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Abstract
Design creativity and user experience (UX) are important parts of modern
product development. Traditional design methods mostly focus on aesthetics,
usability and engineering performance, but recent research shows that
understanding how the human brain works can strongly improve design
outcomes. Neurocognitive approaches combine neuroscience, psychology and
design thinking to study how users perceive, feel and interact with products.
Brain responses, cognitive load, emotional reactions and decision making
patterns all influence how a user experiences a design. Tools such as EEG, eye
tracking, fMRI and biometric sensors help designers to understand hidden user
reactions that surveys or interviews may fail to capture. This paper reviews the
neurocognitive foundations of creativity, the role of brain processes in UX, and
how these insights are applied in product design. It also discusses experimental
tools, applications in digital interfaces and physical products, and future
challenges. The integration of neurocognition into design practices provides

more human-centered, emotionally engaging and innovative design solutions.

Keywords: Neurocognition, Design Creativity, User Experience, Brain-
Computer Interaction, Cognitive Load, Emotional Design, EEG, Eye Tracking,

Human-Centered Design
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INTRODUCTION

Design today is not only about making products that work, but making products that users feel
comfortable, excited and emotionally connected with. Designers usually depend on user
feedback, usability testing and design heuristics. However, these methods sometimes fail to
capture what users truly feel or think during interaction. Many user reactions are subconscious

and cannot be explained clearly in words.

Neurocognitive science studies how the brain processes information, emotions and decisions.
When this knowledge is applied to design, it gives a deeper understanding of creativity and
user behavior. Designers can observe how the brain reacts to colors, shapes, layouts, sounds

and interactions. This approach is called neurocognitive design.

The purpose of this paper is to review how neurocognitive principles improve design creativity

and UX, and how modern tools are used in design research.

2. NEUROCOGNITIVE FOUNDATIONS OF CREATIVITY

Creativity in design is often described as a sudden “spark™ of ideas, but neurocognitive research
shows that it is a structured brain process involving coordinated activity across multiple neural
networks. Rather than being isolated to one “creative center,” creativity emerges from dynamic
interaction between networks responsible for imagination, control, attention, memory, and
emotional relevance. For designers, understanding these networks helps in creating

environments, tools, and workflows that support creative thinking instead of blocking it.

Three major brain networks are strongly associated with creative cognition: the Default Mode
Network (DMN), the Executive Control Network (ECN), and the Salience Network (SN).
Their cooperation allows designers to generate novel ideas, evaluate them logically, and select

the most meaningful solutions.

2.1 Default Mode Network (DMN) — Source of Imagination and Idea Generation

The Default Mode Network becomes active when the brain is at rest, during daydreaming,
imagination, memory recall, and free thinking. It includes brain regions such as the medial
prefrontal cortex, posterior cingulate cortex, and hippocampus. These regions are involved in

autobiographical memory, visualization, and internal thought processes.
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For designers, the DMN is highly important during:
e Brainstorming sessions
o Sketching without constraints
e Conceptual thinking and storytelling
e Visual imagination of future products

e Associative thinking between unrelated ideas

When designers “zone out” or allow their minds to wander, the DMN creates unexpected
connections between memories, experiences, and knowledge. This is why many creative ideas
appear during relaxed states like walking, showering, or resting rather than during intense

focused work.

Neuroscience studies show that people with high creative ability display stronger DMN activity
during idea generation tasks. The DMN allows divergent thinking, where multiple possible

ideas are produced without judgment.

Design Insight: Providing relaxed, distraction-free environments, natural lighting, music, or

informal brainstorming spaces can stimulate DMN activity and enhance creativity.

2.2 Executive Control Network (ECN) — Logical Evaluation and Refinement

While the DMN produces raw ideas, not all ideas are useful. The Executive Control Network
helps designers analyze, evaluate, and refine these ideas into practical solutions. This network
involves the dorsolateral prefrontal cortex and parietal regions responsible for reasoning,

planning, and decision-making.

The ECN is active when designers:
e Select the best concept from many ideas
e Apply design constraints and feasibility checks
« Solve technical problems
e Follow structured design processes

o Evaluate usability and functionality
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This network supports convergent thinking, where ideas are filtered and shaped into workable
designs. Without ECN involvement, creativity remains abstract and unrealistic. Too much ECN

control, however, can suppress creativity by over-criticizing ideas too early.

Design Insight: Creative processes should be divided into phases — first encouraging free
idea generation (DMN), then analytical refinement (ECN). Mixing both too early reduces

originality.

2.3 Salience Network (SN) — Switching and Focusing Mechanism

The Salience Network acts as a mediator between DMN and ECN. It includes the anterior
insula and anterior cingulate cortex. This network detects which stimuli, thoughts, or ideas are
important and decides whether the brain should shift into imaginative mode (DMN) or

analytical mode (ECN).

In design creativity, the SN helps in:
e ldentifying promising ideas among many random thoughts
« Shifting from brainstorming to evaluation mode
« Maintaining focus on design goals

e Avoiding distraction from irrelevant ideas

This switching mechanism is critical. If designers remain too long in DMN, they may produce
many ideas but fail to implement them. If they remain too long in ECN, they may become rigid
and less innovative.

Design Insight: Techniques like sketch reviews, timed brainstorming, and design sprints

naturally activate the Salience Network by forcing shifts between thinking modes.

3. BRAIN PROCESSES INFLUENCING USER EXPERIENCE

User Experience (UX) is not only determined by usability rules or visual attractiveness. It is
deeply rooted in how the human brain receives, processes, and responds to stimuli coming from
a product or interface. Every click, color, animation, icon, or layout element passes through
complex cognitive and emotional pathways before a user decides whether the experience is

comfortable, confusing, pleasant, or frustrating.
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Neurocognitive research explains that UX quality depends on four key brain processes:
cognitive load management, emotional processing, attention and perception mechanisms,
and memory formation. Understanding these processes allows designers to create interfaces

and products that match natural brain functioning rather than working against it.

3.1 Cognitive Load
Cognitive load refers to the amount of mental effort required to use a system. The brain has
limited working memory capacity. When a design demands too much thinking, users feel
mentally tired, make mistakes, or abandon the task.
There are three types of cognitive load:

1. Intrinsic Load — Complexity of the task itself

2. Extraneous Load — Poor design, confusing layout, unnecessary steps

3. Germane Load — Mental effort used for learning and understanding

Bad UX increases extraneous load. Good UX reduces it.
Neurocognitive tools such as EEG show increased beta wave activity when users experience
mental strain. Eye tracking also shows longer fixation time when users struggle to understand

information.

Examples in UX:
e Too many menu options increase cognitive load
o Complex forms with many fields cause fatigue
e Unclear icons force users to think too much

« Long navigation paths confuse users

Design Implication:
Simplified navigation, clear icons, step-by-step flows, and minimalistic interfaces reduce

cognitive load and improve user comfort.

3.2 Emotional Processing
The limbic system of the brain, including the amygdala and hippocampus, is responsible for
emotional reactions. Users form emotional judgments about a product within milliseconds,

often before logical thinking starts.
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Colors, shapes, motion, typography, and sound directly trigger emotional signals:
e Warm colors (red, orange) create excitement or urgency
e Cool colors (blue, green) create calmness and trust
e Rounded shapes feel friendly
e Smooth animations feel pleasing

e Sudden pop-ups create stress or irritation

Positive emotional responses improve user satisfaction and trust, while negative emotions

reduce engagement.

Biometric tools like GSR (Galvanic Skin Response) and facial expression analysis measure

these emotional reactions during UX testing.

Examples in UX:
e Friendly onboarding screens reduce anxiety
e Micro-interactions (like button animations) create delight

o Harsh error messages create frustration

Design Implication:
Design should aim to create positive emotional signals through color harmony, smooth

transitions, friendly language, and human-like interactions.

3.3 Attention and Perception
Attention is limited. The brain cannot process everything at once. Users scan interfaces in
patterns (like F-pattern or Z-pattern). Visual perception determines what users notice first and

what they ignore.

Eye tracking studies show:
e Users focus first on large, bold, or high-contrast elements
e Faces and human images attract attention quickly
e Movement attracts immediate focus
o Cluttered layouts divide attention and cause confusion
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Perception is also influenced by Gestalt principles such as proximity, similarity, and continuity.

The brain groups elements automatically based on these rules.

Examples in UX:
o Important buttons should be larger and highlighted
e Related items should be grouped together
e White space improves clarity

» Proper alignment guides visual flow

Design Implication:
By understanding attention patterns, designers can create clear information hierarchy and guide

users naturally through the interface.

3.4 Memory and Learning
For a design to be usable, users must remember how to use it. Memory formation occurs in the

hippocampus and is strengthened by repetition, visual cues, and meaningful associations.

Neurocognitive studies show that people remember:
e Visual symbols better than text
o Repeated patterns better than new layouts
o Simple workflows better than complex steps

« Emotionally positive experiences better than neutral ones

Examples in UX:
« Consistent icon placement across screens improves recall
e Tutorials with visuals help learning
o Familiar design patterns (like shopping cart icon) reduce learning time

e Recognition is easier than recall (show options instead of asking users to remember)

Design Implication:
Consistency, repetition, familiar patterns, and visual guidance improve memory retention and

learning speed.
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4. NEUROCOGNITIVE TOOLS USED IN DESIGN RESEARCH

Understanding how users truly experience a product is difficult when relying only on
interviews, surveys, or observation. Many user reactions are subconscious and happen before
a person can explain them in words. Neurocognitive tools help designers capture these hidden
reactions by directly measuring brain activity, eye movement, physiological responses, and

facial emotions during interaction with a design.

These tools bring objectivity into UX and creativity research. They allow designers to see what
users feel, where they look, when they get confused, and how their brain responds in real

time.

4.1 Electroencephalography (EEG)
EEG measures electrical activity of the brain using sensors placed on the scalp. It detects
brainwave patterns such as alpha, beta, theta, and gamma waves which correspond to

relaxation, focus, stress, and cognitive effort.

Application in design research:
« Identifying moments of high cognitive load during interface use
e Measuring user engagement and attention levels
o Studying creative thinking phases in designers

« Detecting frustration when users struggle with navigation

For example, if EEG shows increased beta waves while filling a form, it indicates mental strain,

meaning the form design needs simplification.

Advantage: Real-time brain activity measurement

Limitation: Requires controlled setup and expertise to interpret data

4.2 Eye Tracking Technology
Eye tracking records where and how long a user looks at different parts of a screen or product.

It generates heat maps and gaze plots.
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Application in design research:
« Identifying which elements attract attention first
o Testing effectiveness of layout and visual hierarchy
o Detecting ignored buttons or information areas

« Studying reading and scanning patterns

For example, if users never look at an important call-to-action button, designers know the

placement or color is ineffective.
Advantage: Non-intrusive and easy to interpret visually
Limitation: Does not explain why the user looked there
4.3 Functional Magnetic Resonance Imaging (fMRI)
fMRI measures brain activity by detecting changes in blood flow in different brain regions. It
provides deep insight into which parts of the brain are activated during interaction.
Application in design research:
e Studying emotional reactions to product aesthetics
e Understanding decision-making during product selection

o Researching how users perceive beauty (neuroaesthetics)

For example, fMRI can show activation in reward centers when users see attractive product

designs.

Advantage: Highly detailed brain mapping

Limitation: Very expensive and not practical for everyday design testing

4.4 Galvanic Skin Response (GSR)

GSR measures changes in skin conductivity caused by sweat gland activity, which increases

during emotional arousal or stress.
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Application in design research:
e Measuring emotional excitement or frustration
o Testing user reactions during gaming, shopping, or interaction

o Identifying stressful moments in UX flow

For example, a spike in GSR during checkout may indicate anxiety caused by complex payment
steps.

Advantage: Simple emotional arousal measurement

Limitation: Cannot distinguish between positive and negative emotions

Tool Purpose Application in Design

EEG (Electroencephalography) |[Measures brain activity |[Detect cognitive load, engagement
Eye Tracking Tracks gaze movement ||[Optimize layout and navigation
fMRI Brain region activation | Emotional and decision studies
GSR (Galvanic Skin Response) [Emotional arousal Evaluate emotional reactions
Heart Rate Monitoring Stress detection Usability testing

Facial Expression Analysis Emotion recognition  ||UX feedback

These tools provide objective data compared to subjective surveys.

5. NEUROCOGNITIVE APPROACHES IN DESIGN CREATIVITY

Neurocognitive insights help designers during idea generation and evaluation.

5.1 Brainstorming with Cognitive Freedom

Allowing designers to work in relaxed environments increases DMN activity and creativity.
5.2 Multisensory Stimulation

Sound, visuals and touch enhance creative thinking by stimulating multiple brain areas.

5.3 Neurofeedback for Designers

Some studies use EEG feedback to train designers to maintain creative mental states.
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APPLICATIONS IN DIGITAL UX DESIGN
Digital interfaces like websites, apps and software benefit greatly.
« Eye tracking improves placement of buttons and menus.
e EEG helps measure frustration during navigation.
« Emotional mapping helps in game design and entertainment apps.

o Cognitive load analysis simplifies dashboards.

APPLICATIONS IN PHYSICAL PRODUCT DESIGN
Neurocognitive methods are not limited to screens.
o Automotive dashboard design based on attention patterns.
o Medical devices designed to reduce user anxiety.
e Consumer products designed for emotional comfort.
o Packaging design optimized for visual memory.

NEUROAESTHETICS AND EMOTIONAL DESIGN

Neuroaesthetics studies how the brain perceives beauty. Symmetry, contrast, color harmony
and proportions influence brain pleasure centers. Designers use these principles for attractive
UX.

Neurocognitive Interaction in Design
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CHALLENGES AND LIMITATIONS
o High cost of equipment like fMRI.
o Complex data interpretation.
o Ethical issues regarding brain data privacy.

o Need for interdisciplinary knowledge.

FUTURE DIRECTIONS
« Brain-Computer Interfaces in design testing.
e Al integration with neuro-data.
o Wearable neuro sensors for real time UX analysis.

e Personalized UX based on brain patterns.

CONCLUSION

Neurocognitive approaches bring scientific understanding into design creativity and UX
development. By studying how the brain reacts, designers can create products that are not only
functional but emotionally engaging and cognitively comfortable. Though challenges exist,
future technology will make these methods more accessible. This approach represents a shift

from user-centered design to brain-centered design, improving innovation and user satisfaction.
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