, H., Suri, R., & Ayaz, H. (2020). Impact of tea and coffee
consumption on cognitive performance: An fNIRS and EDA study. Applied Sciences (Basel,
Switzerland), 10(7), 1-14. http://dx.doi.org/10.3390/app10072390

Shimokawa, T., Suzuki, K., Misawa, T., & Miyagawa, K. (2009). Predictability of investment behavior
from brain information measured by functional near-infrared spectroscopy: A bayesian neural
network model. Neuroscience, 161(2), 347-358.
http://dx.doi.org/10.1016/j.neuroscience.2009.02.079

Sitaram, R., Caria, A., & Birbaumer, N. (2009). Hemodynamic brain-computer interfaces for
communication and rehabilitation. Neural Networks, 22(9), 1320-1328.
http://dx.doi.org/10.1016/j.neunet.2009.05.009

Stallen, M., Smidts, A., Rijpkema, M., Smit, G., Klucharev, V., & Fernandez, G. (2010). Celebrities and
shoes on the female brain: The neural correlates of product evaluation in the context of fame.
Journal of Economic Psychology, 31(5), 802-811. http://dx.doi.org/10.1016/j.joep.2010.03.006

Stillman, P., Lee, H., Deng, X., Unnava, H. R., & Fujita, K. (2020). Examining consumers’ sensory
experiences with color: A consumer neuroscience approach. Psychology and Marketing, 37(7),
995-1007. http://dx.doi.org/10.1002/mar.21360

Yoon, C., Gutchess, A. H., Feinberg, F., & Polk, T. A. (2006). A functional magnetic resonance imaging
study of neural dissociations between brand and person judgments. The Journal of Consumer
Research, 33(1), 31-40. http://dx.doi.org/10.1086/504132


http://dx.doi.org/10.1016/j.jcps.2010.06.009
http://dx.doi.org/10.3390/brainsci11020158
http://dx.doi.org/10.3390/app10072390
http://dx.doi.org/10.1016/j.neuroscience.2009.02.079
http://dx.doi.org/10.1016/j.neunet.2009.05.009
http://dx.doi.org/10.1016/j.joep.2010.03.006
http://dx.doi.org/10.1002/mar.21360
http://dx.doi.org/10.1086/504132

	1. INTRODUCTION
	2. METHODS
	3. RESULTS
	3.1 A bibliometric analysis
	3.1.1 Leading countries and institutions
	3.1.2 Most productive authors
	3.1.3 Leading journals
	3.1.4 Keywords analysis
	3.1.5 Citation analysis
	4. DISCUSSION
	5. CONCLUSION
	6. LIMITATIONS AND FUTURE DIRECTIONS
	Acknowledgements
	ORCID
	References

