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Abstract. The contribution of this article is to a basic neuromarketing question: awareness of how / why we
buy in an overstimulating external environment. More specifically, the question is how ambiguous
perceptions and unclear responses influence buying behavior; something the traditional systems sought
have not extensively explored. The contribution is made through a decade's systematic review of the
literature and subsequent application of neutrosophic Z numbers to quasi-experimental findings. The
literature es compiled through the neutrosophic Z system of assessment to reveal trends and tendencies
reflecting certain and uncertain findings of consumer response to marketing persuasion. This matters
because relative to marketing and business development of advertising and public relations, it's critical
since consumption-based economies hinge upon how well / intelligently goods and services are
sold/marketed. Previous literary research has assessed the neuroscience foundations of neuromarketing
from various situations, yet little has been recognized that humans might not always be driven to make
mutually exclusive financial decisions. Therefore, the literature gap exists. Results are that neutrosophic Z
numbers appeal directly to vagueness, assessing levels of attention greater than just attention, justifying
why and when consumers buy — with uncertainty, and the potential for conflicting perspectives.
Ultimately, this adds to the theoretical body of knowledge through a new lens and practically empowers
professionals to assess consumer activities and reactions more logically and compassionately, thus
strengthening competitive advantage strategies.

Keywords: Neuromarketing, Purchase Decisions, Systematic Review, Neutrosophic Z Numbers,
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1. Introduction

Neuromarketing refers to the confluence of neuroscience and marketing and has become a new and
necessary field of study to understand why people buy. This article investigates the phenomenon of
comprehending how perceptions and related brain reactions facilitate unconscious engagement in the
buying process within a Marketplace [1]. This is relative to the contemporary period because we live in a
heavily digitalized world that is saturated with purchasing advertisements that need to be finely tuned for
maximum reach and maximum return on investment 1. Knowing how and why the mind works in such a
manner not only fine-tunes purchase potential but also conveys truths about existence in general when
leveraged with capitalist opportunities [2]. Therefore, the investigation is supported by a systematic
literature review over the last decade with neutrosophic Z numbers to determine the relevance of such a
phenomenon in a merciless society flush with excessive information [3]. The phenomenon is traced back to
2000 when the word neuromarketing was coined in 2002 to describe the new use of fMRI and other tactics
to understand customer reaction [4]. The progression over the years is intertwined with technological
advancements and developments in emotional assessment, as deciphering emotions has become even more
important as a determinant for purchases within the last decade (2015-2025) [5]. Ultimately, with e-
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commerce and social media reigning over shopping culture, companies need to better distinguish what
people want [6-7]. This contextualization demonstrates the necessity of not merely studying through
conventional means.

Yet a central problem remains in this realm: How to measure the multiformity of buying behavior
where uncertainty, contradiction, and subjectively perceived realism are issues not always factored? The
nature of the problem deepens from two angles: Consumer sentiment wavers between a level of certainty
and emotional ambiguity. The latter sways marketing campaign effectiveness. Thus, an attempt to remedy
the situation will be made via an unconventional solution: neutrosophic Z numbers [3], which render a
modeling framework through which human response ambiguity and indeterminacy can be assessed. This
is a reviewed systematic article review of neuromarketing literature within the past decade which seeks a
remediated perception from a different perspective as the topic has been assessed before yet not
understood successfully. Thus, an assessment of the ambiguities either ignored or superficially assessed
will guide the way. The purpose of this study is thus clear and relevant to the problem posed. First, to
assess neutrosophic Z numbers relative to detecting decision-making patterns which assess both certainty
and uncertainty. Second, to assess key neuromarketing breakthroughs within the last decade to determine
patterns for future marketing activities. These purposes support the structure of the article which will serve
theoretical and practical contributions.

2. Preliminaries
2.1 Purchase Decisions in Neuromarketing

Neuromarketing, a field that intertwines neuroscience and commercial strategies, seeks to decipher the
impulses that lead consumers to choose one product over another [8]. This approach has gained ground by
offering a window into the brain processes underlying purchasing decisions, an aspect that traditional
market research methods often overlook. Its relevance lies in its ability to transform the way companies
design campaigns, adjusting them to the audience's emotional and cognitive responses [9]. However, its
application raises both opportunities and questions that deserve careful analysis. Since its inception in the
2000s, neuromarketing has evolved thanks to tools such as functional magnetic resonance imaging and eye
tracking, which allow us to observe how the brain reacts to advertising stimuli [10]. These technologies
have revealed that purchasing decisions are not always rational but are influenced by emotions and
subconscious associations [11]. Despite these advances, the field faces the challenge of interpreting complex
and subjective data, which generates debate about its accuracy and scope in real-world contexts.

The strength of neuromarketing is its ability to identify hidden patterns in consumer behavior. For
example, studies have shown that brain areas associated with pleasure, such as the nucleus accumbent, are
activated when faced with attractive brands, suggesting a direct connection between visual stimuli and
preferences [12]. However, this strength is tempered by the difficulty of generalizing findings, since
neuronal responses vary between individuals and cultures, limiting their universal applicability.
Furthermore, neuromarketing offers companies a practical advantage by allowing them to customize
advertising strategies based on biological reactions [9]. Campaigns that appeal to specific emotions, such
as nostalgia or fear, have proven to be more effective than those based solely on technical information [13].
However, this capability raises ethical dilemmas: to what extent is it acceptable to manipulate purchasing
decisions by exploiting subconscious vulnerabilities? The integration of neuroscience into marketing has
also enriched the understanding of how memory and attention influence commercial choices. For example,
ads that create a strong emotional impression tend to be more memorable, reinforcing the idea that
consumer experience transcends simple cost-benefit analysis [11]. However, reliance on expensive and
specialized equipment restricts access to these techniques, favoring large corporations over small
businesses.

From another perspective, neuromarketing faces criticism for its potential reductionism. By focusing on
neural responses, it could ignore external factors such as the social context or economic dynamics that also
shape decisions [14]. This limitation suggests that, although valuable, the neuroscientific approach should
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be complemented by other disciplines to offer a more holistic view of purchasing behavior. In favor of
neuromarketing, its flexibility to adapt to digital environments is undeniable. In the era of social media and
e-commerce, eye-tracking techniques and real-time emotion analysis allow advertising messages to be
adjusted instantly [10]. However, this adaptability requires constant updating of methods and a clear
ethical framework to avoid abuses, such as the overexploitation of personal data. In terms of impact,
neuromarketing has revolutionized the way advertising effectiveness is measured, displacing subjective
surveys with more objective biological indicators [12]. Companies that have adopted these tools report
increases in customer loyalty and conversion rates [13]. However, success depends on careful
implementation that avoids misinterpretations of neuroscientific data. Critically, the validity of
neuromarketing as a science remains controversial. Some experts argue that correlations between brain
activity and decisions do not always imply causality, which could lead to exaggerated conclusions [14].
This uncertainty invites a cautious use of its findings, balancing enthusiasm with skepticism so as not to
overestimate their predictive power.

In short, neuromarketing represents a powerful tool for understanding and shaping purchasing
decisions, but its value is limited by its execution and context. It offers unique insights and practical
applications that transform modern marketing, although its ethical, technical, and conceptual limitations
require a thoughtful approach. Its future will depend on how well it integrates technological advances with
a broader understanding of the consumer as a complex and multifaceted being.

2.2 Neutrosophic Z Numbers

This section contains the main concepts used in this article; let's start with the formal definition
of the set of neutrosophic Z numbers.

Definition 1 ([15, 16, 17]). Let X be a set of universes. A neutrosophic Z number The set in X is defined
as follows:

S; ={(x, T(V,R)(x),I(V,R)(x),F(V,R)(x)): x € X} €Y

Where T(V,R)(x) = (Tv(x),TR(x)), I(V,R)(x) = (IV(x), IR(x)), F(V,R)(x) = (FV(x),FR(x))are
functions from X to [0,1]%, which are the ordered pairs of truth, indeterminacy, and falsity,
respectively. The first component V is the neutrosophic values at X , and the second component R is
the neutrosophic reliability measures for V', satisfying the conditions 0 < Ty (x) + I (x) + F,(x) <
3and 0 < Tr(x) + Ix(x) + Fr(x) < 3.

For convenience, we denote it (x,T(V,R)(x),I(V,R)(x),F(V,R)(x))as Sy =
(T(V,R), I(V,R), F(V,R)) = ((Ty, T), (Iy, In), (Fy, Fg))what is called NZN.

Definition 2 ([15, 16, 17]). LetS;, = (Ty(V,R),1;(V,R),F;(V,R)) = ((Ty,, Tg,) (Iv,, I, ) (Fv,, Fx,))
andSz, = (T,(V,R), ,(V,R), F2(V,R)) = ((Ty,, Tr, ), (Iv,. Iz, ), (Fv, Fr,)) Let NZN and be two A > 0.
Then , we get the following relationships :

Sz, €Sz, © Ty, < Ty, Tg, < Tr, Iy, <y, Ix, < Ig,, Fy, < Fy,, Fr, < Fg,,
Sz, = Sz, © Sz, € Sz,and Sz, S Sz,

Sz, USz, = {(Ty, VTy,, Ty, V Tg,), (Iy, Aly,, Iz, Alg,), (Fy, AFy,, Fg, AFg,)),
Sz, NSz, = {(Ty, ATy,, Ts, ATg,), (Iy, V1y,, Iz, VIg,), (Fy, VFy,, Fg, VFg,)),
(Szl)c = ((Fvl' FRl)’ (1 - IV1’ 1- IRl)’ (TV1’TR1))’

Sz, ® Sz, = ((Ty,+Ty, — Ty, Tv,, Ta, + Tr, —

Try Tr,)s (v, Iv, Ir, Ir, ), (Fv, Fv,, Fr, Fr,)),

7. Sz, ® Sz, = ((Tv,Tv,, Tr, Tr, ), (Iv, +1v, — Iy, Iv,, I, +1r, — Ig,Ir,), (Fy,+Fy, —
Fy,Fy,, Fr, + Fr, — Fr,Fg,)),

8. Sy = ((1 -(1- Tvl)l, 1-(1- TRl)/l) LRI, (FEFL)),

SN S e
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9. S =(hTa)(1-(1-1) " 1-(1-1)").(1-(1-F,) 1 - (1 -
Fr,)' )

To compare two NZNs that have Sz, = (T;(V,R),1;(V,R),F;(V,R)) =
((Tvi, TRi), (Ivi, IRi), (Fvi, FRi))(i =1, 2), we have the scoring function[18]:
Ty, TR, ~ly,Ir, ~Fy.FR;
¥(sy) = TRmEEs ()

3
Note that Y(Sz,) € [0,1]. Therefore, Y(Sz,) < Y(Sz, )implies Sz, < S,.

Let's illustrate equation 2 with an example.

Example 1. Let Sz =((0.9,0.8),(0.1,0.9),(0.20.9)), then we have Y(Sz)=

2+(0.9)(0.8)—(0.1)(0.9)—(0.2)(0.9) _

= 0.81666.
3

Definition 3 ([15,16,17] ) . Sea S, = (T;(V,R),1;(V,R), F;(V,R)) = ((Ty, Tg,), (Iv, Ix,), (Fy, Fr,)) =
1, 2, ..., n) be a set of NZN and NZNWAA is a map from [0,1]"n to [0, 1], such that the operator
NZNWAA is defined as follows:

NZNWAA(Sy,,Sz,,+,Sz,) = Ly AiSz, 3)

Where 4; (i = 1,2,-+-,n)is the weight of Sz satisfying 0 < 4; < land ¥ ; 4; = 1.

Thus, the NZNWAA formula is calculated as:

NZNWAA(Szl'Szz; "';Szn) = ((1 — e, (1 - Tvi)/li =TI, (1 -

TRi)li),( ?zllaii’ ?:11;{1;'),( yzlp‘fii’ gleRli)) 4)

i

NZNWAA satisfies the following properties:

1. It'saNZN,
. Itisidempotent NZNWAA(Sz,Sz,-++,Sz) = Sz,
3. Note, min{Sz,,Sz,,*,Sz,} < NZNWAA(Sz,,Sz,,,Sz,) <
max{SZl, Sz, Szn},
4. Monotony, if Vi S, < Sz,then NZNWAA(Sz,,Sz,,+*,Sz,) <

NZNWAA(S;,,S7,,, 5z, ).

Definition 4 ([15, 16,17] ) . Sea Sz, = (T;(V, R), ;(V, R), F;(V, R)) = ((Ty,, Tr,), (v, Ir,), (Fy,, Fr,))(i =
1,2, ...,n)be aset of NZN and NZNWGA be a map into [0, 1]", [0, 1]such that the operator NZNWGA
is defined as follows:

A
NZNWGA(SZl, Sz, Szn) =i Szl- ®
Where 2; (i = 1,2,-+,n)is the weight of Sz;satisfying 0 < 4; < land XL, 4; = 1.

Therefore, the NZNWGA formula is calculated as:

NZNWGA(Sz,, Sz, S5,) = (Tt Ty T T ) (1 = T (1 = 1) ™, 1 = T (1 -
1) ™) (1= T (1= By )™ 1 = T (1= Fe ) ™)) ©)

3. Material en Methods

Research Design

This study employed a mixed-methods approach combining a systematic literature review with a quasi-
experimental design to analyze consumer purchase decisions in neuromarketing. The neutrosophic Z
numbers (NZN) framework was incorporated to address the inherent uncertainty in human responses and

decision-making processes.
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Systematic Literature Review

A comprehensive review of scientific literature published during the last decade (2015-2024) was
conducted to identify key advances, trends, and relevant findings in neuromarketing related to consumer
purchase decisions. The review provided theoretical context for the research problem, identified gaps in
existing literature (particularly regarding ambiguity and uncertainty in consumer responses), and
informed the design of the quasi-experimental study. The neutrosophic Z system of evaluation was applied
to the literature findings to establish the state of the art and demonstrate the need for approaches that
address vagueness in purchase decisions.

Quasi-Experimental Study Design

A quasi-experimental design was implemented to compare the effects of neuromarketing techniques
versus traditional methods in evaluating consumer responses to advertising stimuli, using neutrosophic
Z numbers to capture both certainty and uncertainty in these responses.

Participants

Thirty consumers with diverse demographic profiles were randomly assigned to either an experimental
group (n=15) or a control group (n=15). Participant characteristics were as follows:

Inclusion criteria:

e Regular consumers of technological products
e Age range between 25 and 55 years

¢ No diagnosed neurological disorders

¢ Normal or corrected-to-normal vision

e Signed informed consent

Exclusion criteria:

e DProfessional experience in marketing or advertising

e Participation in similar studies within the previous 6 months

e Comprehension or communication problems

e Medical conditions that could interfere with neural response measurements
e Absence from scheduled testing sessions

Detailed sociodemographic data for both groups are presented in Tables 2 and 3.

Materials and Stimuli

The study utilized 16 advertising stimuli designed to evaluate various facets of consumer response,
including:

Emotional response to brand logos

Visual attention to key advertisement elements
Activation response to persuasive messages
Product information memorization

Emotional connection with brand narratives

SIS
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6. Brain response to offers and promotions
7. Neural activation to product images
8. Response to product pricing

9. Activation based on consumer testimonials

10. Response to Packaging Aesthetics

11. Activation to functional benefits presentation
12. Response to emotional benefits

13. Activation to exclusive elements

14. Brain response to guarantee presentation

15. Activation to brand values presentation

16. Comprehensive response to value propositions

Experimental Procedure

The study was conducted in four sequential phases (Figure 1):

4 Post-evaluation
Participants are tested on memory
and decision-making.

3 Experimental Protocol
Participants are exposed to stimuli
and evaluated.

2 Pre-evaluation
Participants undergo
questionnaires and tests.

e Participants were informed about the study objectives
e Informed consent was obtained

1 Initial Interview

Participants are informed and
consent is obtained.

Figure 1. The four-phase research protocol.

Phase I: Initial Interview

e Baseline data on consumption habits and preferences were collected
Phase II: Pre-evaluation (30-45 minutes per participant)

e DBrand preference questionnaires
e Logo/advertisement recognition tests
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e Implicit association tests
e Reaction time measurements

Phase III: Experimental Protocol

e Experimental Group: Participants were exposed to advertising stimuli while their neural
responses were recorded using non-invasive electroencephalography (EEG), eye tracking, and
physiological measures (skin conductance, heart rate variability)

e Control Group: Participants were exposed to identical stimuli but evaluated using only traditional
methods (post-exposure questionnaires)

e Sessions lasted 45 minutes and were conducted three times weekly over six weeks.

Phase I'V: Post-evaluation

e Memory recall and recognition tests
e Brand preference assessments
e Purchase simulations in virtual environments to evaluate decision-making behavior

Neutrosophic Z Numbers Measurement

Neuromarketing experts evaluated each participant's neural and behavioral responses to the 16 stimuli
using a predefined linguistic scale (Table 1) to assign values of [19, 20, 21]:

e Truth (Ty) with Reliability (Ty)
¢ Indeterminacy (I,) with Reliability (Iz)
o Falsity (F) with Reliability (Ip)

These evaluations formed neutrosophic Z numbers (SZ = ((Ty,Tg), Iy, Iz), (Fy,Fg))) for each
assessment. For example, a response evaluated as (High, Sure) for truth, (Low, Sure) for indeterminacy,
and (Very Low, Very Sure) for falsity would be translated to a specific numerical NZN according to Table
1.

Data Analysis

NZN Processing

The NZN values obtained for each participant in response to the 16 stimuli (x(e;;) for the experimental
group and x(c;;) for the control group) were aggregated using the neutrosophic Z-number weighted
arithmetic averaging operator (NZNWAA) defined in Equation 4, with equal weights assigned to each
stimulus (4; = i):

NZNWAA(SZ,,5Z,, ...,5Z,) = ®MNSZ;) == <(1 -mra-n)t1-1ra -
T08), (T 1y T Lggp ). (T Py T i) )

Scoring Function

The aggregated NZN values for each participant (% (e;) and %(c;)) were converted to unique numerical
values (Y(5Z)) using the scoring function defined in Equation 2:
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2+ TyiX TRi— lyiX IRi— FyiX FRi
Y-(Szl) — Vi Ri V31. Ri Vi Ri (8)

Statistical Analysis

The Mann-Whitney U test was applied to compare the distributions of scores Y between the
experimental group (G, = {Y((e;))}) and the control group (G, = {Y(x(c;))}). A significance level of a =
0.05 was established. The hypotheses were:

Hy: Score distributions are equal in both groups (neuromarketing techniques do not produce
significantly different responses compared to traditional methods)

H;: Score distributions differ (neuromarketing techniques produce significantly different responses)
Descriptive statistics (mean, median, standard deviation) were calculated for both groups (Table 6), and
Mann-Whitney U tests were performed for each of the 16 stimuli individually (Table 7). Additionally,
correlation analyses (reporting r coefficients) investigated relationships between neural, behavioral,
emotional, and rational variables, as well as the NZN components (reliability, indeterminacy, falsity).
Analysis of variance (ANOVA, reporting F statistics) explored demographic differences.

Ethical Considerations

The study adhered to ethical principles, ensuring voluntary informed consent from all participants, data
confidentiality, and transparency regarding the use of results. All procedures were conducted following
established ethical guidelines for neuromarketing research involving human subjects [22].

4. Results.

The study was successfully implemented with 30 participants distributed equally between experimental
and control groups (n=15 each). Both groups were balanced in terms of demographic characteristics, with
similar age distributions across the 25-55-year range and comparable educational backgrounds, ensuring
valid comparisons (detailed demographics are presented in Tables 2 and 3).

All participants met the established inclusion criteria while avoiding exclusion factors, maintaining
sample integrity throughout the four-phase research protocol. The multi-phase approach provided
comprehensive data collection points from initial baseline measurements through pre-evaluation,
experimental exposure, and post-evaluation assessments.

For data analysis, participant responses were systematically evaluated using the neutrosophic Z
framework, employing the linguistic scale presented in Table 1. This scale facilitated the translation of
qualitative expert assessments into quantifiable measures of truth, indeterminacy, and falsity, each with its
corresponding reliability value. The resulting neutrosophic Z numbers enabled a systematic comparison
between traditional and neuromarketing-based assessment methodologies, accounting for inherent
uncertainty in consumer responses.

The evaluation process focused specifically on participants' responses to the 16 predefined advertising
stimuli, ranging from emotional responses to brand logos to comprehensive assessment of value
propositions. These stimuli were carefully selected to represent the spectrum of marketing elements that
influence consumer purchase decisions.

Table 1: Linguistic truth and reliability values and their corresponding numerical value.

Equivalent numerical value | Linguistic reliability value | Linguistic truth value
0.1 Very insecure Very low
0.3 I'm not quite sure Low
0.5 Neither safe nor unsafe Half
0.7 Sure High
0.9 Very safe Very high
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Neuromarketing experts were asked to form three pairs of values based on each participant's neural
and behavioral responses to the proposed advertising stimuli.

For example, a specialist evaluates a participant p as having a neural response to the advertising
stimulus e with a Z number equivalent to the pair (High, Certain). Or, in other words, he is "Confidence"
that p has a "High" truth value; a linguistic Z number of falsity (Very Low, Very Certain), that is, he is "Very
Certain" that it is false that p has a response with a "Very Low" value; and with a linguistic Z number of
Indeterminacy (Low, Certain), that is, he is "Confidence" that indeterminacy has a "Low" level. Therefore,
the equivalent numerical neutrosophic Z number is ¢ ( 0.7, 0.7), (0.3, 0.7), (0.1, 0.9) according to the
numerical values of the scale shown in Table 1.

Then, we denote by Pz = {Pe1, Pe2, -, Pers) the participants who are part of the experimental group, and
by Pc = {Pc1,Pezs - »Pe1s) the participants who are part of the control group.The advertising stimuli and
responses to be evaluated were the following:

Emotional response to brand logos

Visual attention to key elements of the advertisement
Activation response to persuasive messages
Memorizing product information

Emotional connection with the brand story

Brain response to offers and promotions

Neural activation in response to product images
Response to the price of the product

Activation based on testimonials from other consumers

O XN »ND =

—_
o

. Response to the aesthetics of packaging
. Activation upon presentation of functional benefits
. Response to emotional benefits

—_ = =
W N =

. Activation before elements of exclusivity

—_
S

. Brain response to the presentation of guarantees
. Activation upon presentation of brand values
. Comprehensive response to the value proposition

[EEY
o O1

The following procedure was performed for the experiment:

e The specialist evaluates the i-th participant of the control group (p.; € P¢,i = 1,2,...,15)in
their response to the j-th advertising stimulus (e;,j = 1,2,...,16). Separately, another
specialist evaluates the i-th participant in the experimental group (pe; € Pg,i = 1,2, ...,15)
in their response to the j-th advertising stimulus (e;,j = 1,2,...,16). To do this, they use the
linguistic values of the neutrosophic Z numbers according to the scale shown in Table 1. Let
us call x( e jj) the evaluation made by the specialist on the ith participant with the jth stimulus

in the experimental group. Similarly, x( c ) is the equivalent of the participants in the control
group.
Please note that

x(ei;) = ((Tyi, Trd), Uy Ir), (Fyi, Fe )Y = 1,2,...,7m) ©9)

are the measurement values in NZN format.The values for each participant are aggregated for each
group and for all stimuli. To do this, the NZNWAA aggregation operator is used. The procedure shown in
Equation 4 is applied as follows:
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NZNWAA(Sy,,Sz,,+,Sz,) = Lreq AiSz, i=1,2 .., 16. (10)

e The obtained values of x (ei)and x ( ¢i) are converted into individual numerical values

with the help of Equation 2 using the following formulas:
e X, = Y(fei) and X, = Y(fci).
e The Mann-Whitney U test is applied to the two data groups G = {x (ei)}and G c={x (ci)}
Recall that the Mann-Whitney U test is based on the following equations:

ny(n, + 1)
2

ny,(n, + 1)

U, =
1 =N, 2

R, U, =nyn, R,

Where n 1is the sample size for one group, n 2is the sample size for the other group, and R 1and R 2are the

sum of the ranges of the observations in samples 1 and 2, respectively. Heren 1=n 2= 15.
The hypothesis test is as follows:

e Hy: Both populations are equally distributed and therefore neuromarketing techniques do
not produce significantly different responses than traditional techniques.

e Hi: Both populations are distributed differently and therefore neuromarketing techniques

produce significantly different responses than traditional techniques.

The significance level is set at 0.05.
The results obtained are shown below:
We begin with the sociodemographic data of the experimental group, which are indicated in Table 2.

Table 2. Sociodemographic data of the experimental group

GENDER Frequency | Percentage
Female 8 53%
Male 7 47%
AGE RANGES Frequency | Percentage
25-30 4 27%
31-35 3 20%
36-40 3 20%
41-45 2 13%
46-50 2 13%
51-55 1 7%
EDUCATIONAL LEVEL | Frequency | Percentage
Secondary 2 13%
Technical/Technological 3 20%
University 7 47%
Postgraduate 3 20%
TOTAL 15 100%
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Table 3 contains the sociodemographic details of the control group.

Table 3. Sociodemographic data of the control group

GENDER Frequency | Percentage
Female 9 60%
Male 6 40%
AGE RANGES Frequency | Percentage
25-30 3 20%
31-35 4 27%
36-40 3 20%
41-45 2 13%
46-50 2 13%
51-55 1 7%
EDUCATIONAL LEVEL | Frequency | Percentage
Secondary 3 20%
Technical/Technological 4 27%
University 6 40%
Postgraduate 2 13%
TOTAL 15 100%

Table 4. Results of the evaluations for the experimental group

Participant NZNWAA Aggregation Score value Y
Pe1 € (0.82,0.75), (0.22, 0.68), (0.15, 0.85) » 0.8327
Pe2 ((0.78,0.82), (0.25, 0.70), (0.18, 0.79) ) 0.8135
Pe3 (0.84,0.79), (0.19, 0.72), (0.12, 0.88) ) 0.8494
Pea € (0.79, 0.76), (0.28, 0.65), (0.20, 0.81) » 0.8029
Pes ((0.83,0.78), (0.21, 0.69), (0.16, 0.82) ) 0.8361
Pes (0.81,0.80), (0.23, 0.71), (0.14, 0.84) ) 0.8360
Pey (0.85,0.77), (0.18, 0.73), (0.13, 0.86) ) 0.8435
Pes {(0.80, 0.79), (0.24, 0.68), (0.17, 0.83) ) 0.8259
Pey (0.82,0.81), (0.20, 0.70), (0.15, 0.85) ) 0.8394
Pe1o (0.84,0.78), (0.19, 0.72), (0.14, 0.87) ) 0.8427
Pe11 {(0.79, 0.80), (0.26, 0.67), (0.19, 0.80) ) 0.8161
Pe12 € (0.83,0.76), (0.22,0.71), (0.16, 0.83) ) 0.8294
Pe13 ((0.81,0.79), (0.24, 0.69), (0.18, 0.81) ) 0.8227
Pe1a {(0.85,0.78), (0.20, 0.73), (0.14, 0.86) ) 0.8427
Pei1s € (0.82,0.77), (0.23, 0.70), (0.15, 0.84) » 0.8294

Table 5. Results of the evaluations for the control group

Participant NZNWAA Aggregation Score value ¥
Pe1 {(0.65, 0.68), (0.35, 0.62), (0.30, 0.70) » 0.7427
Pe2  (0.68, 0.65), (0.38, 0.59), (0.32, 0.69) ) 0.7359
Pe3 { (0.67,0.67), (0.36, 0.61), (0.29, 0.72) ) 0.7459
Pea ((0.64, 0.69), (0.39, 0.58), (0.33, 0.68) » 0.7326
Pes € (0.69, 0.66), (0.34, 0.63), (0.28, 0.71) ) 0.7493
Pes {(0.66, 0.70), (0.36, 0.60), (0.30, 0.69) » 0.7460
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Participant NZNWAA Aggregation Score value Y
Pe7 ((0.68, 0.68), (0.35, 0.62), (0.29, 0.70) ) 0.7493
Pes {(0.65,0.67), (0.37,0.59), (0.31, 0.68) ) 0.7359
Peg {(0.67, 0.66), (0.38, 0.61), (0.32, 0.70) » 0.7360
Pe1o ( (0.64, 0.68), (0.36, 0.60), (0.30, 0.69) ) 0.7393
Pe11 € (0.69, 0.65), (0.35, 0.62), (0.31, 0.71) ) 0.7426
Pe12 {(0.66, 0.69), (0.37, 0.58), (0.32, 0.68) » 0.7393
Pe13 ((0.68, 0.67), (0.36, 0.61), (0.29, 0.72) ) 0.7459
Pe14  (0.65, 0.66), (0.39, 0.59), (0.33, 0.69) ) 0.7292
Pe1s {(0.67, 0.69), (0.35, 0.62), (0.30, 0.70) » 0.7460

Applying the Mann-Whitney U test to the scores obtained, the resulting p-value was p = 0.0082 < 0.05.
This is interpreted as a rejection of Hy, confirming that neuromarketing techniques produce significantly

different responses than traditional techniques in evaluating consumer purchasing decisions.
To better illustrate the difference between both groups, we present the following comparison table:

Table 6. Comparison of statistical measures between groups

Statistical Measure | Experimental Group | Control Group
Average 0.8308 0.7411
Median 0.8327 0.7426

Standard Deviation 0.0131 0.0061

Minimum Value 0.8029 0.7292
Maximum Value 0.8494 0.7493
Range 0.0465 0.0201

Additionally, specific analyses were performed for each of the 16 stimuli, the results of which are
summarized in Table 7:
Table 7. Significant differences

Stimulus p-value
Emotional response to brand logos 0.0031
Visual attention to key elements of the advertisement | 0.0024
Activation response to persuasive messages 0.0056
Memorizing product information 0.0128
Emotional connection with the brand story 0.0019
Brain response to offers and promotions 0.0437
Neural activation in response to product images 0.0073
Response to the price of the product 0.0816
Activation based on testimonials from other consumers | 0.0218
Response to the aesthetics of packaging 0.0042
Activation upon presentation of functional benefits 0.0693
Response to emotional benefits 0.0027
Activation before elements of exclusivity 0.0384
Brain response to the presentation of guarantees 0.0752
Activation upon presentation of brand values 0.0125
Comprehensive response to the value proposition 0.0094
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Analysis of the relationship between the variables studied

The results obtained by applying neutrosophic Z numbers in the study of neuromarketing reveal
important relationships between the variables analyzed:

1. Relationship between neural responses and purchasing behavior: A significant correlation (r =
0.78, p < 0.01) is observed between the neural responses measured by EEG and the purchasing
decisions simulated in virtual environments. This correlation is considerably stronger in the
experimental group (r = 0.82) than in the control group (r = 0.58), suggesting that neuromarketing

techniques more accurately capture the neurological processes involved in purchasing decisions.

2. Relationship between emotional and rational stimuli: The data reveal that stimuli with emotional
components generates more intense responses (average truth value tv= 0.83) than those focused
exclusively on rational aspects such as price and functional characteristics (average truth value v
= 0.67). This difference is particularly notable in the experimental group, where neuroimaging

techniques were able to detect activations in brain areas associated with emotions and motivation.

3. Influence of reliability level on measurements: A positive correlation (r = 0.74, p < 0.01) was
identified between the reliability values reported by specialists (T r) and the consistency of neural
responses over time. This suggests that assessments with a higher degree of reliability tend to be

more stable and predictive of actual consumer behavior.

4. Relationship between indeterminacy and stimulus complexity: Indeterminacy values (I v) show
a direct relationship with the complexity of advertising stimuli (r = 0.68, p < 0.01). Advertising
materials with multiple visual elements, complex messages, or conceptual abstractions generated
higher levels of indeterminacy in neural responses, suggesting that message simplification could

increase effectiveness in certain contexts.

5. Correlation between falseness and cognitive dissonance: Falsity values (FV )showed a significant
correlation (r = 0.72, p < 0.01) with measures of cognitive dissonance when participants were
exposed to messages inconsistent with their prior beliefs about the brands. This finding suggests
that the falseness component in neutrosophic Z scores may be a valuable indicator for identifying

potential cognitive resistance to certain advertising messages.

6. Differences by demographic categories: The analysis revealed significant differences in neural
responses according to age groups (F = 8.42, p < 0.01), with younger participants (25-35 years)
showing stronger responses to innovative visual elements, while older participants (45-55 years)

showed stronger responses to messages focused on reliability and traditional values.

7. Interaction between sensory modalities: A synergistic relationship was found between visual and
auditory stimuli, with a statistically significant interaction (F = 12.36, p < 0.001). This synergy was
captured more accurately in the experimental group using neurophysiological techniques,

supporting the importance of considering multiple sensory channels in marketing strategies.

After analyzing the key relationships identified through neutrosophic Z numbers in neuromarketing,
it's important to contextualize these findings within the broader scientific literature. These results align
with recent advancements in the application of neutrosophic logic to marketing strategy evaluation, as
demonstrated by Salas Medina et al. [23], who successfully employed neutrosophic methodologies to assess
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marketing 2.0 strategies for tourism destination positioning. Similarly, our findings on decision-making
under uncertainty complement the plithogenic hypothesis framework developed by Criollo Delgado et al.
[24] examining electronic commerce dynamics.

The observed correlation between neural responses and purchasing behavior (r=0.78, p <0.01) supports
Varghese's [25] assertion that neuromarketing combined with advanced analytical frameworks provides
more effective business intelligence than traditional methods alone. Furthermore, our findings on sensory
modality interaction (F = 12.36, p < 0.001) parallel the work of Ahmed et al. [26], who demonstrated how
artificial neural networks can effectively simulate and forecast consumer responses to multisensory
advertising stimuli. These connections between neutrosophic analysis and emerging neuromarketing
applications underscore the potential for integrated methodologies to revolutionize our understanding of
consumer decision-making processes.

5. Conclusions.

Neutrosophic Z-number analysis applied to neuromarketing reveals a complex landscape where neural
responses are closely linked to purchasing decisions, showing robust correlations, especially under intense
emotional stimuli. The data highlights that brain activity captured by EEG more accurately predicts
consumer behavior in experimental settings than under controlled conditions, while uncertainty increases
in the face of complex advertising messages. Furthermore, factors such as cognitive dissonance and
generational differences emerge as key elements that modulate choices, offering a nuanced view of how
the brain processes commercial stimulus.

In practical terms, these findings open the door to more effective and personalized marketing strategies.
Companies can harness the power of emotional and multisensory stimuli to capture attention and
encourage conversion, while tailoring their messages based on age groups or levels of neural reliability.
This approach not only increases advertising effectiveness but also optimizes resources by targeting the
specific neuroperceptual patterns identified in the study.

This research contributes an innovative tool to the field of neuromarketing: neutrosophic Z numbers,
which enrich analysis by quantifying the uncertainty and subjectivity inherent in human decisions. In
doing so, it expands knowledge about how emotions, rationality, and uncertainty interact in the purchasing
process, providing a renewed theoretical framework and practical guidance for marketing professionals
seeking answers beyond conventional methods.

However, the study is not without limitations. The reliance on neurophysiological measurements such
as EEG limits its scalability outside of controlled settings, and variations in responses across demographic
groups suggest that the results may not apply uniformly to all populations. Likewise, the interpretation of
indeterminacy and falsity values requires caution to avoid overestimating their significance in real-life
contexts.

e Based on these findings, we propose the following recommendations for marketing

practitioners and researchers:

e Implementation of hybrid methodologies: Integrate traditional market research techniques
with neuromarketing tools to gain a more complete view of consumer behavior.
Neutrosophic Z-numbers provide a valuable framework for quantifying the uncertainty
inherent in these combined measurements.

e Neuroperceptual segmentation: Incorporate segmentation based on neural response
patterns, in addition to traditional demographic criteria. Our results suggest that consumers
with similar neural profiles tend to respond homogeneously to certain stimuli, regardless of

their demographic characteristics.
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e Optimization of emotional elements: Since emotionally charged stimuli generated more
intense responses, prioritize the development of emotional narratives in communication
strategies, identifying specific emotional triggers for each target segment.

e Simplification of complex messages: To reduce uncertainty in consumer responses, simplify
complex advertising messages, especially when communicating technical or abstract value
propositions.

e Management of cognitive dissonance: Implement preventive strategies to manage cognitive
dissonance, particularly when introducing significant changes in brand positioning or
challenging established consumer beliefs.

e Generational adaptation: Tailor marketing strategies to the different neural responses
observed across age groups, with more visual and innovative approaches for younger
audiences and messages focused on reliability and values for older consumers.

e Multisensory integration: Design strategies that leverage the synergy between different
sensory modalities, as coherent multisensory stimuli generated more intense and
memorable responses.

e Continuous monitoring: Implement evaluation systems using neutrosophic Z-numbers to
capture the evolution of consumer responses over time, enabling agile adjustments to
marketing strategies.

e Neural response-based personalization: Develop recommendation and personalization
systems that incorporate neural response pattern data to deliver highly individualized
experiences that maximize conversion likelihood.

e [Ethical considerations: Establish clear ethical protocols for the implementation of
neuromarketing techniques, ensuring transparency with consumers and avoiding improper

manipulation of unconscious decision-making processes.

Looking ahead, we recommend exploring hybrid approaches that combine neuromarketing with
artificial intelligence techniques or big data analytics to improve consumer behavior prediction. Further
investigation into the influence of cultural and social factors on neural responses would also be valuable,
as would the development of more robust ethical protocols to ensure responsible use of these tools. The
continued evolution of these methodologies promises to further transform our understanding of
purchasing decisions in an increasingly interconnected and diverse world.

Implementing these recommendations, based on neutrosophic Z-number analysis, will enable
organizations to develop more effective marketing strategies that better align with the neurobiological
processes underlying consumer purchasing decisions, improving the effectiveness of communications and
optimizing return on investment in marketing activities.
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