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Abstract

Today, the use of neuroscience-based measurement tools in design research is gain-
ing importance because they allow for discussing creative processes not only through
description but also through measurable variables. Observational and interpretive ap-
proaches in design apolications are moving towards an evidence-based framework by ex-
amining attention, memory, decision-making, and creativity processes in problem-solv-
ing and idea generation more concretely using cognitive neuroscience methods such as
FMRI, EEG, and eye-tracking. This study aims to review the literature comprehensively
on the use of cognitive neuroscience tools in design, in accordance with the PRISMA-ScR
principles. During the search process, data were extracted from the Scopus and Web of
Science databases using the keyword ‘neurodesign’ for the years 2009-2025. After elim-
inating duplicate studies, evaluation was performed at the title-abstract and full-text
stages using predefined inclusion/exclusion criteria. The studies reviewed were classi-
fied according to the tools/techniques used (FMRI, EEG, eye tracking, etc.), sample type
(design student/professional designer), task type (idea generation, problem framing,
evaluation, prototyping, etc.), and measured cognitive functions (attention, memory,
problem solving, creativity). Based on this classification, general trends in the field, con-
ceptual gaps, and recurring methodological choices are discussed; furthermore, feasible
suggestions are offered for transferring neuroscience findings into design education and
professional practice. In conclusion, the study aims to propose both a methodological
roadmap and a theoretical foundation for future neuroscience-based design research.
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Bu ¢alisma arastirma ve yayin etigine uygun olarak gerceklestirilmistir.
(o}

Glnilimizde tasarim arastirmalarinda nérobilim temelli 6l¢im araglarinin kullanimi,
yaratici stregleri yalnizca betimlemekle kalmayip 6lcilebilir degiskenler Gzerinden
tartisabilmeye imkan verdigi icin her gecen giin 6nem kazanmaktadir. Tasarim uygu-
lamalarinda gozlem ve yoruma dayali yaklasimlar, fMRI, EEG ve goz izleme gibi bilissel
nérobilim yontemleriyle problem ¢6zme ve fikir Gretmedeki dikkat, bellek, karar verme
ve yaraticilik siireclerini daha somut inceleyerek kanita dayali bir cerceveye yonelmek-
tedir. N6rotasarim ¢alismalari cercevesinde kapsam analizi yontemiyle hazirlanan bu
calisma, PRISMA-ScR ilkeleri dogrultusunda, tasarim alaninda bilissel nérobilim aragla-
rinin kullanimina iliskin literatiri kapsamli bicimde taramayi amaclamaktadir. Tarama
slirecinde Scopus ve Web of Science veri tabanlarindan 2009-2025 tarihleri kapsaminda
‘neurodesign’ anahtar kelimesi kullanilarak veriler ¢ikarilmis, 6nceden belirlenen dahil
etme/dislama élciitleriyle degerlendirme yapilmistir. incelemeye alinan calismalar, kul-
lanilan arag/teknik (FMRI, EEG, goz izleme vb.), 6rneklem tird, gérev tird ve 6lgllen bi-
lisselislevler gibi boyutlarda siniflandirilmistir. Bu siniflandirma izerinden alanin genel
egilimleri, kavramsal bosluklari ve tekrarlayan yontemsel tercihleri tartisilmakta; ayrica
nérobilim bulgularinin tasarim egditimine ve profesyonel uygulamaya aktarilabilmesi
icin uygulanabilir 6neriler sunulmaktadir. Sonug olarak ¢alisma, gelecekte yiritilecek
nérobilim temelli tasarim arastirmalari icin hem yéntemsel bir yol haritasi hem de ku-
ramsal bir zemin 6nermeyi hedeflemektedir.
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Introduction

Design studies encompass all interdisciplinary research across fields such as
architecture, industrial products, and graphics. Being functional and modular,
these studies emerge within the framework of human needs. Additionally, they
respond to diverse needs and require no additional discipline (Caydere, 2015,
p. 143). At the same time, measuring and analyzing emotional, perceptual, and
cognitive human experiences is challenging, as various factors play a role and
no single method is sufficient for everyone. Due to these challenges, design
disciplines have long incorporated interdisciplinary approaches and methods
into their design processes. While methods such as interviews, surveys, and
interpretive content analysis, commonly used in research examining human
perception and cognition, were quite popular in the past, experimental meth-
ods, virtual reality, and biometric measurements have become increasingly
popular in recent years (Vartanian et al., 2015; Vecchiato et al., 2011). Design
has historically developed as an interdisciplinary field based on creative think-
ing, problem-solving, and aesthetic decision-making. Although studies on the
use of cognitive neuroscience tools in design are increasing, comprehensive
assessments that holistically present the field's methodological framework
remain limited. A significant portion of existing research focuses on a specific
tool or a single design context. In contrast, a general overview that addresses
the methods used across the design discipline, prominent research themes,
and trends is less common. This makes it difficult to understand the relation-
ship between design and neuroscience in detail and limits systematic progress
in the field.

Over the last decade, the number of interdisciplinary neuroscience-based
research projects has steadily increased. One of the main reasons for this in-
crease is that technological advancements have enabled different disciplines
to produce more scientific, measurable answers to research questions they
have long sought to answer. When the goal is to ground social science research
in an empirical foundation, neuroscience methods play an important role.
These developments have paved the way for the emergence of new concepts
that bring together disciplines such as neuromarketing, neuroarchitecture,
neuroaesthetics, and neurodesign. Numerous studies are being conducted
around these concepts, and increasingly more empirical research is being con-
tributed to the social sciences literature. Today's technologies are also trans-
forming traditional research processes in the social sciences. The inclusion of
neuroscience-based approaches in design processes is considered critical, es-
pecially in making visual content more meaningful, relevant, and preferable in
today’'s technology-driven world. This research aims to contribute to neurode-
sign research by providing a current, expanded methodological framework
for design. The findings of this scoping study, conducted in accordance with
PRISMA-ScR guidelines, aim to strengthen the methodological infrastructure
of neuroscience-based research in design and to guide fFuture studies.

An examination of international studies in the literature reveals that they
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are of great importance in positioning neurodesign as an emerging interdis-
ciplinary field; however, they also exhibit limitations that this study aims to
address. For example, the study by Balters et al. (2023) systematically mapped
82 academic studies, identified 9 main themes, and offered a valuable the-
matic synthesis. Similarly, Ohashi et al. (2022) presented a comprehensive
overview of 21 studies focusing on cognitive activities, design activities, and
publication trends. However, it was observed that these analyses remained
largely descriptive, and interpretations of how these studies shaped the
field’s methodological foundation were limited. Conversely, Aurnhammer et
al. (2020) highlighted interdisciplinary gaps between neuroscience and design
but failed to provide a systematic review of existing research.

In contrast, this research aims to advance the field not only by mapping
methodological approaches but also by analyzing how neurodesign studies
address gaps in design research. Furthermore, the analysis will provide a com-
prehensive overview of the research examined, including its scope, fields, and
key contributions, along with quantitative and tabular summaries. In doing so,
it aims to serve as both a methodological reference point and a practical guide
for researchers seeking to shape the future trajectory of neurodesign. Fur-
thermore, the Turkish literature has not revealed any academic study focus-
ing on neurodesign or presenting a scoping review related to this field. This
research aims to provide researchers in Tirkiye with a high-quality resource
in this field.

Neurodesign

Neurodesign research is a unique and practical fusion of neuroscience and de-
sign research. Like developments in neuroeconomics Glimcher and Rustichini
(2004), neurodesign bridges the gap between ‘Neuro’ - such as neurophysiol-
ogy, neurology, phenomenology, biology, and psychology - and ‘Design’ - such
as computer science, engineering, product, interaction, and visual design-as
illustrated in Figure 7 (Auernhammer et al., 2023).

Figure 1. Neurodesign: The interdisciplinary intersection of neuroscience and design.
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In contrast to design neuroscience, design neurocognition refers to the
application of neuroscience tools to investigate questions about thinking/
cognition related to design activities. Design neurocognition emerged from
previous developments in research on creativity and design cognition (Gero,
2019; von Thienen et al,, 2021). Design researchers are examining neurocog-
nitive activities in designs using tools such as EEG, fMRI, and FNIRS (Alexiou et
al., 2009; Balters et al., 2023; Goucher-Lambert et al., 2018; Hay et al., 2019;
Shealy et al., 2020; Vieira et al., 2020). Design problems encompass compo-
nents such as the target audience, product, message, and related professional
problem-solving processes. The rapid pace of technology consumption, rapid
habituation to images, and the resulting insensitivity to them are among the
disadvantages of today’'s technological outputs. As a result, the image gener-
ation components for design cells are becoming increasingly complex. Each
of these neuroscientifically preserved components facilitates a distinct prob-
lem-solving process in design.

Neural dynamics and fuzziness are not merely a state of the human mind;
they are inherent in human development and existence, a necessary condi-
tion for human learning, growth, and survival. The application of neuroscience
in design offers methods and tools that facilitate creative design processes
(Hevner et al.,, 2014). Neurodesign facilitates designers’ ability to translate
their creative intentions into something users can perceive and respond to.
Instead of treating the experience as a ‘black box’, it examines the cognitive
triggers that accompany interaction, focusing on elements that attract atten-
tion, require effort, feel rewarding, and deter users. This perspective helps
designers and usability experts interpret user behavior with clearer evidence
and explain why certain design choices lead to better experiences (Kirkland,
2012).

Design itself is an iterative, goal-oriented activity and relies on the con-
tinuous development of complex cognitive skills (Simon, 1977; Ralph & Wand,
2009). From a complementary perspective, cognitive neuroscience leverages
methods such as psychophysiology, electrophysiology, and functional neuro-
imaging to investigate the neurobiological basis of these cognitive process-
es. In visual design, putting this knowledge into practice can do more than
strengthen the product-viewer connection; it can make social issues more vis-
ible and, in some contexts, foster positive societal impact. Especially consid-
ering that design is an important tool for solving problems, the design criteria
used can vary depending on the period in which the design is prepared, its au-
dience, and current trends. Therefore, the scientific approach of neurodesign
can support the ‘correct’ production in design.

Methodology

Scoping reviews, a type of knowledge synthesis, follow a systematic approach
to map the evidence on a topic and identify key concepts, sources, theories,
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and knowledge gaps. The goal of PRISMA-ScR is to help readers (including
researchers, publishers, commissioners, policymakers, healthcare providers,
guideline developers, and patients or consumers) develop a better under-
standing of relevant terminology, core concepts, and key elements to be re-
ported in scoping reviews (Trico A. et al., 2018).

The review methodology developed by Arksey and O’Malley (2005) for
conducting a scoping review considers the following five stages:

1. Determining the research question
2. ldentifying related studies

3. Study selection

4. Graphing data

5. Compiling, summarizing, and reporting the results.

These five stages are structured within the framework of the research as
follows:

Identifying the research question

This study was structured according to the five-stage scoping review meth-
odology developed by Arksey & O’Malley (2005). According to this framework
(2005, pp. 6-7), scoping reviews aim to analyze the nature, scope, and content
of existing studies on a specific problem or topic; determine the feasibility
and potential costs of conducting a systematic review; summarize the find-
ings and scope of research in specific areas; and identify gaps in the literature
that could inform future research directions. Accordingly, the first stage of
the methodology, identifying the research question, focuses on addressing
the following questions:

1. How is the concept of neurodesign defined and addressed in the liter-
ature across different disciplines (e.g., neuroscience, design, architec-
ture, user experience, etc.)? What theoretical frameworks or models
are used in neurodesign research?

2. In which areas is the current literature on neurodesign primarily fo-
cused?

3. What methodologies are predominantly used in these studies (e.g.,
FMRI, EEG, eye tracking, biometric measurements)?

4. What are the practical applications and impacts of neurodesign in
these contexts, and what are the implications of these studies for in-
dustry and academia?

5. What are the identified gaps in neurodesign research and suggested
directions for future research in this area?
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Identifying related studies

Inclusion criteria serve as a guide for researchers to decide which sourc-
es to include in a scoping review (Peters et al., 2015, p. 143). In this context,
academic publications that included the word ‘neurodesign’ in their titles, ab-
stracts, and keywords were included in the scoping review. For this research,
the Web of Science and Scopus databases were selected as sources based on
their reliability and high academic value. On June 3, 2025, a search was con-
ducted using the keyword ‘neurodesign’ in the article title, abstract, and key-
word filtering.

The Scopussearch yielded 36 research papers from 2009 to 2025, including
12 journal articles, 15 conference proceedings, 2 book chapters, and 3 review
articles covering various disciplines. Scopus’ interdisciplinary inclusion criteria
include the following fields: computer science, engineering, social sciences,
decision sciences, business, management and accounting, arts and humani-
ties, neuroscience, psychology, multidisciplinary, materials science, econom-
ics, econometrics, and finance. Another inclusion criterion was that the stud-
ies present findings or research outputs, i.e., they are open access.

The Web of Science search yielded four research papers from different
disciplines, including two journal articles and two presentations, published
between 2012 and 2025. The data were analyzed considering the following
criteria: author, number of citations, journal, country, institution, keywords,
and abstract content. The years indicated represent the first and last years of
neurodesign-related studies published in both databases.

Study selection

Based on the inclusion and exclusion criteria, a total of 32 studies from
Scopus and 25 from Web of Science were eligible for scoping analysis. After
applying the curation criteria, 25 studies were included in the final review.
The selection process for the study utilized the PRISMA-ScR (PRISMA exten-
sion for scoping reviews) flowchart, as recommended by Peters et al. (2015, p.
144), which is illustrated in Figure 2.
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Figure 2. PRISMA-ScR flow diagram of neurodesign-related articles.
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Within the scope of this research, some conference proceedings and book
chapters were excluded based on inclusion/exclusion criteria due to their lack
of a full academic text and limited methodological detail.

Data graphing

The data from the selected studies are presented in a table format for
better visualization. Table 1 presents the names of researchers and journals,
publication years, data collection techniques, themes, research areas, and
methodological approaches for studies.

For this review, the use of neurodesign in visual design is classified under

the following thematic headings: architectural design, marketing, engineer-
ing, and visual communication design.
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Compiling, summarizing, and reporting results

This scope-setting review provides a comprehensive overview of the aca-
demic literature surrounding the concept of neurodesign. The analysis reveals
the interdisciplinary diversity of neurodesign theoretical framework, method-
ological approaches, and application areas. However, several key gaps in the
existing literature have been identified, which points to the need for further
interdisciplinary research, particularly regarding the effective integration of
neurodesign methods into design education, design practices, and the design
industry. The findings of this study are expected to guide both academic and
professional circles and lay the groundwork for future research in the field of
neurodesign.

Findings

The 25 academic publications included in the scoping analysis were classified
according to five categories (author(s) and year, data collection technique,
methodological approach, sample, theme, and research area) and tabulated
to answer the research questions. Each study was numbered and preceded by
the letter A (research) for citation within the article. The methods employed
in the research designs of these studies were faithfully cited, in accordance
with the authors’ own statements. Sev’s (2024) study was used as a reference
in tabulating and summarizing the studies. Table 1 lists the articles included in
this scoping review.

Table 1. Studies included in the scoping review

NWO:( Author(s) Data Collection Methodological s L Theme and
(Rel::arec:\) and Year Technique Approach ampie research area
Artificial intelli-
. Al-based produc- N )
R1 Salingaros tion + content |Quantitative - gence bqsed de
(2025a) analvsis sign (architectural
Y design)
R2 Salingaros P?QL“XE‘ZS?‘E?‘?' Quantitative| - Sig“ggggzdfi-cade
(2025b) analysis psychology (archi-
tectural design)
Neurodesign and
Sola et al. . - human-centered
R3 (2025) Content analysis |Quantitative - design (neuromar-
keting)
R4 Labrada et | Literature review |  Mixed i regjﬁ"gri\eenntfsrggal-
al. (2024) + observation Method ysis (engineering)
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Systematic liter-

EEG-based neuro-

R5 ,?Slas(l';egg;é)& ature review + |Quantitative - marketing studies
thematic analysis (neuromarketing)
. . . Neurode-
Liu etal. FNIRS + observa- Mixed 30chil- | .
R6 (2024) tion Method dren | Sign-based educa-
tion (psychology)
Chgnais sign-l;logggzdceli-nical
R7 & Gorgen | Literature review |Quantitative - YR interf
(2022) interfaces
(health and design)
60 Eye tracking-assist-
Goktas et . - .. | ed user-product in-
R8 al. (2024) Eye tracking Qualitative pa;'rtlltcsl teraction analysis
P (engineering)
. NeuroDesign
Kwon et al. Perspective o
R9 (2023) article Quantitative - processes (PND)
(design)
Surveys and Po-
Hermosilla focus group tential Human-centered
& Ma- discussions + Mixed design require-
R10 : travel- .
gal-Royo Scenario-based Method ers and ments (design
(2022) user experience experts engineering)
analysis P
Developing
Paoletti user-centered re-
R11 & Imbesi EEG Qualitative | Agroup | design processes
(2021) based on objective
data (design)
Design focused
. on interaction,
R12 Taftle(gggf)t Surs\é?\//:t?gn()b_ Qualitative 10 motivation and
: collaboration (neu-
rodesign)
A group
of
Chowd- visual | Digital media and
R13 hury & EEG, GSR, eye Mixed com- | experience design
Chakraborty | tracking, survey Method muni- (neurodesign for
(2021) cation branding)
design-
ers
User-centered,
Liuetal. . . - ) close design ap-
R14 2021) Literature review |Quantitative proach (neurode-
sign)
Auernham- Human-computer
R15 meretal. | Literature review |Quantitative - interaction (neu-
(2020) rodesign)
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30 Neuroaesthetics
Wang et al. - .. | and automobile
R16 (2020) EEG Qualitative | partici design apprecia-
pants . : -
tion (engineering)
People User-centered,
Zallio et al. - aged meaningful and
R17 (2020) Case study Qualitative 65 and inclusive design
over (engineering)
Liu et al User-centered
R18 ’ Literature review |Quantitative - conscious design
(2020) €
(neurodesign)
lgli Z(e;‘tagrﬁ-tri;) 31 Neurodesign and
R19 Hou (2019) P Qualitative | partici- | semantic cognition
measurements pants (neurodesign)
via EEG
. Human-machine
Cutellic EEG-based ERP - Unspec- .
R20 . Qualitative | 7.2 collaboration
(2019) recordings ified (architecture)
Human-machine
. interaction in
R21 C(lzjctﬁlg)c EErGe'?::‘cﬁg ESRP Qualitative U?Fsiepgc- generative design
g processes (engi-
neering)
User-centered
neurodesign
Ahrametal. | . . S i approaches +
R22 (2016) Literature review |Quantitative Human-system
interaction (neu-
rodesign)
Cutellic Hybrid design
R23 Literature review |Quantitative - algorithms (archi-
(2014)
tecture)
User-centered
Cutelic EEG recordings Unspec- N:Ertcl)n[;lllwi/asgg)lg'gy
R24 & Lotte f Lactivi Qualitative ified d Artificial l
2013) of neural activity ifie an Artificia I'nte -
ligence (architec-
ture)
18
ERP (event-re- female | Neurobiologically
Wangetal. | lated potential) - partici- | based design eval-
R25 (2012) measurements Qualitative pants uation (engineer-
via EEG ing)
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According to the results in Table 1, the research questions can be answered
as follows: How is the concept of neurodesign defined and addressed in the
literature across different disciplines (e.g., neuroscience, design, architecture,
user experience, etc.)? What theoretical frameworks or models are used in
neurodesign research?

Table 2. Distribution by research areas.

Research Area Research

Architecture Salingaros, N. A. (2025a; 2025b); Cutellic (2014, 2019); Cutellic
& Lotte (2013).

Engineering Labrada et al. (2024); Goktas et al. (2024); Hermosilla-Fernan-

dez & Magal-Royo (2022); Wang et al. (2020); Zallio et al, (2020);
Cutellic (2018); Wang et al. (2012).

Design-related Chenais & Gorgen (2024); Kwon et al. (2023); Paoletti & Imbesi
(2021); Thienen et al. (2021); Chowdhury & Chakraborty (2021);
Liu et al. (2021); Auernhammer et al. (2020); Liu et al. (2020); Lu
& Hou (2019); Ahram et al. (2016).

Neuromarketing | Sola et al. (2025); Alsharif & Isa (2024).

Psychology Liu et al. (2024).

The data in Table 2 show that the most researched discipline within the
neurodesign framework is visual design (10 studies). This is followed by en-
gineering (7 studies) and architecture (5 studies). There are two studies di-
rectly related to neuromarketing and one to psychology. Among the studies
mentioned in the table, the first study related to the design, Ahram et al.
(2016), is a literature review. This research examines the concept of neurode-
sign within the context of neuroscience and user experiences. The research
highlights the uncertainty (Fuzziness) and dynamism inherent in the relation-
ship between product design, user perceptual complexity, and human factors,
arguing that this uncertainty is a natural part of human development and
interaction with the environment. Consequently, it suggests that designers
and engineers should design systems that take this inherent nature of user
cognitive processes into account. It also indicates that neuroscience-based ap-
proaches and emotional design research offer an important avenue for better
understanding and improving user-product interactions in the future. In Hou's
(2019) study with 31 participants, ERP and EEG were used to conduct compre-
hensive neurocognitive analyses of meaningful congruence and incongruence
in sign designs from a neuroscience perspective. The study’s results suggest
that neural hotspots can be established for meaningful experiments in sign
design. Because the signs used encompass features such as cities and other
life spans, they supplement a new sign design system. Because abandoning
traditional sign designs is time-consuming, these robust and durable designs
are presented. These design proposals offer a measurement method that will
remain relevant in the future. Liu et al.'s (2020) study is also a literature re-
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view, and it emphasizes that neurodesign is a new interdisciplinary field that
combines psychology, neuroscience, computer science, and design. It is also
stated that this new field of study aims to facilitate the scientific analysis and
interpretation of this humanities field by providing cognitive neuroscience
data that supports design science. This research argues that a neurodesign
collaborative approach to design processes will strengthen decision-making
and problem-solving. Auernhammer et al.’s (2020) literature review indicates
that neuroscience tools (e.g., FNIRS, fMRI, EEG) can be used in neurodesign
research to understand collaboration and creativity in design teams better.
The critical point in this perspective is the focus on cognitive interactions at
the team level rather than the individual's solitary thought processes. Examin-
ing intra-team interactions is considered a crucial step in enhancing creativity,
empathy, decision-making, and teamwork capabilities. On the other hand, this
research initiative is not limited to producing only an academic output. It also
aims to develop new measurement methods, create new research agendas,
and strengthen an interdisciplinary community that can guide designers to-
wards more creative and effective solutions.

Liu et al. (2021) state that UX education cannot be limited to usability and
technical skills alone and requires an integrated approach that brings togeth-
er disciplines such as psychology, design, engineering, and business. In this
context, the study examined and evaluated emerging needs in UX education
by focusing on the UX program (BNUX) at Peking Normal University. The re-
search concluded that the program lacks a long-term roadmap for the AR/VR
field, emphasizing the need to develop a more holistic and integrated frame-
work with a master plan. Generally, the neurodesign literature focuses on top-
ics such as design, user experience (UX), human-computer interaction (HCl),
and the measurement of emotion and cognitive processes.

In which domains are the current body of neurodesign-related literature
concentrated? What methodologies are predominantly used in these studies
(e.g., FMRI, EEG, eye tracking, biometric measurements)?

Table 3. Distribution according to research methodologies.

Research Measurement Technique
Methodologies

Salingaros, N., A. (2025a; 2025b); Sola et al. (2025); Alsharif et
al. (2024); Chenais & Gorgen (2024); Kwon et al. (2023); Liu et al.
(2021); Auernhammer et al. (2020); Liu et al. (2020); Ahram et al.
(2016); Cutellic (2014).

Liu et al. (2024), fNIRS; Goktas et al. (2024), eye tracking; Thie-
nen et al. (2021), research and observation; Wang et al. (2020),
Qualitative EEG; Zallio et al. (2020), case study, Lu & Hou (2019), EEG;, Cute-
llic (2018; 2019), EEG; Cutelic, & Lotte (2013), EEG;, Wang et al.
(2012), EEG.

Quantitative
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Labrada & Fonseca (2024), literature review + observation; Liu
et al. (2024), fNIRS + observation; Hermosilla-Fernandez & Ma-
gal-Royo (2022), surveys and focus group discussions; Chowd-
hury & Chakraborty, P. (2021), EEG, GSR, eye tracking, surveys.

Mixed method

Table 3 presents a review of 25 articles on the concept of neurodesign in
the Scopus and WOS databases, revealing that 11 studies are quantitative, 10
are qualitative, and 4 are mixed methods. This table also shows that the ma-
jority of methodologies used in neurodesign fall within the scope of quali-
tative research methodology, with FNIRS, GSR, EEG, and eye tracking being
the most frequently used. There are also mixed-method studies that combine
cognitive neuroscience instruments with traditional research methods such
as surveys. These mixed-method studies combine objective data and subjec-
tive user feedback to yield holistic results. According to the data presented
in the table, most studies using cognitive neuroscience tools employ EEG
measurement techniques. The main reason for this is the high accessibility of
EEG and its ability to directly reflect user experience by measuring real-time
brain activity. Other cognitive neuroscience tools used (FNIRS, EEG, GSR, and
eye tracking) each allow researchers to understand different cognitive and
emotional processes of users. Therefore, the aim of choosing a qualitative
approach is not only to observe user/viewer behaviour but also to uncover
the neurobiological mechanisms underlying it. Again, according to this table,
the qualitative approach is the most preferred approach in the neurodesign
literature. Researchers can primarily use this method to obtain and interpret
scientific outputs by focusing on a profound understanding of users’ cognitive
and emotional responses to designs.

What are the practical applications and impacts of neurodesign in these
contexts, and what are the implications of these studies for industry and ac-
ademia?

Based on the reviewed studies indexed by Web of Science (2012-2025) and
Scopus (2009-2025), neurodesign has been applied in a variety of practical ar-
eas:

Visual communication and media design

When the research is examined within the scope analysis framework,
it is evident that visual communication studies are increasingly using EEG,
eye-tracking, and related biometric measurements as evaluation tools, par-
ticularly to capture where users are looking, how strongly they respond, and
when the interaction becomes mentally challenging. In practice, this approach
extends beyond design evaluation and can be applied in areas such as adver-
tising, brand building, packaging, and digital media. This is because many com-
munication options operate at a level that users cannot fully express verbally,
so measuring attention patterns and implicit responses can guide more effec-
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tive message design. These methods can also be used to propose new eval-
uation criteria for problem-solving in public visual communication, including
public information materials and public service announcements.

Architecture

When examining the research included in this study, it is observed that in
research focusing on architecture and spatial design, cognitive neuroscience
tools are used to analyse how features such as spatial arrangement, light, and
material qualities shape user responses (both in terms of emotion and under-
lying neural activity). This field of study examines the built environment as
something constantly interacting with perception, comfort, and decision-mak-
ing, rather than treating spaces as static objects. Practical outcomes often aim
to improve wayfinding, perceived safety, and overall spatial experience. For
architects, such evidence can help transform complex lived experience ques-
tions into testable design parameters, which is becoming increasingly crucial
as shared living spaces become denser and more interconnected. Utilizing
cognitive neuroscience tools in this field can provide a significant advantage
for architectural designers. As population growth leads to denser, more in-
terconnected shared living spaces, it becomes possible to evaluate how users
perceive and experience these spaces with more concrete data. Thus, ‘livabil-
ity’ criteria can be based not only on assumptions but also on findings that
support user experience. Discussing the applicability of rapidly changing ar-
chitectural trends to neurodesign criteria can also help generate new eval-
uation criteria for the field. This approach has the potential to improve the
quality of architectural design by more directly incorporating user experience
into design decisions.

User experience (UX) and human-computer Interaction (HCI)

The research examined in this article, focusing on user experience (UX) and
human-computer interaction (HCI), utilizes neurodesign-focused methods to
observe cognitive and emotional states during interaction, aiming to improve
interface decisions that impact usability and comprehension. By combining be-
havioral data with metrics related to attention and workload, researchers can
better identify moments when users hesitate, lose interest, or become over-
loaded. This supports usability testing, informs adaptive interface concepts,
and contributes to systems that respond more appropriately to users’ emo-
tional cues. In this sense, neuroscientific experiments, rather than replacing
UX practice, can serve as an additional layer of evidence to help designers jus-
tify their interface choices and improve user-centric outcomes. Furthermore,
in the evolving world of technology, new criteria can be proposed for creating
interface designs tailored to the target audience. This allows designers to op-
timize functionality by creating sample groups for the users they target.
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Marketing and consumer research

In marketing-focused research within the scope of this study, neurosci-
ence applications such as FMRI, EEG, and eye tracking are widely used to ana-
lyze consumer decision-making processes, brand perception, and purchasing
behavior. This type of information is increasingly adopted by industries seek-
ing to design engaging and user-centric products and campaigns. Neurosci-
ence and marketing have long applied an interdisciplinary approach to neu-
romarketing. The relationship between marketing, consumer research, and
neurodesign, the subject of this study, is closely tied to the visual content de-
sign processes in these studies. In other words, they not only market a brand
or product to consumers but also manage processes to measure how and for
how long campaign visuals influence them.

The relationship of neurodesign with industry provides empirical data
beyond self-reports, enabling companies to improve products, services, and
environments based on real neural and physiological responses. Industries
(product, gaming, retail, architecture) and public institutions (government
agencies, hospitals, foundations) that adopt neurodesign methodologies
are generating more effective and differentiated designs by gaining insights
into subconscious user benefits. This clearly distinguishes neurodesign from
neuromarketing. The neurodesign approach is clearly user-focused. The rela-
tionship of neurodesign with academia is likely to foster collaboration across
neuroscience, psychology, design, and engineering. Research is contributing
to the creation of new conceptual frameworks that bridge the gap between
cognitive neuroscience and design theory. The adoption of neuroimaging and
biometric methods is also helping to expand the methodological toolset of
design research. Neurodesign findings play an important role in shaping fu-
ture design professionals by encouraging the inclusion of neuroscience-based
approaches in design curricula.

Neurodesign is practically applied in visual communication, UX/HCI, archi-
tecture, and consumer research, with significant impacts on both industrial in-
novation (user-centered, data-driven design practices) and academic advance-
ment (interdisciplinary theory, methods, and education).

What are the identified gaps in neurodesign research, and what are the
suggested directions for future research in this area?

An examination of the 25 studies included in the study revealed several
gaps in neurodesign research and offered suggestions for future research.
First, the concept of ‘neurodesign’ appears to have varying meanings across
disciplines. Standard definitions for common concepts such as attention,
emotion, and cognitive load, and the ability to formulate clear hypotheses
between theory and method, are limited. This can undermine the compara-
bility of findings and the generation of knowledge across studies. Therefore,
increasing the number of theory-based studies and generating original, clear

ETKILESIM | 253



Simge KIRTEKE, Ertan TOY

hypotheses would contribute to the field.

The studies reviewed have not consistently demonstrated the compati-
bility of behavioral and neural metrics. Therefore, design recommendations
based solely on correlated signals remain limited. Integrating multimodality
(EEG, eye tracking, and GSR) and causality-focused protocols into a holistic
study could help address this limitation.

Studies are limited in their sample selection, which opens new avenues for
research by exploring the impact of factors such as cross-cultural approach-
es and generational differences on design processes. Design outcomes have
varying effects on different users. Therefore, future studies focusing on
cross-cultural, multicentered, and neurodiversity aspects will allow this field
to develop.

Discussion

Upon reviewing the 25 studies included in this scope review, it becomes clear
that ‘neurodesign’ is considered an interdisciplinary umbrella concept. It is ap-
plied in various ways across different contexts. However, in most cases, the
methods used complement one another. In the architecture-focused litera-
ture, Cutellic (2018) and Salingaros (2025a) observe that neurophysiological
signals - especially EEG - are more frequently incorporated into the design
process and integrated as feedback into production processes such as gen-
erative design or human-computer collaboration. In contrast, in engineering
and industrial design studies, Wang et al. (2020) and Goktas et al. (2024) use
neurophysiological measurements primarily as outcome-oriented evaluation
tools to assess the design output, validate the final product, analyze usability,
or infer user needs. In neuromarketing studies, Al-Sharif & Isa (2024) empha-
size variables related to brand perception rather than technical performance;
they discuss perception and preference processes by measuring consumers’
emotional and implicit (unconscious) responses.

When studies are coded by their primary analytical focus to synthesize
these patterns, a recurring tripartite structure emerges. Architectural stud-
ies often prioritize process-level integration, engineering and industrial de-
sign studies prioritize performance and validation, and marketing studies pri-
oritize perception and affect. However, the design research included in this
study does not directly fit into a single axis; rather, it tends to address the
dimensions of meaning production, process, and interaction together. This
finding suggests that neurodesign is positioned not only as a set of measure-
ment tools but also as a framework/interpretation approach for design re-
search. Methodologically, neurodesign research has significant advantages
and limitations. Biometric and neurophysiological measurements can provide
real-time data that is not entirely dependent on self-report; however, these
methods require specialized equipment and expertise, and laboratory condi-
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tions can limit participants’ natural experience, reducing ecological validity.
Furthermore, using physiological data alone can lead to interpretability prob-
lems, especially when applied to higher-level constructs such as ‘meaning’,
‘aesthetic judgment’, or ‘quality of interaction’. Therefore, mixed methods de-
signs are increasingly being adopted in studies.

When quantitative measurements are combined with qualitative data (e.g.,
interviews, expert evaluations), it is possible to reach more robust conclusions
through the mutual validation of findings across different sources. Liu et al.
(2024) provide a good example of this type of triangulation approach. How-
ever, the most significant disadvantage of mixed methods is that combining
different data types within the same analytical framework is both analytical-
ly challenging and increases measurement costs. Another point revealed by
this review is that neurodesign applications progress iteratively at two levels,
depending on the interdisciplinary context. In outcome-oriented studies, neu-
rophysiological data are primarily used to evaluate and validate the design. In
contrast, process-oriented approaches incorporate this data into the produc-
tion and decision-making steps, making it an active part of the design cycle.
This distinction suggests that neurodesign has evolved from being merely a
measurement technique into a methodological identity within the discipline
in which it is addressed. Furthermore, it is observed that design-oriented stud-
ies have a more distinctive character than applications in architecture and en-
gineering. It is predicted that future global trends will further strengthen the
contribution of neurodesign, particularly to the field of visual design.

Conclusion

This scope analysis classifies 25 academic studies on the concept of neurode-
sign by discipline, methodological approach, and data collection techniques,
providing a general overview of the field. The findings show that neurodesign
research is significantly concentrated in design-oriented topics. Most studies
were conducted in the context of user experience (UX), human-computer in-
teraction (HCl), and visual communication, followed by studies in architecture
and engineering, psychology, and neuromarketing. This distribution suggests
that neurodesign is positioned not only as an approach that “measures the
designer,” but also as a research orientation that supports decision-mak-
ing in areas that interact with users. Among neuroscientific tools, EEG and
eye-tracking methods stand out. This preference can be attributed to the rel-
ative accessibility of these methods and their suitability for real-time moni-
toring of processes, such as attention/perception, that accompany the design
process. A smaller number of studies preferred FNIRS, GSR, or multimodal de-
signs combining multiple measurements. However, the literature still shows
a significant reliance on single-measurement-based designs (especially EEG).
When examining methodological trends, it is understood that qualitative and
exploratory studies currently dominate the literature, but the mixed-methods
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approach is increasingly being adopted.

Mixed-methods studies combine neurophysiological findings with data
such as interviews, surveys, and behavioral observations, making the aspects
of design decisions that extend beyond the output to the process and con-
text more legible. From an application perspective, neurodesign is used in
visual communication and media design to evaluate variables such as atten-
tion and cognitive load, and in architecture and UX/HCI contexts to support
the development of user-centered, more responsive solutions. However, the
survey findings point to some recurring problems hindering the maturation of
the Ffield: lack of standardization in the definition and scope of neurodesign
in the literature, the weakness of the theoretical framework in most studies,
excessive reliance on single-measurement designs, and the limited treatment
of cultural differences and neurodiversity variables are among the main prob-
lems. This table shows that, while neurodesign has promising potential, its
fragmented, exploratory accumulation of knowledge requires a stronger the-
oretical and methodological framework.

Finally, the findings also indicate that the place of neuroscience-based ap-
proaches in design education and vocational training needs to be strength-
ened. While technology in design education often transforms visual produc-
tion processes, the controlled and ethical use of cognitive neuroscience tools
can make the communication produced by designs more measurable to the
target audience. In general, neurodesign appears to be a developing research
area that, when supported by appropriate theoretical frameworks, multiple
measurement approaches, and interdisciplinary/intercultural studies, can
make more substantial contributions to both academic theory production and
evidence-based design practice.
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