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Abstract— Neuromarketing study is a combination between
neuroscience and marketing studies. it is done to get better
understanding on consumer behaviors while making purchases.
Since the advent of Covid-19 or also known as Coronavirus,
eCommerce platforms are widely used by the consumers to
purchase goods and services. Various techniques can be used to
obtained the brain signals to observe consumers’ emotions. There
are two types of neuromarketing approaches which are
neuroimaging and  non-neuroimaging  techniques. The
neuroimaging techniques are frequently used by the researchers
to study neuromarketing as the results obtained are based on the
consumers’ brainwaves and is not biased to any goods or services
such the results from surveys, interviews, or other traditional
marketing strategies. So, this describes review on previous
research which use the neuroimaging techniques to study
neuromarketing, especially using electroencephalogram (EEG).
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I. INTRODUCTION

Neuromarketing is commonly used to promote and sell
commercial products and services. Since neuromarketing
measures human responses to particular subjects, it can also be
used in psychological and theoretical applications [1].
Therefore, there are many advantages of neuromarketing in
selling products and services. Brand design, brand
development, and excellent advertising may all benefit from
neuromarketing. Neuromarketing help to recognize the
consumers’ shopping experience from the beginning until they
leave the store [2]. Not only that, marketers can use
neuromarketing to better understand consumer behavior in
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order to improve package design, pricing, brand positioning,
promotion techniques, and new product development [1].

Functionally, understanding and modelling cognitive
reactions to selling messages has long been a methodological
difficulty since emotions are major moderators of how
consumers receive and process messages [3]. Neuromarketing
is used by the majority of successful organizations today
because of the competitive advantages it provides [4]. Every
company’s goal is to address the demands of its consumers.
Therefore, neuromarketing is critical in getting to know them
better. Emotions are described as a sensation or a perspective
that a person has when they are in a certain situation or when
they are interacting with others. The emotions formed will
correlate to the situations, whether it is positive or negative [5].
Measurable emotions and looking for emotions when
purchasing are two things to think about [1]. Meanwhile, the
primary objectives of such neuromarketing research are to
identify small changes in commercial stimuli that may have
significant implications for marketing efficacy. Next, it seeks
to explain how changes in the way marketing information is
depicted or presented affects the way of the brain reacts in
other words, the changes in brain signals [4].

This paper describes a review of techniques that can be
used to study neuromarketing. There are two neuromarketing
approaches which are neuroimaging and non-neuroimaging.
The advantages and disadvantages of each technique are
described in the next topic.



II. NEUROMARKETING TECHNIQUES

Neuromarketing is a relatively new scientific field,
basically an interdisciplinary field that aims to link marketing
and neuroscience studies [3], [6]. Besides, every different
technique has its own advantages and disadvantages. Each of
the techniques often used to quantify variables that are
compatible for better understanding about marketing issues [6].
The human brain is our body’s most complex organ. Synapses
shift as a result of learning experience [7].

There are two types of neuromarketing techniques. The two
types of neuromarketing techniques are neuroimaging and non-
neuroimaging techniques. Neuroimaging techniques are those
that involves brain activity and electrical impulses whereas the
non-neuroimaging  techniques does not involve any
neurological activity [8]. The techniques that utilized brain
imaging drew the most attention among all of the techniques.
The outcomes of these studies had a significant impact in both
academia and business [6]. The examples of neuroimaging
techniques are fMRI, EEG, PET, and MEG while for non-
neuroimaging techniques are eye tracking and GSR. Subtopics
below describe the neuromarketing techniques used in many
neuromarketing studies.

A. Electroencephalogram (EEG)

Electrodes that measure the brainwaves associated with
various states of stimuli are put on an individual’s scalp
through bands or helmets in this approach. Fig. 1 and Fig. 2
show the example of EEG helmet and EEG headset. Besides,
brain waves can be monitored at small intervals up to 10,000
time per second [3], [6]. The electrical activity of the brain is
measured and recorded using this technique [7]. Furthermore,
EEG has more validity in the measuring of emotional styles
and the diagnosis of psychopathologies. The ability to
synchronize with the stimuli is a feature if this technique [6].
The electric currents sent from the brain cell to another are
measured by an EEG [8].

Fig. 1 EEG Helmet [9]

Fig.2 EEG Headset [10]

Artifact elimination feature extraction, and classification
are included in the standard EEG classification pipeline. An
EEG dataset consists of a 2D, which are time and channel,
matrix of real values at the most basic level, representing brain-
generated potential recorded on the scalp associated with the
specific task conditions. The EEG data suitable for machine
learning because it is in highly structured form. A significant
number of traditional machine learning and pattern recognition
algorithms have been used for EEG data [11]. Moreover, it is

possible to distinguish between delta, theta, alpha, beta, and
gamma waves as well as spike associated with epilepsy from
the brain by electrode placement and operating of the adjacent
brain regions [12].

B. Functional Magnetic Resonance Imaging (fMRI)

Fig. 3 fMRI Scanner [13]

Fig. 3 shows the example of the fMRI scanner. The amount
of deoxygenated hemoglobin in the blood is measured using
the fMRI. It is a type of neuroimaging technique. This metric is
strongly linked to characteristics of neural activity, allowing
fMRI to describe the brain function with high spatial and
temporal precision [14]. fMRI is a medical procedure that
detects the oxygen level in blood flow to measure brain
activity. When a part of the brain is more active, it needs more
oxygen [7]. In addition, the oxygen consumed by the thoughts
in various parts of the cerebrum responds to changes in brain
behavior as a result of the stimulus [8], [15].

C. Positron Emission Topography (PET)

Fig. 4 PET Scanner [16]

Positron Emission Topography (PET) is a symptomatic
imaging approach for quantifying the body’s metabolic
movement. It employs a radioactive medication that can be
injected, swallowed, or inhaled to image functioning of tissues
and organs as well as diagnose the early stage of infections.
When compares to other types of clinical assessments, PET
scans can aid in the early detection of certain illnesses [3]. [8].
Apart of that, PET is also a technique with equal validity and
spatial resolutions as fMRI. However, in order to collect
results, radioactive particles or known as positrons must pass



through the person. This makes this approach very intrusive
and challenging to utilize in neuromarketing [6].

D. Magnetoencephalogram (MEG)

Fig. 5 MEG Scanner [17]

This method is based in the expansion and mapping of
magnetic field formed by brain processes as well as
electrochemical impulses sent  between  neurons.
Magnetoencephalogram has good temporal resolution which is
similar to electroencephalogram. However, its spatial
resolution is not optimal for monitoring subcortical areas and
deeper parts of the brain is superior to that of EEG [3]. The
expenses of acquiring the necessary equipment and attending a
magnetoencephalogram session is extremely costly which
contributes to EEG popularity over MEG [6]. Besides. it
provides information on brain activity using a magnetic field.
Unlike functional measures such as fMRI, it is a direct measure
of brain activity. It has a high spatial and temporal resolution

[7].

E. Eye Tracking

Fig. 6 Eye Tracking [18]

Eye tracking is increasingly being utilized in conjunction
with the other neuromarketing techniques such as fMRI and
EEG [6]. This technique refers to where people stare when they
participate in an eye gaze point. The results in heatmaps where
people’s gaze id is fixed [8]. It is a technique that tracks the
focus of vision, eye movements, and the size of the pupil in
order to measure eye behavior. In addition, this technique also
allows for the assessment of pupil size changes which can be
used as a reliable indicator of emotional arousal [19]. Not only

that, it enables for the measurement of an individual’s brain’s
numerous processes in response to stimuli, providing useful
information on consumer behavior in response to marketing
stimuli such as brand and advertising [3], [6]. Hence, eye
tracking has become an important neuromarketing tool due to
its low cost.

F. Galvanic Skin Response

R i —y

Fig. 7 GSR Device [20]

The objective excitation induced by an emotionally
significant stimuli is measured using Galvanic Skin Response
(GSR). The central nervous system is linked to the reactions
recorded on people’s hand and this technology can detect
neural responses that precede emotions like fear, anger, disgust,
happiness, sadness, and indifference [6]. Furthermore, this
technique detects changes in the skin’s electrical characteristics
as a function of moisture content [7].

[11. BENEFITS AND LIMITATIONS OF NEUROMARKETING
TECHNIQUES

Each neuromarketing technique has their own specialties.
However, there are pros and cons in every technique. Table [
shows the techniques of neuromarketing that are used for
marketing studies.

TABLE 1. NEUROMARKETING TECHNIQUES

Techniques Benefits Limitations

-Portable [6], [8].
-Only record more
-Progressively convenient [8]. | superficial electrical signals
EEG [6].

-Less invasive [6].

: ; -Low spatial resolution [6].
-High temporal resolution [6].

-Quite expensive [6]. [14],
[21].

fMRI

-Able to measure deeper and

smaller structures of brain [6].

-High spatial resolution [6],
[21].

-Excellent temporal accuracy
[14].

-Restrictive environment for
subjects [14].

-Not portable [14].

-Requires delay of 6 to 10
seconds to record
processing of neurons [6].

-Low temporal resolution

[6].




-Highly invasive [6].
-Technique with validity and | -Difficult to use in
PET spatial resolution similar to neuromarketing as
those of fMRI [6]. radioactive particles
(positrons) must pass
through the participant [6].
-Expensive [6].
-Excellpnl temporal . -Its spatial resolution is not
MEG resolution [3], [6] and high ideal for measuring
spatial resolution (7], subcortical areas and deeper
arcas in the brain [3], [6].
-Able to measure the focus of
consumers’ attention, the -Not possible to understand
pattern of visual behavior of what ecnohensare
Eye Tracking | fixations of the Eaze, dilation |y cqociated with the areas
of'lhe pupils, focus, and that were the focus of
microfoeus [6]. attention [6].
-Portable [6].
-Able to identify the neural JasHies e chang_csAm
GSR : the electrical properties of
responses that precede certain e |
emotions [6] the skin, depending on the
e level of moisture [7].

There are variety of approaches to assessing physiological
responses to advertising but only three non-invasive techniques
for monitoring resolution which is in milliseconds compare to
fMRI which is in seconds [8], [22]. The temporal resolution is
less than | millisecond [21]. The attribute is often used by
neuroscientists to identify techniques and it is crucial for
marketing research since it allows the identification of
neurophysiological correlated within a functioning time
window. The example of the stimuli are videos and music [22].
It has the ability to record cognitive and motor processes are
fast [23]. Second, conventional EEG equipment are non-
invasive [8], [22]. It allows person to act normally in the lab
while looking at the stimuli or in store which is in the case of
field experiments [22]. EEG is easy to operate as the EEG
device is portable [21]. The last reason is, as compared to other
brain imaging techniques, EEG is substantially less expensive
[21] and the equipment needed to conduct studies is widely
accessible in neuroscience fields [22].

IV. ISSUES ON MARKETING STRATEGIES

After the advent of Covid-19, the usage of online purchase
methods has become the new norm in the community.
Consumers are increasingly turning to online to buy goods and
services, acquire product information, and even browse the
product just for fun. This has hastened the adoption of
digitization in the commercial sector [24]. Purchasing goods in
online platforms will make the consumers feel better as they
just make purchases at any time and at any places [25].
Nonetheless, this does not imply that consumers can buy
whatever they want. They must also practice to be prudent in
spending.

eCommerce strategies, however, may have their own
drawbacks. Online contexts are too distinct from offline
environments in terms of nature, size, and sensory
representation to presume that offline notions and theories are
all applicable and sufficient [26]. It is not easy for some people

as they will think wisely and thoroughly before making
purchases. Furthermore, making online purchase only uses two
senses which are visual sense and auditory sense instead of
four. Tt may be difficult for the consumers as they are
purchasing goods virtually. Moreover, individuals have their
own preferences and thoughts of goods. Some online products
do not meet their desires. Products from the online stores
cannot be tasted, touched. smelled, seen directly, and perhaps
cannot be heard clearly. For example, consumer cannot touch
and feel the types of fabrics, fragrance goods cannot be
smelled, can only see the goods virtually, and will be hard to
purchase audio device as it cannot be tested by our own ears.
To assure goods quality and services at a reasonable price,
there must be a guarantee [27]. These factors probably be the
drawbacks for consumer decision making to make purchases
using the online platforms.

Other than that, it is possible that merchants or marketers
will have difficulty selling their goods. It may due to marketing
strategies used are ineffective and failed to attract consumers to
try the promoted goods. Due to that, merchants must
understand what characteristics are most likely to attract
consumers to try the manufactured products. Consumers also
have their own preferences for product’s packaging. Color
selection, packaging design, font used in packaging, and other
elements are all important considerations. Good advertisements
will encourage and convince consumers to make purchase on
those products [28].

Malaysia has considered the pandemic as a potential
opportunity for digitization in industries such as online
shopping, courier services, and food delivery. During the
pandemic, majority of Malaysia consumers’ purchasing
behaviors changes significantly to online shopping [29]. [30]
stated that in terms of emotions, positive and negative
emotions, both have a significant impact on buying intent.
Study done by the authors found that, there is no negative
impact of consumer’s purchase intentions or in other words, it
enhances consumers’ positive emotions based on personalize
services. However. the study caried by the authors only
depending on the self-reported data. There is no experiment
done regarding consumers’ emotions and behaviors for online
purchase in the study.

V. APPLICATION OF NEUROMARKETING

There are many studies related to neuromarketing. Most of
the researchers used the neuroimaging techniques. The most
popular neuroimaging technique is the electroencephalogram
(EEG) as it is a portable device [6], [8] and has high temporal
resolution [6]. Not only that, EEG technique is one of the most
promising and understandable technique for neuromarketing
study.

[21] done a study for auditory neuromarketing. The authors
chose Indian Instrumental Classic music as the stimuli. They
used an EEG device with 32 electrodes as the experiment tool
to acquire data from the participants. Furthermore, they stated
that theta waves in the frontal midline of the brain can be
increased by listening to pleasurable music. From the data
obtained, Fast Fourier Transform (FFT) and supervised
machine learning algorithms which are K-Nearest Neighbor



(KNN) and Linear Discriminant Analysis (LDA) is used for
analysis. The data is analyzed and grouped into two distinct
group which are Appreciator and Non-Appreciator group of the
musical stimulus. The authors found that when the participants
are in positive emotion, the theta wave on the left region of the
brain increased. On the other hand, theta wave increased on the
right region when the participants are in negative emotion, such
as sad. However, this study only focusing on the theta band
power.,

Next, a study to improve preferences prediction has been
done by [31]. The authors stated that the study used multiple
types of measures using the EEG and machine learning
algorithms. They said that the predictive potential of
combining different types of EEG data may be increased. So,
the study combined information on frequency band powers for
estimating engagement. The experiment conducted used 8
(wet) electrodes EEG device for data acquisition. Product
commercials are selected to be their stimuli. The data are
predicted using several machine learning algorithms which are
Support Vector Machine (SVM), Logistic Regression,
Decision Tree, and K-Nearest Neighbor (KNN). They found
that the most predictive EEG metrics were frontal powers in
the alpha wave, hemisphere asymmetry in the beta wave, and
inter-subject correlation in delta and alpha waves. The
drawback of this study is it was a TV-based product
commercials which may distract the participant’s emotions.
This may distract the emotions as it is switching to different
state of focus.

Moreover, [32] done research to explore the subconscious
mind. The authors focused on the dominant brainwave used in
making decision and subconscious mind. The study used an
EEG device with 14 electrodes to acquire data. The experiment
conducted used images as the stimuli. To obtain the result,
participants needed to choose between left or right image from
the display by pressing 1 pr 2. This experiment needs the
participant to recall the image displayed before making
decision to press 1 or 2. The data obtained from the experiment
is then computed using Fast Fourier Transform (FFT).
According to the authors, brain processes can be employed to
measure the subconscious mind. They found that the most
activated brain area is the right hemisphere. During the
experiment, theta wave is the dominating brainwave that is
experiencing subconscious mind, and delta wave is the total
subconscious mind.

A study on consumer satisfaction using EEG imaging to
evaluate neuromarketing technique is one by [33]. This study
focused on consumer satisfaction and willingness to pay for
product advertised. 16 electrodes of EEG device are used to
acquire data and two different product images are used as the
marketing stimuli. The authors made price reduction on both
products advertised during the experiment. Data obtained from
the EEG signals are transformed into Fast Fourier Transform
(FFT). From the experiment conducted, they discovered that
the frontal lobe and right hemisphere of the brain regions that
indicate happiness or satisfied behavior. According to the
authors, the presence of large theta wave indicated that the
participants are in a deep state of relaxation. They came to the
conclusion that participants who were satisfied with their needs
recalled the appealing product with intriguing commercial and

excellent product information. The pricing is one of the factors
that determined whether someone is willing to buy the offered
goods.

[34] has done a study on EEG signals for neuromarketing
of non-linear features. The authors stated that there are four
categories with five products each are used as the marketing
stimuli in the experiment conducted. The main objective of the
study is to define the most preferred category and most
preferred product in each category. They used video
commercials of selected products. Furthermore, the
experimental tool used in this study is an EEG device with 32
electrodes. Since the objective of the study is to find the most
preferred category and product, the authors focused on two
brain signals which are alpha and beta waves. Besides, this
study is an analysis on non-linear features of EEG signal. So,
Detrended Fluctuation Analysis (DFA) are extracted from the
filtered signals. Based on the analysis, the authors managed to
determine the most preferred category and product in each
category.

In another paper, a study on consumer behavior for
neuromarketing application is done by [35] using EEG signals.
Data used in the study is taken from the previous
neuromarketing study. This study is based on a model using
data mining and machine learning algorithms for consumer
behavior analysis from EEG signals. The authors proposed to
used Decision Tree as the classifier to determine and make
comparison between the previous study for accuracy of the
results obtained while the previous study used Hidden Markov
Model (HMM). The study used product images as the stimuli
and 14 electrodes EEG device as the experiment tool. The
experiment required participants to label the products with like
or dislike. As per the authors, Decision Tree outperforms the
existing approach in terms of accuracy, sensitivity, and
specificity based on the finding obtained.

Other than that, [36] done a study to analyze emotions
using emotional stimuli. The emotional states are divided into
four, which are happy, scared, calm, and sad. The authors used
emotional images as the stimuli to capture the data. 14
electrodes of EEG device are used to obtain signals. The data
acquired in this study is analyzed using the Event Related
Potential (ERP). There are two different concepts in the ERP
analysis stated by the authors which are in the early processing,
known as P300, and late processing, known as Late Positive
Potential (LPP). They used both of the ERP concepts in the
study. The authors found that every region shows both P300
and LPP on emotional stimulus changing. The potential
difference was discovered in many places where emotional
changes were prevalent,

A study on unconscious like and dislike decisions
classification is done by [37]. In the study, the authors used ten
different cars images in white and gray scaled as the marketing
stimuli. The experimental tool used in this study is an EEG
device with 16 electrodes. The authors divided the experiment
into five different runs which the first of which was used to
familiarize the participants with the visual presentation. The
participants must concentrate on the stimuli without further
instructions in the second, third, and fourth runs. Finally, on the
fifth run, participants were asked to rate the cars. The authors



analyzed the data gathered in the experiment using Event
Related Potential (ERP) and classified it into two categories
which are like and dislike.

TABLE 1.

NEUROMARKETING TECHNIQUES

[37] images.

-Use LDA for classification
shrinkage.

Authors

Method / Approach

Electrodes

Avinash et al.
(2018) [21]

-Acquire data using the
auditory neuromarketing.

-Recognize the appreciator
and non-appreciator musical
stimuli.

-Analyze data using FFT on
theta band power.

32 electrodes

Hakim et al.
(2021) [31]

-Combine information on
frequency band powers for
estimating valuation,
hemispheric asymmetries for
estimating
approach/avoidance
tendencies correlations and
inter-subject for estimating
engagement.

8 (wet)

electrodes

-Focused on dominant wave
used in decision making and

Shaari et al. subconscious mind.
(2019) [32] . 14 electrodes
-Brain memory recalls and
make decision.
-A study on consumer
satisfaction and willingness
Mahamad et

al. (2019) [33]

to pay using brain imaging.

-Products price reduction
during data acquisition.

16 electrodes

Oon et al.
(2018) [34]

-Focused on alpha and beta
waves to obtained results of
the most preferred product
category and most preferred
product in each category.

32 electrodes

Amin et al.
(2020) [35]

-Study on neuromarketing
using existing data from
previous research with
different classification
method which is Decision
Tree.

14 electrodes

Mehmood &
Lee (2015)
[36]

-Use ERP to analyze
different emotional
responses.

-Focused on four emotional
states which are happy,
scared, calm, and sad.

14 electrodes

Wriessnegger
etal. (2015)

-Detect like and dislike
decisions using ERP analysis
on different cars designs

16 electrodes

VI. DISCUSSION

Previous researchers that used EEG technique in their
studies proved that emotions can be estimated and evaluated
using the brainwaves acquired from the participants. So, it is
possible to determine the emotional states of an individual in
the observed environment. There are various EEG devices
models with different numbers of electrodes on it. [38] stated
that when more electrodes are being used in an experiment, the
accuracy and results of the EEG data acquired is high. This
means that number of electrodes of the EEG device plays role
in data acquisition. For better results of EEG experiments,
higher numbers of electrodes are needed as well as the number
of participants to be observed.

The EEG technique is the popular technique used in brain
imaging because of its capabilities and ease of use. Many
researchers chose EEG technique as it is non-invasive
equipment and portable which participants can act normally
during the experiment is conducted. Furthermore, various
analyzing method can be used to transform the raw EEG data
into understandable information. For example, using machine
learning algorithms such as Decision Tree, Support Vector
Machine, and K-Nearest Neighbor. Event Related Potential
also can be used to analyzed the raw EEG data in terms of time
domain. Different outcomes can be obtained from different
methods of analysis. It can be concluded that neuroimaging
techniques are the best techniques for monitoring and mapping
brain activities.

VII. SUMMARY

Traditional marketing methods, such as interviews and
surveys, can lead to biased or inaccurate results when used to
analyzed consumer preferences, needs, and buying intentions.
Similarly, expressing preferences orally might result in
conscious or unconscious biases. It may be hard for the
merchants or marketers to understand consumers’ needs. Since
the presence of neuromarketing, it benefits both merchants or
marketers as well as the consumers. Merchants or marketers
can enhance their marketing strategies accordance with
consumers’ needs. They can improvise their product quality,
packaging, advertisement, and other marketing elements.

Various techniques can be used to study neuromarketing
cither using neuroimaging or non-neuroimaging techniques.
Every technique has their own specialties and drawbacks.
However, the neuroimaging techniques have been proven by
the researchers to get better results with high accuracy of
consumers behaviors. Lastly, neuroimaging or brain imaging
technologies are widely used to study individual’s behaviors
and emotions.
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