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Background: Neuromarketing has provided deep insights into customers’ motivations and decisions 
by measuring consumers’ neural signals and studying their responses to marketing stimuli.
Neuromarketing analyzes neural signals and examines consumers’ reactions to marketing stimuli, 
offering profound insights into their motivations and decision-making.
Objectives: This research aimed to study the brain waves of users before and during the viewing 
of native advertisements and the relationship between neural responses of the brain and self-report.
Materials & Methods: The data collection tools included a questionnaire, a video and an 
encephalography device. The sample consisted of 20 participants from the staff and students of 
Guilan University of Medical Sciences, Rasht City, Iran. The electroencephalography (EEG) data 
were converted to numerical values using MATLAB software, , version 2024. 
Results: In the advertisement viewing state compared to the resting state, the average power spectral 
density (PSD) of theta at F4 decreased from 3.25 to 2.59. The average PSD of beta at F4 decreased 
from 0.67 to 0.53 and at F7 from 0.89 to 0.75. A significant difference was observed in these 
regions. A correlation coefficient of 0.447 was observed between native advertising components 
and the average beta PSD, and correlation coefficients between attitude and the average theta PSD 
(F7=0.244), alpha (F3=0.13) and beta (F3=0.457) were positive and significant.
Conclusion: The increase in the PSD of brain waves in the Fp1 during advertisement viewing indicated 
a positive attitude. The average absolute PSD of the beta wave was significantly aligned with individuals’ 
conscious reactions (attitudes) toward components of native advertising. The positive relationship 
between the advertisement’s impact on individuals’ attitudes (self-report) and neural responses during 
advertisement viewing in the F7 theta wave channel and the F3 alpha and beta wave showed that these 
responses were aligned with positive emotions. 
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Introduction

dvertising is key to embedding a compa-
ny’s name in customers’ minds. Therefore, 
organizations must implement it effec-
tively. Today, due to increased advertising 
avoidance, publishers have been forced to 

seek new ways to monetize their digital content. One so-
lution to this challenge has been native advertising [1]. 
Native advertising is a type of advertisement that blends 
with the content of the platform where it appears, mak-
ing it sometimes indistinguishable from other content 
[2]. Meeting customer expectations and identifying the 
factors influencing purchasing decisions are crucial in 
developing successful marketing and advertising strate-
gies [3]. Evaluating effectiveness reveals limitations as 
it relies on the client’s willingness and ability to articu-
late their feelings when exposed to advertisements [4]. 
Various methods and tools have been employed to gain 
deeper insights into consumer behavior and the impact 
of advertising messages. However, these approaches 
have inherent limitations and significant biases, making 
it impossible to understand consumer thought processes 
fully [5]. Cognitive processes involve many subcon-
scious elements. Methods like “articulated answers,” 
including market research, surveys and focus groups, 
are not ideal for understanding an individual’s feelings 
about a product or service. In focus groups, participants’ 
responses may be swayed by dominant group opinions 
and external factors like incentives, time constraints, and 
pressure, which can affect the results. Similarly, surveys 
require large sample sizes and carefully designed tools 
to account for variables such as language, education and 
cultural differences among the participants [4]. In-depth 
interviews are valuable for understanding consumers’ 
perspectives, attitudes and value judgments. However, 
they are often subjective, as they depend on self-reported 
information, which can be biased and challenging to in-

terpret objectively [6]. Neuromarketing offers profound 
insights into customers’ motivations, preferences, and 
decisions by analyzing physiological and neural signals 
and examining their cognitive and emotional responses 
to marketing stimuli [3]. Neuromarketing is a growing 
discipline integrating insights from marketing, neurosci-
ence, economics, decision-making theories and psychol-
ogy [7]. Neuromarketing is a valuable research approach 
as it leverages neuroscientific theories and techniques 
to uncover information that would otherwise remain 
inaccessible. This data is obtained by observing neural 
processes, bypassing the need to directly question in-
dividuals’ thoughts, emotions, memories, evaluations, 
or decision-making strategies [8]. Neuromarketing en-
hances the efficiency of marketing processes by analyz-
ing responses to marketing stimuli through techniques 
like brain imaging and eye tracking without relying on 
consumer self-reports. It assesses and quantifies mental 
states, shifts in attention, initial impressions, message 
recall levels, and the emotional reactions triggered by 
specific stimuli [9]. Neuromarketing examines consum-
er thought processes and identifies factors influencing 
purchasing decisions. It utilizes neural and physiologi-
cal metrics to explore subconscious brain activity during 
product evaluation. By eliminating reliance on consumer 
self-reported answers, this marketing offers valuable in-
sights into consumers’ decision-making processes [10].

The fast fourier transform (FFT) method analyzes 
brainwave signals. Through mathematical operations, 
FFT decomposes electroencephalography (EEG) signals 
into their sinusoidal components (frequency domain 
representation). This method transforms EEG signals 
from the time domain to the frequency domain, break-
ing down the time-domain signals into their constituent 
frequency components [11]. Most studies on EEG-based 
emotion recognition highlight the alpha, beta, and oc-
casionally theta frequency bands as the most effective 

A

Highlights 

● The present study investigated the power spectral density (PSD) of brainwaves in response to native advertisements.

● The mean absolute power of theta, alpha and beta waves decreased during the observation of the advertisement 
video compared to the resting state.

● The correlation coefficients between the brain’s neural responses and the cognitive indicator in the F7 theta and 
between the F3 alpha and beta have been positive and significant.

● Effective advertisements can cause changes in the average PSD of brain wave activity in the frontal (prefrontal) 
region of the brain. 
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for distinguishing an individual’s emotional state [12]. 
Changes in brain activity related to emotions and atten-
tion occur in the frontal lobe, which is the most active 
area for the propagation of alpha, beta and theta waves, 
and are helpful for cognitive processing studies [13]. 

The current research analyzes theta, alpha, and beta 
brainwave frequencies. Similar studies to the present 
research have shown that the most important brain re-
gions responsible for decision-making and preferences 
(such as liking or disliking) are the frontal electrodes, 
mainly F4, F8, F3 and F7. These regions are especially 
effective in analyzing priorities and the absolute power 
spectral density (PSD) [13]. Therefore, using neuromar-
keting techniques and tools alongside traditional meth-
ods can be a practical step in enhancing the effectiveness 
of advertising strategies. An effective advertisement can 
capture the audience’s attention, create a memorable im-
pact, stimulate the audience’s purchasing behavior, and 
awaken the audience’s sensory perception [14]. 

Examining users’ reactions after encountering and 
understanding a message as an advertisement is a pre-
requisite for this research. This research aims to study 
users’ brain waves before and during the viewing of na-
tive advertising and to examine the relationship between 
neural responses of the brain and self-report. Therefore, 
this research seeks to answer the following questions: 
Is there a significant difference in the absolute power 
of brainwaves between the two states of rest and expo-
sure to effective native advertising? Is there a significant 
relationship between neural responses of the brain and 
self-report?

Materials and Methods

This research focuses on analyzing the average PSD 
for specific frontal channels of the brain. The right fron-
tal channels (Fp2, F4, F8) and the left frontal channels 
(Fp1, F3, F7) have been selected due to their significant 
roles in decision-making and preference formation pro-
cesses. 

Participants and sample size

Neuromarketing studies are conducted with small 
sample sizes due to the complexity of the experiments. 
At least 15 to 20 participants are required for such stud-
ies. The findings from these studies can be generalized 
because brain mechanisms are similar among individu-
als [15]. Numerous neuroscience studies, including Hsu 
and Chen [7], have adopted this approach. A total of 20 
participants successfully passed the initial selection and 

proceeded to participate in this study. The sample con-
sists of 10 men and 10 women from the staff and students 
of Guilan University of Medical Sciences, aged between 
19 and 52 years; all were right-handed, had no history of 
illness or surgery in the head and skull areas, and partici-
pated in this research voluntarily. Before the experiment, 
it was ensured that participants had not consumed drugs 
related to neurological and psychiatric disorders, brain 
diseases, analgesics and caffeinated drugs. Furthermore, 
they were expected to have had enough sleep and avoid 
drinking alcohol or caffeinated drinks (coffee, tea, choc-
olate, cola, etc.). They had not previously participated in 
any research related to brain waves. This study used non-
random (selective) sampling of available subjects.

Study procedure

Electroencephalogram (EEG)

We conducted brain wave measurements using a 
24-channel eWave EEG device (model D0324BU, Sci-
ence Beam Company, China). The device, equipped 
with high-durability pure silver electrodes, offers wire-
less recording capabilities. The advantage of wireless 
recording is reduced noise due to the lack of a power 
cable connection during recording. The sampling rate 
chosen for this experiment was 500 Hz. This study was 
conducted based on the international 10-20 system of 
electrode placement recommended by the International 
Federation of Societies for EEG and clinical neurophys-
iology international federation of societies for EEG and 
clinical neurophysiology (IFSECN).

Video presentation

The video included 6 native advertisements compiled 
into a single 8 minutes and 29 seconds film, separated 
by 5-second white screen intervals. The top native ad-
vertisements were selected based on rankings from web-
sites and YouTube, the opinions of supervisors, neurolo-
gy and cognitive science experts from Guilan University 
of Medical Sciences, Rasht City, Iran and designers and 
experts from leading advertising companies in Iran.

Questionnaire

The questionnaire used in this study consists of two 
sections. The first section contains questions to measure 
demographic variables, while the second section in-
cludes 16 questions related to the components of native 
advertisements (quality and attractiveness of content) 
and their impact on cognitive indicators. The question-
naire examines the components of attractiveness and 
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content quality in terms of creativity, graphic design, in-
formativeness, logical and emotional aspects of the con-
tent, and the impact of these factors on the audience’s 
attitudes. A 5-point Likert scale (1=very low to 5=very 
high) was used in the questionnaire.

Attitude toward web advertisements is a general ten-
dency to like or dislike advertising messages [16]. An 
effective advertisement can influence consumer attitudes 
and lead to behavioral responses [17]. Therefore, given 
the importance of attitude in designing effective and im-
pactful advertisements, this study examined this variable.

The cronbach α coefficient was calculated to determine 
the reliability of the questionnaire. The calculated alpha 
coefficient for the study variables was 0.807, indicating 
sufficient reliability of the questionnaire. Content valid-
ity was used to determine the validity of the question-
naire. The designed questionnaire was presented to 10 
professors and marketing experts for content validity 
confirmation. Since the minimum value needed to estab-
lish content validity based on the opinions of 10 experts 
is 0.62 according to the CVR index and 0.79 according 
to the CVI index, all items with values lower than 0.62 
and 0.79 were omitted from the questionnaire.

To conduct the experiment, participants were asked to 
visit the Trauma Research Center at Guilan University 
of Medical Sciences to have their brain waves recorded. 
Initially, the volunteer sat in a comfortable chair facing a 
laptop screen and then details about the experiment, the 
device’s safety, how they should cooperate, and the in-
ability of the device to disclose individuals’ mental infor-
mation were explained. All participants signed a consent 
form before the experiment began. 

After these preparations, the subject was asked to mini-
mize joint, neck and eye movements during the experi-
ment while brain wave data was being recorded, as these 
movements could affect the muscle signals received. 

The channels examined in this study include the elec-
trodes Fp1, Fp2, F3, F7, F4 and F8, as shown in Figure 1, 
which are placed in the frontal and prefrontal areas. The 
reference electrodes were attached to the participants’ 
ears and the device’s hardware filters were set as a high-
pass filter with a cutoff frequency of 1 Hz and a low-pass 
filter with a cutoff frequency of 40 Hz.

Initially, the participants were asked to look at a blank 
white screen with their eyes open to establish a baseline 
of brain activity in a resting state, and their baseline EEG 
signals were recorded during this period. Following this, 
participants watched the advertisement video. This setup 
was designed to analyze the differences in brain activity 
between the resting state without external noise and the 
exposure to native advertisements. The changes in the 
brain’s electrical responses were used to compare brain 
activity in the resting state with the activity when ex-
posed to stimuli, allowing for the assessment of specific 
brain functions related to the stimuli.

After recording the brain waves, participants were 
asked to complete a 16-question questionnaire about the 
features of the displayed native advertisements.

The brain wave data and the questionnaire responses 
were analyzed and interpreted, and the results were com-
pared. The recorded brain wave data were stored using 
eLife software and the raw EEG data underwent prepro-
cessing to remove artifacts and noise from eye blinks, eye 

Figure 1. The location of the channels under study
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movements and muscle movements using NeuroGuide 
software, version 2.9.6.1 and MATLAB software, ver-
sion 2024. The EEG data were then converted to numeri-
cal values using MATLAB software, version 2024 (The 
Mathworks, Inc.) and the open-source EEGLAB toolbox 
software, version 2024. In PSD, theta (4–8 Hz), alpha 
(8–13 Hz) and beta (14–30 Hz) frequency bands were 
extracted and the average signal power was calculated. 
Descriptive and inferential statistics methods, including 
the Wilcoxon test and correlation, were conducted using 
SPSS software, version 26 for data analysis.

Results

The Kolmogorov-Smirnov test indicated that most of 
the data did not follow a normal distribution, thus lead-
ing to non-parametric tests for further analysis. 

In the first section, brain wave activity during the 
resting state was compared while watching the adver-
tisement. Then, in the second section, the relationship 
between brain wave activity and the participants’ self-
reported responses was examined. In the statistical tests 
of this study, a P<0.05 indicates statistical significance, 
while a P>0.05 indicates a lack of statistical significance.

Brain activity analysis in resting state and stimu-
lus state

Table 1 compares the average PSD of theta wave in the 
resting and stimulus states. The average PSD of the theta 
wave activity decreased across all channels while watch-
ing the advertisement compared to the resting state. 
The analysis of the average PSD of theta wave activity 
changes indicated a significant difference only in the F4 

channel (P<0.05). This finding suggests a statistically 
significant difference in the average PSD of theta wave 
activity between this specific channel’s resting state and 
the stimulus state. No significant differences were ob-
served between the resting state and the stimulus state in 
other channels (Fp1, Fp2, F3, F7, F8).

Table 2 compares the average PSD of the alpha wave 
in the rest and stimulus states. The results showed no sig-
nificant difference between the rest and stimulus states in 
any channel (P>0.05).

Table 3 compares the average PSD of the beta wave in 
the resting and stimulus states. The average PSD of beta 
wave activity decreased across all channels while watch-
ing the advertisement compared to the resting state. The 
Wilcoxon test results indicated a significant difference 
in channels F4 and F7 (P<0.05). This outcome suggests 
a statistically significant difference in the average PSD 
of beta wave activity between the resting state and the 
Stimulus State for this specific channel. For other chan-
nels (Fp1, Fp2, F3, F8), no significant differences in the 
average PSD of beta wave activity were observed be-
tween the resting state and the stimulus state.

Figures 2 and 3 correspond to one of the participants in 
the study and depict the distribution of absolute power 
of brain waves (FFT absolute power) in the theta, alpha, 
and beta frequency bands. Figure 2 illustrates the partici-
pant’s brain activity in the resting state, while Figure 3 
shows their brain activity during the stimulus state. This 
comparison shows the changes induced by the stimulus 
across different brain regions.

Table 1. The difference in the average PSD of theta wave between the resting state and the stimulus state

Channel
Mean PSD Wilcoxon Signed-rank 

Test Statistic P
Resting Test

Fp1 3.20 3.02 -0.224 0.823

F3 2.89 2.62 -0.448 0.654

F7 3.32 2.61 -1.531 0.126

FZ 2.04 1.78 -1.157 0.247

F8 3.49 3.04 -1.083 0.279

F4 3.25 2.59 -2.128 0.033*

Fp2 3.32 2.92 -0.859 0.391

*Significant difference. �
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Comparing the neural responses of the brain and 
self-report

The main question in this section is whether a signifi-
cant relationship exists between the self-report (question-
naire) and the brain’s neural responses PSD. To examine 
the correlation and relationship between the components 
of effective native advertising and the average PSD of 
brain waves, given that the data obtained from the ques-
tionnaire are normal and the data from brain waves are 
non-normal, the Spearman correlation test was used.

In Table 4, the results of the correlation between the 
components of effective native advertising and theta, al-
pha, and beta waves are shown. The significance levels 
indicate the presence or absence of meaningful relation-
ships. As shown in Figure 4, the Spearman correlation 

scatter plot illustrates the relationship between effective 
native advertising components and the average PSD of 
beta waves. This plot highlights the strength and direc-
tion of the correlation observed in the study.

Table 4 shows no significant correlation between the 
components of effective native advertising and the av-
erage PSD of theta or alpha waves (P>0.05). However, 
with a correlation coefficient of 0.447, there is a positive 
and significant correlation between the components of 
effective native advertising and the average PSD of beta 
waves (P<0.05).

According to Table 5, there is an interpretation of the rela-
tionships between the average PSD of brain wave activity in 
different channels and attitudes, as measured by the Spear-
man correlation coefficient and significance coefficient.

Table 2. The difference in the average PSD of alpha wave between the resting state and the stimulus state

Channel
Mean PSD Wilcoxon Signed-rank 

Test Statistic P
Resting Test

Fp1 2.03 1.69 -1.269 0.204

F3 2.14 1.63 -1.68 0.93

F7 4.41 2.5 -1.307 0.191

FZ 2.58 1.67 -1.643 0.1

F8 2.88 2.28 -1.344 0.179

F4 2.59 2 -1.829 0.067

Fp2 2.81 2.68 -0.485 0.627

Table 3. The difference in the average PSD of beta wave between the resting state and the stimulus state

Channel
Mean PSD Wilcoxon Signed-rank 

Test Statistic P
Resting Test

FP1 0.69 0.84 -1.381 0.167

F3 0.56 0.51 -1.195 0.232

F7 0.89 0.75 -2.501 0.012*

FZ 0.79 0.6 -1.829 0.67

F8 0.77 0.59 -1.829 0.67

F4 0.67 0.53 -2.576 0.01*

FP2 0.66 0.59 -1.493 0.135

*Significant difference.
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Table 5 shows the significant relationship between the 
average PSD of the F7 theta wave channel and attitude 
(P<0.05). The correlation coefficient (0.244) indicates 
that the correlation between the variables is positive and 
significant. Additionally, the relationship between the 
F3 Alpha wave channel and attitude is less than 0.05, 
indicating a significant relationship between the aver-
age PSD of the F3 Alpha wave channel and attitude is 
significant (P<0.05). The correlation coefficient of 0.130 
indicates that the correlation between the variables is 

positive and significant. Furthermore, the relationship 
between the average PSD of the F3 beta wave channel 
and attitude is significant (P<0.05). The correlation coef-
ficient of 0.457 indicates that the correlation between the 
variables is positive and significant. The relationships 
were not statistically significant for all other channels 
and wave types, indicating no significant correlation be-
tween those channels and attitude.

Figure 2. FFT absolute power in the resting state of one subject

Figure 3. FFT absolute power in test conditions of one subject

Figure 4. The spearman correlation scatter plot between effective native advertising components and the average PSD of beta 
wave

Montakhab Madani M, et al. Neural Response Analysis to Native Ads via EEG Indicators. Caspian J Neurol Sci. 2025; 11(1):38-50. 

http://cjns.gums.ac.ir/


45

January 2025, Volume 11, Issue 1, Number 40

Discussion

Comparing the average PSD of brain wave 
activity between the resting state and exposure to 
effective advertisements

Thanks to neuromarketing, it is possible to measure 
physiological changes (using neuromarketing instru-
ments) and decode the emotional or cognitive response. 
Therefore, the neural responses of a consumer’s brain to 
an advertising campaign can be studied by monitoring 
the physiological changes produced while watching the 
ad and analyzing the emotions that caused these changes 
[18]. The cortical activity of the frontal regions performs 
better in attitude detection than other brain areas [19]. 
Vecchiato et al. demonstrated that pleasant and unpleas-
ant advertisements would increase theta and alpha activ-
ity in different brain hemispheres. In neuromarketing, the 
asymmetry of alpha activity in the frontal brain region has 
been utilized to examine factors such as liking, attractive-
ness, and the prediction of purchase decisions. The results 
indicate that a preference for liking enhances theta band 
power in the left frontal region, whereas a preference for 
disliking increases theta band power in the right frontal 
region [20]. Negative and positive emotions increase the 
activity of alpha, beta, and theta bands in the frontal and 
prefrontal areas of both the right and left hemispheres. 
A decreased alpha power in the frontal and prefrontal 
regions leads to increased visual attention [21]. It is be-
lieved that sustained beta power is linked to memory for-
mation for visual stimuli, and an increase in beta power 
may enhance attention and cognitive activity [22].

The comparison of the average PSD of the theta wave 
in the resting state and the stimulus state indicates that 
the average theta wave power decreases in all chan-
nels while watching the advertisement compared to the 
resting state. However, the average theta wave power 
changes show a significant difference only in the F4 
channel (P<0.05). Specifically, the PSD in the F4 chan-
nel decreases from 3.25 in the resting state to 2.59 in 
the stimulus state, which reflects a statistically signifi-

cant difference in the average theta wave power for this 
particular channel. The comparison of the average PSD 
of the alpha wave in the resting state and the stimulus 
state shows no significant difference between the rest-
ing state and the stimulus state in any of the channels 
(P>0.05). In comparing the average PSD of beta waves, 
a decrease in the average power was observed across all 
channels. Specifically, the average power of beta waves 
decreased from 0.89 to 0.75 in the F7 channel and 0.67 
to 0.53 in the F4 channel, showing significant differ-
ences (P<0.05).

No research has been conducted on the components 
discussed in this study, so comparison with previous re-
search is impossible. However, a similar research con-
ducted by Khushaba et al. (2013) found comparable re-
sults for the theta wave. Their results for the alpha wave 
differed from those of the present study. The absolute 
power has increased across all waves. Their findings 
showed a clear and significant change in the spectral 
power activities of the delta, alpha, and beta brain waves 
when exposed to advertisements, mainly in the frontal 
area [22]. Another study by Darabi et al. (2018) focused 
on four groups of athletes and non-athletes, both inter-
ested and uninterested in the Nike brand. The average 
absolute power of beta waves decreased in the groups of 
men and women interested in the brand during the adver-
tisement. However, it increased in the groups of men and 
women who were uninterested in the brand [23].

Additionally, the average absolute power of alpha 
waves in uninterested men and women did not show a 
significant difference before and during the advertise-
ment, which is consistent with the current study’s find-
ings. However, the average absolute power of alpha 
waves increased during the advertisement in the inter-
ested men and women, which does not agree with the 
current study’s results. The average absolute power of 
theta waves increased in all groups during the advertise-
ment, which does not align with the current study’s find-
ings. Based on the processing and analysis of the signals, 
they concluded that advertisements increased analytical 

Table 4. The correlation between effective native advertising components and the average PSD of theta, alpha and beta waves

Brain Waves Spearman Correlation Significance Level (P)

Theta 0.051 0.829

Alpha -0.065 0.785

Beta 0.447 0.048*

* Significant difference.
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and focused thinking and arousal, playing a significant 
role in decision-making [23]. A study in Iran by Ghasemi 
Siani et al. disagreed with the findings of this part of the 
present research and yielded opposite results. The alpha 
waves showed a significant difference in the post-test 
phase (viewing logical and emotional images) compared 
to the pre-test phase (viewing a blank screen) [24]. 

The differences and similarities observed in the results 
of previous studies compared to the current study may 
arise from several reasons. The type of samples (e.g. ath-
letes vs non-athletes, individuals interested vs non-inter-
ested in a particular brand) can significantly impact the 
results. Brand preference or individuals’ lifestyle types 
may influence their brain responses to advertisements. 

For instance, in the study by Darabi et al. (2018), the 
preference for the Nike brand in different groups led to 
different results, which could be an important factor in 
the observed differences. The nature and appeal of the 
advertisement content can also affect brain responses. 
Advertisements with strong emotional or visual content 
may evoke different brain reactions than logical or sim-
pler ads [23].

Differences in advertisement content in various studies 
may lead to differing results in brainwave activity. Varia-
tions in the participants’ cognitive involvement and at-
tention levels in different studies might cause variations 
in brainwave activity results. In studies where partici-
pants are highly engaged with the advertisement content, 

Table 5. The correlation test between attitude and the average PSD of theta, alph and beta waves 

Brain Waves Channel Spearman Correlation Coefficient Significance Coefficient

Theta

Fp1 0.329 0.156

F3 0.102 0.669

F7 0.244 0.029*

Fz 0.308 0.187

F8 0.258 0.273

F4 0.192 0.418

Fp2 0.181 0.444

Alpha

Fp1 0.059 0.805

F3 0.130 0.045*

F7 0.064 0.79

Fz 0.111 0.64

F8 0.047- 0.844

F4 0.105 0.659

Fp2 0.126- 0.597

Beta

Fp1 0.113 0.635

F3 0.457 0.043*

F7 0.214 0.365

Fz 0.181 0.446

F8 0.091 0.701

F4 0.379 0.099

Fp2 0.195 0.41

*Significant difference.
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a greater reduction in alpha wave activity is usually ob-
served, indicating increased attention. These differences 
could stem from variations in the type of advertisement, 
brand preference, or the participants’ motivation. Ad-
ditionally, differences in experimental phases (pre-test, 
advertisement viewing and post-test), the duration of ad-
vertisement viewing, and environmental conditions may 
influence the results.

The results showed that the absolute power of theta 
and beta waves in certain frontal regions of the brain 
changed noticeably when exposed to the advertisement, 
which may indirectly be related to cognitive or atten-
tional changes caused by the advertising stimulus. Alpha 
waves are typically associated with a state of relaxation 
and mental focus and the lack of significant changes in 
this wave may indicate that the advertisement had no 
strong impact on this type of brain activity. At the same 
time, some previous studies have shown that advertise-
ments can affect alpha wave activity.

The relationship between the average PSD of 
neural responses of the brain and self-report

Marketers often rely on questionnaires and focus 
groups to understand consumer habits and attitudes. 
However, these methods can yield inaccurate results due 
to their heavy reliance on consumer judgments. Neuro-
marketing, by using neural and physiological measure-
ments, studies the unconscious processes of the brain 
that occur when consumers evaluate products [10]. This 
section examined the relationship between the compo-
nents of effective advertisements (quality and attractive-
ness of content) and the changes in the average PSD of 
brain waves. Regarding the relationship between the 
components of effective advertisements and brain activ-
ity, it was observed that the relationship between the ef-
fective advertisement components and the average PSD 
of the beta wave is positive and significant, with a cor-
relation coefficient of 0.447. This finding implies that 
viewing effective advertisements increases beta wave 
activity. A study by Izadkhah and Yahyayi on the con-
scious and unconscious behavior of children consum-
ing animation found a significant difference between 
children’s conscious responses to questionnaires and 
unconscious brain activity [25]. Alsakaa et al. (2020) 
conducted research using advertisements for dietary 
supplements that enhance cognitive abilities. They di-
vided the study into two phases: One two months before 
exams and the other during the exam period. They aimed 
to determine whether students show more interest in the 
advertisement during exams (at the “right” time) and 
whether neurometric indices can capture such interest 

by demonstrating statistically significant differences be-
tween these two periods. Participants in the experiment 
watched a 20-minute film with three commercial breaks. 
Each break included three 30-second commercial video 
clips. During the film EEG, heart rate and galvanic skin 
response data were collected from the participants. After 
watching the film, participants filled out a questionnaire 
regarding the content they had just seen, providing eval-
uations of the advertisements on a scale from 1 (nega-
tive) to 10 (positive). The results of the neurometric data 
showed significant differences in advertisement recep-
tion. Specifically, the viewers’ response was better when 
the advertisement was broadcast when the product was 
needed. However, the questionnaires conducted along-
side the experiment did not reveal statistically signifi-
cant differences between participants who watched the 
advertisement before and during the exam period [26]. 
In a quasi-experimental study, Eijlers asked participants 
to watch videos with content ranging from action, com-
edy, crime, horror and romance, among others. Brain 
activity data were recorded while participants watched 
the videos. After recording the brain waves, the partici-
pants were asked to complete a questionnaire related 
to the videos, designed to validate the effectiveness of 
the videos. They indicated the extent to which they felt 
happiness, sadness, fear, and disgust during the viewing. 
The participants’ emotional responses aligned with the 
emotions they predominantly experienced while watch-
ing the videos [27].

Examining the relationships between the average ab-
solute PSD of brain waves and attitude showed signifi-
cant correlations in specific channels. The relationship 
between the average PSD of the F7 channel in the theta 
wave and attitude is significant (P<0.05), with a corre-
lation coefficient of 0.244, indicating a positive corre-
lation. Similarly, the relationship between the average 
PSD of the F3 channel in the alpha wave and attitude 
is significant (P<0.05), with a correlation coefficient of 
0.130, reflecting a positive but weaker correlation. No-
tably, the strongest relationship is observed between the 
average PSD of the F3 channel in the beta wave and at-
titude (P<0.05), with a correlation coefficient of 0.457, 
suggesting a positive and more substantial impact. These 
findings demonstrate that the activity of brain waves in 
specific channels, particularly the beta wave in the F3 
channel, plays a significant role in shaping attitudes.

The core elements of advertising effectiveness include 
the attitude toward the advertisement, intention and ac-
tual behavior. Research has shown that attitude toward 
advertisements is significantly related to advertising ef-
fectiveness because attitude drives behavior [17]. Stasi 
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et al. in a study entitled “neuromarketing approach and 
food choice,” stated that the lower the alpha level in 
the frontal area, the higher the engagement and cogni-
tive load in this part of the brain [28]. Farzi et al. in an 
article entitled “The Impact of Identification with an 
athlete on changing attitudes towards commercial ad-
vertisements of famous athletes using neuromarketing 
techniques,” focused on determining the effect of identi-
fication with an athlete on attitudes towards commercial 
advertisements of famous athletes using neuromarketing 
techniques. Their results showed that the average brain 
power of participants in the temporal area was higher 
in the high-identification group. The frontal area was 
higher in the low-identification group, with Fp2 showing 
more activity in all samples [29]. Designing advertising 
campaigns can sometimes be challenging because audi-
ences may have positive and negative attitudes toward a 
particular subject. The more ambivalent the attitudes, the 
less likely the intention to change behavior. Therefore, it 
is better to use neuromarketing tools to examine uncon-
scious cognitive or motivational processes [30]. 

Conclusion

The increase in the average absolute PSD of the beta 
wave in the Fp1 channel indicates greater attention and 
more active information processing in the left hemi-
sphere, typically associated with more complex cogni-
tive activities, information processing, and heightened 
attention. The decrease in the average absolute PSD of 
alpha and theta waves reflects increased attention and 
concentration. However, the reduction in the average ab-
solute PSD of beta wave (except for the Fp1 channel), 
as well as theta and alpha waves, may indicate that the 
advertisement caused changes in the average absolute 
PSD of brain waves but was not sufficiently effective 
in capturing viewers’ attention or evoking a strong emo-
tional response. 

In comparing the conscious mind and the neural re-
sponses of individuals’ brains to the components of na-
tive advertising (attractiveness and content quality), the 
results showed that a significant relationship was found 
only in the average absolute PSD of the beta wave, which 
was positive and significant. The positive relationship 
between the impact of effective native advertising on 
individuals’ attitudes (self-reports) and changes in the 
spectral power density of brain waves (neural responses) 
when exposed to effective native advertisements in the 
F7 theta wave channel and the F3 alpha and beta wave 
channels (left hemisphere) showed that, in positive emo-
tions, the brain’s neural responses to advertisements may 
agree with individuals’ self-reports. 

Study limitations

The experiment was conducted offline without being 
embedded within a specific platform context. Given that 
participants tend to focus more compared to when they 
are browsing news websites, it is recommended that 
future researchers use online native advertising in their 
experiments. Neuromarketing is an interdisciplinary 
field requiring marketing, neuroscience, and psychology 
expertise. Therefore, the lack of access to experts who 
can understand and integrate these three disciplines in-
creased the research process’s complexity and duration. 
Hence, researchers are advised to conduct their work 
within companies or institutions with access to proficient 
neuromarketing specialists in all three areas.
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