/.\ BicHuk TepHONiIbCHKOI0 HALIOHAJIBLHOIO TEXHIYHOI0 YHiBEPCHTETY
https://doi.org/10.33108/visnyk_tntu

my Scientific Journal of the Ternopil National Technical University
\/ 2024, Ne [ (113) https://doi.org/10.33108/visnyk_tntu2024.01
ISSN 2522-4433. Web: visnyk.tntu.edu.ua

UDC 681.3

DEVELOPMENT OF SOFTWARE FOR NEUROMARKETING BASED
ON ARTIFICIAL INTELLIGENCE
AND DATA SCIENCE USING HIGH-PERFORMANCE COMPUTING
AND PARALLEL PROGRAMMING TECHNOLOGIES

Oleh Pastukh; Vasyl Yatsyshyn

Ternopil Ivan Puluj National Technical University, Ternopil, Ukraine

Summary. This paper deals with the scientific research in a new area of human activity —
neuromarketing. The development of new software for neuromarketing research based on modern methods and
tools of artificial intelligence and data science (neural network technologies) using technologies of high-
performance computing and parallel programming are considered in this paper. The results of experimental
measurements of electrical activity of the consumer’s brain based on electroencephalographic signals depending
on various types of marketing stimuli are presented in this paper. The quality of the developed software for
neuromarketing is evaluated on the basis of various quality metrics.
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Statement of the prroblem. At present neuromarketing is one of the fastest growing
areas of marketing. It is well known [1, 2, 3], that neuromarketing investigates sensory,
cognitive, and emotional responses of consumers of goods and services to various marketing
stimuli.

The main concept of neuromarketing is based on the statement that the lion's share of
human thinking and emotions (more than 90%) on the basis of which consumers make decisions
occurs at the subconscious level, which is below the level of consciousness.

In their activities, neuromarketers use various technologies: functional magnetic
resonance imaging, electroencephalography (EEG), etc. for measuring the states of consumer
brain activity depending on the stimuli in the form of certain goods and services.

Determination of dependencies between goods and services on the one hand and the
decisions made by consumers regarding them on the other hand, based on their measured brain
activity, is the main scientific problem solved in neuromarketing.

Various new software systems are being developed for neuromarketers for practical
convenience, ease and speed of determining such dependencies in real business.

Analysis of available investigation results In order to predict consumer behavior
towards goods and services neuromarketing activities are carried out not only in the academic
sphere of university research, but also in a large number of research laboratories of various big
companies. As an example, let us present famous neuromarketing laboratories of Google, Frito-
Lay, CBS, and E-Television, which use neuromarketing research to measure consumer opinions
concerning their advertising and products. At the same time, it is worth noting that
neuromarketing companies such as «Neurosensey, «Gerry Zaltmanny, etc. have been operating
since the late 90s of the twentieth century.

Complete and constructive overview and analysis of neuromarketing field, the specifics
of research in this area can be considered in papers [1, 2, 3].

Corresponding author: Oleh Pastukh; e-mail: oleg.pastun@gmail.com ................ccoccoooeieooiee e 143


https://doi.org/10.33108/visnyk_tntu
https://doi.org/10.33108/visnyk_tntu2024.0
https://doi.org/10.33108/visnyk_tntu2024.01.143

Development of software for neuromarketing based on artificial intelligence and data science using
high-performance computing and parallel programming technologies

The objective of the paper. For neuromarketers is to develop new application software
that establishes dependencies between marketing stimuli and active states of the consumer's
brain determining their behavior in purchasing certain goods and services and to evaluate the
accuracy of newly developed application software.

Statement of the problem is to carry out experimental measurements of electrical
activity of consumer's brain based on electroencephalographic signals depending on various
types of marketing stimuli; to develop new application software for neuromarketers and
evaluate its accuracy on the basis of measurements data.

Presentation of the main material. In neuromarketing, the activity of certain areas of
cerebral cortex responsible for the perception of specific characteristics of goods and services
is often measured while various types of research are carried out in order to determine
dependencies between the activity of the consumer's brain and various types of marketing
stimuli. For example (Fig. 1), the visual impact of the product or service appearance on the
consumer's brain is determined by the activation of visual cortex; acoustic (sound) effect of the
product or service on the consumer's brain is determined by the activation of auditory cortex;
the tactile impact of the product or service appearance (for example, hardness, humidity,
roughness, temperature, etc.) on the consumer's brain is determined by the activation of
somatosensory cortex, the taste impact of the product or service on the consumer’s brain is
determined by the activation of gustatory cortex; the effect of the product smell or service on
the consumer's brain is determined by the activation of olfactory cortex.

For example (Fig. 1), the visual impact of the appearance of a product or service on the
consumer's brain is determined through the activation of the visual cortex; the acoustic (sound)
impact of a product or service on the consumer's brain is determined through the activation of
the auditory cortex; the tactile impact of the appearance of a product or service (e.g., hardness,
humidity, roughness, temperature, etc.) on the consumer's brain is determined by activation of
the somatosensory cortex; the taste impact of a product or service on the consumer's brain is
determined by activation of the gustatory cortex; the smell impact of a product or service on
the consumer's brain is determined by activation of the olfactory cortex.
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Figure 1. Areas of the consumer's cerebral cortex that are activated under the influence
of relevant characteristics of goods and services [4]
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In this paper, we have measured experimentally the electrical activity of the consumer's
brain based on electroencephalographic (EEG) signals depending on various marketing stimuli.
Since it is the consumer's subconscious that determines his behavior by more than 90%, EEG
signals were measured at 500 Hz frequency. Let us remind that the consumer's stream of
consciousness, which determines his or her conscious behavior, operates at 40 Hz frequency.
Thus, measurements at higher frequencies made it possible to take into account the consumer's
subconscious activity.

In order to illustrate schematically the selection of EEG signal sampling from consumer,
the image is shown in Fig. 2 [5].

16-channel electroencephalographic NEUROKOM complex produced by medical
equipment manufacturer KHAI-MEDYKA was used (Fig. 3) in this investigation for the
selection of EEG signals [6].

Thus, experimental measurements of the electrical activity of consumer's brain were
carried out on the basis of EEG signals depending on various types of marketing stimuli: from
the consumption of delicious and unpalatable food (Fig. 4, Fig. 5), from the smell of pleasant
and unpleasant odors (Fig. .6, fig.7), from listening to heavy and light music (Fig.8, Fig.9), from
watching funny and sad videos (Fig.10, Fig.11).

Electroencephalogram (EEG)
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Figure 2. EEG and brainwaves [5] Figure 3. 16-channel
electroencephalographic NEUROKOM
complex produced by medical equipment
manufacturer KHAI-MEDYKA [6]
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Figure 4. Visualization of EEG signals Figure 5. Visualization of EEG signals
caused by eating delicious food caused by unpalatable food
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Figure 6. Visualization of EEG signals Figure 7. Visualization of EEG signals
caused by pleasant odor caused by an unpleasant odor
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Figure 8. Visualization of EEG signals Figure 9. Visualization of EEG signals
caused by listening to heavy music caused by listening to light music
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Figure 10. Visualization of EEG signals caused Figure 11. Visualization of EEG signals caused
by watching funny video by watching sad video

For each of the above mentioned marketing stimuli, the task of binary classification of
electrical activity of consumer's brain based on EEG signals caused by these marketing stimuli
was set. Thus, on the basis of experimentally measured data, the real behavioral differentiation
of consumer's brain states was determined.

In order to solve these problems, binary classifications, artificial intelligence algorithms
such as algorithms based on neural network technologies were used. In particular, the
architecture of artificial neural network — multilayer perceptron was used. In order to obtain the
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optimal hyperparameters of the multilayer perceptron and to achieve its maximum accuracy,
hyperoptimization based on cross-validation was performed. The obtained optimal
architectures of multilayer perceptrons were used as the basis for the developed application
software for neuromarketers.

The accuracy of the developed new application software was also evaluated on the basis
of various quality metrics, namely, accuracy, f1 and roc_auc.

Thus, the quality metrics of the developed new application software for the classification
of electrical activity of the consumer's brain on the basis of EEG signals caused by various
marketing stimuli have the following values: accuracy=92%, f1=92% and roc_auc=97% from
the consumption of delicious and unpalatable food; accuracy=92%, f1=96% and roc_auc=96%
from the smell of pleasant and unpleasant odors; accuracy=97%, f1=97% and roc_auc=99.6%
from listening to heavy and light music; accuracy=88%, f1=88% and roc_auc=96% from
watching funny and sad videos.

Normalized error matrices are presented for visual interpretation of accuracy
classification by class differentially, and ROC curves are presented for evaluation of the stable
accuracy, regardless of unbalanced data. Depending on the marketing stimulus in the
experiment, this information is realized in Figures 12—19.

Thus, the obtained performance quality metrics of the developed new application
software for neuromarketers shows high accuracy of classification of different active brain
states depending on different marketing stimuli.

The results of the experimental measurements and their high-precision processing based
on neural network technologies provide grounds for their further use in solving new
neuromarketing problems, namely, the definition and differential identification of various
memes as units of information represented in the consumer's brain.
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Figure 12. Normalized error matrix for
classification of EEG signals caused by
consumption of various food

Figure 13. ROC curve for classification of EEG signals
caused by consumption of various food
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Figure 14. Normalized error matrix for classification
of EEG signals caused by different odors

Figure 15. ROC curve for classification of EEG
signals caused by different odors
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Figure 18. Normalized error matrix Figure 19. ROC curve for classification
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Conclusions. Software which makes it possible to carry out practical
investigations for neuromarketers has been developed on the basis of measurements
of the electrical activity of consumer's brain based on electroencephalographic
signals, depending on various marketing stimuli. Accuracy of the developed software
which makes it possible to affirm its practical value is evaluated on the basis of various
quality metrics.
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PO3POBJIEHHSA TIPOI'PAMHOI'O 3ABE3IIEYEHHA 1JIAA
HEVPOMAPKETHUHI'Y HA OCHOBI ITYYHOI'O IHTEJIEKTY 1
HAYKH ITPO JAHI 3 BAKOPUCTAHHSIM TEXHOJIOI'TI
BUCOKOIIPOAYKTUBHUX OBYUCJ/IEHD TA TAPAJIEJIBHOI'O
IHPOI'PAMYBAHHS

Outer Hacryx; Bacuabs Aunmun

Teproninbcokull HayioHAbHUL MeXHIYHUU YHIgepcumem imeni leana Ilynios,
Tepnonins, Ykpaina

Peztome. [lpuceaueno Hayko8oMy OOCHIONCEHHIO 8 HOBOMY HANPAMI TOOCLKOI  OisAnbHOCT —
Helipomapkemuney. AKMyanibHa 6adCIu8icms HeupoMapKemuH208ux O0CHiONCeHb | po3pobaeHHA 01 ix
NPOBEOEHHS NPOSPAMHUX CUCIEM 3VMOBIEHA CYHACHUMU MONCTUBOCHIAMY BCMAHOBIEHH NAMEPHIE NOBEIiHKU
MIDIC CROJICUBAYAMYU A PIZHUMU MAPKEMUHS08UMU cuMyramu. B ocnoei naykoozo odocuiodcenHs woodo
PO3PO0ONIEHHS HOB020 NPOZPAMHO20 3a0e3NeUeHHsl Osl HeUPOMAPKEMUH2Y BUKOPUCIMAHO CYHACH] MemOoOu 1l 3acoou
WMY4HOo20 [HMeNeKmy il HAYKU Hpo OaHi (Helipomepedicegi MeXHON02l) 3 BUKOPUCMAHHAM MeXHOI02il
BUCOKONPOOYKMUBHUX — 0OUUCTIeHb mMa  NApanenvHozo  npospamysanns. IIposedeno  exchepumenmanvii
BUMIDIOBAHHA €NIeKMPUYHOI AKMUSHOCII MO3KY CHOICUBAYA HA OCHOSI eleKmpoenyehanrozpagiunux cucHanie
3anedHCHO 8i0 PI3HUX MapKemuneoux cmumyaie. Ha ocnosi oanux sumipiogans po3podieno npomomun Ho8o2o
NPUKTAOHO20 NPOSPAMHO20 3abe3neuents 015 Helipomapkemonozie. Oyineno saxicms pobomu po3pobieno2o
NPOMOMUNY npopamnozo 3abesnevenus Ona Heupomapkemuney. 3okpema, oyineno mounicme pobomu
PO3p0obaeHo20 HO68020 NPUKIAOHO20 NPOSPAMHO20 3a0e3nedeHHss HA OCHOGI PI3HUX MEempuk AKOCMI, d came,
accuracy, f1 ma roc_auc. Mempuxu sxocmi po3pobaeH020 HO8020 RPUKTAOHO20 NPOSPAMHO20 3a6e3neueHHs Ol
Kaacuikayii enekmpuuHoi aKkmusHOCmi MO3KY CHONCUBAYA HA OCHOSI eleKkmpoenyedanrocpagiunux cuesHais,
BUKTUKAHUX ~ PISHUMU MAPKEMUH2OBUMU  CIMUMYAAMU, Habyau 3uavenus: accuracy=92%, 11=92% ma
roc_auc=97% eio cnoocuganns cmaynoi ma e cmaunoi iici; accuracy=92%, f1=96% ma roc_auc=96% eio
HIOXY NPUEMHO20 Ma He NPUEMHO20 3anaxis, accuracy=97%, f1=97% ma roc_auc=99.6% 6io npocryxoeyeamnHs
sadickoi ma aeekoi mysuxu, accuracy=88%, T1=88% ma roc_auc=96% 6io nepeenidy cmiwHo20 ma CyMHO2O
8ideo. JInsi HAouHOI IHMepnpumosanocmi moyHocmi Kiacugikayii ougepeHyiarpHo no Kiacax SUKOPUCMAHO
HOPMOBAHT MAMPUYI NOMULOK, a OISl OYIHIOBAHHA CMIUIKOT MOYHOCII (He 3aNedCHO 8i0 He30ANaAHCO8AHUX OAHUX)
suxopucmano ROC-xpusi. 3 ompumanux mempux saxocmi pobomu po3pooOreH020 H08020 NPUKIAOHO20
nPOcPamMHo20 3a0e3nedents Osl HeUPOMAPKemoaI02ie BUNIUBAE BUCOKA MOYHICb KAACUDIKAYTT PISHUX AKMUBHUX
CMAaHi6 MO3KY 3A71eHCHO 10 PI3HUX MAPKEMUH2OBUX CIUMYTIG.

Kniouogi cnosa: neiipomapxemune, erexmpoenyepanocpagiuni cuenanu, Helpomepesxicesi mexmnonoeii,
WMYYHUL IHMeNeKm, HAyKa npo 0aHi, MEXHON02i] BUCOKONPOOYKMUBHUX 0OYUCIEHb, NaApalelbHe NPOZPAMYBAHHSL.
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