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Abstract
Purpose: This review aimed to identify the environmental factors impacting wayfinding by people
with sensory impairment (SI) and the perceived barriers and facilitators of those factors. In addition,
the review explored design recommendations to improve the accessibility of built environments for
this population.
Background: Wayfinding design is frequently misconceived as the implementation of signage,
whereas it also involves spatial planning to facilitate intuitive navigation. Individuals with visual and
hearing impairments face multiple accessibility challenges that could be tackled through user-centered
design.
Methods: A scoping review was conducted using standard methodology. Electronic databases were
searched (Medline, Embase, APA PsycINFO, SCOPUS, Web of Science) from January 2000 to August
2023. Independent duplicate screening was performed for 10% of sources. The extracted data was
analyzed using content analysis. A conceptual framework was developed to map the key environmen-
tal factors impacting the individual’s wayfinding with SI.
Results: From the 3,716 records identified, 41 studies were included. Results were categorized into
three domains of architectural, graphical, and sensory elements. Frequently cited architectural barriers
included complex layouts, unclear circulation, nonstandard stairs, and the presence of obstacles.
Regarding graphical elements, the nonstandard design or placement of signage was common. Key sen-
sory challenges were related to insufficient lighting, low visual contrast, and the inappropriate selec-
tion of materials.
Conclusions: This review highlighted multiple environmental factors that influence wayfinding for
people with SI. Policymakers, architects, and designers could use these results to eliminate barriers
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in the built environment and develop evidence-based design interventions addressing the access needs
of this population.
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spatial navigation, architectural accessibility, wayfinding, visual impairment, hearing impairment

Introduction
Sensory impairment (SI), particularly visual and
hearing impairments, affects many people world-
wide, and this is exacerbated by the global rise in
aging populations. Globally, around 2.2 billion
people have some form of visual impairment
(VI) (WHO, 2022), and hearing impairment (HI)
affects more than 1.5 billion people (one in five
people) (WHO, 2023). Since both senses are cru-
cial for effective wayfinding, their impairment or
loss can significantly hinder a person’s capacity
for spatial orientation and localization (Xiong
et al., 2023). Reduced mobility and orientation
negatively impact quality of life, especially for
older adults with SI (Tseng et al., 2018). This
places additional strain on caregivers, and the
existing infrastructure becomes unsuitable when
designed without accessibility in mind (Beach
et al., 2023).

Navigation, spatial orientation, and wayfind-
ing are related concepts often used interchange-
ably. Navigation refers to traveling along a
chosen route (Karimi, 2015) to reach a destina-
tion. Spatial orientation is one’s ability to deter-
mine their location in a setting (Arthur &
Passini, 1992, p. 23), focusing on the cognitive
processes of understanding spatial layout. This
article adopts the definition developed by Arthur
and Passini (1992) that wayfinding is “spatial
problem-solving” encompassing the interrelated
processes of decision-making, decision execution,
and information processing. Wayfinding perfor-
mance is typically assessed using a combination
of objective and subjective indicators, including
efficiency (time taken, travel distance, and speed
rate), accuracy (reaching the intended destination
and the number of errors), as well as behavioral
and cognitive measures (O’Neill, 1992; Ruddle
& Lessels, 2006).

Wayfinding design involves two dimensions of
spatial planning and environmental communication
(through visual, auditory, and tactile cues). This is
also linked to the concept of cognitive mapping,
which involves forming a mental image of a spatial
layout. Lynch (1960) identified five key elements—
regions, edges, nodes, paths, and landmarks—that
people use to construct a cognitive map of a city.
Wayfinding design is of growing importance in
the domain of architectural and urban design.
Previous literature reviews have studied the accessi-
bility needs of people with SI (Chidiac et al., 2024;
Seetharaman et al., 2024), but their main focus was
the outdoor environment. Jamshidi et al. (2020)
explored the relationship between indoor wayfind-
ing and environmental factors; however, they
excluded individuals with impairments in this study.
A gap remains in the holistic understanding of the
dynamics between the wayfinding behavior of peo-
ple with SI and environmental design. Addressing
this knowledge gap could inform architects and
designers to design spaces that promote greater inde-
pendence and accessibility for people living with SI
alongside other users.

A gap remains in the holistic
understanding of the dynamics between
the wayfinding behavior of people with SI

and environmental design.

Review Aims and Objectives
The scoping review aimed to map scholarly
evidence and identify gaps related to: (a) the envi-
ronmental factors affecting navigation and way-
finding for individuals with SI and (b) design
recommendations that promote accessibility of
built environments for this population.
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Methods
The scoping review protocol reflects the current
JBI (Joanna Briggs’ Institute) methodology
(Pollock et al., 2023) and the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews
(PRISMA-ScR) guidelines (Tricco et al., 2018).
The protocol was registered on the Open
Science Framework on June 19, 2023 (Zali
et al., 2023).

Eligibility Criteria
The inclusion criteria were developed based on
the Population, Concept, Context (PCC) frame-
work (Peters et al., 2020). Studies were included
if they involved people living with visual, hear-
ing, or dual impairment (Population), addressed
the barriers, facilitators, and design strategies for
navigation and wayfinding (Concept) within the
built environment, including both indoors and
outdoors (Context). Studies about wayfinding
technologies not applicable to the built environ-
ment (such as wearable assistive devices, smart
canes, and smartphone apps) were excluded.
Empirical studies using any study design were
included. Studies were excluded if they reported
secondary data, e.g., reviews. Studies were
included only if the full text was available. No
geographical or language restrictions were
applied. The initial protocol stated that grey liter-
ature would be included. Due to the volume of
empirical data identified, grey literature was not
included in this review.

Search Strategy
The search strategy was constructed using a com-
bination of keywords, MeSH (Medical Subject
Heading) terms, and Boolean operators related
to the review objectives and tailored to each data-
base. The strategy was peer-reviewed by experi-
enced librarians. Five bibliographic databases
were searched from January 2000 to August
2023, including Medline [Ovid], Embase
[Ovid], APA PsycINFO, SCOPUS, and Web of
Science [Core Collection]. The search strategy

used for Medline (Ovid) is provided in the
Supplementary Materials.

Selection of Sources of Evidence
Search results were imported into EndNote 20
(Clarivate Analytics, PA, USA) reference man-
agement software and then imported into
CADIMA (JKI - Julius Kühn-Institut, n.d.), to
remove duplicates and assist the screening pro-
cess. Non-English papers were translated using
Google Translate before screening. One reviewer
(PZ) conducted a three-stage screening (title,
abstract, full text) for all sources. At each stage,
another reviewer (KC) performed independent
duplicate screening of 10% of sources.
Disagreements were resolved through discus-
sions. Reasons for exclusion were recorded at
the full-text stage.

Data Extraction and Critical Appraisal
A data extraction form was developed in
Microsoft Excel, including the citation details of
evidence, elements of the PCC framework, study
design, main findings, and findings related to each
review question. This form was shared and dis-
cussed with the team during the extraction process
to ensure it was accurate and captured the required
information. When the extraction form was mod-
ified, the data extraction was repeated for all
sources so that the final version had up-to-date
data. During the data extraction, authors were
contacted for missing data and/or for clarification.
Critical appraisal was conducted to assess the risk
of bias and credibility of the results using the
Mixed Methods Appraisal Tool (MMAT)
(Hong, Pluye et al., 2018).

Data Analysis
Content analysis was undertaken to address the
review objectives using inductive and deductive
approaches. A conceptual framework was devel-
oped to map the extracted data. The process
started with reviewing the evidence sources and
open coding of the extracted data to identify
potential categories. An initial coding structure
was developed in response to review objectives.
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Theories and models of wayfinding were used to
inform the framework, including Arthur and
Passini’s (1992) classification for wayfinding
design and Lynch’s (1960) environmental factors
in wayfinding (regions, edges, nodes, paths, and
landmarks). The framework was finalized by
combining the results of the two stages and
re-mapping the extracted data (Figure 1).

Results
In total, 3,716 records were identified, and after
duplicate removal, 2,309 record titles, 919
abstracts, and 104 full texts were screened. In total,
41 studies were included in the review (Figure 2).

Description of Studies
The studies were conducted in 19 countries: USA
(7), United Kingdom (5), Turkey (4), Greece (4),
Italy (3), Australia (3), Japan (2), Germany (2),
and Malaysia, South Korea, Slovakia, Taiwan,

France, Thailand, Israel, Prague, Russia,
Mexico, and Portugal accounted for one study
each. All the included studies involved people
with visual impairments, including three that
involved healthy adults with simulated visual
impairment (Belir, 2018; Belir, 2021; Rousek &
Hallbeck, 2011b). While most studies (n= 29)
focused solely on visual impairment, the remain-
der (n= 12) involved multiple impairments (hear-
ing/ mobility/ cognitive impairments, older
adults) and other stakeholders (such as built envi-
ronment experts, ophthalmic professionals, and
orientation and mobility officers) (Figure 3).
Participants with hearing impairment were
involved in three studies with multiple user
groups (Gupta et al., 2020; Han et al., 2020;
Morag et al., 2016), but none of the studies
focused on their orientation needs and challenges.

The context of studies included diverse set-
tings within the built environment. Many studies
(n= 16) examined urban spaces, and 13 explored
built environments in general without specifying

Figure 1. The Conceptual Framework Illustrating Key Environmental Features That Impact Wayfinding for
People With Sensory Impairment.
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indoors or outdoors. The 12 remaining studies
focused on buildings and indoor environments.
Among these, four studies explored healthcare
settings, and the remainder explored public

buildings (n= 4), transport buildings (n= 1), edu-
cational settings (n= 1), and music venues (n=
1). For the purpose of this article, the 25 studies
exploring built environments or indoors are

Figure 2. Flow Diagram of Scoping Review Data According to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR).
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discussed (Table 1). A summary of the remaining
16 studies on urban spaces is presented in the
Supplementary Materials (Appendix II).

Critical Appraisal
Studies were assessed based on the quality criteria
specific to their methodology in MMAT by one
researcher (PZ). Overall quality scores were cal-
culated based on the percentage of corresponding
criteria met (Hong, Fàbregues et al., 2018), and
the results are presented in the Supplemental
Materials (Appendix III). Only five studies
met all quality criteria for their respective designs,
one of which had a quantitative design
(Manandhar et al., 2022) and the other four used
a qualitative design (Cushley et al., 2022; Han
et al., 2020; Rey-Galindo et al., 2020; Zhao
et al., 2018). The quality of 10 studies (see
Supplementary Materials, Appendix III) could
not be assessed, mainly due to the lack of clear
research questions.

Summary of Findings
The review highlights the key environmental fac-
tors impacting wayfinding and navigation among
individuals with SI, perceived barriers and facili-
tators, and design strategies to enhance access
for this population. The findings related to urban
accessibility are not reported in this article.
According to the conceptual framework
(Figure 1), the results are presented in three
main categories: architectural elements,

information/ graphical elements, and sensory ele-
ments (see Table 2).

Architectural Elements. The plan configuration and
layout of the building are discussed in several
studies as having a significant impact on wayfind-
ing, particularly for people with VI. Symmetrical
layouts were found to be confusing because their
uniformity made it difficult to distinguish one area
from another for individuals with sight loss (Belir,
2021; Belir & Onder, 2013). Similarly, circular
layouts and those with curved hallways posed
challenges for users to maintain their orientation
and navigate effectively (Rousek & Hallbeck,
2011b). Several participants in a study, including
people with VI and older adults, preferred grid lay-
outs over curved ones as grid layouts were easier
to understand and more intuitive to navigate for
them (Gupta et al., 2020). Wide-open spaces such
as lobbies and open plazas were problematic, as
they lacked sufficient landmarks or sensory cues
that are essential for orientation with SI
(Jeamwatthanachai et al., 2019b; Rousek &
Hallbeck, 2011b). Additionally, features like inter-
mediate or half-floors were perceived as highly chal-
lenging for users with VI, often leading to confusion
and increased disorientation (Müller et al., 2022).

The approach to the building, entrances, and
exit doors is another important factor involved
in wayfinding. A common barrier found was the
lack of a disabled parking area and a clearly
defined route from the parking area or drop-off
point to the entrance, which can make locating
the entry point challenging (Castle et al., 2022;

Figure 3. Distribution of Population Groups Among Included Studies (n= 41).
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Table 1. Characteristics of Included Studies on the Built Environment and Indoors (N= 25) (Ordered
Chronologically).

Author (Year), Data
Location Population Concept (Aim) Context Study Design, Methods

Nagassa et al.
(2023), Australia

VI N= 9 Evaluating the usefulness
of 3D models of
buildings in cognitive
mapping for people
with VI

Public buildings Mixed methods,
usability test,
questionnaire,
observation, and
open-ended
interview

Castle et al. (2022),
United Kingdom

VI adults N= 20
(S1) N= 94
(S2)

Accessibility
requirements of music
events for people with
VI

Music venues Study 1: structured
interview Study2:
online survey

Müller et al. (2022),
Germany

People with low
vision,
blindness, or
mobility
impairments N
= 125

To examine the travel
behaviour for both
trip planning and
execution, for people
with impairments

Indoor
environment

Quantitative, survey

Manandhar et al.
(2022), Australia

VI, N= 28 (15
normal vision
and 13 VI)

To examine the
preferred luminance
contrast of four
building elements for
people with VI

Built
environment

Quantitative,
experiment

Belir (2021), Turkey Simulated VI N=
27 (blindfolded,
and observer)

Understanding the
impact of sensory
landmarks on spatial
legibility

Indoor
environment

Mixed methods,
navigation task and
space syntax analysis

Im and Sang (2021),
Malaysia

VI (students aged
13–26) Sample
size not
mentioned

Understanding sensory
perceptions of the
visually impaired and
their challenges in
cognitive learning

Built
environment
(focused on
school
spaces)

Qualitative, in-depth
interviews and
observation

Swaminathan et al.
(2021), United
States

VI (N= 67),
accessibility
experts (N=
10)

Investigating the role of
tactile cues in
nonvisual navigation
and augmenting
existing tactile
surfaces with
multimodal feedback

Built
environment

Mixed methods, survey
of people with VI,
interview with
experts

Engel (2020),
Germany

VI N= 106 Wayfinding strategies
among people with
low vision (LV) and
blindness (BL)

Indoor
environment
(unfamiliar
buildings)

Quantitative, survey

Gupta et al. (2020),
United States

N= 27 Older
adults, VI, HI,
MI, CI

Examining urban
navigational
experiences and
preferences of people
with impairments

Built
environment

Qualitative, interviews

Han et al. (2020),
South Korea

People with MI,
VI, HI N= 18

To design a smart
accessibility data
model that integrates

Built
environment

Qualitative, direct
observation and

(continued)
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Table 1. Continued.

Author (Year), Data
Location Population Concept (Aim) Context Study Design, Methods

geospatial data with
environmental
accessibility

activity mapping,
data modeling

Toyoda et al. (2020),
Japan

VI N= 20 To clarify the impact of
combining verbal
explanation with 3D
tactile maps on
independent
navigation

Built
environment
(unfamiliar)

Mixed methods,
navigation task,
interviews

Jeamwatthanachai
et al. (2019b),
Thailand

VI (N= 30) and
experts (N=
15)

To explore VI
individuals’ behaviors
and strategies for
navigating indoor
public spaces

Indoor
environment
(public
buildings)

Mixed methods,
questionnaire and
semistructured
interviews

Jeamwatthanachai
(2019a), United
Kingdom

Experts N= 15 To develop a building
rating system (BRS) to
classify the
accessibility of
buildings for VI

Indoor
environment

Mixed methods, expert
validation and user
evaluation (site
inspection and focus
groups)

Afshary et al. (2019),
Italy

VI aged 30–60 N
= 8

To explore how focus
groups enhance
vocabulary on VI
capacities and
environmental
legibility/complexity

Built
environment

Qualitative, focus
group

Belir (2018), Turkey Simulated VI N=
6 (blindfolded/
observer)

The importance of using
nonvisual senses and
their role in
architectural
education

Built
environment

Qualitative, field
experiment and
blindfolded
navigation

Zhao et al. (2018),
United States

VI N= 14 Understanding the
perceptions of people
with VI when
navigating
surface-level changes

Built
environment

Qualitative, structured
interviews,
observation of
participants, and
think-aloud method

Morag et al. (2016),
Israel

People with
diverse needs
(VI, HI, MI, CI,
nonlocal
language) N=
56

To develop and assess a
questionnaire for
identifying wayfinding
challenges among
diverse hospital users

Healthcare
(hospitals)

Mixed methods,
evaluation
methodology using a
questionnaire

Fixova (2014),
Czech Republic

N= 12 VI and
older people
(over 60)

To analyze the needs of
people with limited
orientation and
develop an adaptive
navigation system

Healthcare
(public
hospitals)

Qualitative, field study
and usability tests

Korček and Rollova
(2014), Slovakia

VI Investigating the current
condition of the
Slovak transport

Transport
buildings

Qualitative, case study
(access audit of
selected transport
buildings)

(continued)
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McIntyre & Hanson, 2014). The entrance or exit
doors should be clearly marked. Korček and
Rollova (2014), found that the use of glazed
facades or doors without adequate markings poses
barriers for people with VI and suggested using a
colored line to frame the glazed door or eye-level
graphical markings to improve their visibility.

The type of door mechanism also affected acces-
sibility; revolving doors and malfunctioning auto-
matic doors were perceived as unsafe or difficult
to use. Automatic doors were preferred and gener-
ally seen as more accessible for users with VI
(Han et al., 2020; Jeamwatthanachai et al.,
2019b; McIntyre & Hanson, 2014).

Table 1. Continued.

Author (Year), Data
Location Population Concept (Aim) Context Study Design, Methods

system regarding
wayfinding for VI

McIntyre and
Hanson (2014),
United Kingdom

VI N= 10 Presenting a framework
for the analysis of the
interaction between
the built environment
and VI users

Public buildings Mixed methods,
semistructured
interviews,
wayfinding tasks, and
observation

Huang and Yu
(2013), Taiwan

VI N= 7 adults
aged 20–22, all
white cane
users

Evaluation of
architectural elements
and designs helping
the blind or visually
impaired in wayfinding
by studying their
environmental
perception patterns

Built
environment

Mixed methods, Q
methodology (a
method used to
collect subjective
opinions and
conduct quantitative
analysis)

Belir and Onder
(2013), Turkey

VI N= 14 To investigate the impact
of spatial design
(location of
landmarks) on the
cognitive mapping
ability of people with
VI

Public buildings
(shopping
malls)

Mixed methods,
Navigation task and
direct observation,
Space syntax analysis

Rousek and Hallbeck
(2011b), United
States

Simulated VI
(healthy adults
wearing
simulation
goggles) N=
50, aged 18–30

Analyzing the current
issues in a wayfinding
task for the VI and
normally sighted to
identify wayfinding
design deficits

Healthcare
(hospitals)

Mixed methods,
navigation task
followed by
questionnaire,
statistical analysis

Rousek and Hallbeck
(2011a), United
States

VI, aged 18–30 N
= 50

To assess the
effectiveness of
current healthcare
signage, particularly
focusing on pictogram
designs, especially for
people with VI

Healthcare Quantitative,
questionnaire,
including tasks for
identifying and rating
pictograms, and
statistical analysis

Thapar et al. (2004),
United States

N= 4 VI, MI,
control with no
impairment

Comparing functional
access to public
buildings and facilities
for people with and
without impairments

Public buildings Mixed methods,
navigation task,
survey

VI= visual impairment; HI= hearing impairment; MI=mobility impairment; CI= cognitive impairment.
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Several studies addressed the accessibility of
paths and the horizontal circulation of the build-
ing. Locating destinations in a building without
a clear circulation was confusing for several par-
ticipants (Afshary et al., 2019; Thapar et al.,
2004). However, corridors helped a few users
with VI to feel safe and concentrate on their way-
finding (McIntyre & Hanson, 2014). Within a
hospital setting, Morag et al. (2016) found that
locating multiple destinations was complicated
and time-consuming for participants (including
users with VI and HI), and they were unable to
follow the colored arrows.

The vertical access points, including stairs,
lifts, and escalators, were frequently discussed
in the literature, presenting both barriers and
facilitators for individuals with VI. A significant
barrier was the low visibility of the stairs, partic-
ularly glass staircases, where the stair edges can
be difficult to detect. This can be compounded by
insufficient lighting and misleading shadows that
may be perceived as steps (Müller et al., 2022;
Zhao et al., 2018). The inconsistent dimensions
of stairs, lack of color contrast between risers
and treads, and absence of markings on the first
and last steps further contribute to uncertainty
and safety concerns (Jeamwatthanachai et al.,
2019b; Korček & Rollova, 2014). Functional
issues, such as a limited number of operational
lifts and anxiety related to stair use, also hindered
accessibility and resulted in a preference for
ramps (Gupta et al., 2020). However, certain
design features acted as facilitators. This
included high-contrast stripes on step nosing,
consistent lighting to improve the visibility of
stairs, and avoiding curved stairs (Zhao et al.,
2018). Braille signs on handrails could commu-
nicate the floor numbers, and the bend at the
end of the handrail signified the end of the stair-
case. Furthermore, the availability of help but-
tons and voice output systems in lifts increased
the accessibility and safety for VI users (Han
et al., 2020; Müller et al., 2022).

Finally, decision points (nodes) and landmarks
were other key architectural features in wayfind-
ing with SI. In a study by Castle et al. (2022),
visually impaired users reported problems with
locating key facilities (e.g., service desks, toilets,
and bars) in public music venues. While

inconsistent or insufficient placement of land-
marks constituted a barrier, the presence of pre-
dictable and strategically located landmarks
enhanced the spatial legibility, especially those
that engaged with multiple senses. Additionally,
the placement of structural and sensory landmarks
along main pathways helped improve cognitive
mapping for visually impaired users (Belir,
2021; Belir & Onder, 2013). The presence of
obstacles within the pathway further compounded
the challenges of navigation for this population.
Barriers included static obstacles (such as pillars
or information boards), objects at body or head
level (such as overhanging signs or furniture),
which are often undetectable by a white cane, as
well as moving objects like trolleys
(Jeamwatthanachai et al., 2019a; Müller et al.,
2022; Rousek & Hallbeck, 2011b).

Information and Graphical Elements. The literature
highlighted several considerations regarding the
signage. A recurring barrier identified was the
inconsistency in signage availability, with some
public buildings lacking adequate directions
while others present an overwhelming abundance
of signs, leading to visual overload (Afshary et al.,
2019; Thapar et al., 2004). In terms of signage
design, barriers included improper illumination,
unexpected placement, limited tonal contrast,
high placement, and small lettering, all of which
reduce the legibility of the signs (Müller et al.,
2022; Rousek & Hallbeck, 2011b). Han et al.
(2020) found that the use of pictograms on signs
is beneficial for Deaf individuals who rely on
sign language services and might have low liter-
acy levels. Rousek and Hallbeck (2011a) recom-
mended consistency and standardization in
signage design across healthcare facilities,
emphasizing the use of human-based figures to
enhance comprehension, minimize complexity,
and maximize color contrast.

Tactile maps and 3D models of buildings were
found to be effective for enhancing the cognitive
mapping of users with VI. Incorporated into ori-
entation and mobility (O&M) training, they
allowed users to build a mental representation of
an environment before physically visiting it
(Nagassa et al., 2023; Toyoda et al., 2020).
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Table 2. Environmental Features That Impact Wayfinding Experiences of People With Sensory Impairments and
User Perceptions; (B) Barriers, (F) Facilitators.

Categories Subcategories
Structural
Element

User Perceptions (Barriers/
Facilitators) Sources

Architectural
elements

Regions/plan
configuration

Symmetrical
layout

(B) Being disoriented due to
uniform and symmetrical
layout

(Belir, 2021; Belir & Onder,
2013)

Grid vs. circular
layout

(B) Nonright-angled corners
and curved hallways causing
disorientation (F)
Preference for grid layouts
for lower complexity

(Gupta et al., 2020; Rousek
& Hallbeck, 2011b)

Wide-open
spaces

(B) Challenging for wayfinding
due to the lack of sensory
(visual and nonvisual)
landmarks or information

(Jeamwatthanachai et al.,
2019b; Rousek &
Hallbeck, 2011b)

Intermediate or
half-floors

(B) Causing disorientation for
people with VI

(Müller et al., 2022)

Edges/entrances
and exits

Outdoor access
to the
building

(B) Difficulty in identifying the
entrance due to the lack of
a defined pathway from the
parking or the drop-off
point

(Castle et al., 2022;
McIntyre & Hanson,
2014)

Visibility of
entrances/
exits

(B) Glazed facades/doors
without clear markings
making the entrance less
visible

(Korček & Rollova, 2014)

Automatic vs.
revolving
doors

(B) Revolving doors and
malfunctioning automatic
doors perceived as
hazardous (F) Preference
for automatic doors over
other types

(Han et al., 2020;
Jeamwatthanachai et al.,
2019b; McIntyre &
Hanson, 2014)

Paths and
horizontal
circulation

(B) Feeling confused due to
the complexity of the
layout and lack of clear
circulation; complicated
paths when navigating from
one destination to another
in a hospital (F) Corridors
helping some people feel
safe and concentrate on
their route

(Afshary et al., 2019;
McIntyre & Hanson,
2014; Morag et al., 2016;
Thapar et al., 2004)

Vertical access
(stairs/lifts/
escalators)

Visibility and
proximity

(B) Low visibility of stairs,
especially on a glass
staircase (F) Being notified
of the location of vertical
access upon entering a
building

(Gupta et al., 2020; Müller
et al., 2022)

Usability (B) The small number of
working lifts; being afraid of
using stairs (F) Preference
for using ramps

(Gupta et al., 2020)

(continued)
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Table 2. Continued.

Categories Subcategories
Structural
Element

User Perceptions (Barriers/
Facilitators) Sources

Adherence to
standards and
design

(B) Inconsistent dimensions of
stairs create uncertainty
and safety concerns,
missing marking of the first
and last steps, curved
design, and lack of color
contrast between the riser
and tread, reducing visibility

(Jeamwatthanachai et al.,
2019b; Korček & Rollova,
2014; Zhao et al., 2018)

Light and
shadows

(B) Insufficient lighting in the
staircase makes it hard to
detect stair edges; shadows
are perceived as steps;
transparent glass walls
creating disorientation due
to reflections

(Zhao et al., 2018)

Sensory
features

(F) Availability of sensory
features such as braille on
the handrails, help buttons,
and voice output in lifts,
stairs, and escalators; bend
at the end of the handrail
indicating the stairs’ start/
end and direction

(Han et al., 2020; Müller
et al., 2022)

Nodes and
intersections
(decision
points)

Visibility of
nodes

(B) Identifying key facilities
such as service desks,
toilets and bars

(Castle et al., 2022)

Landmarks and
furniture

Availability and
location

(B) Lack of or inconsistent
placement of landmarks (F)
Familiar and predictable
landmarks; accurately and
strategically located
landmarks improving the
legibility of space for VI

(Belir, 2021; Belir & Onder,
2013)

Sensory
landmarks

(F) landmarks that engage
with multiple senses

(Belir & Onder, 2013)

Presence of
obstacles

(B) Presence of obstacles in
the pathway, especially
those at body or head level
(e.g., overhanging signs),
which are difficult to detect
with a cane, but also
moving obstacles like
trolleys; Furniture arranged
in “island” layout

(Jeamwatthanachai et al.,
2019a; Müller et al., 2022;
Rousek & Hallbeck,
2011b)

Information/
graphical
elements

Signage Availability (B) lack of signage and
directions in public
buildings; overabundance of
visual signs that create a
visual overload

(Afshary et al., 2019; Thapar
et al., 2004)

(continued)
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Table 2. Continued.

Categories Subcategories
Structural
Element

User Perceptions (Barriers/
Facilitators) Sources

Adherence to
standards and
design

(B) Improper illumination of
the sign, unexpected
positioning, signs being
small, small lettering, and
low tonal contrast (F) Use
of pictograms on signs;
pictograms with greater
contrast, less complexity,
and fewer abstract features

(Han et al., 2020; Müller
et al., 2022; Rousek &
Hallbeck, 2011b, 2011a)

Maps Tactile maps (F) 3D tactile maps as a useful
tool for creating a cognitive
map of a building before
visiting it

(Nagassa et al., 2023;
Toyoda et al., 2020)

Sensory
elements

Lighting Intensity (B) Insufficient lighting
reducing the visibility,
making it difficult to identify
obstacles, find destinations,
and read signs; difficulty in
lip-reading for people with
HI due to low lighting levels

(Morag et al., 2016; Rousek
& Hallbeck, 2011b;
Thapar et al., 2004; Zhao
et al., 2018)

Consistency (B) Sharp contrast from light
to dark when entering
venues; inconsistency in
lighting along the route, and
sharp natural light from
windows causing glare (F)
Strobe lighting for people
with HI

(Castle et al., 2022; Han
et al., 2020)

Visual contrast Contrast levels (B) lack of or low color and
tonal contrast between
surfaces; unexpected
changes in color or changes
for aesthetic purposes
could be misinterpreted as
changes in depth; using
colors difficult to
distinguish for those with
color blindness

(Afshary et al., 2019; Müller
et al., 2022; Zhao et al.,
2018)

Soundscape
(auditory
cues)

Availability (F) Presence of audio
feedback on lifts and other
facilities; acoustic
navigation systems; using
sound to create a sense of
depth, distance, and
movement

(Afshary et al., 2019; Huang
& Yu, 2013)

Intensity (B) Excessive noise in
crowded areas creating
distraction and loss of
orientation for VI and HI;
overly quiet environments

(Jeamwatthanachai et al.,
2019b)

(continued)
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Sensory Elements. The sensory features of the
environment, including the visual, auditory, tac-
tile, and olfactory cues, have a profound effect
on the wayfinding experience of individuals
with SI.

In the visual domain, lighting was discussed as
a primary concern. Studies found that low lighting
levels reduced the visibility of obstacles and sig-
nage and impeded communication for individuals
with HI who relied on lip-reading (Morag et al.,
2016; Rousek & Hallbeck, 2011b; Thapar et al.,
2004; Zhao et al., 2018). Additionally, inconsis-
tencies in lighting, such as sudden transitions
from bright to dark areas or glare from windows,
can disorient users and disrupt the continuity of
their navigation. Therefore, evenly distributed
lighting is a key factor in wayfinding, especially
for users with impaired vision. Also, targeted
lighting interventions, such as strobe lighting,
might help people with HI by providing nonverbal
directional signals (Castle et al., 2022; Han et al.,
2020).

Complementing these findings, visual contrast
was determined to be crucial, particularly for peo-
ple with some residual vision. Low color and
tonal contrast reduced the visibility of surfaces
for users with VI. Studies suggested that contrast
should be used intentionally; sudden or purely

decorative changes on floors could create confu-
sion and be misinterpreted as level changes and
increase the risk of falls and trips, especially in
older adults (Afshary et al., 2019; Müller et al.,
2022; Zhao et al., 2018). Manandhar et al.
(2022) evaluated the efficiency of the current
Australian requirement of 30% luminance con-
trast for building elements (Australian Standard,
2021), equivalent to the 30-point Light
Reflectance Value (LRV) contrast requirement
in the UK (BS 8300-2:2018). They emphasized
the need to increase the luminance contrast levels
in building elements such as door frames and light
switches, going beyond the current 30% require-
ment to around 65% for better visibility for those
with severe VI.

The auditory environment or soundscape fur-
ther contributes to the navigational experience.
Facilitators included the presence of auditory
cues, such as audio feedback in lifts, acoustic nav-
igation systems, and ambient sounds that help
users perceive spatial depth and movement
(Afshary et al., 2019; Huang & Yu, 2013). While
overly quiet environments may fail to provide nec-
essary auditory feedback, excessive ambient noise
in crowded areas can be overwhelming and disori-
enting for people with SI (Jeamwatthanachai et al.,
2019b).

Table 2. Continued.

Categories Subcategories
Structural
Element

User Perceptions (Barriers/
Facilitators) Sources

creating anxiety as
individuals receive less
auditory feedback

Textures (Tactile
cues)

Contrast (B) Doors with the same
texture as the surrounding
wall, undifferentiated
texture in open areas; lack
of contrast between floor
and wall

(Afshary et al., 2019;
Korček & Rollova, 2014)

Materials (B) Carpet deafens the echo
of white canes; glass walls
and glass stairs, and shiny
flooring causing
disorientation/glare

(Gupta et al., 2020;
McIntyre & Hanson,
2014; Zhao et al., 2018)

Olfactory cues (F) Using different smells to
navigate in a building (e.g.,
smell of coffee)

(McIntyre & Hanson, 2014)
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Tactile elements are equally essential in way-
finding, especially for users with severe sight
loss. Changes in materials, textures, and terrain
slopes provide tactile cues for wayfinding
(Huang & Yu, 2013), and tactile paving could
be used to guide users towards key features like
staircases (Korček & Rollova, 2014). A lack of
tactile contrast—such as doors blending into
walls or floors that do not differ in texture from
surrounding areas—impairs spatial perception
(Korček & Rollova, 2014). Improper selection of
surface materials poses barriers; for example, car-
pets can dampen the auditory feedback from mobil-
ity aids, and shiny surfaces can cause visual
disorientation or glare (Gupta et al., 2020;
McIntyre & Hanson, 2014; Zhao et al., 2018).

Lastly, olfactory cues, though less commonly
discussed in literature, show promise of facilitat-
ing wayfinding. Familiar and distinct smells
(e.g., the scent of coffee near a café) can serve
as effective spatial markers for people with VI
(McIntyre & Hanson, 2014).

Discussion
The results of this review illustrate the multidi-
mensional nature of wayfinding design and high-
light the specific access needs of people with
visual and/or hearing impairments. These can pro-
vide a robust evidence base for updating the key
accessibility standards, such as the British
Standards (BS 8300-2:2018) and the Americans
with Disabilities Act (ADA) Standards
(Department of Justice, 2010). The findings rein-
force the principles within current accessibility
guidelines (British Standards Institution, 2021),
underscoring the necessity of integrating wayfind-
ing design throughout the entire building life-
cycle. This holistic approach demands that
wayfinding be a key consideration from the earli-
est stages of conceptual design and business case
development, through construction and post-
occupancy assessments.

The results of this review illustrate the
multidimensional nature of wayfinding
design and highlight the specific access
needs of people with visual and/or hearing

impairments.

The conceptual framework emerging from
this review encourages stakeholders to shift
their perception of wayfinding design from
solely reliance on signage to a holistic approach
that fully integrates the architectural and spatial,
graphical, and sensory characteristics of the
built environment.

Of particular importance is the impact of spa-
tial design and layout on user orientation, a factor
that remains under-addressed in many accessibil-
ity guidelines. The evidence indicates a strong
preference among people with VI for predictable,
grid-based layouts over curved designs. To miti-
gate the disorientation caused by uniform and
symmetrical spaces, designers should incorporate
distinct identifying features, such as high-
contrast colors, clear graphics, or tactile markers.
Similarly, wide-open spaces require the integra-
tion of sensory landmarks to provide crucial ori-
entation cues. Building on these findings, further
research is warranted to investigate how various
architectural layouts impact the wayfinding
behaviors of people with SI.

Of particular importance is the impact of
spatial design and layout on user
orientation, a factor that remains

under-addressed in many accessibility
guidelines.

Regarding signage design, while the high
placement and small lettering were recognized
as barriers, no empirical evidence was provided
to determine the optimal lettering size and loca-
tion of signs for people with reduced vision.
The ADA guidelines (U.S. Access Board, 2010)
mandate a mounting height of 48–60 inches
(approximately 122–152 cm) for tactile signs,
and specify that character height for visual signs
should be based on viewing distance to ensure
legibility. Nevertheless, these standards may not
sufficiently accommodate the needs of older
adults, who represent a majority of visually
impaired users. Given the natural tendency for a
lower eye level and downward gaze in older peo-
ple, the efficacy of the current standards is ques-
tionable. Therefore, empirical research is needed
to validate or refine these guidelines, focusing
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specifically on accessible signage for this
population.

Regarding sensory features, although visual
contrast is found to be essential in facilitating nav-
igation, its effectiveness is affected by the level of
contrast and quality of light (British Standards
Institution, 2021). Reliance on color contrast
alone is not sufficient, as it excludes individuals
with color vision deficiency or severe VI.
Therefore, tonal contrast—often defined by the
LRV of the surfaces—should be prioritized and
complemented with tactile elements such as
braille and embossed features.

Directions for Future Research
This scoping review highlights significant gaps
regarding the participant groups studied.
Notably, the specific wayfinding needs and expe-
riences of individuals with HI remain largely
underexplored, with only three studies involving
this group and none focusing on them exclusively.
Future research can investigate the experiences
and wayfinding challenges of people with HI
and design factors supporting their orientation
and mobility. Furthermore, the exclusion or
underrepresentation of older adults, mainly due
to recruitment difficulties, presents a critical
knowledge gap. Given that sensory deterioration
is often an inevitable part of the aging process,
research targeting older adults is essential to
understand their unique accessibility requirements
and ensure wayfinding strategies cater to this
growing demographic.

Given that sensory deterioration is often
an inevitable part of the aging process,
research targeting older adults is essential
to understand their unique accessibility

requirements.

The existing body of literature mainly focuses
on identifying barriers encountered by individuals
with SI during wayfinding. While understanding
these is crucial, there is a pressing need for future
research to shift toward exploring and validating
design solutions. Experimental studies are
required to examine the efficacy of specific design
elements (e.g., circulation systems, placement of

landmarks, levels of lighting) on the wayfinding
performance of people with SI, which can lead
to developing evidence-based guidelines and
interventions.

Finally, this review identified limited evidence
regarding the role of tactile and olfactory cues in
wayfinding for individuals with SI, despite pro-
viding crucial information for navigation. Future
research should delve into how people with SI
use tactile and olfactory cues to develop a mental
map of the building.

Strengths and Limitations
This study is, to our knowledge, the first scoping
review presenting the wayfinding needs of people
with SI. The developed conceptual framework,
grounded in established theories (Arthur &
Passini, 1992; Lynch, 1960) and enriched through
content analysis, integrates environmental fea-
tures with subjective user perceptions, offering a
holistic perspective to enhance built environment
accessibility. The research strategy was not lim-
ited to any specific languages or locations, so it
provides a comprehensive global overview of
the available scholarly knowledge on this topic.
Despite these strengths, the review is subject to
certain limitations. While the search strategy did
not include gray literature, the results are dis-
cussed in relation to the current guidelines.
Critical appraisal, although not an essential com-
ponent of this scoping review, was performed
by one researcher. Finally, as with any review
process involving qualitative synthesis, an ele-
ment of researcher interpretation is unavoidable,
although efforts were made to ground this system-
atically in the review process.

Conclusion
This scoping review systematically mapped the
scholarly evidence on the environmental factors
that influence wayfinding for individuals with
visual and/or hearing impairments. It also identi-
fied key design recommendations to improve built
environment accessibility for this population. A
central contribution is the conceptual framework
presented, which organizes key environmental
features that impact wayfinding for people with
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SI. The framework invites stakeholders, including
interior designers, architects, and policymakers, to
consider wayfinding design from a holistic per-
spective as an interplay between architectural
and graphical components and the sensory needs
of users, moving beyond relying solely on sig-
nage. These findings highlight the importance of
various environmental features in wayfinding
design and inform the development of accessibil-
ity guidelines for people with sensory loss along-
side all users.

The framework invites stakeholders,
including interior designers, architects,
and policymakers, to consider wayfinding
design from a holistic perspective as an
interplay between architectural and

graphical components and the sensory
needs of users, moving beyond relying

solely on signage.

Implications for Practice

• Wayfinding design requires a holistic
approach that integrates the architectural,
graphical, and sensory characteristics of
the built environment.

• Empirical evidence indicates a strong pref-
erence among the visually impaired for
grid-based layout over curved designs.

• Given the tendency of a downward gaze in
older adults, current standards for mount-
ing heights of signage may not adequately
accommodate the needs of this population.

• Reliance on color contrast alone is insuffi-
cient and designers should prioritize tonal
contrast.
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Lea Rollova.

Lynch, K. (1960). The image of the city (33. print).
M.I.T. Press.

Manandhar, S., Lukman, A., Dain, S. J., Bridge, C. E.,
Relf, M., & Boon, M. Y. (2022). Luminance

contrast preferences of people with a vision impair-
ment for elements in the built environment. Work,
73(4), 1265–1278. https://doi.org/10.3233/WOR-
210997

McIntyre, L. J., & Hanson, V. L. (2014). Buildings and
users with visual impairment: Uncovering factors for
accessibility using BIT-Kit. Proceedings of the 16th
International ACM SIGACCESS Conference on
Computers & Accessibility - ASSETS ‘14 (pp. 59–
66). https://doi.org/10.1145/2661334.2661371

Morag, I., Heylighen, A., & Pintelon, L. (2016).
Evaluating the inclusivity of hospital wayfinding sys-
tems for people with diverse needs and abilities.
Journal of Health Services Research & Policy, 21(4),
243–248. https://doi.org/10.1177/1355819616642257

Müller, K., Engel, C., Loitsch, C., Stiefelhagen, R., &
Weber, G. (2022). Traveling more independently:
A study on the diverse needs and challenges of peo-
ple with visual or mobility impairments in unfamil-
iar indoor environments. ACM Transactions on
Accessible Computing, 15(2), 1–44. https://doi.org/
10.1145/3514255

Nagassa, R. G., Butler, M., Holloway, L., Goncu, C., &
Marriott, K. (2023). 3D Building plans: Supporting
navigation by people who are blind or have low
vision in multi-storey buildings. Proceedings of
the 2023 CHI Conference on Human Factors in
Computing Systems (pp. 1–19). https://doi.org/10.
1145/3544548.3581389

O’Neill, M. J. (1992). Effects of familiarity and plan
complexity on wayfinding in simulated buildings.
Journal of Environmental Psychology, 12(4), 319–
327. https://doi.org/10.1016/S0272-4944(05)80080-5

Peters, M. D. J., Marnie, C., Tricco, A. C., Pollock, D.,
Munn, Z., Alexander, L., McInerney, P., Godfrey,
C. M., & Khalil, H. (2020). Updated methodological
guidance for the conduct of scoping reviews. JBI
Evidence Synthesis, 18(10), 2119–2126. https://doi.
org/10.11124/JBIES-20-00167

Pollock, D., Peters, M. D. J., Khalil, H., McInerney, P.,
Alexander, L., Tricco, A. C., Evans, C., de Moraes,
ÉB, Godfrey, C. M., Pieper, D., Saran, A., Stern, C.,
& Munn, Z. (2023). Recommendations for the
extraction, analysis, and presentation of results in
scoping reviews. JBI Evidence Synthesis, 21(3),
520–532. https://doi.org/10.11124/JBIES-22-00123

Rey-Galindo, J. A., Rizo-Corona, L., González-Muñoz,
E. L., & Aceves-González, C. (2020).
Environmental information for people with visual

66 Health Environments Research & Design Journal 19(2)

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria-manual_2018-08-01_ENG.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria-manual_2018-08-01_ENG.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria-manual_2018-08-01_ENG.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria-manual_2018-08-01_ENG.pdf
https://doi.org/10.1177/1420326X12456317
https://doi.org/10.1177/1420326X12456317
https://doi.org/10.1177/1420326X12456317
https://doi.org/10.3389/fpsyg.2020.549628
https://doi.org/10.3389/fpsyg.2020.549628
https://doi.org/10.3389/fpsyg.2020.549628
https://doi.org/10.1108/JET-12-2018-0060
https://doi.org/10.1108/JET-12-2018-0060
https://doi.org/10.1177/0264619619833723
https://www.cadima.info/
https://www.cadima.info/
https://doi.org/10.1201/b18220
https://doi.org/10.1201/b18220
https://doi.org/10.1201/b18220
https://doi.org/10.3233/WOR-210997
https://doi.org/10.3233/WOR-210997
https://doi.org/10.3233/WOR-210997
https://doi.org/10.1145/2661334.2661371
https://doi.org/10.1145/2661334.2661371
https://doi.org/10.1177/1355819616642257
https://doi.org/10.1177/1355819616642257
https://doi.org/10.1145/3514255
https://doi.org/10.1145/3514255
https://doi.org/10.1145/3514255
https://doi.org/10.1145/3544548.3581389
https://doi.org/10.1145/3544548.3581389
https://doi.org/10.1145/3544548.3581389
https://doi.org/10.1016/S0272-4944(05)80080-5
https://doi.org/10.1016/S0272-4944(05)80080-5
https://doi.org/10.11124/JBIES-20-00167
https://doi.org/10.11124/JBIES-20-00167
https://doi.org/10.11124/JBIES-20-00167
https://doi.org/10.11124/JBIES-22-00123
https://doi.org/10.11124/JBIES-22-00123


impairment in Mexico—Or what they need and how
they use it. Applied Ergonomics, 85, 103079. https://
doi.org/10.1016/j.apergo.2020.103079

Rousek, J. B., & Hallbeck, M. S. (2011a). Improving
and analyzing signage within a healthcare setting.
Applied Ergonomics, 42(6), 771–784. https://doi.
org/10.1016/j.apergo.2010.12.004

Rousek, J. B., & Hallbeck, M. S. (2011b). The use of
simulated visual impairment to identify hospital
design elements that contribute to wayfinding diffi-
culties. International Journal of Industrial
Ergonomics, 41(5), 447–458. https://doi.org/10.
1016/j.ergon.2011.05.002

Ruddle, R. A., & Lessels, S. (2006). Three levels of
metric for evaluating wayfinding. Presence:
Teleoperators and Virtual Environments, 15(6),
637–654. https://doi.org/10.1162/pres.15.6.637

Seetharaman, K., Mahmood, A., Rikhtehgaran, F.,
Akbarnejad, G., Chishtie, F., Prescott, M., Chung,
A., & Mortenson, W. B. (2024). Influence of the
built environment on community mobility of people
living with visual disabilities: A scoping review.
Urban, Planning and Transport Research, 12(1),
2296891. https://doi.org/10.1080/21650020.2023.
2296891

Swaminathan, S., Yim, Y., Hudson, S. E., Bennett, C.
L., & Carrington, P. (2021). From tactile to
NavTile: opportunities and challenges with multi-
modal feedback for guiding surfaces during non-
visual navigation. In Proceedings of the 2021 CHI
Conference on Human Factors in Computing
Systems, 1–13. https://doi.org/10.1145/3411764.
3445716

Thapar, N., Warner, G., Drainoni, M.-L., Williams, S. R.,
Ditchfield, H., Wierbicky, J., & Nesathurai, S. (2004).
A pilot study of functional access to public buildings
and facilities for persons with impairments.
Disability and Rehabilitation, 26(5), 280–289. https://
doi.org/10.1080/09638280310001649543

Toyoda, W., Tani, E., Oouchi, S., & Ogata, M.
(2020). Effects of environmental explanation
using three-dimensional tactile maps for orienta-
tion and mobility training. Applied Ergonomics,
88, 103177. https://doi.org/10.1016/j.apergo.
2020.103177

Tricco, A. C., Lillie, E., Zarin, W., O’Brien, K. K.,
Colquhoun, H., Levac, D., Moher, D., Peters,
M. D. J., Horsley, T., Weeks, L., Hempel, S., Akl,
E. A., Chang, C., McGowan, J., Stewart, L.,
Hartling, L., Aldcroft, A., Wilson, M. G., Garritty,
C., & Straus, S. E. (2018). PRISMA Extension for
Scoping Reviews (PRISMA-ScR): Checklist and
explanation. Annals of Internal Medicine, 169(7),
467–473. https://doi.org/10.7326/M18-0850

Tseng, Y.-C., Liu, S. H.-Y., Lou, M.-F., & Huang,
G.-S. (2018). Quality of life in older adults with sen-
sory impairments: A systematic review. Quality of
Life Research: An International Journal of Quality
of Life Aspects of Treatment, Care and
Rehabilitation, 27(8), 1957–1971. https://doi.org/
10.1007/s11136-018-1799-2

U.S. Access Board. (2010). U.S. Access Board—
Chapter 7: Signs. U.S. Access Board. https://www.
access-board.gov/ada/guides/chapter-7-signs/

World Health Organization. (2022, October 13).
Blindness and vision impairment. World Health
Organization. https://www.who.int/news-room/fact-
sheets/detail/blindness-and-visual-impairment

World Health Organization. (2023, February 27).
Deafness and hearing loss. https://www.who.int/
news-room/fact-sheets/detail/deafness-and-hearing-
loss

Xiong, Y.-Z., Addleman, D. A., Nguyen, N. A.,
Nelson, P., & Legge, G. E. (2023). Dual sensory
impairment: Impact of central vision loss and hear-
ing loss on visual and auditory localization.
Investigative Ophthalmology & Visual Science,
64(12), 23. https://doi.org/10.1167/iovs.64.12.23

Zali, P., Chaiyawat, K., McElroy, L., Giardini, M. E., &
Watson, M. (2023). Architectural provisions sup-
porting the safe and effective navigation for people
with sensory impairment: A scoping review. https://
doi.org/10.17605/OSF.IO/SZ2H8

Zhao, Y., Kupferstein, E., Tal, D., & Azenkot, S.
(2018). ‘It looks beautiful but scary’: How low
vision people navigate stairs and other surface level
changes. Proceedings of the 20th International
ACM SIGACCESS Conference on Computers and
Accessibility (pp. 307–320). https://doi.org/10.
1145/3234695.3236359

Zali et al. 67

https://doi.org/10.1016/j.apergo.2020.103079
https://doi.org/10.1016/j.apergo.2020.103079
https://doi.org/10.1016/j.apergo.2020.103079
https://doi.org/10.1016/j.apergo.2010.12.004
https://doi.org/10.1016/j.apergo.2010.12.004
https://doi.org/10.1016/j.apergo.2010.12.004
https://doi.org/10.1016/j.ergon.2011.05.002
https://doi.org/10.1016/j.ergon.2011.05.002
https://doi.org/10.1016/j.ergon.2011.05.002
https://doi.org/10.1162/pres.15.6.637
https://doi.org/10.1162/pres.15.6.637
https://doi.org/10.1080/21650020.2023.2296891
https://doi.org/10.1080/21650020.2023.2296891
https://doi.org/10.1080/21650020.2023.2296891
https://doi.org/10.1145/3411764.3445716
https://doi.org/10.1145/3411764.3445716
https://doi.org/10.1080/09638280310001649543
https://doi.org/10.1080/09638280310001649543
https://doi.org/10.1080/09638280310001649543
https://doi.org/10.1016/j.apergo.2020.103177
https://doi.org/10.1016/j.apergo.2020.103177
https://doi.org/10.1016/j.apergo.2020.103177
https://doi.org/10.7326/M18-0850
https://doi.org/10.7326/M18-0850
https://doi.org/10.1007/s11136-018-1799-2
https://doi.org/10.1007/s11136-018-1799-2
https://doi.org/10.1007/s11136-018-1799-2
https://www.access-board.gov/ada/guides/chapter-7-signs/
https://www.access-board.gov/ada/guides/chapter-7-signs/
https://www.access-board.gov/ada/guides/chapter-7-signs/
https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment
https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment
https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://doi.org/10.1167/iovs.64.12.23
https://doi.org/10.1167/iovs.64.12.23
https://doi.org/10.17605/OSF.IO/SZ2H8
https://doi.org/10.17605/OSF.IO/SZ2H8
https://doi.org/10.17605/OSF.IO/SZ2H8
https://doi.org/10.1145/3234695.3236359
https://doi.org/10.1145/3234695.3236359
https://doi.org/10.1145/3234695.3236359

	 Introduction
	 Review Aims and Objectives
	 Methods
	 Eligibility Criteria
	 Search Strategy
	 Selection of Sources of Evidence
	 Data Extraction and Critical Appraisal
	 Data Analysis

	 Results
	 Description of Studies
	 Critical Appraisal
	 Summary of Findings
	 Architectural Elements
	 Information and Graphical Elements
	 Sensory Elements


	 Discussion
	 Directions for Future Research
	 Strengths and Limitations
	 Conclusion
	 Implications for Practice
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


