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EEG-Based Analysis of Consumer
Neurological Responses to Energy Drink
Brands: A Cross-Cultural Study in Iran
and Malaysia

Samira. Nazari Ghazvini', Younos. Vakil Alroaia?®, Rohizat. Bin
Baharun?

ABSTRACT

Objective: This study investigates the differences in brain physiological responses (BPR) of
Iranian and Malaysian consumers when exposed to energy drink brands.

Methods and Materials: A sample size of 24 participants was selected using G*Power
software. Data were extracted using brain mapping software and analyzed through mixed
ANOVA.

Findings: The results showed that Iranian participants exhibited greater brainwave changes in
response to the Hype and Rockstar brands. In contrast, Malaysian participants demonstrated
stronger brain responses to the Red Bull and Monster brands. Changes in alpha and gamma
waves highlighted their significance as indicators for studying consumer responses in different
cultures. This study demonstrates the value of EEG-based neuromarketing in identifying
cultural differences in consumer behavior. Variations in brain physiological responses between
Iranian and Malaysian participants reveal the impact of cultural preferences on brand
perception. Alpha and gamma wave changes emerge as key indicators, providing insights for
creating culturally tailored marketing strategies.

Conclusion: The findings underscore the significance of understanding the neural correlates of
consumer preferences and encourage further investigation into the cultural influences on
consumer responses to advance the field of neuromarketing.

Keywords: Neuromarketing, Consumer Behavior, Physiological Response, Energy Drinks

audiences, and their interactions with products and
services (Morin, 2011; Plassmann et al., 2015).

In today's world, neuromarketing research has
become a crucial tool for attracting customers and
boosting sales (Alsharif et al., 2023). Compared to
traditional marketing, neuromarketing provides a more
in-depth examination of customer behavior, target
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Techniques such as using experimental groups enable
a brand to assess consumer behavior and preferences at
a more advanced level (Vakil Alroaia & Nazari Ghazvini,
2021). One of the innovative methods in this field is the
use of electroencephalography (EEG) to evaluate
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customers’ physiological responses to brands and
various products (Plassmann & Karmarkar, 2015)

EEG essentially allows researchers to observe users'
emotional states in real-time (Suomala, 2018) and obtain
real-time data on brain activity, thereby achieving a
deeper understanding of how consumers react to
different brands (Vecchiato et al., 2011).

The level of EEG signals in each waveform and across
different brain lobes (brain topography) can be analyzed,
and the resulting data can be used to explain brain
activity and translate it into emotions, behaviors, and
cognitive functions (Andersenetal., 2019; Campbell, 2009;
Takahashi et al., 2005). This information can also reveal
which parts of the brain are activated in response to
marketing stimuli and how these activities relate to
customers' emotions and decision-making processes
(Golnar-Nik et al., 2019; Khushaba et al., 2013).

For example, increased activity in areas associated
with reward and pleasure may indicate a high level of
attractiveness for an advertisement or product brand
(Balconi et al., 2014). Therefore, it is not surprising that
examining brain activity using electroencephalography
(EEG) techniques has garnered attention in sensory
research and consumer behavior evaluation (Shaw &
Bagozzi, 2018).

The primary objective of this study is to evaluate the
physiological responses of customers to energy drink
brands in Iran and Malaysia using
electroencephalography (EEG) devices. Energy drinks,
due to their caffeine content and other stimulants, have
significant physiological and psychological effects on
consumers (Ariffin et al, 2022). Thus, examining
customers' brain responses to the branding of these
products can provide valuable insights into the impact of
advertisements and packaging (\Vecchiato et al., 2011).

In Iran and Malaysia, cultural and social differences
may lead to varying effects on customers' reactions to
energy drink brands. Therefore, comparing these
reactions in the two countries can help identify cultural
similarities and differences in response to advertising
and branding. Such information can enable energy drink
companies to tailor their marketing strategies to the
cultural characteristics of each country, thereby
enhancing the effectiveness of their advertisements
(Morin, 2011; Vecchiato et al., 2011).

Recent EEG-based
techniques in neuromarketing enable businesses to

studies have shown that
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create more engaging customer experiences and avoid
ineffective marketing strategies (Khondakar et al., 2024).
However, prior research has focused primarily on single-
country contexts, lacking a broad cross-cultural
perspective. Additionally, many studies have limited
their EEG analysis to specific brainwave types or regions
(Hakim et al., 2021; Hsu & Chen, 2020).

Ultimately, this study can contribute to the expansion
of knowledge in the field of neuromarketing and the
application of EEG techniques in marketing. In recent
years, numerous studies have employed neuromarketing
techniques to examine consumer behavior (Chen et al.,
2022; Daroch et al., 2021). However, these studies have
primarily focused on single-country contexts and have
not extensively explored cross-cultural differences.
Additionally, in employing electroencephalography
(EEG) techniques, the analysis of consumer brain waves
has often been limited to certain specific waveforms.

For example, the studies by Hakim et al. (2021)
examined delta, alpha, and beta band power during the
observation of advertisements. Similarly, Hsu and Chen
(2020) investigated the differences between theta and
beta waves while viewing subliminal and non-subliminal
message advertisements (Hsu & Chen, 2020). Mateusz
and Kesra (2020) explored changes in theta and alpha
waves in social and commercial advertisements (Mateusz
& Kesra, 2020). In other research, it has been observed
that brainwave analysis is often restricted to one or two
lobes of the brain (Pereira & Oliveira, 2021).

Studies
individuals from different cultural backgrounds activate

using fMRI have demonstrated that
distinct neural pathways when processing the same
marketing content. This indicates that cultural
upbringing not only influences behavior but also the very
mechanisms of brain function involved in decision-
making. Research has shown that cultural context affects
attentional control and cognitive processing. For
instance, East Asians tend to engage in holistic
processing, viewing scenes as interconnected wholes,
while Westerners often adopt an analytical approach,
focusing on individual elements within a context
(Deshmukh et al., 2022).

Caffeinated beverages hold significant popularity in
both the Middle East and East Asia (Poole et al., 2017).
Iran, situated in the Middle East (Moeenfard et al., 2021),
and Malaysia, in Southeast Asia (Alsharif et al., 2022),
share a long history of caffeine consumption despite
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their distinct cultural traditions. The cultural differences
between these two nations provide a unique framework
for studying consumer behavior toward caffeinated
beverages.

In Iran, traditional values and customs strongly
influence consumer behavior (Karami et al., 2017). On the
other hand, Malaysia's multicultural society presents a
dynamic interplay of various cultural influences
(Embong, 2002). These
significantly shape consumers'

cultural dynamics can
perceptions and
responses to brands.

For example, research by Vecchiato et al. (2010)
demonstrated that cultural context has a substantial
impact on neurological responses to marketing stimuli.
This suggests that EEG studies conducted in diverse
cultural settings can offer valuable insights into how
cultural factors impact consumer behavior (Vecchiato et
al., 2010).

These limitations underscore the need for more
comprehensive and  cross-cultural studies in
neuromarketing, as well as the use of EEG techniques, to
gain a deeper understanding of consumers’ physiological
and psychological responses to various brands.

Based on the review of prior research and existing
gaps, this study goes beyond typical expectations to
examine changes in the five leading brainwave bands—
alpha (a), theta (8), beta (f3), delta (8), and gamma (y)—
across four primary brain regions: frontal,
parietal/central, occipital, and temporal lobes. It
investigates responses to energy drink brands in a
simulated environment, with no time constraints.
Importantly, this research focuses solely on
physiological brain responses of two consumer groups
when exposed to brands, excluding factors such as taste,
flavor, quality, and price.

By comparing EEG data from consumers in Iran and
Malaysia, researchers can gain a deeper understanding
of the cultural underpinnings of brand perception and
decision-making processes. These insights can help
marketers develop culturally sensitive strategies to
improve brand engagement and consumer satisfaction.

Given these considerations, the central research
question is: What are the physiological brain responses
of Iranian and Malaysian consumers to energy drinks,
and what differences exist between these two consumer

groups?
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Methods and Materials
Protocol and Experimental Procedure

To evaluate the physiological responses of consumers,
including brainwave activity between two participant
groups, an EEG-compatible simulated e-commerce
platform was developed. Four energy drink brands
commonly consumed in both Iran and Malaysia—Red
Bull, Hype, Rockstar, and Monster—were selected for the
study based on market research and popularity.

In neuroscience studies, Delta waves (0.5-4 Hz) can
indicate deep relaxation or disengagement, Theta waves
(4-8 Hz) relate to emotional processing, alpha waves (8-
12 Hz) to engagement, beta waves (12-30 Hz) to active
thinking and Gamma (30-100 Hz) linked to high-level
information processing and cognitive functioning. Key
brain regions include the frontal lobe for decision-
making, the temporal lobe for memory, the parietal lobe
for sensory processing, and the occipital lobe for visual
processing. Therefore, in this test, we examined all areas
of the head and all five main brain waves to identify
changes in each wave across different regions.

In the study, Brain activity across four lobes (frontal,
parietal, temporal, and occipital) was recorded using a
32-channel EEG cap following the 10-20 system
standard. Electrode impedance was maintained below 5
KQ throughout the signal recording process. Signals
were amplified at a gain of 2000, band-passed in the
range of 1-40 Hz, and sampled at 250 Hz. Two earlobes
served as reference electrodes for all channels.
Additionally, a built-in notch filter was employed to
eliminate power line noise.

Recording Phases

Baseline Recording: Participants were instructed
not to focus on any specific thought, and their EEG was
recorded for 100 seconds before initiating the test.

Task Phase: Participants entered the simulated
website and sequentially viewed the four energy drink
brands. Each brand was displayed for a fixed duration,
followed by a 30-second blank screen (control variable).

3.2 EEG Data Collection and Processing

The sample size was determined using G*Power
software, with a significance level of a = 0.05, resulting in
24 participants (13 men, 11 women; aged 25-30 years;
right-handed). Participants were randomly selected
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from students at the University of Tehran (12
participants) and the University of Technology Malaysia
(UTM) (12 participants).

Data Collection Locations

Iranian participants: Conducted at the National Brain
Mapping Laboratory, Faculty of Engineering, University
of Tehran.

Malaysian participants: Conducted at the Neural
Engineering Laboratory!, Biomedical and Health
Sciences Unit, Faculty of Electrical Engineering, UTM.

Health Screening: Each participant underwent a two-
stage health screening:

Initial Interview: Participants completed a consent
form and a standardized interview conducted by the
researcher.

Medical
participants' medical history, including personal and

Review: A lab physician reviewed
family health information.

Participants were confirmed to be in good health, with
no prior neurological or cardiovascular disorders. They
had not taken any medications that could affect EEG
signals, nor had they experienced any sleep
disturbances, ensuring they had sufficient rest for five
days Dbefore the experiment. All participants
demonstrated basic computer proficiency, enabling

them to complete the tasks.

Experiment Design

The experimental task was designed in MATLAB
(R2022b) using the Psychtoolbox environment. Ethical

Table 1

approval for this research was obtained from the Ethics
Committee on Research Involving Humans, Iran
University of Medical Sciences.

Data Analysis

To analyze differences in brainwave activity between
the two participant groups, data were processed using:

Mixed ANOVA to identify significant differences in
brainwave changes.

Bonferroni-adjusted t-tests to explore specific
differences in brain regions.

Analysis and visualization were conducted using SPSS
(version 22) and Excel, including heatmaps for
identifying active brain regions.

This methodological framework ensured accurate and
reliable comparisons between the responses of Iranian
and Malaysian participants to the energy drink brands.

Findings and Results

The results from the mixed ANOVA (Table 1)
demonstrate significant differences in brainwave
changes across the energy drink brands between the two
participant groups (p < 0.05). Significant differences
were observed in delta, theta, alpha, and beta waves
across all four brands. However, differences in gamma
waves were significant only for Red Bull and Hype. No
significant differences in gamma waves were noted
between Iranian and Malaysian participants for the
Rockstar and Monster brands.

ANOVA Analysis of Brainwaves for Iranian and Malaysian Participants across Energy Drink Brands

Brand Wave Sum of Squares Df Mean Square F Sig
Red Bull Delta (8) 73.578 1 73.578 0.144 0.019
Theta () 65.934 1 65.934 0.204 0.019
Alpha (a) 3130859.1749 1 3130859.1749 0.334 0.018
Beta (B) 2938857.1802 1 2938857.1802 0.374 0.016
Gamma (y) 45.557 1 45.557 0.794 0.013
Hype Delta (8) 91.337 1 91.337 0.041 0.011
Theta () 77.948 1 77.948 0.189 0.041
Alpha (a) 4752861.2193 1 4752861.2193 0.082 0.031
Beta (B) 5553759.3246 1 5553759.3246 0.496 0.040
Gamma (y) 83.525 1 83.525 0.917 0.011
Rockstar Delta (§) 3130849.390 1 3130849.390 5.491 0.038

L Neural Engineering Lab, Department of Biomedical Engineering and
Health Sciences Faculty of Electrical Engineering Universiti Teknologi
Malaysia
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Theta (68) 89.561 1 89.561 1.051 0.021
Alpha (a) 402529.0842 1 402529.0842 2.070 0.011
Beta (B) 364570.9147 1 364570.9147 7.202 0.022
Gamma (y)* 94.348 1 94.348 2.328 0.538
Monster Delta (8) 4978.871 1 4978.871 0.852 0.035
Theta (68) 41.891 1 41.891 0.792 0.0321
Alpha (a) 32281.0433 1 32281.0433 0.645 0.0227
Beta (B) 47285.8763 1 47285.8763 1.045 0.049
Gamma (y)* 99.542 1 499.542 1.959 0.465

Due to the significant differences in delta, theta, alpha,
and beta waves for all four brands, and gamma waves for
Red Bull and Hype, follow-up analyses were conducted
to determine which brain regions exhibited greater

Table 2

Bonferroni t-Test Results for Brainwave Activity by Brain Lobe

activity. To avoid errors associated with traditional post-
hoc tests, Bonferroni-adjusted t-tests were used (Table

2).

Brand Wave Frontal Temporal Parietal Occipital
Red Bull Delta (8) 7.29 1.45 2.00 3.07
Theta (6) 2.87 2.25 291 2.69
Alpha (o) 4.05 1.70 2.95 4.01
Beta (B) 6.42 6.35 6.00 1.89
Gamma (y) 9.89 5.01 3.01 2.62
Hype Delta (8) 3.12 1.03 3.42 1.47
Theta (6) 2.22 1.76 1.33 1.52
Alpha (a) 1.56 1.85 1.23 133
Beta (B) 6.24 6.45 1.77 1.29
Gamma (y) 5.00 3.28 4.56 4.65
Rockstar Delta (8) 4.00 2.02 2.40 2.25
Theta () 3.25 1.55 1.46 3.99
Alpha (a) 5.35 1.68 3.75 1.25
Beta (B) 6.09 1.44 6.03 7.76
Monster Delta (8) 1.47 1.25 4.96 6.69
Theta (68) 6.69 1.50 1.85 1.50
Alpha (a) 4.75 1.56 3.75 2.51
Beta (B) 6.12 5.76 5.92 1.88

Red Bull: Malaysian participants exhibited higher
delta, theta, beta, and gamma wave activity, while Iranian
participants showed greater alpha wave activity.

Hype: Iranians displayed higher brainwave activity
overall, except for alpha waves, where Malaysians had a
stronger response.

Rockstar: Iranian participants showed increased
delta, theta, and beta wave activity, whereas Malaysians
demonstrated more significant alpha wave changes.

Monster: Malaysians had higher activity in delta,
theta, and beta waves, while their alpha wave activity
was lower than that of Iranian participants.

Heatmap analysis revealed that the frontal and
parietal lobes exhibited the most significant changes in
brainwave activity, indicating strong physiological
reactions in these regions during brand observation. The
frontal and parietal areas showed the highest activity
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levels, underscoring their pivotal role in processing
emotional and cognitive responses to brand stimuli.

The significant changes in brainwave activity in the
frontal and parietal lobes highlight the importance of
these regions in processing brand-related stimuli. The
frontal lobe's involvement underscores the emotional
and cognitive engagement elicited by the brands. In
contrast, the parietal lobe's activity emphasizes the role
of sensory processing and spatial awareness in
consumer perception. By understanding these
physiological reactions, marketers can tailor their
strategies to enhance emotional engagement and
sensory appeal, ultimately influencing consumer
behavior more effectively.

e Cross-Cultural Implications: The differences in

brainwave activity between Malaysian and Iranian
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participants highlight the impact of cultural factors on
consumer behavior:

« Emotional and Cognitive Engagement: Cultural
norms and values influence how participants
emotionally and cognitively engage with brands. For
example, Malaysians may exhibit more active cognitive
processing and emotional engagement with certain
brands, while Iranians may show a more relaxed yet

attentive engagement.

Channel locations Channel locations.

Figure 1

International Journal of Body, Mind and Culture 12:4 (2025) 54-63

e Sensory and Contextual Perception: Cultural
differences in sensory preferences and contextual
perception affect how brands are processed and
perceived. Understanding these differences can help
marketers tailor their strategies to better resonate with
diverse cultural audiences. By considering these cross-
cultural differences, marketers can create more effective
and culturally relevant marketing strategies that
enhance consumer engagement and brand loyalty.

Malaysian

Iranian

Average Brainwave Changes in Both Participant Groups during Brand Observation

\t.\ ljbmc.org
E-ISSN: 2345-5802
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Discussion and Conclusion

This study investigated the physiological responses of
Iranian and Malaysian consumers to energy drink brands
using electroencephalography (EEG) technology. A
simulated website in a Salkootoolbox environment
compatible with EEG devices was used to observe
activity. The
neuromarketing aspects to explore subconscious factors

brainwave research focused on
influencing consumer choices, thereby contributing to
consumer neuroscience and insights into cross-cultural
marketing.

The findings of this study, based on brainwave
frequencies and QEEG heat maps, revealed the following:
Iranian participants exhibited more significant
brainwave changes when exposed to the Hype brand (in
delta, theta, beta, and gamma frequencies; in the frontal,
parietal, and temporal lobes) and the Rockstar brand (in
delta, theta, and beta frequencies across all brain lobes,
especially in the frontal region). In contrast, Malaysian
participants exhibited greater brain activity in response
to the Red Bull brand (in delta, theta, beta, and gamma
frequencies, particularly in the frontal and parietal
lobes) and the Monster brand (in delta, theta, and beta
frequencies, also in the frontal and parietal lobes).

Moreover, numerical analyses and QEEG maps
revealed an inverse relationship between changes in
alpha frequency and changes in delta, theta, and beta
frequencies. Specifically, for each brand observed, when
participants experienced increased delta, theta, and beta
frequencies, their alpha waves decreased. Additionally,
the analysis of gamma waves showed no significant
differences between the gamma wave responses of the
two groups of participants when exposed to the Rockstar
and Monster brands.

Previous studies have associated changes in delta and
theta waves with consumer emotional perception,
predicting individual preferences, and identifying
consumer choices (Balconi et al., 2021; Golnar-Nik et al.,
2019; Hakim et al., 2021; Khushaba et al., 2013). The
significant changes in delta and theta frequencies
observed in this study during exposure to product
brands align with these findings, indicating that these
wave patterns are strong indicators of consumer
responses in various contexts, especially when viewing
brands.
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Beta waves have been linked in prior research to
predicting preferences, problem-solving, decision-
making, and mental activity (Balconi et al., 2021; Hakim
et al., 2021; Hsu & Chen, 2020). The increased beta
activity observed during the process of viewing each
brand aligns with the results of these studies. It
reinforces the role of beta waves in cognitive processes
and decision-making,.

In reviewing prior studies, changes in alpha waves
have been associated with emotional responses and
attention (Bettiga et al., 2020), as well as product
preferences and choices (Golnar-Nik et al., 2019;
Khushaba et al., 2013). This study observed a reduction in
alpha waves when participants were exposed to each
brand, a finding that differed from previous studies. This
discrepancy suggests that alpha wave patterns may vary
based on product characteristics or cultural differences,
highlighting the need for further exploration in this area.

Regarding gamma wave analysis, only the findings of
Khushaba et al. (2013) were comparable with the results
of this study. Moreover, changes in gamma waves
between the two groups on specific brands were not
significant. Thus, examining this wavelength in the
context of consumer behavior underscores the potential
for further development in future studies (Khushaba et
al., 2013).

The results of this study contribute to our
understanding of the roles of delta, theta, beta, and
gamma waves in consumer behavior and decision-
making processes. This precise understanding can
enhance the accuracy of neuromarketing strategies and
interventions. Utilizing QEEG heat maps to visualize
brain activity in response to various brands and cultural
groups provides a powerful tool for analyzing consumer
behavior. This methodological approach can be adopted
in future neuromarketing research to gain more precise
insights.

The findings related to brand observation on a
simulated website have practical implications for e-
commerce and online marketing. Marketers can leverage
this information to design more effective online
shopping experiences that cater to the specific cognitive
and emotional responses of different consumer groups.

This study not only confirms previous findings
regarding delta, theta, and beta waves but also provides
fresh insights into alpha and gamma wave patterns in
response to energy drink brands. Exploring cultural
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differences and focusing specifically on brand
encounters offers valuable contributions to the field of
neuromarketing and suggests several new directions for
future research.

Understanding consumers' physiological responses to
brands can also aid in the development of regulations
regarding advertising and packaging, ensuring that
marketing practices are both practical and ethically
sound.

The study on consumer responses to energy drink
brands highlights practical marketing strategies for
companies like Hype, Rockstar, Red Bull, and Monster.
Cultural customization is essential; brands should tailor
campaigns to resonate with the cultural preferences of
Iranian and Malaysian consumers based on EEG findings.
Strategic product positioning can focus messaging on
attributes that elicit positive neurological reactions
within specific markets.

Targeted advertising can utilize insights from
brainwave activity to refine strategies, selecting colors,
sounds, or themes that align with emotional engagement
patterns. Additionally, insights from EEG data can guide
product development by identifying preferred features
or formulations across cultures. Mapping customer
journeys based on neuromarketing findings will help
identify emotional touchpoints influencing decision-
making.

However, researchers must address potential biases
that could affect the validity of their findings. Non-
random participant selection and prior brand familiarity
may skew results towards specific demographics or
influence physiological responses more than genuine
preference differences among products. Moreover,
cultural contexts significantly impact interpretations of
EEG data related to emotional engagement. Recognizing
these limitations will enrich future discussions and
enhance the practical implications of the research for
energy drink companies targeting diverse global
audiences effectively.

This study examines the physiological responses of
Iranian and Malaysian consumers to energy drink brands
using EEG technology, highlighting several limitations:

EEG Resolution: Limited spatial resolution restricts
the ability to pinpoint specific brain regions involved in
consumer decision-making, potentially oversimplifying
complex neural processes.

\\\ ljbmc.org

Cultural Bias: Results may not generalize beyond
[ranian and Malaysian consumers due to cultural
specificity.

Response Variability: Individual differences and
external factors complicate the interpretation of data.

Emotional Measurement Limits: EEG struggles to
capture deeper emotional responses processed in
subcortical brain areas.

Future Research Directions:

Broaden cultural comparisons to explore universal
versus culture-specific consumer behaviors.

Integrate other neuroimaging techniques (e.g., fMRI)
for a more comprehensive understanding.

Conduct longitudinal studies to observe changes in
consumer responses over time.

Practical Implications:

Tailor marketing strategies to leverage cognitive and
emotional triggers identified through EEG.

Enhance e-commerce experiences by aligning design
with consumer responses.

Ensure ethical practices in neuromarketing to respect
consumer autonomy and privacy.
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