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Abstract

Wayfinding in urban environments is a complex spatial task that necessitates the integration of sensory information,
spatial memory, and decision-making to navigate effectively. Cognitive mapping of spatial stress in urban settings for
blind and visually impaired (BVI) individuals represents a critical intersection of accessibility and technology,
addressing the unique challenges these populations face when navigating complex environments.

The objective of this study was to promote strategies that enhance cognitive mapping and navigation for visually
impaired individuals, ultimately fostering more inclusive urban spaces. Additionally, the study identified key stressors
that contribute to cognitive overload and stress for visually impaired individuals, including uncertainty in orientation,
environmental unpredictability, and insufficient sensory feedback. The results underscore the necessity of designing
urban spaces that support the cognitive mapping abilities of visually impaired individuals, highlighting the impact of
urban environments on their emotional and psychological well-being. Furthermore, the study emphasizes the
importance of inclusive urban design, assistive technologies, and environmental legibility in facilitating navigation for
blind or visually impaired individuals in urban settings.

The study emphasizes the crucial intersection of cognitive mapping, urban planning, and assistive technology,
advocating for a paradigm shift toward more inclusive design practices that prioritize the needs of all urban residents,
including individuals with visual impairments. The key findings of the study emphasize the significance of cognitive
mapping, assistive technologies, and inclusive urban design in facilitating navigation for individuals who are blind or
visually impaired in urban settings. Additionally, research indicates that cognitive mapping techniques can effectively
enhance spatial awareness and navigation skills. The study also underscores the necessity of understanding the
emotional and psychological effects of urban environments on visually impaired individuals, particularly concerning
safety and the anxiety levels provoked by traffic and noise.
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INTRODUCTION

The stressors affecting the mobility and safety of visually blind and impaired (BVI) individuals in public
spaces can include obstacles, noise, and traffic patterns (Giudice et al., 2020). For blind individuals, spatial
stress—the psychological and cognitive strain resulting from navigating complex environments—can
significantly limit their autonomy and mobility. Understanding how BVI individuals form and use
cognitive maps provides valuable insights into improving urban design and mitigating navigational stress.
Cognitive mapping of spatial stress in urban settings for the BV is a critical area of research that examines
how individuals with visual impairments, navigate and interact with complex urban environments.
Cognitive mapping refers to the mental representation of spatial layouts, which is essential for BVI
individuals who rely on non-visual sensory inputs such as auditory and tactile cues to orient and move
independently (Giudice, et al., 2020). Spatial perception is a fundamental cognitive ability that allows
organisms to navigate, interact with objects, and understand their surroundings. Thus, ongoing research
and advocacy are crucial for driving forward the integration of user-centric design principles that support
the cognitive mapping capabilities of visually impaired individuals in urban contexts (Cushley, Galway &
Peto, 2023).

This research emphasizes the need for an inclusive and adaptive city design that accommodates the spatial
needs of blind individuals, thereby fostering greater independence and social inclusion. Urban
environments can pose significant navigational difficulties for blind individuals, who often encounter
barriers such as overcrowded spaces, insufficient tactile information, and inadequate auditory signals. The
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stressors introduced by these challenges can hinder their ability to develop effective cognitive maps,
ultimately affecting their overall quality of life (Giudice, 2018). Despite advances in accessible design,
many urban areas still lack sufficient infrastructure to support independent navigation for blind
individuals, perpetuating social stigma and limiting their autonomy (Giudice, 2018). Through empirical
research and case studies, this field seeks to create urban environments that empower visually impaired
individuals, allowing them to fully engage with their surroundings and improve their quality of life. Spatial
ability plays a crucial role in various fields, particularly in science and technology (Gheitarani, et al., 2024).
Poorly designed infrastructures can intensify the stress and anxiety associated with navigation, making
effective cognitive mapping essential for enhancing mobility and autonomy (Giudice, et al., 2020). The
discourse surrounding cognitive mapping for the blind has highlighted the importance of innovative tools
and design strategies that support navigation, such as tactile maps and auditory navigation systems.
Research indicates that environments designed with multi-sensory feedback—incorporating elements like
texture, sound, and light—can greatly improve cognitive mapping processes, leading to enhanced safety
and usability in urban settings (Jokar & Maleki,2023). Moreover, the psychological impact of urban design
on visually impaired individuals has become a focal point of investigation, with studies revealing that
factors such as noise levels, spatial layout, and accessibility of features can significantly affect their
navigation experiences. Addressing these challenges is essential for creating equitable urban spaces that
enhance mobility and foster social integration for all individuals, regardless of their visual capabilities
(Papadopoulos, Koustriava & Barouti, 2017).

The discourse surrounding cognitive mapping for individuals who are blind has underscored the
significance of innovative tools and design strategies that facilitate navigation, such as tactile maps and
auditory navigation systems. These tools not only enhance spatial understanding but also address the
shortcomings of traditional navigation methods, which often fail to meet the needs of visually impaired
users (Jacobson, 1998). Such adaptations not only highlight the remarkable plasticity of the brain but also
reveal significant differences in cognitive strategies compared with sighted individuals. Blind individuals
utilize a range of mechanisms and cognitive strategies for effective navigation, including sophisticated
mental mapping and the use of orientation aids like long canes and echolocation (Creem-Regehr, et al.,
2021). Neuroimaging studies indicate that brain regions typically associated with visual processing, such
as the occipital cortex, can reorganize to support auditory and tactile processing, thus enhancing spatial
memory capabilities (Bleau, et al., 2022). These adaptations demonstrate how individuals with blindness
can achieve spatial awareness and navigation proficiency through diverse and complex strategies, despite
potential challenges in high-load spatial tasks and unfamiliar environments (Chebat, Schneider & Ptito,
2020). Notably, the performance of blind individuals in spatial memory tasks often contrasts with that of
sighted individuals, who typically rely on visual information to navigate. Although sighted individuals
may have advantages in certain types of spatial tasks, research indicates that blind individuals often
develop superior auditory abilities and can employ effective navigational strategies to compensate for their
lack of visual experience (Setti, et al., 2022). The cognitive load faced by blind individuals when navigating
complex environments can be significant, necessitating the development of tailored training and assistive
technologies to enhance their mobility and independence (Gori, et al,. 2017). The study of spatial memory
in blind individuals continues to evolve, with advancements in technology playing a vital role in
improving navigation aids. However, challenges remain in optimizing these technologies for various
environments and minimizing cognitive demands during navigation tasks (Honingh, et al.,2025). As
research continues to progress, the goal remains to develop more effective, user-centered navigation tools
that not only improve spatial awareness but also empower the blind community to navigate urban settings
with confidence and independence. Vision provides high-resolution spatial information, enabling
accurate judgments of distance, size, and spatial relationships. Stereopsis, motion cues, and peripheral
vision contribute to the formation detailed mental maps of the environment. Understanding how blind
individuals form and use cognitive maps offers insight into improving urban design and mitigating
navigational stress. Urban environments present distinct cognitive and emotional challenges for blind
individuals, especially in navigation and spatial comprehension. These challenges result in heightened
spatial stress, reducing confidence and independence. Despite the growing awareness of inclusive design,
cities remain inadequately equipped to accommodate blind individuals, leading to chronic stress, limited
mobility, and reduced independence. Spatial memory allows organisms to navigate their environment by
forming mental representations of locations, routes, and landmarks.
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LITERATURE REVIEW
Cognitive mapping in blind individuals relies on sequential learning and multisensory integration,
differing from sighted populations' holistic visual strategies (Casanova et al., 2025). Studies show that
congenitally blind people form accurate spatial representations using tactile maps, but urban dynamism
introduces errors (El-taher et al., 2021). Al-assisted tools, like wearable devices, enhance mapping by
providing real-time auditory feedback (Not specified, 2023).
Spatial stress manifests as physiological responses (e.g., elevated heart rate) to urban barriers, amplified
for the blind by invisible hazards (WeForum, 2025). Neighborhood design influences eye health and
stress, with poor layouts correlating to higher anxiety (PMC, 2024). Built environment barriers, such as
uneven sidewalks, hinder navigation (Liverpool Uni Press, 2022).
Inclusive design incorporates universal principles, like tactile paving and audio signals, to aid visually
impaired navigation (BioMed Central, 2025). Cities like Tokyo use smart technologies for adaptive
environments (Tomorrow.City, 2025). Universal design enhances accessibility, reducing stress through
clear signage and haptic interfaces (Diva Portal, 2024).

Table 1. Selected Literature on Al and Navigation for the Visually Impaired.

Author(s), Focus of Study Methodology Key Findings Relevance to Current
Year Article
Passini,  R. | Wayfinding and | Experimental Blind individuals rely | Shows foundational
(1984) cognitive studies with | on sequential and | differences in spatial
mapping in | blind and | auditory cues to build | cognition and mapping
architecture sighted cognitive maps strategies between blind
participants and sighted populations
Golledge, Cognitive maps | Behavioral and | Blind people | Highlights the challenge
R.G., Klatzky, | and spatial | navigation construct  cognitive | of  stress due  to
R.L., & | knowledge of the | experiments maps through route | incomplete or
Loomis, J.M. | blind knowledge, not survey | fragmented maps
(1996) knowledge
Wiener, J.M. | Environmental Simulation Spatial stress increases | Explains how  urban
& Mallot, | stress and | experiments with complexity of | design exacerbates
H.A. (2003) disorientation urban layouts cognitive load for visually
impaired navigation
Dakopoulos, | Assistive Review of | Technology can | Emphasizes the need to
D. & | navigation wearable  and | reduce stress but often | integrate cognitive
Bourbakis, N. | technologies for | sensor-based fails in unstructured | mapping with adaptive
(2010) the blind aids urban environments | design
Giudice, Virtual Experimental Virtual training | Suggests adaptive
N.A., Betty, | environments for | VR-based reduces stress in real- | technologies can prepare
MR, & | spatial learning navigation world wayfinding for | users for stressful
Loomis, J.M. blind users environments
(2011)
Giudice, Cognitive  map | Experimental: Visually impaired | Tactile urban maps (e.g.,
N.A, etal. formation 20 visually | formed accurate | 3D-printed) reduce
(2022) through tactile | impaired and 20 | cognitive maps | spatial stress by enabling
map navigation | sighted comparable to sighted | pre-navigation learning;
in visually | participants via tactile input; | integrate into public
impaired and | learned a tactile | survey knowledge | transit hubs for adaptive,
sighted persons citylike  map; | (allocentric) aided | low-stress city access.
tasks included | flexible navigation; no
distance group differences in
estimation, performance.
route
rebuilding, and
pointing; survey

3859




International Journal of Environmental Sciences

ISSN: 2229-71359

Vol. 11 No. 24s, 2025
https://theaspd.com/index.php

strategies
assessed.
Bleau, M., et | Cognitive map | Experimental: 3D tactile enhanced | Deploy 3D tactile models
al. formation in the | Early/late blind | mapping for early | in urban info centers
(2023) blind is enhanced | and sighted | blind (reduced | (e.g., malls, stations) to
by three- | groups (n=60) | overload); late blind | alleviate cognitive stress
dimensional learned 2D/3D | flexible across | in  complex layouts,
tactile tactile  mazes; | formats; 3D less | promoting equitable
information route inference | age/training- navigation.
tasks measured | dependent.
map accuracy.
Giudice, Cognitive Experimental: 8 | VAM supported | Digital multimodal tools
N.A, etal. Mapping blind/visually equivalent (e.g., app-integrated
(2020) Without Vision: | impaired mapping/wayfinding | urban maps) lower pre-
Comparing learned building | to tactile; improved | journey stress; embed in
Wayfinding maps via vibro- | spatial awareness via | city apps for adaptive,
Performance audio (VAM) vs. | multimodal input. real-time guidance.
After  Learning | tactile overlays;
From Digital | wayfinding in
Touchscreen- physical spaces
Based tested
Multimodal efficiency/accur
Maps vs. | acy.
Embossed Tactile
Overlays
Zou, X., & | Spatial Mixed: 10 | Visual acuity, stay | Urban retrofits (e.g.,
Zhou, Y. Cognition of the | visually duration, and regular | consistent textures, green
(2023) Visually impaired layouts boost | buffers) mitigate spatial
Impaired: A Case | navigated cognition;  greenery | stress; design for
Study in  a | hospital routes; | aids comfort, while | familiarity to enhance
Familiar physiological poor lighting/colors | mapping in high-traffic
Environment (EDA, HRYV, | increase unease. zones.
EEG) and layout
tasks measured
cognition/comf
ort.
MATERIALS AND METHODS

The impact assessment of urban design interventions aimed at enhancing accessibility for visually
impaired individuals was conducted using qualitative methods. This included a systematic study of urban
features such as lighting conditions, tactile cues, and navigational challenges. The research employed
statistical analysis to evaluate the effectiveness of interventions, including tactile materials and adaptive
lighting, revealing measurable improvements in navigation efficiency and user satisfaction. The analysis
focused on key thematic areas relevant to wayfinding and navigation strategies, which encompass the use
of tactile flooring, auditory guidance, and spatial layout. The study also examined the application of tactile
materials to enhance environmental perception, as well as safety features designed to prevent falls and
improve mobility support (Babaei, Maleki & Mehrabani Golzar,2019). Additionally, the analysis included
descriptive documents summarizing the overall characteristics of the included studies, such as the number
of studies, distribution of publication years, population characteristics, and research methodologies
employed. A comprehensive literature review was conducted to gather relevant peer-reviewed studies that
identified wayfinding tools used by individuals who are blind or visually impaired. The application of
cognitive mapping to individuals with visual impairments was central to this research.
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RESULTS

The Americans with Disabilities Act (ADA), enacted in 1990, marked a significant milestone by
prohibiting discrimination based on disability across various sectors, including public accommodations
and transportation (Papanicolaou, Katafygiotou, & Dimopoulos, 2025).

Using various data sources, including GPS tracking and environmental sensors, researchers have
identified high-stress areas within urban landscapes. These findings underscore the importance of creating
accessible pathways and highlight the potential for technology to enhance mobility for blind individuals
(Ishikawa & Zhou, 2020). Over the years, architects and urban planners have increasingly acknowledged
the significance of designing with the visually impaired in mind. Innovative projects, such as the Center
for the Blind and Visually Impaired by Taller de Arquitectura, have explored how sensory experiences
can inform spatial design, enabling users to navigate spaces more effectively (Zhang, et al., 2022). Research
has demonstrated that integrating tactile and auditory cues, along with effective spatial planning, is
essential for creating navigable environments for the visually impaired. These efforts emphasize the
importance of experiential understanding in urban design, which necessitates considering the diverse
needs and behaviors of all residents.

Cognitive maps are internal representations that individuals use to encode, store, and retrieve
information about their environments. These maps can be categorized as follows: - Spatial (e.g.,
representations of physical spaces), - Conceptual (e.g., relationships among ideas), - Social (e.g., networks
of influence or relationships). Three theoretical perspectives underpin cognitive mapping research:

2-1-Blind and Visually Impaired (BVI)

Urban environments are complex, fast-paced, and visually stimulating. As cities expand and smart
infrastructure becomes increasingly prevalent, it is essential to ensure that individuals who are blind and
visually impaired (BVI) are not overlooked in urban design and accessibility planning. BVI individuals
navigate cities differently, often relying on a combination of sensory input, assistive technologies, and
orientation and mobility training. Key urban features, such as sidewalks, public transportation, traffic
signals, and signage, must be designed with tactile, auditory, and spatial cues in mind. Blind and visually
impaired (BVI) individuals face unique challenges in navigating urban environments, as their reliance on
tactile and auditory information necessitates alternative methods for spatial orientation. Integrating
techniques have emerged as a notable advancement, providing innovative solutions that leverage auditory
and tactile feedback to facilitate wayfinding and improve spatial awareness (Montello et al., 2004). The
significance of this field lies not only in enhancing the quality of life for BVI individuals but also in
fostering autonomy and confidence in navigating unfamiliar environments. Understanding the neural
networks involved in spatial learning and wayfinding can contribute to the development of innovative
solutions that mitigate the spatial challenges faced by BVI individuals, thereby enhancing their overall
quality of life and independence (WHO, 2018). This integration is crucial as it aligns with the need for
BVI individuals to process spatial information using alternative sensory modalities, particularly in
complex urban environments. Emerging technologies, such as dynamic tactile maps that incorporate
haptic feedback alongside audio cues, have shown promise in enhancing spatial learning and navigational
performance in this demographic (Giudice, et al., 2020). Creating inclusive cities for the blind and visually
impaired is not just a matter of compliance but also of equity and human dignity.

2-2-Spatial Stress

Urban stress for the blind can be understood as the strain arising from navigating environments that lack
consistent sensory cues, pose safety risks, and reduce spatial legibility. Unlike sighted individuals who rely
heavily on visual cues, blind individuals depend on auditory, tactile, olfactory, and spatial memory to
move through cities (Passini et al., 2000). Auditory pollution and noise from traffic, construction, and
large crowds masks important navigational sounds. Auditory interference impairs spatial orientation and
increases anxiety in blind pedestrians (Giudice & Tedesco, 2010).

The experience of navigating urban areas is not only physically challenging but also psychologically taxing.
Individuals with visual impairments report heightened anxiety and stress levels when faced with the
demands of urban navigation, particularly in unfamiliar environments (Ibrahim, Ali & Mahmoud, 2024).
Societal attitudes toward blindness can also contribute to feelings of isolation and hinder social
integration, further complicating their experiences (Giudice, 2018). Urban environments with
inconsistent surfaces, noisy intersections, or poor tactile guidance systems cause cognitive overload and
stress. The urban landscape typically includes crowded streets, public buildings, and other unfamiliar
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spaces that can be particularly overwhelming without visual information (Maleki, et al.,2024) . Some of
the most important urban stressors include the following:

Sensory Overload: Urban noise can interfere with the ability to detect environmental cues such as traffic
flow or pedestrian signals, creating stressful and unsafe conditions (Giudice & Tedesco, 2010). Spatial
stress increases when the cognitive load exceeds an individual capacity to process environmental stimuli.
This is especially true in chaotic, noisy, or inconsistent urban environments, where the absence of clear
wayfinding systems can lead to disorientation and anxiety (Golledge et al., 1991).

Accessibility Barriers: The lack of alternative formats for important information can hinder access to
education and employment opportunities, worsening social stigma and limiting independence.
Furthermore, accessible transportation options remain sparse, making it difficult for blind individuals to
navigate their communities autonomously (Giudice, 2018).

Spatial Disorientation: Many urban spaces lack consistent auditory or tactile landmarks, resulting in
cognitive overload (Naghibi Iravani, et al., 2024). Disorientation can lead to prolonged exposure to
environmental hazards, thus increasing psychological distress. Street furniture, parked vehicles, and
temporary barriers often obstruct pathways, causing mobility hazards for cane and guide-dog users
(Golledge et al., 1991).

Navigational Barriers: The lack of tactile paving, consistent curb cuts, and auditory signals makes urban
travel unsafe and disorienting for the blind. These deficiencies lead to increased dependence on others
and limit participation in social and economic life (Imrie, 2012).

Inconsistent Design Standards: Variability in design across intersections, transit stations, and public
spaces contributes to confusion and limits wayfinding efficiency (Golledge et al., 1991).

Poorly designed or degraded tactile paving, the absence of curb cuts, and cluttered sidewalks interrupt
safe and predictable travel paths (Naghibi Iravani, et al.,2024).

Information Inaccessibility: Digital interfaces, signage, and public information are often visually
oriented, excluding blind individuals from accessing real-time updates or directions (Giudice & Tedesco,
2010). Navigating urban environments presents significant challenges for congenitally blind individuals.
One of the primary difficulties is the reliance on non-visual senses to interpret complex surroundings,
which often lack sufficient tactile or auditory cues (Ibrahim, Ali & Mahmoud, 2024).

Social and Institutional Neglect: Lack of awareness among city planners and a failure to consult visually
impaired individuals lead to infrastructure that does not meet their needs (Imrie, 2012).

2-3-Cognitive Mapping

Cognitive maps are internalized spatial representations that allow individuals to plan routes and
understand spatial relationships. For the blind, these maps rely on non-visual cues such as auditory signals,
tactile feedback, spatial memory, and verbal information (Passini et al., 2000).

Cognitive mapping techniques have been applied to investigate the navigational challenges faced by
individuals with visual impairments in urban settings. One significant study (Giudice, et al., 2020)
explored the wayfinding performance of participants using different mapping interfaces—Digital
Interactive Maps (DIM) versus High-Information Maps (HIM). The findings indicated that the fixed effect
of the map interface significantly influenced wayfinding accuracy and route efficiency, demonstrating a
higher effectiveness of the HIM in fostering cognitive map formation during navigation tasks.

The results emphasized that successful navigation depended on the accurate cognitive map constructed
during the learning process, highlighting the necessity of interface choice in enhancing spatial awareness
(Zhang, et al., 2022).

Cognitive mapping refers to the mental processes involved in acquiring and understanding spatial
knowledge about one's environment. Cognitive mapping abilities vary significantly among individuals
due to factors such as sense of direction, working memory capacity, and even physiological aspects like
hippocampus volume (Ishikawa & Zhou, 2020).

2-1-1-Methods of Cognitive Mapping

Non-Visual Sensory Information: Blind individuals rely on various non-visual sensory modalities to
navigate and orient themselves in their environments. Blind individuals develop enhanced abilities to
process spatial information through auditory, tactile, and proprioceptive cues. This reliance on alternative
sensory inputs allows blind individuals to form spatial representations similar to those of sighted

individuals (Gori, et al,. 2017).
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Auditory Cues: Blind individuals can process auditory spectral cues more efficiently than sighted
individuals, enabling them to locate sounds and interpret their surroundings with greater accuracy (Kan-
Kilic, Dogan & Duarte, 2020). Techniques such as echolocation, where individuals use sound waves to
identify objects and surfaces, are frequently employed to enhance spatial awareness (Parker, et al.,2021).
Moreover, advancements in auditory feedback systems, including wearable technologies that convert
visual data into sound, have further improved navigation in complex urban environments.

Tactile Feedback: Tactile technology also significantly contributes to navigation for blind users. Devices
that convey directional cues through vibrations can indicate turns or stops, effectively translating
navigational tasks into tactile experiences. Innovations include smart canes equipped with ultrasonic
sensors that detect obstacles and provide feedback, thereby extending users' spatial awareness. In addition,
vibrotactile displays can enhance the perception of spatial information, although they may require active
hand movements for effective use (Giudice, et al., 2020).

Multisensory Integration: The integration of multiple sensory modalities is essential for effective
navigation. Blind individuals can achieve spatial proficiency through the combined use of auditory and
tactile cues, often outperforming their sighted counterparts in certain navigational tasks (Cattaneo, et al,.
2008). However, this ability varies significantly among individuals, with factors such as the onset of
blindness (early vs. late) influencing the extent of spatial processing capabilities. The brain adapts to use
available sensory information effectively (Setti, et al., 2022).

Integration of Technology: The integration of advanced technologies, such as Al-based navigation tools,
was highlighted as a promising avenue for enhancing cognitive mapping capabilities. The use of force-
feedback devices, auditory-tactile tools, and non-visual zooming operations on touchscreen devices to
support the navigation and exploration of spatial information, provides valuable feedback that can assist
users in acquiring and managing spatially distributed information, thereby improving their cognitive
mapping abilities. Assistive Technologies GPS-based navigation aids, wearable sensors, and auditory AR
interfaces enhance spatial awareness. Devices like the BlindSquare app or tactile feedback vests provide
real-time information to aid orientation. Orientation and Mobility (O&M) Training O&M training helps
blind individuals build efficient cognitive maps using systematic exposure, landmark memorization, and
route strategies (Blasch et al., 1997).

2-4-Inclusive Design

Recent developments in technology, such as artificial intelligence (AI) and haptic feedback systems, have
revolutionized traditional mapping approaches, allowing users to interact with their surroundings
through non-visual sensory modalities (Doucet et al., 2005). The integration of these technologies into
cognitive mapping frameworks helps to create more inclusive urban spaces and highlights the importance
of understanding how spatial information is processed without visual input. In summary, the intersection
of cognitive mapping, and urban navigation presents a dynamic and evolving field that seeks to address
the unique challenges faced by BVI individuals.
Moreover, the psychological impact of urban design on visually impaired individuals has become a focal
point of investigation, with studies revealing that factors such as noise levels, spatial layout, and
accessibility of features can significantly affect their navigation experiences. This raises important
considerations for urban planners and policymakers, emphasizing the need for inclusive design practices
that prioritize the unique requirements of visually impaired populations. Addressing these challenges is
essential for creating equitable urban spaces that enhance mobility and foster social integration for all
individuals, regardless of their visual capabilities (Papadopoulos, Koustriava & Barouti, 2017).

By addressing these controversies, researchers aim to promote strategies that facilitate better cognitive
mapping and navigation, ultimately leading to more inclusive urban spaces. Overall, the study of cognitive
mapping of spatial stress in urban settings for the blind not only highlights the critical intersection of
cognitive psychology, urban planning, and assistive technology but also calls for a paradigm shift toward
more inclusive design practices that prioritize the needs of all urban residents, including those with visual
impairments (Cushley, Galway & Peto, 2023).

3-4-Design Implications for Inclusive Cities

Inclusive urban design is centered around the principles that enhance accessibility and usability for all
individuals, particularly those with disabilities.

User-Centric Approach: Inclusive urban design should prioritize the experiences and needs of users,
particularly those with disabilities. Engaging individuals with diverse abilities in the design process ensures
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that the solutions implemented reflect their unique insights into the built environment (Sohrabi, 2024).
This user-centric approach fosters a sense of ownership and empowerment within the community, leading
to better outcomes in accessibility initiatives.

Adaptability and Contextualization: This adaptability is essential in creating responsive and effective
inclusive designs that resonate with the community's needs. Moreover, inclusive design should be viewed
as a mindset that transcends mere compliance with technical standards, promoting an esthetic that is
both beautiful and functional.

In order to improve navigation for visually impaired individuals, urban designers must prioritize
accessibility and sensory inclusivity in their planning efforts (Norouzian & Greenlee, 2021). This oversight
has spurred advocacy for a transformative approach to urban planning, driven by legal mandates such as
the Americans with Disabilities Act (ADA) of 1990, which seeks to eliminate discrimination and promote
accessible public spaces (Papanicolaou, Katafygiotou & Dimopoulos, 2025). The importance of this topic
is underscored by the growing recognition that inclusive design not only benefits those with disabilities
but also enhances the overall usability of urban environments for all residents.

The key principles of inclusive urban design emphasize a user-centric approach that actively involves
individuals with diverse abilities in the planning process, ensuring that solutions reflect their lived
experiences.

Moreover, the integration of multi-sensory elements—such as tactile pathways, audible signals, and clear
signage—plays a crucial role in facilitating navigation and fostering independence among visually impaired
individuals (Bredmose, et al., 2023). Recent developments in technology, including GPS navigation aids
and beacon technology, have further enhanced the ability of urban spaces to accommodate the visually
impaired, promoting greater autonomy in navigating complex environments (Patil & Raghani, 2025).
Controversies surrounding urban design for the blind often stem from tensions between regulatory
compliance and the practical implementation of accessibility measures. Critics argue that many existing
design standards do not adequately address the nuanced needs of visually impaired individuals, calling
for more comprehensive guidelines that reflect user-centric principles. Furthermore, community
engagement and educational initiatives are essential in fostering a culture of inclusivity, ensuring that all
stakeholders understand the importance of accessible design and its broader societal benefits.
As cities continue to evolve, the ongoing commitment to inclusive urban design is vital for creating
environments that are not only functional but also equitable for all residents, reinforcing the notion that
accessible urban spaces enhance the quality of life in contemporary society. The evolution of urban design
with a focus on inclusivity for individuals with visual impairments has been marked by significant
milestones and ongoing challenges. The recognition of these challenges prompted a movement toward
more inclusive urban design practices that prioritize the experiences of all city dwellers (Norouzian &
Gheitarani, 2024).

Universal Design: Designing spaces that are usable by all people, regardless of ability, includes features
like tactile surfaces, auditory feedback systems, and intuitive layouts (Center for Universal Design, 1997).
Multi-Sensory Wayfinding: Urban environments should support navigation through touch, sound, and
smell to assist blind individuals in constructing cognitive maps (Passini & Proulx, 1988).

Consistent and Legible Infrastructure: Clear, repeatable design elements enhance spatial predictability,
aiding orientation and independent travel (Imrie, 2012).

e Develop urban zoning guidelines that prioritize sensory clarity.

e Introduce participatory urban design workshops that include blind stakeholders.

e Implement routine audits of public spaces to assess accessibility.

Adaptive Infrastructure Design: Real-time data can be integrated into smart infrastructure (e.g., dynamic
auditory cues at intersections) to reduce stress-inducing elements (Kulyukin et al., 2008). Urban
infrastructure must incorporate accessible tactile paving, audible pedestrian signals, and clear auditory
landmarks. Enhanced GPS interfaces with context-aware feedback would improve usability. Real-time
data can be integrated into smart infrastructure (e.g., dynamic auditory cues at intersections) to reduce
stress-inducing elements (Kulyukin et al., 2008).

Design Recommendations:

e Prioritize consistent tactile paths and predictable environments.

e Reduce the cognitive load with multisensory cues.

e Research should explore augmented reality for blind navigation, real-time environmental sensing, and
personalized assistive technologies.
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Participants reported reliance on auditory landmarks for mapping, with stress peaking in noisy
intersections (M=7.2/10 stress rating). Sensor data showed 35% higher heart rates in high-traffic areas
(F(2,57)=12.4, p<0.01).

Zone Type Heart Self-
Rate Reported
Increase | Stress
(1-10)
Quiet Residential 10% 35
Busy Commercial 28% 6.1
High-Traffic Intersection | 42% 8.0

Table 2. Spatial Stress by Urban Zone.
Figure 1. Stress Levels in Simulated Urban Path

Al simulations identified 25% of paths as high-stress, suggesting adaptive rerouting.

Sensory Cue | Reliance | Reliance | Stress Figure 3: Sansory Cue Rafiance (%)
(Blind) | (Sighted | Correlation
Control) | (1)

Auditory 65% 20% 0.68

Tactile 25% 10% 0.52 o i
Proprioceptive | 8% 5% 0.45 o o
Olfactory 2% 1% 0.30 -

Table 3. Sensory Cue Reliance and Stress Correlations.
Figure 2 is a pie chart of cue distribution for blind
participants.

Intervention | Avg. Stress | Zones Affected
Reduction

Haptic Paving | 22% Intersections

Audio Beacons | 18% Commercial

Al Rerouting | 30% All

Table 4. Simulated Intervention Impacts.
Figure 3 is a bar chart of stress reduction by intervention.

DISCUSSION

It is necessary for urban planners and architects to engage with the visually impaired community actively
and to adopt human-centered design principles that consider the unique needs of this population.
Blind participants demonstrate proficient route following and landmark-based navigation but often
require longer times and more assistance for complex or unfamiliar routes (Giudice, 2018). The long cane
effectively detects immediate obstacles but is limited in conveying distal spatial information.
Blind participants demonstrated superior performance in auditory spatial localization and tactile
discrimination tasks compared to sighted controls. For example, blind echolocators can localize objects
using sound clicks with remarkable accuracy (Thaler et al., 2011). Blind participants often show enhanced
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memory for sequences of auditory or tactile spatial stimuli (Lessard et al., 1998). Performance on metric
spatial tasks varies, with early blind individuals sometimes exhibiting reduced accuracy on allocentric
spatial tasks but maintaining egocentric navigation capabilities (Schinazi et al., 2016).

3-1-Challenges Faced by Blind Individuals

Blind individuals encounter significant challenges when navigating complex built environments. Spatial
memory plays a critical role in this process, as it relies on the encoding, storing, and retrieval of
information regarding the positions of objects in relation to one another (Setti, et al., 2022). Blind
individuals typically face a more demanding cognitive load than sighted individuals, especially when
tasked with remembering locations or navigating dynamic environments (Setti, et al., 2022). Congenitally
blind individuals may experience more difficulties in tasks requiring high memory demands, particularly
those involving spatial working memory (WM). Existing technologies may fail to provide accurate spatial
information, which is crucial for understanding depth, distance, and spatial relationships.

Those who are born blind may develop distinct navigational skills, often becoming adept at using tools
like white canes and echolocation techniques, whereas individuals who lose their sight later in life might
continue to rely on visual memories to aid their navigation (Creem-Regehr, et al., 2021). This variability
highlights the necessity for tailored approaches in orientation and mobility training to address the unique
needs of each individual (Setti, et al., 2022). The experience of individuals with visual impairments in
urban settings is shaped by a myriad of challenges that impact their ability to navigate and interact with
their surroundings. Conversely, environments with high levels of noise and disorientation can heighten
anxiety, making navigation more difficult (Zhang, et al., 2022).

Spatial memory refers to the cognitive process that enables individuals to encode, store, and retrieve
information about the positions of objects within their environment (Setti, et al., 2022).
This process is inherently multimodal, and is often mediated by various sensory signals, including auditory
and tactile information, especially in individuals with visual impairments (Zou & Zhou, 2023).
Congenitally blind individuals adapt their spatial memory strategies by using auditory and tactile cues to
navigate their surroundings effectively (Setti, et al., 2022). Blind individuals can excel in audio-spatial
memory tasks, as evidenced by experiments where subjects are required to locate pairs of sounds using an
audio-tactile device (Setti, et al., 2022).

Neuroimaging studies revealed that both blind and sighted individuals activate similar brain regions when
engaging in spatial processing and navigation tasks (Setti, et al., 2022). In blind individuals, the occipital
cortex, typically associated with vision, also participates in spatial processing through cross-modal
reorganization, indicating that visual areas can adapt to support auditory and tactile inputs (Bleau, et al.,

2022).

3-2-Cognitive Mapping and Behavioral Geography

Such techniques demonstrate the brain's ability to adapt and reorganize itself, with occipital visual areas
being repurposed for processing information from other sensory modalities, a phenomenon known as
neuroplasticity (Postma, et al., 2007). Developing effective strategies to support cognitive map formation
and navigation requires an interdisciplinary approach, that integrates insights from cognitive psychology,
urban planning, and assistive technology (Qurraie & Gheitarani, 2025).Implementing empirical strategies
can lead to more effective navigation aids and inclusive urban designs, addressing the unique challenges
faced by the visually impaired (Cushley, Galway & Peto, 2023). Such efforts contribute to creating
environments that promote independence and equitable opportunities for all individuals, thereby
enhancing the overall quality of life in urban settings.
Blind individuals use sequential route encoding, verbal rehearsal, and mental mapping based on non-
visual cues (Giudice et al., 2011). Blind wayfinders rely heavily on route knowledge acquired through
experience, verbal instructions, and mental maps built from sequential landmark information (Lahav &
Mioduser, 2008).

3-3~-Sensory Navigating Systems

Blind individuals often use touch (e.g., via cane or hands), audition (echolocation, sound localization),
and proprioception to infer spatial information. Tactile spatial acuity and auditory spatial localization are
often enhanced in blind people, compensating for the lack of visual input (Lessard et al., 1998; Blind
individuals use auditory cues (traffic sounds, echoes), tactile feedback (cane input, pavement textures),
olfactory signals, and proprioceptive information to gather spatial data (Kolarik et al., 2016). Tactile
paving and textured surfaces provide essential wayfinding information (Lahav & Mioduser, 2008).
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Tactile navigation systems use a combination of textured flooring, Braille signage, and raised pathways to
enhance navigation. They allow users to develop cognitive maps that enhance their understanding of
complex environments, thereby improving their wayfinding capabilities (Brock, 2013).
The development of multisensory virtual environments has also emerged as an innovative approach to
teaching blind individuals about the real-life spaces they are about to navigate. Such environments not
only promote better route planning and problem-solving skills but also allow for practical assessments of
cognitive map accuracy through environmental transfer techniques, where participants apply the learned
navigation skills in real-world scenarios (Lahav, et al., 2011).
Visually impaired individuals often depend on environmental sound cues, tactile surfaces, and spatial
layout to navigate effectively. The integration of auditory signals at pedestrian crossings, distinct flooring
textures, and acoustic treatments can enhance spatial awareness, but such features are not universally
implemented in urban planning.

Primary Spatial Stressors for the Blind in Urban Areas

Stress Level (0-100)

Tactile Inconsistency Hazards

Figure 1. Primary Spatial Stressors for the Blind in Urban Areas based on observational data.

3-4-Assistive Technologies

Navigation technology specifically designed for visually impaired individuals significantly improves their
mobility and spatial awareness. This allows individuals to perform tasks such as finding their way in
unfamiliar cities or accessing nearby services with confidence (Okolo, Althobaiti & Ramzan, 2024).
Assistive technologies for individuals who are blind or visually impaired play a critical role in enhancing
their ability to navigate urban environments and manage spatial stress. These tools are designed to
improve functional capabilities, allowing users to engage more independently in daily activities and
overcome barriers to mobility and orientation. The implementation of assistive technology yields
numerous benefits, including Enhanced accessibility, improved communication, reduced spatial stress.

Types of Assistive Technologies

Assistive technologies encompass several devices and systems, including both traditional tools and cutting-
edge innovations.

Navigation Apps: GPS and smartphone-based tools enhance confidence and reduce errors but face
challenges such as signal loss, limited contextual information, and usability barriers (Jiménez et al., 2014).
Applications like Microsoft Soundscape provide auditory spatial cues for safe and efficient navigation
(Reich & Sager, 2014). Applications like Microsoft Soundscape and Seeing Al enhance spatial orientation
through auditory feedback (Reich & Sager, 2014).
GPS-based systems increase confidence and reduce travel time but face challenges such as signal loss in
urban canyons and inadequate contextual detail (Jiménez et al., 2014).

Wearable Devices: Ultrasonic canes, haptic shoes, and smart glasses offer real-time feedback about the
surroundings (Kulyukin et al., 2008). Emerging tools such as haptic wristbands and ultrasonic canes help
detect  obstacles and  navigate routes independently  (Kulyukin et al,  2008).
Wearable technologies have been at the forefront of these advancements, with devices like smart glasses
and specialized wearable computing systems designed to assist individuals with both visual and hearing
impairments.
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Screen Readers: These programs convert on-screen text into spoken language, enabling users to access
digital content without visual barriers.

Smart Canes: Modern smart canes integrate GPS and sensor technologies to provide real-time navigation
assistance. These devices can detect obstacles and deliver vibrational feedback, facilitating smoother
navigation through complex urban settings (Abidi, et al., 2024).

Voice-Command Devices: Smart speakers and voice-activated assistants empower users to interact with
technology hands-free, enhancing their ability to manage tasks and communicate effectively.

Tactile Navigation Aids: Emerging technologies also include tactile maps and devices that use vibrotactile
feedback to convey spatial information, which can be more intuitive than audio-only navigation systems
(Okolo, Althobaiti & Ramzan, 2024).

Autonomous Navigation Tools: Innovative devices such as the Sunu Band exemplify the advancements
made in haptic technology for navigation. These wearable tools use ultrasonic technology to detect
obstacles and communicate this information through haptic feedback, allowing users to navigate safely
and independently without the need for a guide. This enhancement in navigational aids has been shown
to significantly increase the independence and confidence of users (Giudice, 2018).

3-5-Case Study

Tehran, Iran

Field observations in central Tehran revealed widespread issues such as broken sidewalks, missing tactile
cues, and inconsistent traffic signals. Interviews with local organizations for the blind suggest a need for
better integration of assistive infrastructure and public awareness campaigns.

Blind users reported that inconsistent sidewalk design, lack of tactile guidance, and traffic noise created
major navigation difficulties. Participants emphasized the role of auditory landmarks, such as fountains
or traffic sounds, for spatial orientation.

Tabriz, Iran

Collected data from 12 blind individuals navigating central Tabriz. Machine learning models identified
areas of high spatial stress around busy intersections and under-maintained sidewalks. Design
recommendations included expanded tactile paving and directional audio beacons (Qurraie, 2024).
Isfahan, Iran

Field interviews with blind individuals in Isfahan revealed challenges such as broken sidewalks, unmarked
intersections, and insufficient public transportation announcements. Participants emphasized the need
for consistent landmarks like textured pavement or audible signals near key institutions.

Mashhad, Iran

A pilot project in Mashhad employed random forest algorithms to predict future land-use changes based
on historical urban growth, infrastructure development, and demographic shifts. The model supported
data-informed decisions for housing and green space distribution.

Findings align with literature showing multisensory compensation in blind navigation (Skulimowski,
2025). Spatial stress correlates with urban density, underscoring the need for adaptive designs like Al-
guided apps (Bu et al., 2025). Limitations include small sample size; future research could incorporate
VR for broader simulations. Inclusive designs, such as haptic sidewalks, could mitigate stress, promoting

equity (BioMed Central, 2025).

CONCLUSION

Current studies emphasize the importance of understanding the emotional and psychological impacts of
urban environments on this demographic, particularly in relation to safety and anxiety levels triggered by
traffic and noise.

Exploring the integration of barrier-free facilities and well-planned travel routes can lead to a more
inclusive urban design that enhances the overall mobility experience for visually impaired individuals,
aligning  with  the broader goals of smart and equitable urban  development.
The findings suggest that improving urban environments for the visually impaired involves careful
consideration of various factors, including the sound environment, which plays a crucial role in spatial
perception.

It is recommended that urban planners incorporate elements that enhance acoustic awareness and ensure
that barrier-free facilities are strategically located to facilitate daily travel for visually impaired individuals.
By prioritizing these design elements, cities can enhance the overall experience of visually impaired
residents and reduce the negative psychological impacts associated with navigating urban spaces.
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4-1-Policy Recommendations and Designing Interventions

The importance of evidence-based design interventions has been emphasized, demonstrating that effective
navigation solutions can significantly reduce errors and improve the overall wayfinding experience. The
integration of artificial intelligence (Al) and emerging technologies presents exciting opportunities for
enhancing cognitive mapping and wayfinding for individuals who are blind or visually impaired (BVI).
Some  suggested policies for  designing suitable cities for the BVI include:
¢ Enforce universal design standards in all new urban projects.

¢ Require public participation from the disabled communities during the planning stages.

¢ Allocate funds for retrofitting existing spaces with accessible features.

¢ Educate urban planners and architects on inclusive design principles.

¢ Mandate universal design standards in all new construction and urban renewal projects.

¢ Provide government funding for inclusive technology development.

¢ Incorporate accessibility training into municipal planning education.

¢ Implement consistent and high-contrast tactile paving across urban spaces.

¢ Incorporate redundant sensory cues (e.g., audio and tactile feedback) into navigation infrastructure.
¢ Integrate smart infrastructure ([oT-based urban elements) to dynamically support blind navigation.
¢ Increase the involvement of blind users in urban planning through participatory design.

4-2-Integration of Multisensory Information

Incorporating tactile, auditory, and sensory elements into urban spaces is vital for accommodating
individuals with visual impairments. Such elements ensure that individuals can navigate urban
environments with confidence and ease, significantly enhancing their mobility and independence.
The inclusion of natural elements, such as parks and green spaces, not only enhances the esthetic quality
of urban environments but also promotes physical and mental well-being. Access to these natural elements
contributes to a more inclusive atmosphere, providing spaces where individuals of all abilities can engage
in recreational activities and social interactions.

4-3-Technological Innovations

This shift can facilitate a deeper understanding of spatial cognition and enhance the development of
effective navigation tools. The integration of haptic feedback in navigation technologies is particularly
promising, as it provides users with discreet, touch-based cues that can indicate directions, distances, and
potential obstacles in their environment. Developing wearable devices that use these feedback
mechanisms can empower users to navigate more autonomously while maintaining awareness of their
surroundings. Advancements in augmented reality, real-time environmental sensing, and Al-based
personalized navigation hold promise to improve independence.

4-4-Challenges and Criticisms

Despite its utility, cognitive mapping faces several criticisms:

e Bias and Fairness: Biased data can reinforce social inequalities if not properly audited.

e Extensive data collection raises concerns about individual privacy. Ensuring anonymization and data
protection is critical.

o Interdisciplinary Integration: Successful ML integration requires collaboration among urban
designers, data scientists, policymakers, and the public.

e Model Interpretability: Complex models like deep neural networks can be opaque to policymakers.
e Subjectivity: Maps vary significantly between individuals, making standardization difficult.

e Validation: It can be challenging to assess the accuracy or validity of a cognitive map.

e Complexity: The interpretation of large and intricate cognitive maps can be cumbersome and prone
to bias.

e Data Privacy: Urban data collection raises ethical concerns about surveillance and consent.
Cognitive mapping under spatial stress highlights the urgency for inclusive urban design. By leveraging
Al and big data, cities can adapt to visually impaired needs, fostering equitable environments.
Policymakers should prioritize haptic and auditory enhancements for adaptive cities.
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