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Abstract—Despite the technological advancements in neuroimaging and
physiological technologies, studies about using this technology to study the neu-
ral correlates of consumers’ behavior toward external stimuli remain unclear in
the academic literature. We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) framework in this article to select
relevant articles for this study. We extracted and analyzed fifty-six articles from
the Web of Science (WoS) database to answer the research questions. We found
eight common methods, as follow: (i) neuroimaging tools such as fMRI, fNIRS,
and EEG used to study the neural responses of emotional and cognitive pro-
cesses, (i) physiological tools such as ET, EMG, GSR, ECG, and IAT to study
eye movements, fixation, pupil dilation, consumers’ attitudes, visual attention,
heart rate, zygomatic and corrugator facial muscles toward environment stimuli
such as machines. We hope this article provides valuable insights into neuroim-
aging and physiological technology guiding new practitioners and researchers to
choose the appropriate tool to conduct the experiment and get high-quality and
reliable results.

Keywords—neuromarketing, PRISMA, consumer behavior, neuroimaging
tools, physiological tools

1 Introduction

Researchers have resorted to using neuroscience and psychology tools such as
electroencephalography (EEG), functional magnetic resonance imaging (fMRI),
eye-tracking (ET), and so forth to better understand consumers’ behavior. That led to
emerging a novel field, so-called “neuromarketing” [1, 2]. Although the term “neuro-
marketing” was coined in 2002 by Smidts [3], the first study that used neuroscience
tools such as functional magnetic resonance imaging (fMRI) in the business field was
done in 2000 by [4]. But the first study under the neuromarketing term was conducted
by McClure, et al. [5], which was highly contributed to shifting the neuromarketing
field from a pure study to a practical study. Neuromarketing is a multidisciplinary field,
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measuring the subconscious and unconscious responses of consumers toward adver-
tising, marketing, and branding; thereby enriching us with valuable information about
consumers behavior [6, 7].

Even though consumers are exposed to abundant stimuli such as products, brands,
ads every day, marketing research is largely relied on self-report methods to mea-
sure consumers’ responses [8]. At the same time, most consumers’ behavior occurs
subconsciously or unconscious [4]. Due to the high-competitive environment, many
researchers and marketers tried to fill the gap in self-report methods by using neurosci-
ence tools to study consumers’ unconscious and subconscious responses toward stimuli
such as ads, brands, and products [9]. Consequently, marketers have been adopting
neuroscience tools to accomplish marketing excellence (e.g., ads) because advertis-
ing is an important channel to communicate with current customers and potential cus-
tomers [10]. Neuromarketing’s main goal/purpose is to better understand consumers’
unconscious and subconscious responses that drive their choices [11, 12].

Ramsoy [13] has been divided neuromarketing tools into four categories:
(1) Neuroimaging tools such as EEG, fMRI, magnetoencephalography (MEG), and
positron emission tomography (PET), steady-state topography (SST), single-photon
emission tomography (SPET), and functional near-infrared spectroscopy (fNIRS);
(2) Physiological tools such as galvanic skin responses (GSR), ET, electromyography
(EMGQG), and electrocardiogram (ECQ); (3) Behavioural tool such as implicit asso-
ciation test (IAT); and (4) Self-report tools such as interviews, surveys, and focus
groups. For Instance, neuroimaging tools are used to record the cognitive and emo-
tional responses (e.g., arousal, pleasure, engagement, approach/withdrawal) toward
stimuli [14]. Physiological tools can record the physiological responses (e.g., visual
fixation, pupil dilation, eye movement, and excitement) at the purchase point; thereby
providing reliable and valuable information about preference (e.g., preferred/like or
not preferred/dislike) [15]. IAT can measure consumers’ attitudes (e.g., approach or
withdrawal behavior) toward stimuli [16]. Self-report can measure the consciousness
of consumer responses toward stimuli [13].

However, up to date, no investigation has identified the neuroimaging and physio-
logical tools currently used in marketing research to gauge the subconscious and uncon-
scious of consumers’ responses toward stimuli. Hence, we present tools currently used
to study the consumers’ responses toward stimuli such as brands, ads, and products.
Accordingly, we conducted the current study to answer the following research questions:

e RQI. What are the current studies that used neuroimaging tools in the marketing
environment from 2004 to 2020?

e RQ2. What are the current studies that used physiological tools used in the market-
ing environment from 2004 to 20207

e RQ3. What are the current studies that used self-report methods used in the market-
ing environment from 2004 to 20207

In this vein, this study has organized as follows—section 2, methodology and col-
lecting data techniques that have been used in this study. Section 3, presents studies
that currently use neuroimaging, physiological, and behavioral techniques to study
the consumers’ responses toward stimuli. The discussion has addressed in section 4.
Finally, section 5, presents the conclusion of the current study.
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2 Materials and methods

To answer the current research questions, we have followed the PRISMA framework
of Moher, et al. [17] to extract articles that used neuromarketing tools, fill the gap, and
understand the consumers’ responses toward stimuli. The current research has been
designed to extract relevant articles from the WoS database to answer the questions of
this research. This process will provide a comprehensive understanding of the neuroim-
aging, physiological, and behavioral tools currently used in marketing research, thereby
developing marketing research. Relevant documents were extracted from the WoS by
using the following query applied to the title, abstract, and keywords: (‘“neuromarket-
ing” OR “consumer neuroscience”) AND (“tools” OR “techniques” OR “methods™).

The following query applied to the title,
Records identified through abstract, and keywords:

WOS searching (n = 359) ("neuromarketing" OR "consumer
neuroscience') AND ("tools" OR
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Fig. 1. PRISMA flow chart for selecting articles for this study

The total number of publications was 359 documents from 2004 to 2020. It has been
selected a total of 56 articles from the WoS database. Figure 1 shows the followed pro-
cesses to extract the relevant articles for this study, as follow:

e Articles published in neuromarketing that used neuroimaging, physiological, and
behavioral techniques in marketing research from 2004 to 2020 were included.

e Documents published in the non-English language were excluded.

e Documents such as book chapters, books, conferences, and so forth were excluded.
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3 Results

3.1 Neuromarketing tools used in studying consumers’ behavior
to marketing stimuli

The main goal of neuromarketing is to better understand consumers’ behavior toward
stimuli such as ads, products, and brands, thereby creating more effective advertising,
product, and brand, which might reduce the wastage of the budget [18]. After evalu-
ating documents, it was possible to propose a framework of the neuromarketing tools
into three categories, as depicted in Figure 2: (i) Neuroimaging tools; (ii) Physiological
tools; and (iii) Self-report methods.

Neuroimaging techniques such as fMRI and fNIRS can measure the brain’s met-
abolic activity, while EEG can measure the electrical activity regions in the brain
toward stimuli such as ads, products, brands, and so forth. Physiological techniques,
for example, ET can measure visual attention such as fixation, pupil dilation, eye move-
ments [19]. GSR and ECG can measure emotional arousal (e.g., high/low) and heart
rate [20]. EMG can only measure the unconscious responses of the emotional valence
(e.g., pleasure/displeasure, sadness/excitement, and forth) [21]. IAT and consumers’
attitudes toward dynamic and static ads [22]. Self-report is important to weigh for var-
ious product attributes, which examine consumers’ conscious behavior toward mar-
keting stimuli such as products, ads, and so forth. Therefore, it helps researchers and
scholars to identify consumers’ preferences. Together, these techniques can gauge the
neural and physiological responses of consumers’ behaviors toward advertising and
how to be applied at the purchase point in-store to raise sales. In this study, the authors
will focus on neuroimaging and physiological tools.

]

Functional Magnetic Resonance Imaging (fMRI)
Neuroimaging Electroencephalography (EEG)

Functional near-infrared spectroscopy (fNIRS)

Eye-Tracking (ET)

Electromyography (EMG)
Galvanic Skin Response (GSR)
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Implicit association test (IAT)
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Tools
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[

Fig. 2. The proposed neuromarketing tools
Electroencephalography. In the early 1970s, it has been measured the consumers’
responses to TV ads campaigns by EEG [15]. EEG is an electrical and non-invasive
technique to record the cortical activity in the brain by recording the voltage changes in
these regions. It is also not expensive and noisy but can only capture the cortical activity
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in the brain; therefore, it is not a proper tool to record the distal regions in the brain [23].
In addition, it has excellent temporal accuracy, which can record the cortical activity
regions in milliseconds (Ms). On the opposite side, it has poor spatial accuracy, thereby,
unable to record the distal regions in the deep structure of the brain (estimated 1 cm® in
the cortical areas) [24]. According to the literature, EEG uses a 10-20 system, a globally
recognized method. This system is used to express the locations of electrodes on the
scalp of the participants, such as prefrontal (Fp), frontal (F), occipital (O), parietal (P),
temporal (T), and central (C). EEG uses an equal number of electrodes on the right and
left parts of the head [25]. In addition, it has five frequency bands (e.g., delta, theta,
alpha, beta, and gamma) [26].

EEG has been used to record consumers’ subconscious and unconscious responses
toward stimuli such as ads, brands, and products [27]. For example, the EEG inves-
tigations of Vecchiato, et al. [28] found that the activity in the right and left frontal
alpha associated with pleasure and displeasure ads, respectively. Other the EEG stud-
ies, the findings of Eijlers, et al. [29] showed that arousal is positively connected to
prominent ads in the population and negatively to consumer attitude toward these
ads. Cuesta-Cambra, et al. [30] found that the visual activity of men is different from
women, wherein the recall relies on the emotional value of ads and simplicity, while
complex ads need more visual fixation; thereby, hard to remember. Treleaven-Hassard,
et al. [31] found that consumers’ engagement with interactive ads linked with more
automatic attention.

Ramsoy, et al. [32] found that stronger activity in the prefrontal gamma asymmetry
was correlated to willing to pay (WTP) decision. Cartocci, et al. [33], Modica, et al.
[34] found that antismoking campaign characterized with a symbolic communication
style has gained the highest approach values. At the same time, an image based on
the “fear arousing appeal” and a narrative style reported the highest and lowest effort
values index, respectively. Pozharliev, et al. [35], Zhang, et al. [36] found that social
motivations have a vital role in influencing purchasing luxury products to satisfy social
goals (at least one goal). Bosshard, et al. [37] found that preferred brands reflect more
motivational aspects and activity signals in the right parietal cortices than unpreferred
brands. The findings of Dapkevic¢ius and Melnikas [38] revealed that the experiment
suggests that price can affect the quality of the product and decision-making.

Functional magnetic resonance imaging. fMRI is another neuroimaging tool
used in marketing research. fMRI is metabolism and non-invasive technique used to
measure the blood oxygen level-dependent [39]. The activity regions in the brain will
need more oxygenated blood, thereby producing stronger signals than others [23].
FMRI enables recording 1-10 mm? in the deep structure of the brain because it has an
excellent spatial resolution. Meanwhile, it has acceptable temporal accuracy, estimated
1-6 seconds (s) to start recording the brain’s activity regions [40]. In addition, allowing
a three-dimensional view of consumer’s brain regions. It is expensive, needs space,
noisy, and sensitive to participants’ head movement [41]. The fMRI is a revolutionary
tool to record, study, explore, and analyse consumers’ subconscious and unconscious
responses such as emotion, attention, and memory toward marketing stimuli [42]. For
example, Shen and Morris [42], Morris, et al. [43] used fMRI to measure consumers’
behavior. Their findings revealed that the pleasure and displeasure dimensions have
correlated with more activity in the gyri regions (e.g., inferior frontal and middle
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temporal gyri). At the same time, low and high arousal have been associated with
gyrus regions (e.g., the right superior temporal and right middle frontal gyrus). Falk,
et al. [44] found that activity in a prior medial PFC (mPFC) was predicted mainly
the success of various advertising campaigns in the real world. A recent fMRI study
found that the compatibility between advertising and gender voice (male, female)
induces endogenous attention regions [45]. Bakalash and Riemer [46], Seelig, et al.
[47] found that a stronger activity in the amygdala (AMY) and frontotemporal regions
are associated with memorable and unmemorable ads.

McClure, et al. [5] found that the stronger brand logo such as Coca-Cola generated
more activity in the hippocampus (HC) and the dorsolateral prefrontal cortex (dIPFC),
which connect to memory. Plassmann, et al. [48] found more activity in the medial orbi-
tofrontal cortex (mOFC) when participant thought that he/she was drinking expensive
wine, wherein the activity in the mOFC related to the pleasant experience. Fehse, et al.
[49] found a stronger activity in the mPFC for popular brands, while a stronger activity
in the dorsolateral prefrontal cortex (dIPFC), the lateral and lateral, and mPFC have a
vital role in influencing decision-making. Al-Kwifi [41] found a stronger activity in the
vmPFC during consumer judgment toward perceived brand usefulness and pleasure.

The fMRI in all studies required participants to remain static and then display
advertising such as images videos for 1-5 s; then, participants were required to make
a purchase decision within 5s after exposure to advertising [45]. In the last five years,
researchers and scholars have used several versions of fMRI machine, for example,
3-T fMRI scanner, 3.0-T Siemens Magnetom Trio system MRI scanner equipped with
a 32-channel bridgehead coil [50].

Functional near-infrared spectroscopy. fNIRS is similar to the fMRI technique,
and both can be effectively employed to measure metabolic activity in the brain [51].
fNIRS has been used to record and map the oxyhemoglobin and deoxyhemoglobin in
the brain during brain activity [52]. Because hemodynamic responses are associated
with neuronal activities; thereby, the participants’ brains activity regions require
more oxyhemoglobin than inactive regions [53]. According to the literature, fNIRS
has acceptable temporal accuracy (estimated in seconds) [54], low spatial accuracy
(estimated in 4 cm) that can measure the cerebral regions [53]. It is also easy to use, a
wireless and portable technique [53]. Generally, the fNIRS technique is more available
for economic scholars and practitioners [55].

The fNIRS was applied to measure the cortical processes (approach/avoidance)
toward positive/negative picture [56], purchasing decision [55], the effects adminis-
tration of dietary (e.g., caffeine) components on the cerebral blood flow [57], adver-
tising efficiency and “first choice brand” effect [53]. For example, Ernst, et al. [56]
found that the dorsolateral prefrontal cortex (dIPFC) was associated with the approach/
avoid the behavior. Plichta, et al. [58] found that emotional stimuli such as pleasant and
unpleasant sounds increased activity in the auditory regions in the brain compared to
neutral sounds. Cakir, et al. [55] found that positive purchase behavior had increased
the neural activity in the frontopolar regions, which are closely linked to the OFC and
the vmPFC, wherein can use the neural activation to predict the purchase or withdrawal
behavior by 85 percent. Jackson and Kennedy [57] used fNIRS to measure the effects
of dietary components (e.g., caffeine, omega-3) on cerebral blood flow. The findings
showed that fNIRS is a sensitive measure of change in hemodynamic response during
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cognitive tasks in acute and chronic treatment intervention paradigms. Krampe, et al.
[53] found that the mobile fNIRS is an appropriate neuroimaging technique for predict-
ing “first-choice-brand”.

Eye-tracking. ET is used to record eye movements, saccade, fixation, pupil dilation
of consumers toward marketing stimuli such as ads, products, and brands; thereby, it
gives valuable insights into the subconscious and unconscious behavior of consumers
Cherubino, et al. [15]. It is a helpful tool for experimental psychology and neurological
research due to the correlation between visual attention and eye movements [59].
According to Chavaglia, et al. [60], ET is recording where and what individuals are
looking at, fixation time, pupil dilation, the degree of focus, and also eye movements to
get information about a specific area of interest (AOI) [61]. According to literature, the
range of eye fixations lasting between 200 and 350 ms during reading text and watching
video scenes, respectively. At the same time, 200 ms indicate the duration of saccadic
eye movements [62]. The fixations and saccades are named the scan route and analyze
visual perception, cognitive purpose, interest, and relationship [63]. At the same time,
pupil dilation with a longer blink period tells us better information processing [2]. The
technological advancement in the last decade, the ET has many uses relevant to human-
computer interactions, wherein ET can be used in the laboratory and real environments
[64]. Thus, the neuro-marketers and researchers can benefit from the information given
appropriately by using it professionally to attract the consumer’s attention and integrate
them into visual activities [65].

Several studies have been used ET to record the consumers’ responses (e.g., fixation,
pupil dilation, visual attention) toward ads, products, and brands. For example, the
ET investigation of Rojas, et al. [66] to study consumers’ perceptions toward virtual
and real representation of the product (i.e., beer bottle). Their findings revealed that
the render quality of products, direction of the product, and presentation method had
influenced consumers’ perception. Guo, et al. [67] found that disclosures have largely
impacted cognitive and emotional responses (e.g., awareness, recognition, attitude)
toward brand placement. The findings of Oliveira and Giraldi [68] revealed that the
well-known brand has a more substantial impact on visual attention than others.
Pileliene and Grigaliunaite [9] used ET to measure the influence of the advertisement’s
color temperature on consumers’ visual attention. The findings showed that the warm
color has a more substantial impact on consumers’ visual attention than the cool color,
thereby, purchase intention.

Electromyography. Faces can provide information about gender, identity, age,
ethnicity, physical health, emotional status, personality traits, and so forth [69]. In
addition, faces of people are the best communicational method among them; wherein
faces can reflect the emotional status of people (e.g., pleasure, sadness, and so forth)
[70]. Faces are the initial understanding of unspoken feelings and emotions; thereby,
facial expressions are highly important in communicating among people and between
people and the marketing environment in daily life. In other words, a smile means we
experience happiness; a frown means we experience sadness or anger [71]. That means
the facial expressions reflect the emotional status of consumers.

Customers’ faces express emotional valence (e.g., pleasure, displeasure, sadness,
and so forth) [70]; for example, mouth and eyebrows movements refer to pleasure/
displeasure and continuous communication. Therefore, providing feedback on what
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other people talk about. EMG is a convenient tool for recording emotional valence,
the visible and invisible facial muscles movements such as zygomatic and corrugator
muscles [72]. In addition, to record and identify the physiological properties of facial
muscles such as voluntary and involuntary responses. Zygomatic muscles indicate pos-
itive stimuli; thereby, purchasing decisions Somervuori and Ravaja [73]. In contrast,
corrugator muscles refer to negative stimuli [72].

In marketing environments, facial expressions analysis is a fundamental matter for
marketers and researchers to know the emotional status of customers toward marketing
stimuli; therefore, creating more effective ads, brands, and products [15]. For example,
the EMG, GSR, ET, and EEG investigation of Liaudanskaité, et al. [74] found that
emotional valence and arousal greatly impact advertisements’ effectiveness. The EMG,
GSR/EDA, and self-report study of Lajante, et al. [1] measure the pleasure/displeasure
of the consumer toward ads. Their findings revealed that pleasure and displeasure had
been positively influenced the behavior/attitudes of consumers toward ads. Missaglia,
et al. [75] used EMG, ECG, GSR, and self-report to identify the predictive percent-
age of participants toward two different social ads. The findings revealed that 30% of
participants prefer non-violent social ads, while 64.3% of participants reported feeling
anger while watching a violent social ad. The probability of choosing a social ad that
uses a non-violent ad was about 10-fold higher than participants who reported feeling
anger. McDuff, et al. [76] used EMG and survey to investigate the accuracy percentage
of facial responses toward the effectiveness of ads. They found that the predictive per-
centage of ad liking accuracy was 85%, while purchase intention was 78%.

Galvanic skin response and electrocardiogram. The GSR and ECG have been
used to measure the emotional responses toward marketing stimuli such as dynamic
and static ads [77]. The GSR is used to gauge the sweating level and ECG to measure
the heart rate/heartbeat [77]. ECG can record the heartbeat activations during exposure
to marketing stimuli [20]. Heart rate is considered a good scale of emotional valence,
wherein the heartbeat’s slowing down in the short term is associated with positive and
negative emotions. Still, the positive stimuli increase heart rate long-term, while the
reverse is true [78].

GSRisasuitable tool to measure the emotional dimensions (e.g., valence and arousal),
sweat glands, and changes in skin conductance [20]. Dawson, et al. [79] defined it as
a tentative rise in the skin’s electrical conductivity, which leads to increased activity
in the sweat glands. As the glands are dense on the palms and the feet’ soles, they are
measured by GSR, and it is a suitable method for studying consumer decision-making.

Both can measure the autonomic nervous system and evaluate the internal emotional
status of consumers [20]. For example, Andrii, et al. [80] found that the atmosphere in
the store and the consumers’ state influence emotional fatigue. Similarly, Halkin [81]
found that waiting in the cashier line indicates an increase in the consumer’s fatigue
index in the shops and decreases on the road back to home. Overall, it is still higher than
at home. The ECG and EDA investigation of Baraybar-Fernandez, et al. [77] found that
advertisement with sad messages was more effective for participants.

Similarly, Barquero-Pérez, et al. [20] experimented with examining six different
advertisements to obtain indices assessing the autonomic nervous system (ANS) using
ECG and EDA toward different emotional aspects. Their findings revealed that each
advertisement transferred a different emotion (e.g., disgust, anger, and so forth). In
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summary, both devices can provide valuable information about the emotional status of
consumers toward marketing stimuli.

Implicit association test. The implicit association test (IAT) can measure consumers»
attitudes toward brands or advertising [22]. IAT is a suitable tool to measure the
reaction time of customers (attitudes). In other words, IAT measures the customers’
attitudes toward brands or advertising by tapping on the bottom to choose between
positive or negative words, which reflect the emotional valence such as pleasure/
displeasure, sadness/excitement [19]. IAT can identify the customers’ attitudes toward
marketing stimuli such as brands or ads (e.g., like/dislike) by recording the reaction
time of customers [71]. In addition, it is an indirect method to record and predict the
unconscious customers) behavior (attitudes) toward brands or ads; thereby, overcoming
the lack of inner knowledge about customers attitudes, which relied on the survey [74].
Therefore, IAT helps researchers and marketers to compare the customers) attitudes
toward two different brands or ads by recording the reaction time of each customer
[22]. IAT was founded in 1998 by Greenwald, et al. [82], which was used to measure
the individual differences in implicit cognitions such as self-esteem.

Marketing research needs to measure the consumer’s reaction time between stimuli
display and its response. A shorter latency refers to the vigor association of this brand
or advertising in the consumer’s mind. Despite the latency between display stimuli and
responses in milliseconds, it is significant for identifying the consumers’ attitudes (e.g.,
like/dislike) [63]. For example, Bosshard, et al. [37] used IAT and self-report to mea-
sure consumers’ behavior (attitudes) toward brands. Their findings revealed that liked
brands reflect more motivational aspects and activity signals in the right parietal corti-
ces than disliked brands. Pileliene and Grigaliunaite [9] have used IAT to identify the
factors that impact advertising effectiveness, such as gender of spokesperson (celebrity
Versus regular person), color temperature, and the content of the ads. Venkatraman,
et al. [19] found that the response latency between when each image was paired with a
positive or a negative word served as an implicit measure of emotional valence toward
each ad. The IAT and survey investigation of Grigaliunaite and Pileliene [16] found that
The negative pictures related to smoking cause a negative implicit attitude of customers
toward those pictures, then toward smoking behavior, which increases the influence on
customers’ intention to quit or not start smoking.

4 Discussion

We have followed the PRISMA framework recommended to select the relevant arti-
cles for this study [83][84][85] as the neuromarketing tools that are currently used to
study the consumers’ behavior toward marketing stimuli such as ads, brands, and prod-
ucts. We have found that the EEG is the most used tool currently in neuromarketing
research, which measures consumers’ behavior toward ads, products, and brands. For
example, brands linked with interactive ads have more automatic attention [31], willing
to pay (WTP) decisions related to more activity in the prefrontal gamma asymme-
try [32], social motivations are highly influenced purchasing luxury products [35], the
price can largely affect the quality of products and also decision-making [38].
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Several authors have used the fMRI to study and explore the neural correlates of
consumers’ responses. For example, [46] found that more activity in the AMY and
frontotemporal regions were related to memorable and unmemorable ads. At the same
time, [44] found that the mPFC was linked to predicting various ads’ success. The
fMRI study of [5] found that the stronger activity in the dIPFC and the HC were asso-
ciated with memory. [48] conducted experiment and found the mOFC was connected
to the pleasant experiences. Activity in the lateral PFC, mPFC, and dIPFC is associated
with decision-making [49], vmPFC is related to consumers’ judgment [41]. The fNIRS
was applied to measure the cortical processes (approach/avoidance) toward positive/
negative picture [56, 58], purchasing decision [55], the effects administration of dietary
(e.g., caffeine) components on the cerebral blood flow [57], advertising efficiency and
“first choice brand” effect [53].

ET has been used to measure consumers’ visual attention toward ads, products, and
brands. For example, warm color influences consumers’ visual attention more than cool
color [9]. EMG is used to measure emotional valence (e.g., pleasure, displeasure, and
so forth) toward marketing stimuli. For example, the influence of emotional valence
on the effectiveness of ads [74] also consumers’ attitudes [1]. GSR and ECG were
used to measure consumers’ emotional valence and arousal to stimuli. For example,
store atmosphere, consumer’s status, and waiting in the cashier lines influence the emo-
tional fatigue [80], ads with sad messages were more effective [77], each ad generates
a different emotional status [20]. IAT to measure the consumers’ attitudes (e.g., like,
dislike). For example, liked brands generate more motivational aspects than disliked
brands [37], negative pictures related to smoking cause a negative attitude (e.g., quit or
not start smoking) [16].

Neuroimaging tools can measure and record the neural responses of consumers
toward stimuli. In contrast, physiological tools such as ET, GSR, ECG, IAT, and EMG
provide valuable information about emotional valence and arousal, eye movements,
fixation, pupil dilations, consumers’ attitudes, facial expressions, heart rate, and visual
attention. Self-report provides consumers’ conscious responses toward stimuli. These
tools/techniques complement each other, providing valuable information about con-
sumers’ conscious, subconscious, and unconscious responses toward marketing stimuli
such as ads, brands, and products. Therefore, providing valuable information to better
understand consumers’ behaviors toward the marketing environment can help market-
ers, researchers, and practitioners increase the ad effectiveness and quality of products
by maintaining affordable pricing and understanding how consumers perceive the value
of brands.

5 Conclusions

Neuromarketing is a revolutionary field promising to better understand consumers’
behaviors toward marketing stimuli such as brands, products, and ads, thereby solving
marketing issues such as advertising effectiveness, quality of products, and perceived
brand value. For example, creating more attractive and effective advertising enhance
high-quality products to satisfy consumers’ needs by maintaining affordable pricing and
improving brands. In today’s hyper-competitive environments, each company seeks to
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find beneficial methods to beat competitors and prioritize consumers’ priorities. We
found nine common neuromarketing tools used in marketing research, as follow: (i)
neuroimaging tools such as fMRI, fNIRS, and EEG used to study the neural responses
of emotional and cognitive processes, (ii) physiological tools such as ET, EMG, GSR,
ECG, and IAT to study eye movements, fixation, pupil dilation, consumers’ attitudes,
visual attention, heart rate, zygomatic and corrugator facial muscles toward stimuli; and
(ii1) self-report to measure the consumers’ conscious responses toward stimuli. Hence,
advertisers and marketers have been used neuroimaging, physiological, and self-report
techniques to study, explore, and analysis the neural and physiological responses of
consumers’ conscious and unconscious responses toward stimuli.

The findings suggested that neuroimaging, physiological, and self-report are com-
plementary and highly significant to capture/record consumers’ brain and physiolog-
ical responses toward marketing stimuli. For example, neuroimaging tools enable
measuring and recording the activity signals of the consumer’s brain. Physiological
tools can record bodily responses such as eye movements, sweating levels, and fix-
ation. Self-report can measure consumers’ conscious responses toward stimuli. We
believe that this study provides a comprehensive overview of the current and main
neuromarketing methods used in marketing research. We hope that this study will help
researchers identify the proper mental processes for their research to get accurate and
high-quality results.
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