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Abstract This study explores the challenges faced by congenitally blind individuals in navi-
gating urban environments. Specifically, this research investigates the factors that contribute
to the construction of city mental mapping for individuals who are born blind. Thirty-one
congenitally blind individuals from the University of Jordan were asked to define and describe
specific elements of the city based on their personal experiences and imagination. Further-
more, participants were guided through two urban paths: familiar and unfamiliar. The partic-
ipants were asked to complete a survey regarding their experiences during the tour. The
collected data was analyzed by using thematic analysis. The results revealed that congenitally
blind individuals construct their mental image of the city by using their three senses of
touching, hearing, and smelling, as well as their safety and experience. This mental image con-
sists of five key elements: links, reference points, areas, separators, and topography. Despite
the small size of the study sample and the specificity of the context, the results of this study
will tremendously help planners in designing highly inclusive urban environments. Incorpo-
rating characteristics that can be recognized by the blinds will enhance their accessibility of
urban spaces, encourage independent mobility, increase the quality of life and social inclusion
for them.
ª 2024 The Author(s). Publishing services by Elsevier B.V. on behalf of KeAi Communications
Co. Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Blindness, the lack of visual perception due to physiological
or neurological factors, presents significant challenges for
an individual’s daily life. It demands that people with this
disability use alternative methods of interacting, navi-
gating, and communicating with their surroundings as a part
of a complicated adaptation process. Blindness can be
partial or total, congenital, or may develop later in life due
to various causes. The International Classification of Dis-
eases, Eleventh Revision utilizes the term “visual impair-
ment” to describe a loss of visual capabilities and
categorizes it into five classifications: visually impaired,
near normal, moderate visual impairment, severe visual
impairment, and blindness (ICD-11, 2022; Lewis and
Norwich, 2004). By comparing statistics from the World
Health Organization in 2019 and 2012, it is evident that the
number of visually impaired individuals has increased
ninefold (WHO, 2019). The increasing population of visually
impaired and blind individuals underscores the urgency to
design cities that cater to their needs, particularly in
navigating urban settings independently.

Navigating cities and urban environments poses signifi-
cant challenges for individuals with visual impairments due
to limited sustainable means of guidance that can effec-
tively feed information to their sensory data collection
channels and interact with their modes of perception. It is
crucial to comprehend how blind individuals form their
mental representation of the city to design urban settings
that cater to their needs and enable them to navigate
independently and with minimum usage of blind-aid tools.

Research on blind individuals’ interactions with urban
settings is abundant and covers various topics. Studies have
focused on tools for aiding people who are blind in navi-
gation (Almeida et al., 2015; Bradley and Dunlop, 2005;
Brock, 2013; Chincha and Tian, 2011; Gaunet, 2006; Katz
et al., 2012; Koutsoklenis and Papadopoulos, 2011), the
design of accessible environments (Egyankosh, 2017;
Kitchin, 1998), and the spatial perception and wayfinding
abilities of blind individuals (Blades et al., 2002; Cattaneo
and Vecchi, 2011). However, there is a noticeable gap in
research that investigates how blind individuals, especially
those born blind, formulate and construct their mental
image of the urban environment and the urban elements
that contribute to this image. Understanding these aspects
is crucial for effectively designing responsive urban envi-
ronments that accommodate the needs of the visually
impaired and blind population.

1.1. Literature review

Most individuals who are visually impaired often venture
outside of their residences and embark on journeys away from
their homes. According to Williams et al. (2013), their
behavioural attributes and orientation decisions in the urban
environment depend on the characteristics of the journey
within the urban setting, including the type of space, topog-
raphy, familiarity, weather conditions remnant, walkability,
and accessibility. In reality, blind people are capable of
developing spatial concepts. They can also learn relatively
complex routes, test them by themselves, map them, and
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recognize the experienced space as if they have a complete
layout representation (Passini and Proulx, 1988). These abil-
ities allow blind people to proceed with complex spatial op-
erations, such as using different strategies to understand
other spaces with the help of accessible guiding points, which
gives them a fine environmental perception of their sur-
roundings (Almeida et al., 2015; Passini and Proulx, 1988).

Spatial perception is an immense challenge blind people
experience, as it is mainly an attribute of sight. The
importance of spatial perception is summarized in helping
people to understand and comprehend the structure of the
surrounding environment, providing the ability to use
distant landmarks, and giving information about objects’
locations (Blades et al., 2002; Brock et al., 2013; Golledge,
1993; Kitchin, 1998; �Sakaja, 2020). With the absence of
vision, detecting the surrounding environment, wayfinding,
and navigation in the city become challenging tasks to
attain (Asakawa, 2014; Chincha and Tian, 2011).

Gaunet and Briffault (2005) divided spatial environments
for blind people into two spaces. The first one is proximal
space which is close to the body and can be sensed by touch
and sound. The second one is the extended space, which is
beyond reach and is conceived through memory, language,
and sensory information. The proximal space is associated
with perceiving the immediate obstacles, such as fences,
walls, changes in ground texture, bumps, step-ups, and
potholes. On the other hand, the extended space consists
of features of the surrounding space in any urban setting,
including the path on both sides and overhead, open areas,
buildings, walls, etc. (Gaunet and Briffault, 2005). These
characteristics and features give blind people the ability to
memorize a certain link and connect it with other links to
have a continuous journey path and navigate their envi-
ronment. They also help blind people plan their journey in
more detail since they keep their spherical surroundings in
mind, where sensory inputs from all directions are neces-
sary (Hatwell, 1966; Passini and Proulx, 1988).

According to Loomis et al. (2007), navigation consists of
two main movement action components: mobility and
orientation. Mobility is linked to sensing the immediate
environment in the urban setting and is called “micro-
navigation”. On the other hand, orientation is related to
the larger city scale and is called “macro-navigation”.
Each micro and macro scale has its challenges and diffi-
culties for blind people. Moreover, selecting a safe and
appropriate path, then maintaining it, and detecting when
they reach their destination are all challenges and can be
a hard mission (Katz et al., 2012). The challenges of
wayfinding through built environments can be disorient-
ing, intimidating, and difficult to interpret (Schinazi
et al., 2016).

Urban and environmental factors are critical in the
process of orientation and mobility of visually impaired
individuals (Lobben and Lawrence, 2012). However, blind
people have a unique inconsistent interaction with their
surrounding urban environment. For example, it is difficult
for blind people to move and navigate in a location whose
overall layout is an open space with few distinguishing
features and characteristics, as the landmarks that confirm
their path are missed. On the other hand, places with many
objects and landmarks or a high density of crowds can be
confusing and full of obstacles (Williams et al., 2013).
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1.2. Mental maps formation

For sighted people, and as a result of perceiving the sur-
rounding environment, a visionary map, or “mental map”, is
being formed over time in their minds about this environ-
ment and its elements (Graham, 1976). This mental map is
vital in determining orientation rather than any particular
feature in that situation (Egyankosh, 2017; Jacobson, 1998).
Environmental perception orients people in their surround-
ing environment by providing them with information about
the relationships between the components of the milieu and
how they can link the pursuit of their own goals to the
environment that they live in (Egyankosh, 2017).

The basis of the formation of mental maps is the data
collected from the surrounding environment through the
senses (vision, smell, touch, hearing, and taste). People’s
minds process these data into useful, understandable in-
formation (Jacobson, 1998). When a particular sense mal-
functions, the other senses enhance and collaborate to
cope with this deficit in the sensorial system (Cattaneo and
Vecchi, 2011). For the blinds who lost their sight, the sur-
rounding environment elements are perceived by other
sensory modalities, mainly hearing, touching, smelling, and
path integration, giving them more weight than the sighted
person does (Schinazi et al., 2016). For example, hearing
facilitates distance and depth estimation and promotes
understanding of environmental features (Koutsoklenis and
Papadopoulos, 2011; Wiener and Lawson, 1997).

The integrated coordination between the other senses
rather than sight improves the blind’s overall perception of
the space around them and enhances their ability to way-
finding. Despite the absence of sight for blind and visually
impaired people, �Sakaja (2020) found that when con-
structing an image of the proximal space via non-visual
experience, blinds follow the same general model of
Kevin Lynch. On the other hand, Saha et al. (2019) claim
that there are five types of landmarks that aid and improve
their ability to find ways: sound, structural, tactile, smell,
and air landmarks.

The human wayfinding system consists of two parts:
navigating to distant destinations beyond the directly
perceptible environment and sensing the obstacles and
hazards in the immediate environment (Loomis et al.,
2001). Therefore, visually impaired and blind people face
substantial difficulties in unfamiliar routes and paths
because of insufficient information for planning their
journeys or overcoming the obstacles and hazards they may
face. To help blind people navigate urban settings, many
cities have developed guidance systems to deliver impor-
tant information, warnings, and directions to blind in-
dividuals, such as developing floor tactile guidance systems
(Garofolo et al., 2022). Blind individuals can keep a com-
bination of many tactile elements and link them in their
cognitive maps, such as the tactile delineation of sidewalks
and walkways, guidance and attention patterns on the
refuge islands and across the sidewalk pavement at
roundabouts and bus stops (Bredmose et al., 2022). A fine
mental map of the city facilitates the wayfinding process
and helps blind people face different challenges while
travelling around the city.
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Despite the growing need for designing inclusive urban
environments and cities for visually impaired and blind in-
dividuals, there is a significant research gap in under-
standing how these individuals construct their mental maps
of the urban setting. While previous studies have explored
the challenges faced by visually impaired and blind in-
dividuals in navigating urban environments, there is a lack
of research on the efficiency and usage of other senses as
data collection channels and means of perception to
construct their mental maps. In return, to understand the
mental representation of the city in the blinds’ minds. To
close this gap, this research attempts to explore the city’s
elements that help blind people construct and form a fine
mental map of the city in their minds by examining their
real-life experience of mobility and navigation within the
city, besides knowing how they perceive, understand, and
imagine the city.

By understanding how these individuals construct their
mental maps of the urban setting, the study will contribute
to the development of design strategies that can enhance
their mobility and independence. This will improve the
quality of life for visually impaired and blind individuals and
benefit the broader community by creating more accessible
and inclusive urban environments.

2. Methodology

A mixed-method approach was adopted to investigate the
cognitive mental map formation and navigation strategies
of congenital, totally blind individuals in urban settings.
The methodology included an initial interview with the
participants and an urban experiment. The selected sample
consists of a group of congenital totally blind male and
female adults. Each participant was individually inter-
viewed and asked to respond to a group of open-ended
questions to understand the mental representation of
certain city elements used during city navigation. The
questions were designed to elicit information on the par-
ticipants’ sensory perceptions and spatial awareness of
their surroundings. Later, the researcher escorted each
participant on a tour of two pre-selected urban paths,
familiar and non-familiar. The selection criteria for the two
paths considered the existence of diverse city elements as
well as the richness of stimuli resources of all senses.
Amidst the tour, each participant was required to respond
to questions that aimed to explore the various ways and
elements that potentially formed their consciousness of the
city and aided them in navigating and finding their way on
the respected path.

The data collected through the interviews and tours
were analyzed using a thematic analysis approach. The
responses were coded, categorized, and analyzed to iden-
tify patterns and themes in the participants’ mental maps
and navigation strategies.

2.1. Questionnaire

The researchers developed a comprehensive questionnaire
consisting of two sections. The first section aimed to
explore the participants’ understanding of a number of city
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elements and features and their schematic representation
in their minds. The questionnaire listed elements included
streets, landmarks, bridges, tunnels, roundabouts, and in-
tersections. Each participant was asked to define each
element based on their own understanding and mental
imagination and representation of these elements. The
participants’ responses were collected and analyzed to
create a unified definition for each element. The re-
searchers compared the final definitions with conventional
definitions of the same elements to understand the differ-
ences between the definitions of sighted people and blinds.

The second section of the questionnaire included six
questions aimed at systematically understanding blind in-
dividuals’ perceptions of the city and their behaviour in the
urban setting. Each set targeted a specific goal and aimed to
validate the participants’ answers from the other sets. The
first set of questions asked participants to describe their
direct urban setting to understand their mental representa-
tion of the city’s construction and representation. The second
set examined the participants’ ability to construct an instant
mental map of an urban path after directly experiencing it.
Fig. 1 The questionnai
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Participants were asked to describe paths, distances, loca-
tions, and their current location.

The third set of questions aimed to examine the stability
of the cognitive maps constructed by blind individuals and
their ability to reuse them for wayfinding. The fourth set
explored how blind individuals perceive the links between
different places and spatial spaces in the city on a macro
scale. The fifth set of questions aimed to understand the
elements and features blind individuals use to orient
themselves and find their way to the desired destination.
The final set aimed to explore the overall image of the city
formed in the blind individuals’ minds (Fig. 1).

2.2. Participants

A total of 31 congenital totally blind individuals, 17 females
and 14 males, participated in this study. The participants
were recruited through purposive sampling and contacted
via phone to get their participation approval. All partici-
pants were selected from the University of Jordan, which
has a high population of blind students. According to the
re interview sections.



Frontiers of Architectural Research 13 (2024) 809e821
Secretary-General of the Higher Council for the Rights of
Persons with Disabilities (HCD) in Jordan, the number of
blind students in Jordanian universities in 2021 was 357
students (Al-Ashraf et al., 2022), with 70% of them studying
at the University of Jordan (Masa’afa and Ghoneim, 2021).
The participants’ ages ranged between 19 and 60 years old.
Participants were either current or former students or
employees of the university and were familiar with the
campus and its urban setting. The participants were
selected based on their willingness to participate in the
study and their ability to complete the interviews and
urban experiment. Furthermore, the inclusion criteria
specified that the participants should be congenital blind
and have no other disabilities that affect their mobility or
perception.

To ensure the accuracy and validity of the data
collected, the participants were interviewed individually in
a quiet and private room at the university. Respondents’
responses were audio-recorded with their consent.

2.3. Settings

Two urban paths were selected to conduct this research
experiment; the first is located on the campus of the Uni-
versity of Jordan, a familiar setting for the participants,
and a path in Swiefieh District, West Amman, as a non-
familiar setting.

The criteria for selecting these two areas included the
presence of diverse city elements and features, such as
roundabouts, landmarks, and intersections, as well as a
variety of textures and surface materials that would enable
the participants to acquire haptic knowledge using their
feet. The areas also needed to include the five categories
of landmarks mentioned by Saha et al. (2019): sound,
structural, tactile, smell, and air. These elements are
necessary to test the participants’ dependence on their
Fig. 2 The journey path in the University of Jordan according to t
authors.
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senses and facilitate the cognitive mapping process (Passini
and Proulx, 1988). Finally, safety and accessibility were
important factors. The selected areas need to be free of
risky obstacles such as high edges or potholes (Montanha
et al., 2016; Villanueva and Farcy, 2011).

The familiar tour path at the University of Jordan is 1 km
long, starts at the front of the university library, and ends
next to the Faculty of Literature (Fig. 2). The path is richwith
sensory stimuli that help blind people perceive the built
environment. On the other hand, the non-familiar path in the
Swiefieh District is also 1 km long, starts at a point next to
Liwan Hotel, and ends in front of Galleria Shopping Mall (Fig.
3). Thepath includesmain andbystreets, two roundabouts, a
pedestrian bridge, intersections, a district, and landmarks,
with non-flat topography. Additionally, the path is sur-
rounded by various activities, restaurants, and multi-
functional shops, making it rich with olfactory and hearing
sensual experience. The researchers tested the two paths.
One of the researchers walked in the two paths with a
blindfold on her eyes, recorded the prominent sensual in-
formation in both, and marked them in the path line (Figs. 4
and 5).

2.4. Procedure

The study procedure was carefully designed to ensure that
the collected data were accurate and reliable. The re-
searchers began by thoroughly searching for potential
participants who met the selection criteria. Once potential
participants were identified, they were contacted and
provided with detailed information about the study’s goals
and objectives. The researchers then scheduled a conve-
nient time for a meeting with each participant.

During the meeting, the researchers asked the partici-
pants biographical questions and recorded their responses
in the first part of the survey. This information was
he campus buildings. Source: Google Maps, 2022, revised by the



Fig. 3 The journey path in the Sweifieh district within the surrounding urban context. Source: Google Maps, 2022, revised by the
authors.
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collected to understand the participant’s background and
experiences better. After this, the participant and the
researcher proceeded to the starting point of the familiar
path and began walking. During the walk, the researcher
made notes and asked the participants the second group of
survey questions.

Once the first path was completed, the researcher and
the participant travelled by taxi to the starting point of the
unfamiliar site. The same steps were repeated at this site,
and the participant was asked to provide feedback on their
perception of the environment. After completing the tour,
the researcher escorted the participant back to the Uni-
versity of Jordan to the first meeting point. This was done
to ensure the participant’s safety and to conclude the
study’s data collection process. The entire procedure was
Fig. 4 University’s path description according to character-
istics noticed by blind people. Source: Google Maps, 2022,
revised by the authors.
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conducted with the utmost care to ensure that the partic-
ipants were comfortable and that the data collected were
accurate and reliable (Fig. 6). It is worth mentioning that
during the tour, the researchers frequently asked the par-
ticipants to sketch the path they went through and mark its
main features.

3. Results

The researchers employed thematic analysis to examine
the qualitative data collected. This method involves scru-
tinizing the collected data closely to identify common
themes, patterns, and ideas, which are then interpreted
and conveyed logically and meaningfully. The findings ob-
tained were grouped into two main themes, namely, blind
Fig. 5 Sweifieh’s path description according to characteris-
tics noticed by blind people. Source: Google Maps, 2022,
revised by the authors.



Fig. 6 The methodology.
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people’s understanding of built environment elements and
elements of the city that form the mental map of the city in
blind people’s minds.

To explore the representation and understanding of
some urban elements in the imagination of the visually
impaired, each participant was asked to provide a clear
definition of some city components. The list included the
street, landmark, bridge, tunnel, roundabout, and inter-
section. The provided definitions were merged into one
definition for each element (Table 1).

The researchers compared the participants’ definitions
of these elements with those presented in the Dictionary of
Architecture and Building Construction by Davies and
Jokiniemi (2008) to understand how sighted people
perceive and understand these elements (Table 2).

By comparing the two tables, it is evident that the blinds
understand the operational function of the various city el-
ements and have the mode of functionality in their imagi-
nation. However, in the absence of sight, their developed
mental image is predicated on the employment of the three
senses of hearing, smelling, and touching, as well as their
mobility and safety factors.

To further understand the involved senses used by the
participants in describing the various elements, the
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researchers analyzed the provided descriptions and related
them to the three senses of touching, hearing, and smelling
(Tables 3 and 4). As can be seen in Table 4, touching and
hearing were the most involved senses. On the other hand,
smelling was triggered and aroused in specific locations
where strong odours were dominating. Blind’s dependence
on the sense of touch in perceiving the streets, round-
abouts, and intersections is greater than the other senses.
The sense of touch is not limited to direct contact with the
built environment. It can be felt, also, with indirect con-
tact. While perceiving, the blinds used direct contact by
their bodies to recognize the crowding level when they are
walking, besides touching some local landmarks, or direct
contact by foot to feel the paved ground, slope, topog-
raphy, number of street lanes and sides (by crossing them),
width, sidewalks, walkability, some local landmarks,
crossing the street, and street length. On the other hand,
blind people use indirect contact to perceive the city
components and elements through their skin (such as
feeling a general atmosphere, temperature, and air pres-
sure) or while riding a car (such as the circular movement
around the roundabouts, when a car changes direction,
traffic signs according to car reaction, traffic jam,
distribute cars, or when a car turns).



Table 1 Blind people’s definitions of city elements.

Element Merged definition

Street A street is an open-space paved path that starts from a specific point to navigate people and leads
them to their targeted destinations. It is something that people move across by their cars or walk in
on their legs. Streets have different characteristics that determine whether it is a main or a bystreet,
such as the number of lanes and sides, width, sidewalks (existence and width), slope and topography,
type of landmarks, traffic signs, traffic jam, walkability, crowding level, and length.
For some people, the street relieves them of anxiety and tension, as it is a place of hope.

Landmark It is anything prominent that a person can distinguish and consider a reliable reference point.
Landmarks create an emotional bond with people and work as guidance and a safety factor that helps
recognize where the person is and helps infer and indicate the place he wants to reach.
Usually, landmarks are populated by people.

Bridge It is a link between two streets but is built differently from the street. It is a hanging object high
above the ground (it is scary because of its height). Some cars pass under it, and some cars drive over
it to reduce traffic jams on the streets. Bridges are usually dangerous, annoying, and have deafening
noise. The bridge is felt by the gradual rise up associated with noise, echo, and the difference in air
pressure. Furthermore, it is often used as a landmark.

Tunnel It shares the main concept with the bridge: a link between two streets or two areas that reduce
traffic jams. However, it is the opposite of the bridge in its position. A bridge is suspended above the
ground, while a tunnel is underground (under the main street). When cars pass through the tunnel,
they will be in a sloped corridor isolated from the outside. It is closed from all sides, including the
left, right, and ceiling. It can be recognized by feeling the slope down, sound echo, muffled, closed,
uncomfortable, giving the feeling of the night, and the difference in air pressure. Usually, it is
narrower than a bridge and can be considered a landmark.

Roundabout A roundabout is a group of streets gathering in a circular shape to regulate the traffic; each street
leads to a specific destination. Cars’ movement around the roundabout is circular according to their
shape. Every car turns around to change its direction or return to the street it came from. It requires
extreme caution; it is a scary, confusing (like a maze), dangerous, and challenging thing to cross.

Intersection The intersection is the meeting area of two crossing roads. It has the same concept as a circle: to
regulate the traffic, but it does not have a circular shape, does not need policemen to control traffic,
and is a better opportunity to cross the street than the circle. It leads to three, four, or more
destinations, and it separates one area from another. Therefore, all cars meet in the middle of it,
with a traffic light often to distribute cars.
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4. Discussion

4.1. Blinds understanding of the elements of the
city

The comparison between the blind people’s understanding
of city elements and the conventional definitions reveals a
Table 2 Definitions for some city elements according to the Dic
Jokiniemi, 2008).

Element Dictionary definition

Street A road in a town or city that has build
system of drains, road marking, etc.

Landmark A building, structure, or natural protru
particular area or as a navigational aid

Bridge A construction built between two point
road, railway, or pathway.

Tunnel A subterranean passage is excavated to
Roundabout A road junction designed to ease the fl

which all roads meeting at that point
Intersection A meeting and crossing of two roads a

other, most often at right angles.
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mutual relationship and similarity. Although the blind in-
dividuals’ mental representations and definitions of these
elements closely align with conventional terms, their in-
terpretations emerged from their reliance on senses other
than vision. These sensory perceptions are mixed with im-
pressions and affective responses resulting from their close
daily interactions with the respective element. As a result,
the blind individuals’ understanding of city elements is
tionary of Architecture and Building Construction (Davies and

ings along one or both sides and is serviced with lighting, a

sion in the landscape which may act as a symbol for a
.
s of support over an obstacle or ravine to enable passage of a

provide a pedestrian or vehicular route beneath an obstacle.
ow of traffic, with a small one-way distributing ring road to
are connected.
t the same level, a road junction of two roads crossing each



Table 3 The analysis of the participants’ descriptions of some elements in the city based on senses.

Element Touch Hearing Smelling

Street Open-space, paved, move across
by cars or walking, number of
lanes
and sides, width, sidewalks, slope
and topography, traffic signs
landmarks, traffic jam,
walkability, crowding level, and
length.

Open-space, number of lanes and
sides, width, sidewalks, traffic
jams, landmarks, and level of
crowding.

Across by cars, landmarks, traffic
jams, and crowding levels.

Landmark Street bumps or texture,
topography, sidewalks, landscape
stairs, number
and directions of turns or U-turns,
street furniture, walls and fences,
spaces and general place area/
size, general atmosphere, air
pressure, distances, street width,
and road obstacles.

Shops and markets, intersections,
circles, or traffic lights,
arrangement
of area contents or streets,
spaces, general place area/size,
number of buildings, echo,
religious buildings, street width,
and different acoustic reference
points.

Shops and markets, restaurants
and bakeries, traffic jams,
factories, landfill waste, and other
street odours.

Bridge Hanging objects high above the
ground, some cars drive over it,
gradually rise up, and air pressure
changes.

Hanging object high above the
ground, some cars pass under it,
some cars
drive over it, traffic jams, noise,
annoying, deafening noise, and
echo.

Traffic jams.

Tunnel The opposite of the bridge in its
position, underground, sloped
corridor, feeling the slope down,
giving the feeling of the night
(temperature), difference in air
pressure, and narrower.

Traffic jams, corridors, sound
echo, isolated, narrower,
underground, and muffled.

Traffic jams.

Roundabout Circular, change direction, return,
maze, and regulate the traffic.

Regulate the traffic, challenging
thing to cross, cars’ movement,
and confusing.

Traffic.

Intersection Crossing roads, not a circular
shape, a better opportunity to
cross the street, leads to (three,
four, or more) destinations, cars
meeting in the middle, traffic
lights, and distributing cars.

Crossing roads, cars meet in the
middle, regulate the traffic, no
need for policemen, traffic lights,
and
distribute cars.

Traffic.
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realistic and uniquely influenced by their multisensory ex-
periences and emotional responses to these elements. This
highlights the complex and multifaceted nature of human
perception and cognition and emphasizes the importance of
considering diverse perspectives when defining and under-
standing urban environments.

4.2. Blinds mental image formation

The results revealed that the mental image of the city in the
blind’s minds is formed by five elements: links, reference
points, separators, areas and topography. By comparing
these elements to Lynch’s theory “The Image of the City”,
the four elements, i.e., links, reference points, separators,
and areas, overlap with paths, landmarks, districts and nods.
Topography was found to be specific to the blinds.

Streets and paths for blind people are defined as “links”
between two points with certain characteristics that signify
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each link from the others. Those characteristics include the
ground material, width, length, slope, lanes and sides,
sidewalks, street furniture, buildings, and traffic signs. For
blind people, the links are essential; they are clear and
easy to recognize, safe, have a destination, can be felt
physically directly, depending on the main physical action
to move around (walking), and are defined (not a vast area
with unexpected features or unknown boundaries). It also
allows them to collect data about the urban setting, which
enhances their overall environmental experience and
spatial perception.

Reference points, referred to as landmarks in Lynch’s
theory, are no less important than the links in shaping the
mental map of the city in the mind of people who are blind.
Reference points give the path its identity, assure the right
link, work as a guidance system, and connect different
links. In the absence of sight, blind people are unable to see
distant reference points or touch them. However, they can



Table 4 The reference points used by blind people to orient themselves in the city categorization, according to the number of
mentions and the used senses for each reference point.

Reference point No. of mentions Touch Hearing Smell

Street bumps or texture 15 U

Topography 14 U

Shops and markets 13 U U

Acoustic reference points 11 U

Intersections, circles, or traffic lights 9 U U

Sidewalks 7 U U

Landscape stairs 6 U

Odours 6 U

Number and directions of turns or U-turns 5 U

Street furniture 5 U

Arrangement of area contents or streets 2 U U U

Timing 2 U

Walls and fences 2 U

Spaces and general place area/size 1 U U

General atmosphere, air pressure 1 U

Distances 1 U

Number of buildings 1 U

Streets width 1 U U

Road obstacles 1 U U
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hear and smell some of them, such as the sounds of reli-
gious buildings (a mosque or a church, for example) and the
smell of a factory or a roaster. On the other hand, local
reference points can touch most of them, hear more sounds
(which are not loud and can be heard from a close dis-
tance), and smell more odours (which are not very strong
and can be smelled from a close distance).

For the blinds, the most important features of reference
points are their spatial stability, sequence, and distance.
They always exist, have a constant sequence, and preserve
the same distance between them. The idea of “something
that is always there” and “will not move” confirms that the
blind person stands in the right place (�Sakaja, 2020).

Links and reference points work together as a guidance
and navigation system for blind people’s spatial decisions.
They also help to make the city readable and legible and
give every area they create its distinguished identity. It
turns out that the reference points and links are the main
elements in forming the mental representation and cogni-
tive mapping of the city in blind people’s minds. Even
though Lynch (1984) mentioned the districts beside land-
marks and paths as the elements that make a city legible if
one of them or more were easily identifiable, blind people
consider the city’s areas less clear, and not all of them
depend on recognizing different areas to build and shape
their mental map of the city.

Separators detach areas, connect different links and
reference points, and are used to change direction or to
distinguish one area from another. The university, down-
town, popular intersections, and roundabouts are consid-
ered “separators”. These separators are very clear in the
maps the participants drew, and when they describe links
between two locations in the city, they consider them more
important and prominent than other possible reference
points. This is similar to what �Sakaja (2020) has reached.
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The separators (nods) are prominent elements in a
comprehensive understanding of the space and the forma-
tion of the city’s mental map, although it was mentioned
less frequently.

Reference points are used as reliable features to signify
their location and operate as a guidance system and safety
factor. By links and reference points, blind people can
identify the city’s “areas”, which are the city’s districts. An
area for a blind indicates an open space with no defining
borders. For blind people, some remarkable landmarks
work as “separators” for the city parts, which are close to
the meaning of nodes.

As with any other city element, areas are about each
person’s personal experience and spatial memory. Ac-
cording to that, most blind people know the areas they
visit or the neighbourhoods surrounding them. The dif-
ference between areas and other elements for blind
people is the amount of experience needed to be
memorized and identifiable. What makes the areas need
additional effort is an absence of “edges” in blind peo-
ple’s mental maps, as explained below. This makes it hard
for blind people to separate one area from another, and it
probably forces them to need more reference points and
links to identify each area while moving in it since each
area has distinctive characteristics, which meets �Sakaja’s
(2020) findings.

Lynch’s analysis depended on finding common themes
between the interview answers and people’s maps. By
applying the same analysis method to this research, it has
been noted that “topography” can be listed as a new type
of element that blind people use in building their mental
map of the city. “Topography” is one word all the partici-
pants mentioned while answering most questions. Even
when the participants drew the maps, the word “topog-
raphy” was frequently mentioned along with other words
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that refer to it, such as slope, mountain, hill, valley, the
street going up/down. It is as if they formulate the terms
with what they feel, and since they feel the topography,
this makes it essential to them. Topography can be directly
felt through the body movement and is fixed in the same
place, which gives them confidence and relief. Therefore,
blind people can easily detect and notice topography and
consider it a natural guiding tool, which makes it essential
in forming the city’s mental map in blind people’s minds
regarding the familiarity of the path.

4.3. Familiar vs non-familiar paths

In both paths, blinds follow the same strategies in con-
structing their mental maps. However, in recurring paths, a
mental map will be constructed. Thus, memorizing the
various elements and features of the site makes it easier for
the blinds to navigate the path. For the unfamiliar sites, the
analysis of the collected data revealed that the mental map
formation for a blind is initiated and formed by a link that
starts with an origin point where they stand and ends with a
destination point. Walking through this link, blind people
formed their image, collecting sensual information about the
various distinct features they encounter. The distinct ob-
jects quickly turn into reference points that work with the
links (which can be a main street, alley, pedestrian tunnel,
path in the park, etc.) to help blind people identify, inter-
pret, understand, memorize, and then remember the spatial
relationships between features and space.

This result contradicts what “the discrete framework”
claims since it claims that the spatial knowledge at the
macroscale starts from landmarks, then the routes connect
them, and ends, resulting in a “mini-maps” formation
(Schinazi et al., 2016). Although the final result is the same, it
is important to notice the initial step in order to enhance the
usual way of cognitive mapping the urban context in blind
people’s minds by developing the role of links as a pivotal
element and ensuring it by reference points.

Therefore, links and reference points work together to
guide and navigate blind people’s spatial decisions. They
also help to make the city readable and legible and give
every area they create its distinguished identity.

The tour interview showed that blind people do not rely
on “edges” to build their mental map of the city. They all
faced a problem with understanding the term “edge’’ or
any relevant term such as “border” or “boundary”. Hence,
the researcher had to explain it using metaphors and sim-
iles in several ways. This goes in line with �Sakaja’s (2020)
claims that the absence of obvious and clear edges of the
city or its districts (areas) represents a serious difficulty for
blind people, especially in open and wide places.

5. Conclusion

The current research explored how blind people navigate
through the urban setting and the various elements that
construct their mental maps. The results demonstrated
that blind people comprehend cities similarly to sighted
people, however, with some differences related to the
cooperation of other channel senses rather than vision.
819
Accordingly, the mental map of the city in blind people’s
minds differs by their forms, dominated elements, accu-
racy, and comprehensiveness.

Moreover, the study suggests that urban designers and
planners should consider the needs and experiences of
blind people in the design of urban environments. They
need to consider how blind people perceive the urban
setting and their reliance on non-visual senses for naviga-
tion. By incorporating different textures, sounds, and
smells into the built environment, urban planners can make
it easier for blind people to orient themselves and navigate
through the city independently. For example, using
different textures for sidewalks and streets, installing
auditory signals at pedestrian crossings, and planting
fragrant trees and flowers along pathways can all help blind
people navigate more easily.

Despite the study’s limitations, including the relatively
small sample size due to the difficulty of finding partici-
pants who match the selection criteria, and the specificity
of the context, the findings have important implications for
urban designers and planners as well as for developing
urban planning codes, standards and regulations. Such im-
plications will lead to the creation of inclusive and equally
accessible urban environments for all community sectors.
By understanding the mental image and city representation
in the blind’s mind, blind individuals can advocate for urban
design improvements that prioritize accessibility and in-
clusivity for them.

The collaborative work of the five elements in any city
can create guidance, navigation, and an effective orien-
tation system for blind people. It will enable blind people
to independently orient themselves in an unfamiliar place
if they have enough information. Since blind people
depend on senses other than sight to perceive their sur-
roundings, these senses must be exploited by stimulating
them with different stimuli in the built environment and
urban context. The stimuli can be varied in type (ac-
cording to the targeted senses), density, and distribution
in the urban context (local and distant); these different
stimuli must be on two levels: urban design and urban
planning. In addition to considering the local character-
istics of urban settings, universal codes for street and
sidewalk pavements and odours that guide the users
through several textures on pathways should be designed
and constructed. Audio signals and aromatic trees can be
included within the urban setting to help orient and create
landmarks for the blinds.

Future research could explore this research methodol-
ogy in various cities with distinct characteristics to assess
how city elements influence the mental map formation
among blind individuals. Additionally, future research could
evaluate the outcomes of this study by constructing envi-
ronments featuring the five elements identified in this
study and assessing their impact on mobility and wayfinding
for the visually impaired. Furthermore, future studies could
delve into the specific contributions of city elements, such
as architectural features, public transportation systems,
and urban layouts, to the development of mental maps
among blind individuals in varied urban environments.
Other future studies could focus on identifying and testing
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design interventions or technological solutions aimed at
enhancing navigation and orientation for individuals with
visual impairment within urban settings. Comparative
studies across different cultural and geographical contexts
could provide valuable insights into the nuanced impact of
city elements on the spatial cognition and wayfinding
abilities of blind individuals. Conducting such research will
potentially assist urban designers and planners in devel-
oping more inclusive environments that cater to the re-
quirements of blind individuals and improve their
navigation and orientation experiences.
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