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ABSTRACT ARTICLE INFO

he rapid growth of cities and the absence of effective regulatory frameworks, have

disrupted the reciprocal interaction between humans and built environments. | Received 04/10/2024
These challenges have compromised cities’ ability to address the cognitive and | revised 05/11/2024
physiological needs of their citizens. Neuro-urbanism, as an emerging approach, A d 04/11/2024
integrates urban planning, environmental psychology, and neuroscience to analyze | A< 711/
neural feedback from the brain in response to urban environments, aiming to | Available Online  19/01/2025
restore positive human-environment interaction. Among the various factors, visual
complexity -directly linked to human physiology- can be reexamined within this
framework from a novel perspective.
This study explores the concept of visual complexity in urban design, introduces
the optimal spectrum of visual complexity, and identifies the capabilities of neuro- | Neuro-urbanism
urbanism in examining this environmental factor. Recent studies in neuro-urbanism | visual complexity
reveal that the relationship between unity and diversity in urban environments can
be assessed through the analysis of neural processing speed for visual data. Empirical o
evidence indicates a direct correlation between beta waves and the complexity of | Neurcimaging
fractal forms. Data obtained from electroencephalography (EEG) demonstrate that | Virtual Reality
this tool can effectively examine cognitive experiences related to unity and diversity
as well as neural processing speed. Additionally, theta frequency oscillations in
frontal and prefrontal areas show significant associations with cognitive functions
such as working memory, episodic memory, and spatial orientation. Increases in EEG
signal amplitude often signify reduced salience of environmental elements, while
decreases in amplitude indicate heightened salience. Finally, technical limitations of
neuroimaging tools in real-world environments -such as sensitivity to environmental
noise and movement- have been identified as major challenges. To address these
issues, virtual reality (VR) environments are proposed as innovative tools to control
environmental variables and mitigate technical constraints. This approach enables
systematic manipulation of visual complexity variables and enhances the accuracy

of neural data recording.

Highlights

— Introduction of the visual complexity spectrum in relation to the urban form, rather than the abstract
stimuli commonly used in laboratory studies.

—  Presentation of neuro-urbanism and its methodological potential as an emerging interdisciplinary
approach with applicability in studying visual complexity.

—  Examination of various brainwave recording techniques, with a focus on electroencephalography
(EEG) as an appropriate tool for studying the neurological effects of visual complexity in the urban
form within the framework of cognitive electrophysiology.

—  Collection and analysis of electroencephalography studies related to the visual complexity spectrum,
and the introduction of key factors for evaluation.

—  Exploration of technical and contextual limitations in the neuro-urbanism approach when studying
the visual complexity spectrum in urban environments.
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Introduction: Throughout history, the reciprocal interaction between human cognition and the
environment has played a fundamental role in shaping the built world. Influenced by natural patterns,
human cognitive structures have been instrumental in organizing and systematizing the surrounding
environment. However, in the modern era, the rapid expansion of cities has disrupted this long-standing
interplay. As a result, contemporary urban planning and architecture, failing to align with the intrinsic
cognitive structures of the human mind, have given rise to built environments that negatively impact
psychological well-being. The inefficacy of regulatory frameworks in guiding urban growth, coupled with
the dominance of automobiles and the neglect of pedestrian needs—particularly due to differences in
visual complexity perception at varying speeds between vehicular and pedestrian movement—has led
to two critical consequences: perceptual overload due to visual clutter and the absence of essential
sensory stimuli necessary for pedestrians’ functional and physiological needs. This highlights the urgent
need to address the physiological and cognitive requirements of urban citizens, especially pedestrians,
to enhance public health and functional efficiency. Within this context, visual complexity emerges as
a key factor directly linked to human physiology and presents a pressing concern for contemporary
cities. Simultaneously, recent technological advancements have facilitated the development of precise,
portable, and cost-effective tools in neuroscience, fostering the emergence of neuro-urbanism as an
interdisciplinary field. Neuro-urbanism integrates neuroscience, urban design, and environmental
psychology to examine how urban environments influence brain function and human behavior. This
field seeks to bridge the gap between urban planning and the physiological and psychological needs of
individuals by analyzing neural and cognitive responses to urban forms. By incorporating physiological
and cognitive data, neuro-urbanism provides insights into cognitive processes relevant to urban design,
fostering environments that better align with human neurophysiological patterns. The objective of this
study is to explore how pedestrians perceive the spectrum of visual complexity in urban environments
and to assess its functional impacts, such as the formation of cognitive maps. Additionally, the research
examines the health-related implications, including stress responses and physiological reactions to
perceptual overload, using a neuro-urbanism approach.

Materials and Methods: Despite a long history of research on visual complexity, defining and
quantifying it has proven challenging. Consequently, visual complexity in urban spaces, especially
from the perspective of moving pedestrians, has rarely been studied systematically and quantitatively.
Therefore, it remains unclear which urban environmental factors influence visual complexity perception. To
address this gap, this research first conducts a literature review to define the spectrum of visual complexity
in urban environments. Visual complexity can be studied in two main categories: Experimental studies that
use artificially created stimuli or examine complexity within real-world environmental contexts and aesthetic
studies, which explore the intrinsic relationship between complexity and beauty perception, providing a
foundational framework for measuring complexity. A synthesis of previous studies highlights the preference
for a moderate level of complexity among users. Research on “good visual complexity” emphasizes achieving
a balance between order and disorder, often referred to as “unity in variety.” Findings from urban studies
suggest that cities should ideally maintain a moderate level of visual complexity. This study also introduces
neuro-urbanism and its methodological potential as an emerging approach in visual complexity research.
Recentadvancesin neuroscience have shed light on underlying neural mechanisms, offering new perspectives
on how environmental design influences the human brain and body. Consequently, visual complexity and
its organization should not only be regarded as aesthetic issues but as elements fundamental to the human
nervous system. Neuroscientific studies have identified neuronal locations and brain mechanisms responsible
for complexity perception while providing insights into physiological and cognitive processes associated with
navigation in urban spaces. Neuro-urbanism examines how urban complexity (e.g., architectural patterns
and textures) influences cognitive processing, emphasizing the need to strike a balance between stimulating
and monotonous environments. Various neuroscientific techniques, including electroencephalography (EEG)
and other cognitive neuroscience methods, are utilized to explore these interactions.
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indings: Following a review of different brain wave recording techniques, electroencephalography

(EEG) is identified as a suitable tool for investigating the neurological effects of visual complexity in
urban environments. This preference is based on EEG’s: High temporal resolution aligned with the rapid
nature of cognitive processes (millisecond-level precision). Direct measurement of neural activity, unlike
fMRI, which relies on indirect measures. Multidimensional data acquisition, including time, location,
frequency, power, and phase of EEG signals.
This study also reviews technical specifications of EEG devices, highlighting electrode density, type,
portability (wired/wireless), data acquisition software, and sampling rates as key considerations for
researchers. Additionally, it examines experimental design aspects crucial for accurate EEG studies. A
systematic review of EEG-based research analyzing visual complexity perception is conducted, focusing
on neuropsychological applications. Based on previous findings: Increased visual unity enhances
processing fluency. Theta wave oscillations in the prefrontal cortex can be used to assess working memory
performance, episodic memory, and navigation difficulty. Higher EEG signal amplitude indicates reduced
visibility of environmental elements, whereas lower EEG amplitude suggests increased perceptual
salience—a factor directly affected by complexity. Additionally, EEG studies have been employed to
investigate spatial perception processes in urban environments, offering insights into how pedestrians
process movement-related visual information.

Discussion and Conclusion: Technical limitations pose a major challenge in the neuro-urbanism

approach. The integration of neural, cognitive, and environmental data requires interdisciplinary @0
collaboration between neuroscientists and urban researchers, yet differing perspectives across disciplines {I}ﬁBxﬁ
complicate consensus-building. One primary limitation of EEG in urban settings is its difficulty in capturing £8BII (€N
the dynamic and fluid nature of pedestrian experiences. Another challenge is the complex interplay of SE%IES
multiple variables influencing visual complexity perception. Additionally, contextual variability in neural

responses due to cultural, social, and environmental factors presents a methodological challenge.
Despite these challenges, EEG remains a cost-effective and high-resolution technique for studying
visual complexity perception in urban settings. EEG can also objectively measure subjective complexity
perception and assess memory-related neural activity. However, due to its technical limitations and the
necessity of controlling confounding variables, virtual reality (VR)-based research is recommended.
Using VR in EEG studies allows for: Systematic manipulation of environmental variables while controlling
factors such as familiarity, lighting, and non-visual stimuli that influence complexity perception.
Simultaneous EEG data collection in controlled conditions, reducing interference from urban noise,
temperature fluctuations, and other external variables. Eye-tracking integration, enabling researchers
to assess gaze fixation, attentional focus, and direct interactions between visual stimuli and neural
responses.
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The rapid growth of cities and the absence of effective regulatory frameworks,
have disrupted the reciprocal interaction between humans and built environments. | Received 04/10/2024
These challenges have compromised cities’ ability to address the cognitive and | revised 05/11/2024
physiological needs of their citizens. Neuro-urbanism, as an emerging approach,
integrates urban planning, environmental psychology, and neuroscience to analyze
neural feedback from the brain in response to urban environments, aiming to | Available Online  19/01/2025
restore positive human-environment interaction. Among the various factors, visual
complexity -directly linked to human physiology- can be reexamined within this
framework from a novel perspective.
This study explores the concept of visual complexity in urban design, introduces

the optimal spectrum of visual complexity, and identifies the capabilities of neuro- | Neuro-urbanism
urbanism in examining this environmental factor. Recent studies in neuro-urbanism | visual complexity
reveal that the relationship between unity and diversity in urban environments can
be assessed through the analysis of neural processing speed for visual data. Empirical o
evidence indicates a direct correlation between beta waves and the complexity of | Neurcimaging
fractal forms. Data obtained from electroencephalography (EEG) demonstrate that | Virtual Reality
this tool can effectively examine cognitive experiences related to unity and diversity
as well as neural processing speed. Additionally, theta frequency oscillations in
frontal and prefrontal areas show significant associations with cognitive functions
such as working memory, episodic memory, and spatial orientation. Increases in EEG
signal amplitude often signify reduced salience of environmental elements, while
decreases in amplitude indicate heightened salience. Finally, technical limitations of
neuroimaging tools in real-world environments -such as sensitivity to environmental
noise and movement- have been identified as major challenges. To address these
issues, virtual reality (VR) environments are proposed as innovative tools to control
environmental variables and mitigate technical constraints. This approach enables
systematic manipulation of visual complexity variables and enhances the accuracy

of neural data recording.

Highlights

— Introduction of the visual complexity spectrum in relation to the urban form, rather than the abstract
stimulicommonly used in laboratory studies.

—  Presentation of neuro-urbanism and its methodological potential as an emerging interdisciplinary
approach with applicability in studying visual complexity.

—  Examination of various brainwave recording techniques, with a focus on electroencephalography
(EEG) as an appropriate tool for studying the neurological effects of visual complexity in the urban
form within the framework of cognitive electrophysiology.

—  Collection and analysis of electroencephalography studies related to the visual complexity spectrum,
and the introduction of key factors for evaluation.

—  Exploration of technical and contextual limitations in the neuro-urbanism approach when studying
the visual complexity spectrum in urban environments.
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Figure 1.1 EEG signal and corresponding bands.
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