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Abstract

People with visual impairments (VIPs) can participate in orientation and mobility (O&M)
training to learn how to navigate to their desired goal locations. During O&M training,
personal wayfinding preferences with regard to cue use and wayfinding strategy choice are
taken into account. However, there is still a lack of clarity about which factors shape VIPs’
wayfinding experiences and how. Background/Objectives: In this study, we mapped indi-
vidual differences in preferred sensory modality (both orientation- and mobility-related),
and classified which personal and environmental factors are relevant for these preferences.
Methods: To this end, interviews were conducted with eleven Dutch VIPs whose impair-
ment varied in onset, ontology, and severity. Results: We concluded from our thematic
analysis that hearing is the most important sensory modality to VIPs for orientation pur-
poses, although it varies per person how and how often other resources are relied upon
(i.e., other sensory modalities, existing knowledge of an environment, help from others,
or navigational aids). Additionally, environmental factors such as weather conditions,
crowdedness, and familiarity of the environment influence if, how, and which sensory
modalities are employed. These preferences and strategies might be mediated by individual
differences in priorities and needs pertaining to energy management. Conclusions: We
discuss how the current findings could be of interest to orientation and mobility instructors
when choosing a training strategy for individual clients.

Keywords: orientation; mobility; navigation; low vision; visual impairment; blindness;
thematic analysis; sensory preferences; wayfinding strategies

1. Introduction

Navigation is the purposeful act of traveling to and from important destinations within
the world, like a workplace or a friend’s home. As such, navigation is an essential part
of our everyday lives and critical to independent functioning. Navigation is understood
as a combination of two components, orientation and mobility [1,2]. Orientation, or
the wayfinding aspect of navigation, involves all the cognitive processes necessary for
making the journey. These processes include, but are not limited to, the memorization of
routes, spatial decision-making during route-following (e.g., knowing when to take a left
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or right turn), localization (i.e., determining where one is within a given environment),
and landmark recognition [3-8]. Mobility, or the locomotion aspect of navigation, on
the other hand, involves the immediate interaction of the embodied navigator and the
environment [7,9]. Examples of mobility-related skills include avoiding obstacles and
managing tripping hazards. For effective orientation and mobility, people rely on various
types of self-motion cues and sensory cues from their external environment [10], with
the visual modality often considered as an essential source of spatial information [11-16].
However, for people with visual impairments (VIPs), visual information is not (fully)
accessible, which can make it challenging for them, compared to sighted individuals, to
reach their desired destinations safely, independently, and efficiently.

Challenges that VIPs face when navigating public spaces include risk of falling, identi-
fying the correct trains, entrances, or restrooms, taking detours when encountering unex-
pected constructions, avoiding obstacles like cars parked on sidewalks, traversing Shared
Spaces, encountering social stigma or unsafe situations, and safely crossing a street [17-24].
These examples represent only a subset of the many challenges VIPs encounter in their
daily navigation, and since the VIP population is quite heterogeneous, it differs per person
which of these challenges are more or less present. Understanding the nuances, interplay,
and diversity in wayfinding experiences within this population can contribute to further
increasing VIPs” experiences of independence, safety, self-confidence, freedom of move-
ment, and social inclusion [25-30]. These experiences are all important for the basic human
dignity, quality of life, and mental health that people with disabilities have an inherent
right to [31,32], for example, by having a choice regarding the mode of transport or by
choosing to leave the house in the first place [18,21].

Because of the challenges associated with vision loss, visually impaired individuals
rely on multiple sensory modalities for orientation, often achieving spatial task performance
similar to that of sighted individuals (for an overview, see, e.g., [12] or [33]). Of course,
these findings should be interpreted with the understanding that the VIP population is
not homogenous, and is influenced by factors such as age or the severity and onset of
vision loss (see, e.g., [34-37]). Nevertheless, how VIPs navigate might not only depend on
which cues are or are not available to them, but also which ones they themselves prefer,
prioritise, or pay attention to. In previous studies, wayfinding preferences regarding cues
and strategies have been investigated via focus-group interviews, qualitative interviews
with individual VIPs, and surveys. Some studies focused on cues associated with one
specific sensory modality, i.e., touch [22,38], smell [39], or hearing [17,40]. Other stud-
ies asked VIPs which points of reference are important to them and reported whether
they perceive them through their sense of touch, smell, or hearing [41-45]. Cues that
were reported in these studies include buildings (e.g., churches, schools, banks), shops
(e.g., the smell of bookshops, flower shops, shoe shops), and food establishments (e.g., the
smell of restaurants, bakeries, supermarkets, coffee bars), as well as particular features of
buildings such as walls (in case of cane use), or entrances (e.g., hearing doors opening, or
encountering stairs or sunken entrances with a cane). Furthermore, natural environmental
cues were reported (especially the smell, sound, or feeling of trees, but also, e.g., the sound
and smell of the sea), as well as human activity (e.g., hearing the sound of footsteps, crowds,
children playing, or people waiting at a bus stop). Another well-represented category of
cues in these studies is traffic-related, especially the sounds of vehicles (e.g., car horns,
vehicles passing, vehicles braking, trams in the distance, identifying intersections, and
discriminating between different types of vehicles).

Even though these studies have provided relevant insights on which sensory cues are
experienced as helpful to VIPs, it remains unclear how these preferences and strategies
regarding sensory cue use might vary between individuals or contexts. For instance, there
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is some evidence that these preferences depend on variable circumstances such as weather
conditions, time of day, or how stimulus-rich an environment is [21,46]. Furthermore,
although certain sensory cues might be experienced as helpful to the majority of the VIP
population, it is possible that some VIPs prefer to rely mostly on their sense of touch,
whereas others might prefer their sense of hearing. As far as we know, there is only one
study that has aimed to systematically map those individual differences in subjective
navigational preferences, albeit in the context of formulating personas and improving
wayfinding technologies. Williams et al. [24] conducted qualitative interviews on several
aspects of VIPs’ navigational experiences. They found two major themes within their data
and formulated ‘types of navigators’ based on these themes. The first theme encompassed
“Personality” and described how different personality characteristics varied between and
were relevant in the way VIPs described their wayfinding experiences (i.e., Attitude towards
exploration, Asking for help, Reliance on technology, Technology adoption, and Preferred
mobility aid). The second theme, “Scenario,” described characteristics of the environment
(i.e., Terrain, Familiarity, Weather, Crowd density, Transportation availability, and GPS
availability). The types of navigators were formulated as VIP personas that include a short
description of the individual’s wayfinding preferences and strategies focused on technology
use, as well as four personal characteristics (e.g., which type of mobility aid they use). Also,
in the context of improving technologies and inspired by the persona approach of the
Williams et al. paper, Gupta et al. [19] characterized the wayfinding preferences of people
with different kinds of impairments (including visual) through qualitative interviews. They
concluded that the dimensions in which these preferences can vary are Technology (familiar
vs. latest), Route (planned vs. spontaneous), Assistance (human vs. technological), and
Experience (enjoyable vs. efficient).

Previous research offers important but incomplete insights into VIPs” wayfinding
experiences. First, studies that examined the use of technological cues (e.g., Williams et al.’s
study [24]) might be dated, given the rapid development of navigation apps and assistive
technologies in the past decade [47-50]. Second, studies that focus on specific sensory cues
(e.g., Koutsoklenis and Papadopoulos’s array of studies [38—40]) identify which cues are
reported but provide limited understanding of when and why these cues are preferred in
practice. Crucially, the usefulness of sensory cues is not fixed but depends on circumstances
and personal context, an area where systematic evidence and comprehensive overviews
remain relatively scarce. Third, broader reviews (e.g., Park et al.’s work [21]) do outline
personal and environmental factors relevant to wayfinding across disabilities, but do not
provide an in-depth description tailored to visual impairments or link these contextual
factors to cue preferences. The present study addresses these gaps by offering a novel,
in-depth, up-to-date classification of multiple types of cues by directly looking into VIPs’
motivations, considerations, and reflections on which, when, and how to use different types
of cues during wayfinding. In this way, we integrate these cue preferences with personal
and environmental factors, offering a level of synthesis not previously available.

The goal of the current study was therefore to investigate navigational preferences
of VIPs, particularly in terms of their preferred sensory modalities, as well as mapping
which personal and situational factors are relevant for these preferences. To map out
these subjective navigational preferences, semi-structured qualitative interviews were held
with VIPs, asking them to describe a well-known route in their daily lives. Thematic
analysis was used to systematically interpret and classify VIPs” wayfinding experiences.
From our thematic analysis, we conclude which informational resources VIPs use during
navigation and how (i.e., sensory modalities, existing spatial knowledge, assistance from
others, and smartphones), and which factors influence resource choice and strategy choice
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(i.e., navigational intentions, affective factors, and environmental factors impacting how
sensory information is perceived).

2. Materials and Methods
2.1. Sample

We interviewed eleven people with visual impairments (VIPs). The sample consisted
of four women and seven men, ages ranging from 33 to 73 years (mean age 53 & 11 years
old). Based on self-reported symptom descriptions, three participants had late-onset visual
impairments (i.e., diagnosed at age 16 or older), one had early-onset impairment, and six
had a congenital impairment. Furthermore, we categorized three participants as totally
blind, three as very severely blind, two as severely blind, and three as having a moderate
visual impairment (in line with [51]). Six of the eleven participants indicated that they
currently have or have had a guide dog in the past, and nine people indicated making use
of a white cane (symbol canes, pencil tip canes, and ball tip canes). Participant 01, 02, 04, 05,
08, 09, and 10 have participated in O&M training (ranging from about one to three times in
total throughout their lifetime, for about 10 times up to two years of training per trajectory,
where single sessions lasted for one or two hours). Participants 07 and 11 did not follow the
O&M training to learn routes. From participants 03 and 06, we did not receive information
concerning their prior experience with O&M training. All interviews were conducted in
Dutch, as all participants were natively Dutch and lived across the Netherlands. Individuals
were excluded from participation if their visual impairment resulted from a neurological
disorder rather than an ocular condition, and/or if they reported sensory issues such as
(partial) hearing loss in addition to their visual impairment. An overview of the sample
characteristics can be found in Table 1. A brief case summary of each participant can be
found in Appendix B. In these case summaries, the daily activities of the participants are
described, as well as the main themes that were most important to this participant.

Table 1. Overview of the demographics of our sample. All information is self-reported.

Current Residual Vision

Participant Aged M.am Onse? of the (Left; Right) and Visual Type of Aid(s) Pub.h.c Transport Additional
Between  Diagnose(s) Impairment . ., Activity Symptoms
Field Description
White cane ;
(previous: Sometimes
Glaucoma; Late onset symbol cane), Makes use of taxis f:’il;gflaCk
01 60-70 Retinal (diagnosed None; None smartphone, X : 4
Avoids buses. sometimes
detachment at age 57) camera glasses, .
. fully white
wireless ision
keyboard Vi
Glaucoma; None; 1/300 ellipse :ﬁzﬁf C}?(r)fé Travels by train Licht
02 50-60 Corneal Congenital shaped visual field, very P and bus. Avoids s
. (previous: . sensitivity
abnormality blurry . taxis.
guide dog)
Bilateral White cane Mainly travels by
03 40-50 . Congenital None; None (previous: train, sometimes by ~ None
anophthalmia .
guide dog) bus.
White cane,
. . Late onset None only light-dark; guide dog, Tra‘vels by bus and Less
Diabetic . o : train. Only uses e
04 40-50 . (diagnosed 3-5%, spots in upper smartphone, L 1 sensitivity in
retinopathy . : taxis in unfamiliar
at age 37) visual field contrast : foot soles
environments.
glasses
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Table 1. Cont.
. Current Residual Vision . op
Participant 5800 - Main o Onsetof the  (Left; Right) and Visual  Type of Aid(s)  pupie TSROt Additional
& P Field Description y ymp
Retinal Ea.rly onset 1%, only light-dark, very Wh1te cane, Mainly travels by Light
05 40-50 (diagnosed guide dog, bus, and -
detachment blurry; None . . sensitivity
at age 15) smartphone sometimes by train.
Glaucoma; Sv(i);gemtal Vﬁ:ét: ;z(i)ne, Makes use of trams,
06 70-80 Pigmentary . None; None 8 & trains, buses and None
A progressive smartphone, -
retinitis . . taxis.
decline reading glasses
Drives a light
quadricycle and
rides a bicycle .
07 5060  Nystagmus  Congenital  12-15%; 12-15% DmarpRoNe (1 eekly), and Light
oupe glasses ; sensitivity
sometimes travels
by train (a few
times a year).
Cataract;
Optic nerve . 0,2%, tunnel vision; None, = White cane Travels by bus and
08 30-40 damage (right Congenital only light-dark (ball tip) train. None
eye)
Vasculitis
(right eye);
Retinal Late onset o . Travels by bus or .
09 60-70 detachment (diagnosed i?;}fnéﬁéﬁgy’ funnel Zﬁ:ﬁf féfé train (almost l“elﬁ}slitﬁvit
(left eye); at age 55) 4 p daily). y
Foveal damage
(left eye)
Congenital White cane,
Retinitis with 0,3%, only light-dark; guide dog, Tra.vels by bgs and Light
10 50-60 . . . train (a few times e
pigmentosa progressive 0,3%, only light-dark smartphone, er month) sensitivity
decline cap, sunglasses P ’
Travels by train
Late onset 0% central, 10% (once every two .
11 50-60 gonti h (diagnosed periphery; 0% central, Smartpr}l’lolne, months), and Llﬁhittivit
yStrophy at age 50) 10% periphery Cap, SUREIASSES g ometimes by tram sens y

or bus.

Participants were recruited via The Eye Association Netherlands and Bartiméus. Par-
ticipants recruited via The Eye Association or via Bartiméus received a gift card of EUR 15
or EUR 8, respectively, for their participation. All participants received reimbursement of
travel costs when applicable. Informed consent and data management procedures were
carried out according to a protocol approved by the Ethics Review Board of the Faculty of
Social & Behavioural Sciences of Utrecht University.

2.2. Procedure

Face-to-face, semi-structured, qualitative interviews were conducted with the partic-
ipants. First, an intake conversation was held via a telephone call with each interested
participant. The goals of this conversation were to inform the interested participant, to
check whether the interested participant met the inclusion criteria, and to make an ap-
pointment for conducting the interview when applicable. Each appointment lasted for
about one and a half to two hours. The actual interviews lasted approximately one hour
(ranging from 54 min to one hour and 27 min). An appointment started with reiterating
the goal and the background of the study. During this explanation, the participant was
given multiple opportunities to ask questions. Thereafter, the informed consent form was
discussed and written consent (or oral consent, in case a participant was not able to write)
was obtained, after which the actual interview would start (see Figure 1). The audio of
each interview was recorded on two separate audio recorders (Olympus WS-853, and
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Olympus WS-852 (Olympus Corporation, Hamburg, Germany) as a backup). After the
interview, the participant was thanked for their participation, asked about their experience
of being interviewed, and briefed about the next steps of the study. After each interview,
the researcher’s field notes and reflexivity journal were updated [52,53]. The goal of the
field notes and reflexivity journal was to monitor how the study design, analysis, and re-
sults could have been influenced by the research question (e.g., choice of questions during
the design of the interview protocol; see Section 2.3), theoretical concepts and literature
(e.g., coding formulations during analysis; see Section 2.4.3), possible power dynamics
due to the sightedness or assumptions of the researcher and the visual impairment of the
participant (informing, for example, participant instructions and question formulation; see
Appendix A), or the researchers’ subjectivity (e.g., clarifying through discussions within
the research team whether concerning which findings sparked curiosity or surprise, for
whom, and why).

.~

-
The intake was held via a telephone call, and included a first introduction, explanation
of the study, answering questions, and assessing inclusion criteria. If applicable,
demographic data were gathered and an appointment for the interview was made.

a3 B! \_

© Intake -

. 4 The researcher provided explanations on the goal and background of the study, as well
as the role of the participant. Informed consent was discussed and obtained.

g ) \

?[ Briefing
' /" The interview lasted for about one hour. N
i B The two main questions from the protocol were formulated as follows:
[ A * “Let us first discuss the route from your home to the train station. You step out
u Interview the front c!oor. What is that 1ilke for you, could you tell me about the things you
pay attention to when following that route?
\ J
+ “Now for the last part of your journey. You have arrived at [goal lecation] and
r - have to find your way to the right room within the building. How do you
— \ approach that?” /
¢_| Field notes

Y, r

After the interview, the researcher updates the field notes and reflexivity journal.

~

[

Transcription

' ™y
| The audio recordings are converted to text documents by Amberscript, and manually

checked and corrected by the researcher.

Figure 1. Interview procedure. The steps taken per interview per participant.

2.3. Design of the Interview Protocol

The interview protocol was designed to follow the structure of introductory questions,
transition questions, key questions, and closing questions [52,54,55]. The key questions
were constructed in such a way that a participant would describe a familiar route in their
daily lives and the cues they encounter along that route, in which each protocol question
concerned one part of the route. Most participants chose a route they travel weekly (though
the so-called first-mile could be travelled on a near-daily basis), or 1-3 times a month. One
participant chose a route they travelled every 2-3 months. The routes were systematically
discussed, first discussing navigation inside one’s own home towards their front door,
then traveling outdoors towards a public transport stop, navigating inside public transport
vehicles, and navigating outdoors towards the chosen destination, and lastly, navigating
indoors at the destination to the exact room or space. The key questions were formulated
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as “First, the journey to [the bus stop]. You step outside. Can you tell me what that is
like for you, which things catch your attention when you navigate there?” and “Then you
arrive at your destination. Now you need to find the exact room in the building. How do
you do that?”. What-questions were included to be able to extract the types of cues that
are important to the participant and how-questions were included to be able to extract
strategies from the participant’s responses. That way, the narratives of the participants
could be used to extract all relevant information to answer our research questions.

The protocol included likely follow-up questions to the key questions. The purpose of
the follow-up questions was to inquire further about which types of cues or information
the person encounters and what those mean for them, and thus fill relevant gaps in the
person’s route descriptions. Exemplary follow-up questions are “how do you know that
landmark is there at [specific point in the just described part of the route]?”, “can you
tell me more about the things you hear during [the just described part of the route]?”, or
“how do you know that you have to go left at [specific point in the just described part of
the route]?”.

After designing and constructing the protocol, the structure of the protocol and the
formulation of the protocol questions were assessed by the research team. Last, a pilot
interview was conducted with an expert by experience (i.e., a visually impaired researcher
with experiential expertise). The final (translated) interview protocol can be found in
Appendix A.

2.4. Data Analysis
2.4.1. Pre-Processing

The raw data consisted of the audio recordings of the interviews. Each audio recording
was converted to a text document using speech-to-text software [56]. Each transcript was
checked and corrected manually by the first author (DB) according to an intelligent verbatim
approach. In this correction phase, identifiable information was anonymized. The corrected
transcripts were used for the data analysis.

2.4.2. Thematic Analysis

Thematic analysis of the data followed the steps as outlined by Braun & Clarke [57].
That is, Familiarising yourself with the dataset, Coding, Generating initial themes, De-
veloping and reviewing themes, Refining, defining and naming themes, and Writing up
(see Figure 2). Coding was done by the first author (DB) in Microsoft Word and NVivo
(v14.23.1, [58]). Inductive coding was used during the coding phase to interpret the data
(i.e., fragmenting the text, providing each fragment with one or multiple codes, and theme
development were directed by and reflect the literal content of the data, as opposed to
starting the analysis using an existing list of possible codes; [52]). In total, four coding
rounds were carried out. In coding rounds one, two, and three, co-authors KO, NS, or
AP functioned as a second rater. Codes were compared, discussed, and altered based
on insights during those discussion sessions until verbal consensus and saturation were
reached. We determined saturation based on code meaning [59]. Saturation was considered
reached when all data were captured by the generated code categories (i.e., (sub-)themes),
under the assumption that data that could not be captured by the existing (sub-)themes
would require additional data collection in order to find new (sub-)themes that do. All
data relevant in context of our research aims were captured by the reported themes. We
therefore judge that the dataset was sufficiently rich to capture the most salient themes
and develop a coherent and meaningful thematic structure [60]. The fourth coding round
started with a second rater (co-author ML) coding a sample of the data, which consisted
of three out of 11 interviews (i.e., 10-25% of data units; see [61]). For these codes, the
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inter-rater reliability was calculated via the coding comparison query in NVivo [57,61,62].
For codes with an observed inter-rater reliability lower than a Cohen’s kappa coefficient
of 0.4, the first rater (DB) and the second rater (ML) would repeatedly discuss and revise
the code names and code descriptions until any confusions were solved, after which the
new codes were coded again by the first and second rater. This process was repeated until
a Cohen’s kappa coefficient of 0.4 or higher was reached.

s ~
4 S : . 7 The transcripts were re-read and fragmented per protocol question. Initial codes were formulated
1. Familisarisation: (coding round 1). These codes were matched to the fragments by a second rater. After matching,
@ Re-reading and initial L | codes were discussed and re-named or added until agreement was reached.
coding \ »
A
' N
' ™
e Initial codes were added to each entire dataset in NVivo, and re-named, merged, or split up when
’ . | relevant (coding round 2). New codes are discussed with second rater until agreement is reached.
| ) 2. Coding footite J i
- _ o
\ vy
i " ( ™
: - Codes were evaluated for unigqueness and informativeness, and re-named, merged, or split up until
3. -C(-)(:Jlng and generating saturation is reached (coding round 3). Relationships between codes were assessed. An initial
initial themes hypothesis was formed regarding a thematic map,
L8 S
2 J
ra ™\
s ™
4. Developing and Interrater reliability is calculated, Codes are discussed and revised until consensus on all final code
B & reviewing themes [ L namesand meanings (coding round 4). Candidate themes were revised based on re-evaluation of
relationships between codes and sub-themes. The thematic map is adjusted.
A
AN
' ™
v 5. Reﬁning, def‘ining, and Coding comparison queries are run in NVivo to reveal possible new connections between themes.
naming themes || Themesare discussed within the team, and refined and re-named in collaboration with the focus
g group. A narrative is formulated based on these themes, The thematic map is adjusted as to
\ ) represent the core of this narrative,
i S

Figure 2. Thematic analysis. The thematic analysis of the interview data consisted of coding
(four rounds), formulating themes, and constructing a thematic map. The figure shows the five steps
in which this was achieved.

To support the coding process and the formulation of themes, multiple coding compar-
ison queries were carried out in NVivo to reveal possible meaningful connections between
codes or themes. First, coding comparison queries were carried out to find out how often
certain codes co-appeared (e.g., different types of (sensory) cues in different contexts or
with different types of wayfinding aids). Secondly, coding comparison queries were carried
out to find out how often certain subsets of codes were mentioned by each participant
(e.g., concerning orientation and mobility, but also concerning specific cue use). A coding
diary was kept throughout the coding process. Figure 2 shows a flowchart of the steps
taken for the thematic analysis.

2.4.3. Theme Development and Thematic Map Design

The thematic map is the main outcome of the study. It was construed based on data-
driven decisions. The main factors in its construction were how often our participants
brought up certain topics, why participants brought up these topics, and which topics were
often discussed in the same text fragment. These factors were used to determine which
codes to include in the map, and which associations between codes or (sub-)themes to add.
Additionally, the map construction was informed by existing literature and the research
design. First, the existing literature helped in formulating code names and (sub-)theme
names. An example of this is the formulation and distinction between the orientation and
mobility sub-themes (see, e.g., [1,2]). Second, design-driven considerations were also used
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to formulate (sub-)themes in the sense that the interview protocol was specifically focused
on certain concepts. For example, the distinction between indoor and outdoor wayfinding
was specifically included. Furthermore, some of the distinctions between codes could also
be based on the research design, as our inquiry was focused on differences between cues
from different sensory modalities.

Regarding the structure of the thematic map, a main theme can serve as an overarching
theme for multiple related sub-themes. A higher number of sub-themes implies that our
participants talked about this main theme in a more diverse way compared to themes with
a lower number of sub-themes. However, this does not necessarily mean that participants
talk about the theme more often. In other words, if a theme has three sub-themes, then
people talk about the theme itself, but there are three distinct topics that are related to this
theme that they also discussed in a way that is relevant to navigation.

2.4.4. Focus Group

We consulted a focus group consisting of five members. Three of them are orientation
and mobility instructors (one representative for each of the three collaborating organisa-
tions), and two of them are experts by experience (that is, people with visual impairments
who are also experienced researchers). Before the start of the data collection, one of the
experts with experience participated in the piloting of the interview protocol. After the
thematic analysis, the concept map was presented to the focus group. First, a text document
was sent to the focus group as preparation for a meeting. During the meeting, the thematic
map was presented to the focus group members. They were asked to comment on these
results, ask clarifying questions, and share their own experiences with regard to the codes
displayed. The main input from the focus group that shaped the results were that the focus
group members showed recognition with regard to the themes, that none of the members
pointed out any themes that seemed to be missing from their perspective, a discussion on
the difference between the ‘Mobility” and ‘Safety’ codes, and a discussion on the placement
of the ‘Energy and concentration’ code. Specifically, the discussion on the difference be-
tween the ‘Mobility’ and ‘Safety’ codes resulted in a more detailed code description of these

’

two codes. From this clearer distinction, it appeared that data labelled with the ‘Safety
code almost always involved mobility-related issues, but data labelled with the ‘Mobility’
code did not necessarily involve safety-related issues. This provided additional justification
for keeping two distinct codes instead of merging them. The discussion on the placement
of the ‘Energy and concentration’ code within the structure of the thematic map suggested
an all-encompassing influence of energy management on wayfinding preferences, which

was consequently further analysed.

3. Results
3.1. Theme Ouverview

The thematic analysis resulted in a network of six main themes, each reflecting pat-
terns in what participants emphasized during discussions about navigation—both in terms
of frequency and depth. These themes were developed to address three core aspects of
navigational behaviour: (1) the types of information or cues people with visual impair-
ments (i.e., VIPs) seek during navigation, (2) the strategies they use to obtain and apply
this information, and (3) the reasons for choosing these cues or strategies (i.e., factors that
influence the use of specific cues and strategies). The six themes identified are Sensory
modalities, Knowledge, Other people, Smartphone applications, Affective factors, and
Navigational intention. The first four themes (i.e., Sensory modalities, Knowledge, Other
people, and Smartphone applications) capture the three core aspects of navigational be-
haviour: types of information, strategies, and influencing factors. In contrast, Affective
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factors and Navigational intention primarily describe the underlying motivations and
contextual influences shaping cue and strategy selection. The themes and their relations

are summarized in a thematic map (Figure 3).
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Figure 3. Thematic map. This figure shows the narrative on information gathering during navigat-
ing while visually impaired (in the middle), which is constructed on the basis of six main themes
(in black), each with three to eight concomitant sub-themes (in grey). Grey arrows represent con-
nections within a theme. An inward arrow indicates a smaller theme being a manifestation of the
higher-order theme, and an outward arrow indicates an influence of a lower-order theme on the
higher-order theme. Grey dotted lines represent associations between themes (i.e., themes that are
discussed simultaneously in ways relevant to information gathering strategies).

3.2. Wayfinding Cues
Before looking further into the strategies used to obtain navigational information, the

information deemed relevant by participants for reaching their destinations is reported
first. In Figure 4, the 15 cues are shown that were reported most frequently in the context
of navigation (i.e., cues that were mentioned over 20 times in the total dataset). Although
these navigation cues were mentioned most often, they were relevant to our participants
for varying reasons (e.g., depending on the context in which a person is navigating, the
goal for which the information is meant to be used, or certain needs or priorities).
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Code Frequencency (total)

80

70

H number of
participants

Most Frequently Mentioned Wayfinding Cues

Figure 4. Cues relevant for navigation. This figure shows the fifteen most frequently mentioned
navigation cues in the entire dataset. The height of the black bars represents the total number of
mentions reported. This includes multiple mentions by the same individual(s). The number inside
the black bar indicates by how many individuals a cue was mentioned (max. 11). Note that the cue
Guide dog’s behaviour was mentioned by all six participants who own or have owned a guide dog.

3.3. Sensory Modalities

Having established which types of cues are relevant to our participants, we now turn
to the main themes we found that describe the strategies employed to obtain this informa-
tion, and the factors influencing cue use. The choice for adding Sensory modalities as a
main theme was predominantly design-driven. This was done because the main research
question (as motivated in the Introduction) concerned the reported uses of hearing, touch,
and a combination of the two as a means of gathering relevant information during wayfind-
ing. This main theme, therefore, also informed how the interview protocol was designed
(e.g., participants were asked to share how they use their sense of hearing to gather informa-
tion during route-following). Participants appear to be using all their senses for navigation
(i.e., hearing, residual vision when possible, touch, olfaction, vestibular/proprioceptive
cues), as well as gather useful sensory information using their cane and guide dog (dis-
cussed below in the sub-themes Cane use and Guide dog’s behaviour). Besides discussing
which sensory cues VIPs use and why, VIPs also discussed the circumstances influencing
when, how, or whether to use these cues. Below, these findings are divided into several sub-
themes: Environment, Weather conditions, Light intensity, Crowdedness, and Reliability.

The sensory modalities that our participants mentioned most frequently are hearing,
residual vision, and touch (214, 102, and 95 times in total, respectively), but olfaction and
vestibular/proprioceptive cues were also mentioned (48 and 20 times, respectively). Most
participants reported using multiple sensory cues to perceive different objects at a certain
time and location, rather than integrating information from multiple sensory modalities to
perceive a single object. The primary context in which the strategy of combining multiple
different cues was employed was during moments of doubt. That is, VIPs mentioned
having a main cue to orient themselves, and shifting their attention to a cue from either the
same or a different sensory modality as a check. Another reason for purposefully combining
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cues is that one of the cues might disappear at some point in time. When this would happen,
it would still be possible to orient oneself using the remaining navigation cue(s).

Sometimes, participants would indicate having an explicit preference, or giving pri-
ority to one strategy or sensory modality over another, given the circumstances. Notable
findings include variations in walking speed preference, with some individuals favouring
a faster pace while others prefer a slower one. Additionally, preferences for sensory cues
vary in busy environments. Namely, some participants prefer focusing on their hearing,
as some sounds will stand out to them amongst the buzzing of the surrounding noise. In
contrast, other participants report they prefer using their sense of touch, as they find it
more reliable than using their hearing.

3.3.1. Hearing

Our data suggest that the auditory modality is experienced as the most useful sensory
modality for navigation (it was the most frequently mentioned). Specifically, VIPs report
using local and distal sounds, acoustics, and echolocation to know where they are and
know where they have to go when going from A to B. One participant explained how they
orient themselves when going for a leisurely walk on the heath:

“Well, then it’s just- and I like taking the time for that, and then I walk, and then I orient
myself on the sounds I hear. Yeah, for example the train or children playing, because
you know ‘hey, I am close to a playground here and that is on such and such side of the
village’. And then I know, I know kind of where I am.”—pp02

Different types of sounds are used in different ways. Some sounds enter awareness
passively, in the sense that they are not actively sought out, but enter awareness by encoun-
tering it. Examples of this include noticing a sound along the route, a change in acoustics
(tunnels, walls, tree-lined paths, overhangs, indoor/outdoor open spaces, foliage, et cetera),
or a change in the walking surface texture that is observed through the sounds resulting
from cane use. Other sounds, in contrast, are expected to be encountered and are, as such,
actively sought out. Examples include using one’s cane to identify objects based on the
sound it makes when the cane hits them, which can either function as an expected reference
point or as an expected obstacle to be avoided. Participants also use the echoes of their
voice, footsteps, or sounds of their cane to identify surrounding objects (e.g., foliage or
parked cars) or structures (e.g., bus stops or buildings). The perception of echoes and
acoustics is often described as a feeling (e.g., a ‘dark feeling” when transitioning from an
open space to a tree-lined path, or a ‘high feeling’ when walking past a high- or mid-rise
building). Furthermore, many participants depend on the broadcaster in public transport
to know when they have reached their stop. Finally, traffic sounds are often discussed.
First, the sound of traffic is used to recognize a street, an intersection, or a turn. Second,
hearing the direction of the traffic is used to keep to a path. Third, traffic sounds in the
distance are used to determine the direction to walk towards or away from. Other examples
of sounds and acoustics that are mentioned as points of reference to walk towards include:
walking towards an open space, walking towards a counter when hearing the voices of
the receptionists, walking towards the beeps from the check-in/check-out gates at train
stations, or walking towards the audible crosswalk signal to know where to cross the street.
One participant had a noteworthy cue that they used to walk towards when wanting to
reach their home. This represents the creativity that can be involved when navigating while
visually impaired:
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“And I also have a very good navigation: the neighbours’ parrot. No, that’s really-
I'm serious! When I just lived here, yeah, that sounds a bit stupid, but that is really-
really fun and handy. It is fun and functional. That, that, that parrot will whistle like
[makes bird sounds], then I already know like ‘okay, I think I'm getting close to the stairs

I~

now’.”—pp03

3.3.2. Touch

Our data suggest that VIPs find haptic cues to be useful for both orientation and
mobility purposes. Regarding orientation, VIPs report feeling Braille signs at stair railings,
elevators, or poles to check whether they are at the right train track or bus stop. Furthermore,
a change in the type of walking surface that is felt with the feet is also used as a cue for
recognising a point along the route. Lastly, temperature changes are experienced as useful.
For example, one participant remarked that they feel the heat coming from within a store
and use it to recognise where the store’s entrance is. Regarding mobility, VIPs report using
their sense of touch for avoiding obstacles and noticing steps up or down. Pp05 gave an
example of trying to avoid bumping into low objects (planters, in this case):

“I happen to know that they’re there. Yeah, but yeah, my dog will go around it of course,
but if I could feel it with my cane I would- at some point I would just stick my hand out
and try to feel if I could walk around it.”—pp05

Sometimes, the same haptic cue is useful for orientation and mobility purposes at
the same time. This is the case when, e.g., using a wall, fence, or gutter for following
a path or walking in a straight line (i.e., mobility), as well as progressing on the route
(i.e., orientation). Moreover, the end of such a shoreline is also used by VIPs as a cue to
know where they are on the route or where to take a turn (i.e., orientation).

3.3.3. Residual Vision

Vision is still experienced as an informative source of information by participants
who have residual vision. The more they have, the more they tend to focus on visual
information during navigation. In our sample, pp07, pp09 and pp11 are the VIPs with the
largest amount of residual vision left (respectively 12-15% in both eyes, 10-12% residual
vision in the left eye, and 10% residual vision in both eyes). To illustrate, pp07 is able to see
the sidewalk next to a cycling path when cycling and uses it as a guiding line. She virtually
never spoke of using her sense of hearing or touch during route-following. When she did,
it seemed that it was more of a distraction to her than useful information. Likewise, pp09
often responded that he uses his vision when asked how he recognises a certain landmark
or turn. Lastly, pp11 indicated that sounds are only really useful to him when he is trying
to safely cross a road, as his hearing helps him in identifying any approaching vehicles.
Nonetheless, even for other participants, whose residual vision was nearly non-existent, the
minimal visual information that they did obtain, such as movement, light-dark contrasts
(in the physical environment as well as on a smartphone screen), or bright colours, was still
found to be useful. To illustrate, one participant describes the role their vision plays in how
they find their flat’s front door when leaving the building:

“And then, yeah, you walk straight on until yeah, I try to immediately think and kind of
visualise the route a bit. But until you arrive at a doormat and with a door that opens
automatically, you hear it open, so that, that helps, and if I'm lucky, I see something like,
like light, that comes from outside. When it’s light outside at least.”—pp08

3.3.4. Olfaction

Olfaction is mostly mentioned as being used to identify public spaces like shops or
restaurants. Common examples include supermarkets, cafés, soap shops, cheese stores, and
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bakeries. The smell of a particular shop can serve as a landmark, as well as a confirmation
that one has arrived at a certain target location. Besides shops or restaurants, other smells
that are mentioned are associated with nature. For example, the smell of birdseed in an
aviary, the smell of grass, and the smell of horses in a meadow. The following example
illustrates using one’s sense of smell explicitly in shopping areas:

“I think, if you walk more in a, in a village or an actual shopping street, you do a lot more
with your sense of smell. Also what I just said. Like, you know where a butcher is, so you
know, like, I'm in the right place. You know where the [well-known Dutch variety store]
is, you know where a, a, a drugstore, that you do a lot more with your, with your sense of
smell and less with your sense of touch. I think, I know that for sure, yes.”—pp04

3.3.5. Vestibular and Proprioceptive Cues

Participants mention noticing speed alterations as well as bends or bumps in the road
when traveling in a vehicle in order to orient themselves. Pp05, e.g., would know when
the bus arrives at a certain station based on feeling the bus turn at roundabouts, besides
hearing the train station in the distance, and noticing when many passengers would leave
or enter the bus. Furthermore, participants notice slopes when walking, which are also
used to orient oneself:

“ Another example: when I take my waste to the container, that container is about 50 m
away. Now I can start counting the steps, but almost at the corner the street is a bit
elevated. I feel it in my legs, it elevates a bit and then I know ‘oh, now I'm at the

rr

corner”.”—pp01

3.3.6. Cane Use

Most cane-using participants use their cane to progress along a route by following a
continuous cue. Namely, they mention the following shorelines, such as walls, fences, and
grass-sidewalk boundaries, as well as using the end of a shoreline as a useful cue (e.g., for
judging when to take a turn, or where the entrance of a building is). In contrast, VIPs with
guide dogs tend not to use their cane for following continuous cues, but rather as a check
when arriving at a certain point. Examples of this are feeling a reception desk indoors,
feeling the steps at a staircase or train entrance, or tapping against a fence to hear the
sound it makes as a check. Tapping the cane can also make a sound that tells the navigator
something about the height of an object, which can be useful when trying to identify or
avoid obstacles. Furthermore, sounds as a result of cane use can also give information
about the acoustics of a space. This information could be useful to check whether they have
arrived at a staircase (which can make a more hollow sound), or to discriminate between a
wall and an open space. Lastly, the cane is a tool to identify transitions in walking surface
texture, which can be used for orientation. Feeling a change in walking surface with the
cane is often mentioned in the same passage as hearing this change as well, especially with
a ball tip cane. Lastly, the cane is also used for safety purposes, primarily for recognizing
unevenness in the walking surface or managing steps up or down:

“I mainly also use my cane for that if I indeed have to cross the street. And of course
there’s a step down and a step up, you know? Step down at the sidewalk, cross the street,
step up at the sidewalk. I definitely use my cane well for that, because that height, those
heights can vary quite a bit. Right?”—pp09

Some VIPs explicitly prefer a cane over a guide dog, since a cane provides more
information about the environment or increases their sense of freedom. Negative aspects
of cane use are that the cane can get stuck or caught, that canes are of no use when it
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comes to navigating a Shared Space (i.e., no discriminable features on the ground), and that
travelling autonomously with a cane can require a lot of time and energy.

3.3.7. Guide Dog

Regarding orientation, participants who walk with a guide dog explained that they
can gauge their location on a route based on their dog’s behaviour:

“Then I pay attention to my feet, to paths, how I walk, with my cane. That I swing my
cane back and forth, that I can also feel ‘oh yeah, there, that’s about where I have to go
left’. And that’s also a nice one: on the path where I walk into the forest, halfway I know
that my dog always goes for a drink. Always.”—pp05

Positive aspects of having a guide dog are that dogs are especially useful for finding
fine-grained navigational goals both indoors and outdoors (mentioned most frequently),
that it gives the navigator a reason to go outside, that navigating is faster and more relaxed
than navigating with a cane only, that it is fun, and that it provides a sense of freedom in
terms of mobility. Negative aspects of guide dogs include that dogs can also get lost and
consequently lead their owners in the wrong direction (mentioned most frequently), that
they can get distracted (e.g., by food on the floor), that there can be miscommunication
between the navigator and their dog, and that training them takes a lot of time. Neutral
aspects of guide dogs that are mentioned are that you need more space when navigating
with a dog (e.g., wider paths, and more spacious seats in public transport), that dogs need
to be cared for, that a dog is not useful for distal navigational goals or target locations, and
that there needs to be a certain level of trust between the navigator and their dog. For one
of the participants, the level of trust between dog and VIP affects the VIP’s willingness
to travel longer routes or to unfamiliar environments. Lastly, walking with a guide dog
allows the navigator to pay less attention themselves to certain aspects of the environment,
which was mentioned as a positive aspect by dog users and as a negative aspect by cane
users without dogs.

3.3.8. Environment

The data suggest that the type of environment significantly affects participants’ navi-
gational experiences, with notable differences between indoor and outdoor settings, and
between open and cluttered spaces.

Indoor/Outdoor. Even though the interview protocol questions concerned both indoor
and outdoor spaces, the discussions on indoor navigation were considerably shorter than on
outdoor navigation. Of course, the actual routes indoors are generally shorter than routes
outdoors, so there is less to discuss. But VIPs also mention that—rather than consciously
searching for cue after cue like they do outdoors—an indoor environment is either so
familiar to them that they move through it on autopilot based on their existing knowledge
of the space (e.g., the layout of a floor, including where the windows and door openings are),
or that an environment is so difficult to navigate autonomously that they report just asking
someone to walk them to the desired space. Problems that participants encounter indoors
are usually related to a lack of useful shorelines and not being able to find fine-grained
navigational goals (e.g., finding a seat in a theatre, finding a ticket machine at the town
hall, or finding a product in a store when the store’s layout has changed). Asking for help
was the most common way to gather spatial information indoors compared to using one’s
senses or existing spatial knowledge.

Open spaces. Another aspect of a type of environment that came up was open spaces,
such as squares. Cane users without a guide dog experience problems with large, uniform
public spaces. Particularly, pp04 mentioned being bothered by Shared Spaces, because
they lack shorelines. Also, pp03 talked about the risk and fear of losing their orientation
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and subsequently wandering around at nighttime, getting lost in a schoolyard, unable
to find the exit. Participants reported preferring to avoid routes through open spaces
when possible.

3.3.9. Weather Conditions

Weather conditions are perceived as either advantageous or disadvantageous for
certain navigational goals. For example, participants report that snow makes it harder to
feel steps up and down or see the contrast between the street and the sidewalk. Another
example would be feeling the wind at a certain point along the route to recognize an alley,
or using the warmth of the sun on one’s face to estimate cardinal directions. An additional
example is that the reflection of the bright sun on a road on sunny days is reported to make
it harder to identify other road users. Lastly, there are some contextual aspects relating to
weather conditions that were relevant to our participants. Some participants report that,
for example, the noise of the rain or hail can be overstimulating, which impacts their focus.
Other participants reported having unpleasant experiences relating to weather conditions,
such as pp05, who told a story about suddenly feeling a bunch of wet tree leaves on their
face that were hanging lower than usual due to the added weight of the leaves after rainfall,
and how their dog was not able to account for higher obstacles.

3.3.10. Light Intensity

Navigating in daytime versus nighttime sparked different discussions amongst our
sample. Navigating during the daytime is experienced as easier for participants who still
have some residual vision that they rely on. However, our participants do report being
bothered by bright sunlight, which can impact the navigator’s energy levels. Navigating
during nighttime seems to be more challenging, as there are fewer people outside who you
could ask for help when needed. Moreover, bright streetlamps or headlights are also expe-
rienced as bothersome when it is dark outside. Finally, with regard to indoor navigation,
the lighting at some stores can be too bright to be able to comfortably navigate comfortably.
It can also be a struggle to deal with the transition from an outdoor environment to an
indoor environment because of the change in light intensity.

3.3.11. Crowdedness

The number of people and human activity in an environment seems to affect our
participants’ wayfinding experiences. Some of our participants prefer busy environments
over quiet environments, though others vice versa. On the one hand, busy environments
can be anxiety-inducing or experienced as difficult because it increases the chance of
collisions. Busy environments can also be experienced as rather draining in terms of
energy management, as the noise can make it harder for someone to filter the sounds to
orient themselves properly compared to quiet environments. Although quiet areas are not
as energy-consuming as more crowded areas, a reported disadvantage of quieter areas
is that there are fewer opportunities to ask for help when needed. Another reason for
preferring busy environments over quiet environments is that more sounds are available
to orient oneself, amongst which are those resulting from traffic or the behaviour of other
travellers. For example, the sound of a crowd of people is said to be used as a beacon, or the
direction in which the crowd is moving is used to follow along towards the exit. Moreover,
determining the walking direction of a crowd based on sound and sight is also helpful to
orient oneself, e.g., in train stations. Lastly, the sound of groups of children playing is also
used for orientation, for example, to identify a school that one passes on route that can
serve as a landmark.
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3.3.12. Reliability

The reliability sub-theme refers to the extent to which cues are conditionally present.
Such cues are helpful for orientation when experienced along a certain route, but they are
not always perceivable. This applies to all kinds of sensory cues that are mentioned above.
That is, some cues are bound to a season (such as smelling the blossom trees), bound to
weather conditions (such as feeling the warmth of the sun), or bound to a time of day
(such as the smell and sound of certain catering facilities). Furthermore, one participant
(pp08) noted that travelling during the lockdowns due to COVID-19 was challenging, as
the escalators were turned off at the train station. As a result, they could not use the sound
of those escalators anymore to orient. Other examples of unreliable cues are cues that
depend on human-specific activities (such as bottle banks or pianos at train stations).

3.4. Knowledge

The main theme, Knowledge, represents all instances in which participants mentioned
using existing knowledge for making navigational judgments or decisions. These instances
include Autopilot, Layout of the environment, Taking a turn, Sense of direction, Command
guide dog, Counting, Familiarity, and Estimation of time or direction.

3.4.1. Autopilot

The Autopilot sub-theme represents a situation in which a person does not need to
think or pay conscious attention to specific cues in order to go to a desired goal location.
This might result from a combination of habit formation as well as existing knowledge
of an environment, and being familiar with the environment’s specific quirks. Namely,
participants mainly reported using autopilot in (very) familiar environments, both indoors
and outdoors. One example of moving through indoor spaces on autopilot is navigating
one’s office space:

“I walk back kind of based on my sense of touch. 1 pick up my stick again and I walk back
to the secretariat or do other things. And they say "how do you do that, because you can’t
actually see anything?’. I say “well, I still have some residual vision, but I know exactly
where I am when 1 take two steps from the kitchen” and I don’t count them consciously
anymore, but you just know where that table is. It's so, very automatic.”—pp04

3.4.2. Layout of the Environment

Knowledge of the layout of an environment refers to the instances in which participants
talk about the spatial structure of an environment, such as the relative spatial positions
of multiple landmarks or roads, or specific aspects of a road, such as where it leads to, or
the knowledge that it is placed next to a residential area. This refers to both indoor and
outdoor environments. It also happens that VIPs without any (useful) residual vision left
remember the layout of an environment based on visual spatial memory from a time they
could still see something. Sometimes, participants merely talked about the layout of an
environment without an apparent purpose. In some other instances, this knowledge is
brought up with a link to a specific goal, such as taking a turn:

“Or I hear a- Well, a very simple example: in our town [residential area], you have [street
name 1] and [street name 2]. There is about 40 m between them, but they are connected
to each other by means of an alley with a roof on both sides. And if you walk past and
then a car happens to pass by in that other street, then you hear that and then you know
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‘oh, this is where I have to go".”—pp01
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3.4.3. Taking a Turn

When participants report having to take a turn at points where multiple walking
directions are possible, this is usually based on perceiving a specific sensory cue and
using it as a directional cue. Alternatively, there are points along the routes at which the
participants turn left or right based on knowing they should without using a particular
sensory cue. Instances for which this is the case are knowing that you have to turn left or
right directly after exiting an elevator, after ascending or descending stairways, or after
exiting a bus, train, or tram.

3.4.4. Familiarity

Our participants report dealing with familiar and unfamiliar environments in different
ways. In the case of very familiar environments, participants report that it is easier to orient
oneself when getting lost. Multiple participants told us their strategy for finding their
way back after getting lost is to just walk around the area until coming across a landmark
that they recognise. Unfamiliar environments are experienced as harder and more energy-
consuming to navigate due to a lack of knowledge, not only in terms of orientation, but
also in terms of mobility. In terms of orientation, multiple participants said that it is more
difficult to find fine-grained navigational goals in unfamiliar environments. Pp11 told us
how difficult navigating unfamiliar indoor environments is because the signage is different
everywhere. Multiple participants indicated an explicit preference for navigating familiar
spaces, and some participants prefer avoiding unfamiliar spaces altogether. In terms of
mobility in unfamiliar spaces, encountering unexpected environmental features can be
challenging, even when getting assistance:

“And if you don’t know the way, then- but I did have assistance now, but yeah, then, you,

you have a certain expectation pattern in your head, right? Often. And if you forget that

there are those stupid three steps at [station], yeah, then it is often also, also, yeah, it does

something to you, you know. Like yeah, yeah, it slurps energy again, so [laughs]. [...]

But that assistant ‘oh, there are some steps here’. But yeah, when she says ‘steps’, steps

up, steps down? That’s quite a difference. Yeah, steps down are more risky than steps

up.”—pp10

Doubt. Participants report that doubt costs a lot of energy and that unfamiliar en-
vironments cause more doubt. Participants report having to constantly pay attention to
what they are hearing and feeling to know where they are or reassure themselves that they
are still going the right way. Furthermore, situations in which the explicit use of multiple
sensory modalities was discussed were often in the context of doubt:

“It's just that when there is a truck in front, and I get a little bit of that smell, then you
start to doubt, because that truck should never have been there in your experience. [...] 1
didn’t hear any sound from the truck, and then you pass it and the smell of the cheese-nut
store comes up. And then you go and check by feeling the gutter to see if you have the
idea of the gutter, if you are on the right track.”—pp01

Unexpected changes. Participants experience inconvenience from unexpected changes
in the environment. This usually concerns construction in familiar environments, which
(temporarily) changes the environment, including its landmarks and possible routes. An
example of this is pp04, who told a story about feeling a sense of panic when getting lost
on a very familiar route and feeling very puzzled as to how this could have happened.
They then recognised that a distal cue was lacking that they subconsciously use to orient
themselves. Namely, they realized that they normally use the faraway sounds of a highway
that was unexpectedly under construction. Another participant mentioned missing their
tram stop due to unexpected changes in a tram route familiar to them (pp11). An additional
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example is walking the same route, but unexpectedly encountering more obstacles because
it is a garbage collection day (pp09).

3.4.5. Sense of Direction

Although not often, a sense of direction was also reported to be of use for orientation
during route-following. Sense of direction is particularly mentioned in the context of sens-
ing a diversion from a correct route. This was mentioned by two out of three participants of
our sample with the most residual vision, namely pp07 and pp11. One of these participants
said, for example:

“And yes, that is when I am not sure about the direction. That is it in particular. [thinks].
That I then just- [thinks]. And it can be because of the position of the sun or indeed the
compass that I then go in a certain direction. I am- I think that I am always aware of
the direction I am move or less walking in, or whether I am walking towards the north,
or the west or the east. And I think, I think that I always have that in the back of my
mind.”"—pp11

3.4.6. Command Guide Dog

The sub-theme Command guide dog entails situations in which the navigator gives
their guide dog a command to reach a particular navigational goal. This is usually a goal
relating to orientation, such as finding a landmark or a fine-grained navigational goal,
such as a post or pole, to navigate to from where the navigator knows they can safely
cross a road. Participants note that giving commands to the dog is only useful when you
are very familiar with a route or an environment, as you have to know when and where
exactly to give certain commands. Moreover, the commands themselves also need to be
sufficiently specific (e.g., ‘search door left’ is only effective when there is only one door on
the left, or when the command is given at the exact right moment). The following piece
of data represents a participant giving their guide dog a command in order to find their
next beacon:

“Yes, then you just walk quickly and then I say to my dog when I think I'm almost there,
‘find stairs’, of course you have a command for that too. And then when, when I know
that there, he now walks kind of to the middle of the platform, I know we’re almost there.
And then of course you use your cane again to feel “oh, here are stairs, right”. Treat for
the dog.”—pp10

3.4.7. Counting

Counting is a strategy that is mentioned by every participant at least once. Participants
mostly mentioned counting the number of stops while using public transport to know when
to make the decision to get off the vehicle. Other situations include counting the number
of steps to take, counting the number of houses to find a specific address, or counting the
number of gutters to cross with a cane. Most often, though, VIPs specifically emphasized
that counting is not their strategy of choice. Explanations given are that counting the
number of steps to take is not possible for long paths, that counting doors when walking
through a hallway involves the risk of hurting your fingers, and that counting the number
of notches you feel with the cane takes up unnecessary space in their memory.

3.4.8. Estimation of Time and Distance

Participants reported that an estimation of time or distance was useful information
during wayfinding. Particularly, estimations of time and distance are related to the ex-
pectation of a certain cue at a certain time and place. In terms of distance, VIPs report
distances of around 100-500 metres with regard to knowing a certain landmark will appear.
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In terms of time, VIPs report knowing how long their journey will still take at a certain cue
or landmark. When the cue is not perceived, this can be a sign for the person that they have
gotten off track:

“I do a lot by ear. For example, if you are on a route, that you have to go past a kind of
overhang and it takes forever and it takes forever before you come across the overhang.
Then you think ‘shit, we had to go to that overhang, because then, I always heard that’,
but then you are not, and then you know ‘hey, I am going the wrong way!”.”—pp02

3.5. Other People

We found that other people are an important source of wayfinding information. Firstly,
VIPs report using the assistance of other people in varying ways and in various circum-
stances. Secondly, VIPs talked about the social aspects of getting help, but also about
all kinds of interpersonal dynamics of navigating in general. In sum, the Other people
sub-theme is divided into Assistance and Interpersonal dynamics.

3.5.1. Assistance

Our participants report being offered assistance either by people familiar to them, a
passersby or a service employee. Passersby or service employees ask where they need to
go and whether they need any help going somewhere, or give useful information such
as whether a seat is empty or where a certain fine-grained navigational goal is. It is often
appreciated by our participants when people offer their help in this manner.

Participants report seeking assistance in several instances. Many participants report
asking for help during route-following or when being lost (e.g., asking passersby for
directions to a certain landmark). Some participants ask for help when preparing for
a journey (e.g., a loved one looking up the public transport transfers). Furthermore,
participants ask for help with finding fine-grained navigational goals (e.g., finding a
product in a store with the help of an employee). Participants also tend to ask for help
as a check when they are feeling unsure (e.g., asking if they have found the right bus or
train). Last, participants report walking along with an individual or a group of people as a
strategy of getting to a desired goal location.

The strategy of walking along with others has three different forms. First, participants
follow a crowd or an acquaintance when going for a stroll or for finding certain locations
along a route using their sense of hearing (e.g., the click-clacking of heels), smell (e.g., the
scent of a loved one), touch (e.g., holding someone by their arm or shoulder), and sight
(e.g., a brightly coloured coat). Second, our participants report actively asking a passerby
or service employee if they could walk them to a certain location along the route, so they
can continue from that point on their own. Third, our participants report asking a contact
person or loved one to pick them up so they can walk along for the last part of the route
(i.e., from the final bus stop or train station to the correct building). The last part of the
route, often unfamiliar, is experienced as the most difficult part:

“But yeah, in [city], I really don’t know any, really no directions. Really not. Well, then
I just ask ‘would you please-’, well, and then I'll figure out ‘my train arrives at that
platform at such and such a time’, say, ‘and I come with a, a white, with a white labrador’,
like “can you come and pick me up?’. No, I'm not going to do that, then I'm just going to
ask.”—pp05

Our participants discussed several advantages and disadvantages of seeking assis-
tance. Advantages are that it is faster than traveling autonomously (mentioned most
frequently), that it saves energy, that it is useful for finding fine-grained navigational goals,
and that it makes it easier to manage unexpected situations. Disadvantages are that the
directions that passersby give are not always useful, that a service employee or passerby is
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not always present when you need them, that making use of certain services can be quite ex-
pensive, that it makes you feel dependent and it prevents you from building independency,
that you can feel like a burden to others, and worries of being perceived as helpless.

Our participants report travelling together with friends, romantic partners, or col-
leagues to get to a certain location. In some cases, people specifically ask a loved one
to travel together so they can drive them to a certain goal location. In most cases, how-
ever, the goal location was an event they were supposed to go to together anyway, such
as a theatre club (pp03), a voluntary job (pp06), or a soccer match (pp08). Some partici-
pants tend to ask for help more frequently than others, for example, because they do not
prioritize independence:

“Because I myself also have a bit like, well, that’s nice, independent, you have to do that
too, but sometimes it is also easy to, to let yourself be carried along because you, carried
along, taken along, because it also saves energy that you can then use for your theatre in
this case.”—pp03

3.5.2. Interpersonal Dynamics

Our sample reports various interpersonal dynamics that they encounter during their
navigational ventures, both with strangers and with loved ones. Pp08 told stories about
both positive and negative experiences. That is, it is funny when an equally visually
impaired friend you are meeting up with can jump-scare you as a prank by suddenly
touching you, but less so when a random sighted passerby is supposedly helping you by
suddenly grabbing you and bringing you to the other side of the road, where you have
totally lost your route and orientation. As pp06 succinctly puts it: getting lost happens at a
square metre when you are visually impaired. Other examples of interpersonal dynamics
include funny moments such as calling your brother, telling him you are lost, and him dryly
replying that he can see you standing in front of the house (pp02), or getting comments
from a loved one or stranger about, e.g., one’s tempo, courage, orientation skills (e.g., pp01,
pp07, pp08).

However, there were also many worries related to the social context. For example,
the worry of looking silly while searching for your landmark (pp08), worrying that you
accidentally sit on top of someone when trying to find an empty seat in a train, tram, or
bus (pp10), worrying that you are bothering others because of your tempo (pp07, pp11)
or because your cane is tapping against people’s front doors when using the walls of the
houses as a shoreline (pp01).

Moreover, interpersonal dynamics are involved when travelling together with loved
ones, which can be both pleasant and useful (e.g., pp04, pp09). Pp01, for example, told
a story about walking through a busy shopping street with their sister, to whom they
enthusiastically explained using the word “hello!” for echolocation purposes. Their sister
then warned them that people would think they were saying ‘hello’” to them, after which
they changed it to ‘wello!”. However, asking a loved one to drive or accompany you
somewhere is sometimes difficult. PP03, for example, remarked that they make sure their
loved one does not feel like a driver and that the activity they are going to will also be of
interest to them.

Finally, participants report using social interactions specifically as a means to gather
information. Sometimes, VIPs make small talk so they can follow someone based on the
sound of their voice (e.g., pp01). In other instances, social interactions can be used to
find fine-grained navigational goals. One participant, for instance, admitted that they
purposefully make small talk in the waiting room at the hospital with a stranger who found
the ticket machine right before them, so they can figure out where the ticket machine is and
when to continue on their way:
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“And then I have found that ticket and then I still don’t know anything. Then I have to
ask “what ticket number do you have?’, ‘I have number 90°, well, then I have number 91.
But nothing else is said. So you keep a very close eye on that man. You're gonna talk to
him. And only when he is gone is it my turn.”—pp06

3.6. Smartphone Applications

Although there were no specific questions in the interview dedicated to the use of
navigation apps, participants did bring up using several different apps. They use apps for
orientation during route-following, for planning a route during preparation, for checking
schedules and updates in case of public transport, or for finding the correct route again
after getting lost. Most VIPs mentioned only using an app in unfamiliar environments.
However, not all the VIPs make use of apps. Notably, pp03, who was born without eyes,
said that they wished they could use a navigation app, but they just cannot understand the
instructions or use the app properly.

During route-following, smartphone applications are mostly used to receive different
types of auditory-verbal instructions for orientation. Examples include receiving informa-
tion on when to take a turn, where a certain landmark is, how far, and in which direction
one needs to walk, using the absence of instructions as a sign of still being on the correct
route, and receiving a sound cue when the goal location is reached. Navigation apps are
also used to check one’s location or orientation in case of doubt. Furthermore, pp07 and
pp11 use their smartphone to take pictures of signs, so they can zoom in on the photo and
read the information on the sign.

Several different apps were mentioned. We found that our participants primarily
use Google Maps (mentioned 74 times by 8 participants), as well as Nav by Via Opta
(mentioned 38 times by 10 participants), Lazarillo (mentioned 10 times by 3 participants),
and eZwayZ (mentioned 6 times by 2 participants). One participant (pp06) mentioned
Captain Mobility (not supported anymore), komoot, Viktor Reader Trek, NaviLens, and
Here WeGo. Other apps that were mentioned by one participant include Maps.me (pp11)
and Apple Maps (pp10). There were also multiple people who talked enthusiastically about
the usefulness of BlindSquare for gauging directions specifically (mentioned 12 times by
3 participants):

“Which, especially in which direction I should walk. So the BlindSquare that, that also
says ‘five past twelve’, vight. That, that, that with the hands of the clock where you should
go. 1 just really like that. Which, especially which direction you should walk. And how
many meters it is. [...] So in- the meters I find very important, which direction I should
go. So with the hands of the clock of which direction you should walk. Whatever is around
me, I have all those settings, I have a lot turned off.”—pp04

Advantages and disadvantages of using smartphone applications were also discussed.
Advantages of apps are that they provide updated information on current circumstances
and that it increases independency. Disadvantages are that they are not precise enough in
terms of localisation (mentioned most frequently), that instructions can be rather unclear,
that using an app can cost a lot of energy, that the absence of instructions can spark
some insecurity about whether one is still on the correct route, that navigation apps that
are designed for VIPs can be rather expensive, that an app cannot be used for mobility
(e.g., it does not indicate obstacles), and that app use is dependent on Internet access. With
regard to the unclear instructions, VIPs differ in which types of information they would
like to get (e.g., only getting unambiguous cues when to take a turn, getting a cue when
they are approaching a zebra crossing, or receiving vibrations that would help them walk
in a straight line). A need for smartphone apps is especially expressed in the context of
indoor navigation.
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3.6.1. Preparation

A dedicated question in the interview protocol inquired how VIPs prepare for their
journeys. Smartphone applications are used to prepare for a journey in relatively unfamiliar
environments. For example, apps are used to check walking surface textures of the paths
VIPs intend to take, to check the accessibility of certain public transport stops, or to check
where the entrance of a building is.

3.6.2. Public Transport

Our participants reported often using smartphone apps to check the status of their
public transport journey both before and during their trip. Information that they tend to
look for is whether the tram(s), bus(es), and/or train(s) were running on time, whether
there are unexpected situations concerning their journey (e.g., constructions), transfers, and
how many stops they have to travel. Applications that our VIPs use are the OV-info app,
the 9292 app, and the NS Perronwijzer app or NS Reisplanner.

3.6.3. Reorientation

Question 11 of the interview protocol concerned people’s experience regarding getting
lost, including follow-up questions on recognizing being lost and strategies for finding
the way back to the correct route (i.e., reorientation). To reorient themselves using their
smartphone, VIPs select a familiar location along their usual route in a navigation app and
let the app navigate them to that point to get back on track.

3.7. Affective Factors

One of the two main themes that influence cue use and strategy choice is named
Affective factors. This theme concerns personally relevant factors that are mentioned
by participants themselves in the context of their wayfinding habits. The patterns found
within this main theme are formulated as Energy and concentration, Emotions and opinions,
Needs, and Attitude towards mishaps.

3.7.1. Energy and Concentration

Participants talked about situations that cost them a lot of energy, focus, or concentra-
tion, as well as situations in which they explicitly made navigational choices to manage
their energy levels. For example, navigating in unfamiliar environments takes up a lot of en-
ergy because there is more doubt and because continuous monitoring of your whereabouts
and safety is needed. Another aspect of this theme is talk of distractions (e.g., chatting with
someone can be distracting when having to orient oneself, as well as having the radio on
when driving, or experiencing the sight or sound of traffic as noise in a busy environment).
Furthermore, using one’s sight can be experienced as energy-consuming. For example,
pp05 deliberately chooses not to focus on their sight for this reason. Likewise, pp11 said
they chose to focus on the sound of the crosswalk signal instead of carrying on squinting
at it. Pp07 also discussed the effects of bright light on their energy levels. They said that
bright lights automatically grab their attention, while they should actually focus on the
road. Lastly, something that came up multiple times is the decision to take a (regional)
taxi instead of public transport on either their way to or from a goal location as a way to
conserve their energy.

3.7.2. Emotions and Opinions

Participants referred to various emotions and opinions that come up for them during
wayfinding. With regard to their own emotions, anxiety-related codes were the most
prominent in the data, including anxious, tense, insecure, and careful. Especially, pp09
talked about their anxiety about navigating busy environments with a lot of traffic. For
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pp01, the consequence of their anxiety is that they avoid walking certain routes that they
used to walk in the past. More positive emotions that came up were pride, curiosity,
pushing one’s own boundaries, and optimism. Other emotions and opinions that were
mentioned are a sense of responsibility, feeling ‘different’, feeling dependent, perseverance,
acceptance, patience, and loneliness.

Participants also commented on the influence of the reactions of their loved ones
on their navigational behaviour. For example, it can be the case that someone is trying
to protect their visually impaired loved one’s energy levels by discouraging particular
activities, such as going to the supermarket by themselves.

3.7.3. Needs

Participants also mentioned navigation-related needs during the interviews. The most
notable needs were a need for independence (most frequent), the need for shorelines or
directional tactile paving, and the need for security. The need for independence is expressed
by VIPs denying any help that is offered and continuing their journey on their own, or
choosing to use smartphone apps to travel somewhere autonomously. Whereas some
individuals prioritise independence, others can find this a waste of time or energy and
instead prioritise efficiency or convenience by asking for help. Other participants value
independence conditionally (e.g., on the condition that they are not walking with their dog).
The need for shorelines is mentioned only by the cane-using participants and is evident
in VIPs” explanations that certain parts of their routes would have been easier to navigate
autonomously if there had been shorelines (e.g., open spaces or busy environments), and
in the fact that they avoid environments that lack proper shorelines. The need for security
is implied by the number of checks that VIPs implement along their route to verify their
judgments (e.g., during public transport), or by the variability between VIPs regarding the
need to feel well-prepared before embarking on their journey.

3.7.4. Attitude Towards Mishaps

Our participants exhibit different attitudes towards things going wrong during
wayfinding. The attitudes that we found are accepting (i.e., actively accepting that mak-
ing errors just happens every now and then, or putting it into perspective; pp01, pp07),
perseverant (i.e., wanting to try and keep trying when mishaps occur; pp07, pp09), indif-
ferent (i.e., not feeling one way or the other about a mishap; pp02, pp07, pp08), fearful
(i.e., feeling tense or anxious when the risk of making errors occurs; pp07), avoidant
(i.e., making conscious decisions as to avoid mishaps; pp01), and audacious (i.e., being
animated about making conscious decisions that increase the risk of mishaps; pp08). For
several participants, it has been a deliberate learning process to accept that mishaps will
occur during navigation, build the self-confidence to deal with them, and accept help from

others (pp01, pp05, pp07, pp09):

“Also accept that things can sometimes go wrong, because I think that is a very important
one: accept that things can also go wrong and especially don’t blame yourself. Yes is a,
yes, I think, I think that every blind person in the beginning- that’s what I think, or it
must be just me, I always got angry a lot in the beginning, like “watch where you're
going, man!”, while you actually couldn’t.”—pp01

3.8. Navigational Intention

Navigational intention is the second of the two main themes that influence cue use
and strategy choice. Navigational intention describes how the navigation-related intention
that a VIP has at a certain point along a route can influence which cues or strategies they
prefer. The Navigational intention theme is subdivided into Orientation, Mobility, and
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Safety, which means that certain sensory cues and strategies are chosen to fulfil either an
orientation-, mobility-, or safety-related goal.

Figure 5 shows the frequency of co-occurrence in the data between navigational
intention (i.e., orientation, mobility, or safety) and the source of information chosen
(i.e., either one of the three most frequently mentioned sensory modalities, and the codes
for Asking for help, Knowledge, and Smartphone applications). These findings suggest
that the participants in this study tend to employ different sensory modalities for different
purposes while navigating. Specifically, sound cues might be most helpful when trying to
orient oneself compared to visual or touch cues. Touch cues might mainly be beneficial for
mobility purposes, though residual vision, hearing, and touch might be equally favoured
for mobility purposes. For safety purposes, only residual vision and hearing might be
useful. Furthermore, the data suggest that smartphone applications are mostly used for
orientation rather than mobility or safety purposes, especially in unfamiliar environments.
Lastly, asking for help is a strategy that is mentioned predominantly in the context of
orientation, and the strategy of using pre-existing spatial knowledge is mentioned in the
context of orientation as well as mobility.
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Figure 5. Strategic use of available navigational information. This figure shows how often the codes
for Asking for help, Knowledge, and Smartphone applications, and the most frequently mentioned
sensory modalities (i.e., which source of information is employed) occur in combination with the
orientation, mobility, and safety codes (i.e., which navigational goal is meant to be reached at a certain
time and location).

3.8.1. Orientation

Participants gather or use spatial information with several different intentions in mind,
one of which is orientation. In the data, all instances were coded as orientation in which
a person spoke about knowing where they are within an environment, about making a
wayfinding choice with the purpose of progressing along their chosen route, or about
knowing where to go next during route-following.

Landmark. The Landmark code was applied to all data in which a participant discussed
using a certain cue as a means of recognising where they are along a route or within an
environment. Most cues that participants discussed were found in their immediate envi-
ronment (i.e., local landmarks). However, participants also reported using the distance of a
cue as an orientational strategy. Examples of this are distal landmarks, such as using the
sound of a railway in the distance to orient oneself during a walk. Furthermore, there were
a few instances in which a landmark was used for route progression. For instance, some
cues were used as ‘directional” or ‘associative’ cues [63,64], i.e., recognising a landmark is
used to judge when to change directions (specifically, knowing when to take a turn to the
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left or right). In other instances, cues were used as ‘maintenance’ cues [65] or ‘reassurance
points’ [44], i.e., the recognition of a landmark results in the judgment that the navigator
is still following the desired route. A final instance is that cues were used as beacons [63],
i.e., the navigator knows that moving directly towards a certain cue will result in progres-
sion along their route.

Fine-grained navigational goal. The Fine-grained navigational goal code is formulated
to refer to instances in which a person had to reach a specific goal during route-following
and that goal is not necessarily related to following the route itself. Usually, these goals are
not larger than the person themselves. Examples of fine-grained navigational goals that
are sought out are small gates or doorways that must be travelled through or buttons that
need to be pressed (e.g., buttons to open the train door, or doorbells) in order to be able to
progress towards a desired end location.

3.8.2. Mobility

Besides orientation, participants also discussed navigational strategies concerning
mobility. In the data, the Mobility code was applied to a text fragment when a participant
spoke about the aspects of route-following that concerned the relationship between their
body and their direct environment.

Obstacles. One aspect of mobility is the ability to avoid obstacles in their way in order
to be able to safely resume their route. Some obstacles simultaneously serve the purpose of
a landmark, as the object is supposed to be avoided, but also give the navigator information
about which point they are at along their route.

Keeping to a path. The sub-theme Keeping to a path includes the ability to walk
in a straight line, as well as the ability to follow one specific path, including the bends.
Examples of this are participants describing the use of shorelines, such as gutters.

Steps up and down. The Steps up or down sub-theme is about all instances in which
participants mention perceiving or reacting to steep elevation differences in the walking
surface. Examples include managing curbs and stairs.

Width of a path or road. Observing the width of a path or a road was primarily
mentioned by participants who have or have had a guide dog. Namely, they mention
needing more space when walking with a dog, which results in them paying attention to
this mobility aspect.

Positioning. The sub-theme Positioning refers to the instances where our participants
specifically mention the side of a street they are following, or their relative place on a road
or path:

“If I walk on the wrong side of the road, you often have these parking bays, or then you
have to- it’s a bit of a narrow sidewalk, or, or you know, that kind of thing. So if I know
my way around and I know the best side of the street to walk, then I always take the
easiest side, of course.”—pp11

3.8.3. Safety

The third sub-theme of Navigational intention is Safety. The Safety code was applied
to text fragments in which participants talked about things like watching out, being careful,
feeling safe, being safe, or avoiding accidents or harm to oneself or others.

Intersections. Our participants mainly talked about intersections in the context of safely
crossing roads and avoiding collisions with other road users, e.g., by explicitly using one’s
hearing in addition to residual vision in order to safely cross a road:

“I am careful, though. Because I also know from experience, crossing a pedestrian crossing
is not a guarantee that you will survive. So I do also try to look left and right, and to
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listen: is something there? Because also, yeah, what I, yeah, there it is again, cyclists. I
hardly ever hear those.”—pp09

Tripping hazards. Another important safety aspect is tripping hazards. This sub-theme
partially overlaps with Steps up or down, though steps up or down are not always referred
to as tripping hazards. Other possible tripping hazards that were mentioned are loose tiles,
tree roots, or small fences. One participant (pp11) even made safety an explicit point to
talk about, introducing the topic of tripping hazards at the start of the interview. When all
protocol questions were asked and the interview was concluded, the final protocol question
was asked (i.e., asking the participant whether they would like to add something). They
then reminded the interviewer: “shall I describe some situations in which I almost tripped?”
An example of such a situation is when they wanted to cross a road that consisted of a
two-lane road as well as two cycling paths. They were paying attention to the passing
traffic and missed an unexpected curb separating the cycling path from the road, causing
them to trip and fall onto the road.

4. Discussion

This study explored wayfinding experiences of people with visual impairments (VIPs)
via qualitative interviews in which participants were asked to describe a familiar route
in their daily lives. The main findings show that VIPs prefer gathering information dur-
ing wayfinding through using their senses (mainly hearing), employing existing spatial
knowledge (mainly knowing the layout of an environment), asking or receiving assistance
from other people (mainly walking along during a segment of a route), and use of tech-
nologies (besides the white cane mainly via auditory-verbal instructions from smartphone
applications). The way VIPs report gathering sensory information seems to be influenced
by the intended navigational goal that needs to be achieved at a certain time and place
(i-e., an orientation-, mobility-, or safety-related, or fine-grained goal), environmental factors
(such as weather conditions), and affective factors (such as personal priorities pertaining to
independence and energy management).

Besides the reported information gathering strategies, we identified specific cues
that our participants seem to find most salient during navigation. These include pedes-
trian crossings and traffic, acoustics (including echoes), stairs, the behaviour of a VIP’s
guide dog (used as an indicator to orient oneself), various types of shops and restaurants,
and directional tactile paving or shorelines (i.e., linear boundaries such as sidewalks and
walls, but also grassy edges, gutters, and fences). These findings are generally consis-
tent with previous studies on salient navigational cues for VIPs, especially traffic and
shops [22,38-41,43,44,46,66]. Notable exceptions include a guide dog’s behaviour and
acoustics. Our analysis revealed that a guide dog’s behaviour and acoustics can be useful
non-technological wayfinding cues for VIPs, while this has not been highlighted yet in
existing literature. The emphasis of our participants on guide dog behaviour may reflect the
relatively high prevalence of guide dog users in the Netherlands compared to the countries
represented in the literature [67]. Regarding acoustics, the discrepancy might be a result of
our method of analysis. Acoustics are not often treated as a type of cue, but as a derivative
of particular cues. Examples of such cues are the ‘feeling’ of high buildings or open spaces
such as parking lots, both of which have occurred in earlier studies. Conversely, while we
did identify trees as a useful navigational cue, it was one of the least frequently mentioned
cues, whereas previous studies included them among the most useful cues. This suggests
that, although our participants might implicitly or explicitly notice trees along their routes,
other cues are more salient to them. This might be due to the potentially greener urban
environments of our participants, resulting in trees not standing out within the environ-
ment as a salient feature. For guide dog users in particular, trees might be experienced as
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obstacles that their dogs avoid rather than as useful wayfinding cues. Cane users might
favour shorelines because they tend to be more consistent and continuous, whereas trees
could be less linear or predictable.

To perceive and use these cues during route-following, our findings suggest that VIPs
focus more on their sense of hearing compared to their sense of touch via cane use, feet, or
hands. When taking a closer look at the context, when hearing and touch are preferred, we
see that this depends on the navigational goal at a given time and place. That is, we found
that hearing is mostly mentioned in the context of orientation purposes (i.e., determining
where I am and where I need to go, for example, by identifying landmarks) as well as safety
purposes (e.g., using sounds as a go/no-go signal when crossing a street). This contrasts
with previous findings by Wang and colleagues [46] that show touch instead of hearing is
experienced as most useful for navigation. Wang and colleagues were specifically interested
in landmark use. The landmarks reported in their study include mostly local landmarks,
such as walking surface textures or the lowering of a sidewalk, rather than more distal
landmarks. This might be an explanation for why they found a dominance of the haptic
modality, as touch only provides information about one’s immediate surroundings, as it
requires direct contact between the navigator and the environment. Indeed, when taking
the type of landmark into account, we find similarly that the local cues we identified are
often primarily perceived by touch (i.e., similarly, a change in walking surface texture or
the lowering of a sidewalk, but also cues such as feeling a specific street planter). Still, in
general, we found hearing to be the dominant sense for navigation. An explanation for this
could be that hearing, besides vision, might be the only sensory modality that provides
real-time directional information about both the immediate and the broader environment.
Auditory cues could therefore be uniquely suitable to identify distal landmarks to determine
one’s orientation in relation to their understanding of the layout of a broader environment,
rather than immediate navigational decisions only.

Though hearing was the most frequently reported sensory modality, it varied between
participants in which sensory modality they preferred and which navigational goal they
primarily focused on. It seems that participants in our sample with the most residual vision
left also tend to rely on their vision more compared to the other VIPs while navigating
(pp07, pp09, pp11). They also seem to be mostly preoccupied with goals related to mobility
(e.g., not bumping against a curb when cycling) and safety (e.g., managing tripping haz-
ards), rather than orientation (e.g., determining the right direction, or figuring out when to
take a turn). Three other participants relied mostly on touch (pp01, pp04, pp08). Notably,
these are the participants who have never navigated with the help of a guide dog and only
use a cane for orientation and mobility, seemingly preferring shorelines and directional
tactile paving. Yet other participants focus a lot on their hearing (pp02, pp05, pp06), with
acoustics and echolocation standing out to orient themselves. Two participants (pp03,
pp10) did not seem to have an explicit preference in terms of sensory modality, though
hearing was their most frequently mentioned sense. Our analysis suggests that none of
the participants relied greatly on olfaction or vestibular proprioception for wayfinding.
However, we did find that some participants did sporadically report olfactory cues as
helpful (e.g., using the smell of a certain shop as a landmark), while others did not mention
them at all.

We found that which sensory modality or other resource is chosen not only depends
on current navigational goals, but also on environmental factors. Specifically, we generated
the sub-themes Environment, Familiarity, Weather conditions, and Crowdedness to capture
environmental factors influencing resource choice. Comparatively, Williams et al. [24]
distinguished the sub-themes Terrain, Familiarity, Weather, Crowd density, respectively,
within their Scenario theme. In contrast, though, Williams and colleagues also included
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Transportation availability and GPS availability as sub-themes. The former, Transportation
availability, is about the accessibility of public transportation. It makes sense that this was
more of an issue for residents living in the United States of America as opposed to Western
Europe, due to fewer accessible public transit options [68,69]. The latter, GPS availability,
is about the availability of GPS in indoor or “off-grid” environments compared to regular
outdoor environments. While the indoor/outdoor distinction was of importance to our
sample too, this was not classified in our study as an issue due to GPS availability reasons,
per se. Instead, it seemed more appropriate in our thematic framework to classify the
difference in difficulty between navigating (unfamiliar) indoor environments and outdoor
environments as the higher-level theme, with the limited existence and usefulness of
navigation apps (and thus GPS-related technologies) in indoor environments as just one of
the influencing factors.

To the question of why VIPs prefer one type of resource over the other and why
certain environmental factors matter to them, we conclude that a lot of it comes down to
energy management. Deliberate wayfinding choices regarding route and means of travel
are necessary in order to preserve sufficient energy, depending on what a person prioritizes
(whether it be the activity at the destination itself or a feeling of independence). Specifically,
crowded, indoor, unfamiliar environments, and brightly lit environments all negatively
impact VIPs’ energy levels as they require more attention from the navigator and hence
increase the information processing load of the wayfinding task at hand. First, unfamiliar
environments have higher cognitive costs due to uncertainty regarding orientation, mobility,
and safety compared to familiar environments. In terms of resource choice, unfamiliar
environments often call for smartphone use to orient oneself, as well as more assistance
from other people to reach desired destinations. Smartphone applications and Other
people are partially used for the same purposes: for preparation, for confirmation in
uncertain circumstances (e.g., when lost, or as an extra check during public transport),
or as an extra help to know where to go (i.e., in addition to sensory modalities). From
these findings, we conclude that Other people and Smartphone applications are turned to
when Sensory modalities and Knowledge provide insufficient information to confidently
fulfil a navigational goal. Second, crowded areas are also more energy-consuming than
quiet environments, due to more focus being necessary to pick out one’s auditory points of
reference or traffic flow for safety purposes. On the other hand, the sound of, e.g., crowds,
traffic, or individual people can be experienced as useful cues for orientation. However,
it varies per person whether they prefer to switch to primarily using their sense of touch
in crowded areas, versus still focusing on particularly salient auditory cues such as loud
recognisable voices.

The insights generated in the present study could be of importance to occupational
therapists, app developers, policymakers, urban planners, or accessibility consultants. For
O&M trainers, mapping the personal preferences of their clients might inform which routes
or cues might be favoured during training [70]. Consequently, O&M trainers could design
their O&M training sessions taking into account the individual’s preferences, as well as
knowing which characteristics to monitor extra closely during training. For app developers,
the categorisation of VIPs” wayfinding preferences can be used to assess which types of
cues would be useful or desirable to incorporate in certain technologies, to decide which
features are best suited to make customizable, or to improve the perceived trustworthiness
of the app [21,71,72]. Finally, assessing VIPs’ navigational preferences and challenges can
be informative for policy-making regarding the design of accessible public spaces, both
outdoor and indoor [20,22,30,73]. It should be noted, however, that subjective reports
of wayfinding strategies may not always align with individuals’ objectively observable
navigation behaviours or with the actual impact of these preferences on wayfinding com-
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petence. Future research that systematically links subjective accounts to behavioural or
performance-based measures would further clarify these relationships and strengthen the
practical implications for O&M instruction, technology design, and accessibility planning.

The current findings shed light on the wayfinding preferences of VIPs residing in the
Netherlands. Therefore, the findings are not completely generalisable to VIPs in countries
with different infrastructural, cultural, or environmental contexts. Nonetheless, we think
that the themes and many of the subthemes identified in this study apply to other countries
and societies as well. The current findings might partially extend to other countries that
share some of the Dutch characteristics. Such characteristics would include white canes
and guide dogs as primary navigation aids for VIPs, as well as relatively densely built,
high-entropy urban areas with tactile paving and relatively reliable, well-connected, and
accessible public transit networks (including free smartphone applications and websites
with real-time travel information).

Though this study purposefully included VIPs with varying types of impairments,
levels of residual vision, ages of onset, and types of navigation aids, the findings do not
allow us to draw definitive conclusions about differences in cue and strategy preferences
between these groups. For instance, variations between individuals regarding wayfinding
preferences might be found between cane users versus VIPs with guide dogs. Moreover,
we excluded VIPs with comorbid conditions, such as hearing loss or intellectual disabilities.
These subgroups likely have unique wayfinding experiences compared to subgroups with
visual impairments alone, so it might be the case that additional or different preferences
may emerge among VIPs with impairments not represented in our sample. In addition, the
study’s participants were mainly recruited through a pool of VIPs who had signed up to
volunteer as participants in research projects. As a result, our sample might overrepresent
individuals who lead relatively active lifestyles and travel more frequently or over longer
distances than a typical VIP in the Netherlands. However, it is known from previous studies
conducted in several countries that 20 to 30 percent of the VIP population rarely leave their
house to travel somewhere [45]. So, a possible downside of our recruitment method is that
we might have missed the categorisation of needs, preferences, and motivations specific to
VIPs who choose to make fewer journeys or prefer to stay in more familiar environments.
These limitations will be addressed in an upcoming quantitative study including a large,
diverse sample of VIPs. While the current study provides an overview of the types of
wayfinding preferences that can be found within this population, a future study would be
aimed at mapping individual differences by classifying these wayfinding preferences in
the context of a range of personal characteristics, impairment-related characteristics, and
type of mobility aid used.

Finally, some participants participated in O&M training during their lifetime, whereas
others did not. This variation in experience with O&M training might have caused varia-
tions in the richness of the data. Namely, VIPs who do have experience with O&M training
may have a larger number of navigational strategies in their toolbox, and might possess
greater awareness of their preferences and strategies compared to untrained individuals,
resulting in an increased ability to articulate which cues they focus on during route fol-
lowing. This could have led to less detailed route descriptions of participants who did
not follow O&M training compared to participants who did. This hypothesis is partially
supported by findings in a follow-up study, in which O&M instructors were interviewed
and described how they actively coach their visually impaired clients to utilise non-visual
sensory information for orientation, mobility, and safety purposes [74]. In this follow-up
paper, we conclude that training generally seems to follow a four-step structure (i.e., teach-
ing a VIP strategies to notice, interpret, act upon, and anticipate relevant sensory cues). We
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also address individual differences between VIPs that O&M instructors take into account
during training.

5. Conclusions

We found that hearing is the most important sensory modality to VIPs for orientation
purposes, although it varies per person how often other resources (i.e., other sensory
modalities, existing knowledge of an environment, help from others, or navigational
aids) are relied upon. These strategic choices seem to depend on environmental factors
(such as weather conditions, crowdedness, and familiarity of the environment), which are
possibly mediated by individual differences in priorities or needs pertaining to energy
management. Our thematic analysis not only provided insight into the most important
factors in navigation for people with VIPs, but also provided a structure to think about
navigation with no or limited vision. This structure is useful for multiple fields related to
navigation, like architects and designers working on improving navigation in situations
with limited visual information, app developers, and urban planners.
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The following abbreviations are used in this manuscript:

VIP Visually impaired person
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Appendix A. Interview Protocol (Translated)

Preliminary Information
[Introduction mentioning that we have already spoken on the telephone and asking
about the information letter] Have you had a chance to read through it?
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e [If no (not read):] Read the letter aloud.
e [If yes:] That's great, thank you. I would now also like to provide some information
verbally, and then see if you have any questions, is that all right?

Over the next hour, I will ask you questions about how you navigate. This can be both
indoors and outdoors. Through this conversation, we want to find out how you prefer
to use your senses when trying to get from A to B, particularly your sight [if applicable],
hearing, and touch. I personally find it very interesting to investigate how our senses work
(together) and how this can differ from person to person. We will use this information
in the research to see if we can distinguish the individual ways and preferences during
navigation. We then want to use that knowledge during, for example, mobility training. Is
it clear what the research involves, or do you have any questions about anything?

It was also mentioned in the information letter that it is necessary to record the
conversation so that we can listen back to what people have said exactly. Is it all right with
you if the conversation is recorded?

e [If yes:] I have a consent form here which states what you are giving consent for if you
participate in this study, and you can give your consent by putting your name on the
form just above where you feel the set square on the form. Would you mind reviewing
the form? If there are any questions or comments, I would be happy to hear them.

@) [Read aloud if necessary.]

e [If no:] Would it be all right if I wrote down your answers instead of recording?

O [If yes: Write down the answers as accurately as possible and continue with
the text below].
O [If no: reproduce the data yourself as accurately as possible afterwards.]

Thank you very much. Then we can get started in a moment. But first, I want to
emphasise that there are no right or wrong answers in this interview. We are here because
you have expertise and important knowledge that can help science and other people with
visual impairments. We are purely interested in your experiences with navigation, and you
can certainly mention things that seem very obvious to you. Sometimes I will write things
down; that is for myself for when I will analyse all the interviews, for example if I get an
idea for the analysis or hear something that reminds me of something else that has been
said before.

Do you have any questions or comments before we begin the interview?

e [If yes: answer questions.]
e  [If no:] If any questions come up, you can ask them at any time. I will now turn on the
audio recording and we can get started! Are you ready?

Introductory Questions

1.  Could you start by telling me something about yourself—who are you, what do you
do in your daily life?
2. Have you ever participated in an interview before?

a. [If yes]: Do you remember what kind of questions you were asked then?
b. [If no]: Right, a new experience! Exciting?

3.  So, today’s interview is about navigation. Would you like to tell me something about
what your week looks like, specifically the days when you go outside to go somewhere
such as work, hobbies, friends, shops, events?

Transitional Questions

1. To which of these occasions do you travel yourself on your own using public transport?

a.  Choose a location; this becomes location X in the follow-up questions.
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b.  If nojourneys are made using public transport, replace ‘public transport’ with
the alternative means of independent travel (walking, bicycle, scooter). Skip
Substantive Questions 2 and 3.

When was the last time you travelled to a new location on your own using
public transport?
[Possible follow-up questions:]

a. Where were you going then?
b.  How long ago was that?
c. How often do you travel to new locations?

i. If a complete answer is given immediately: Right, completely clear,
thank you.
ii.  If there is no recollection, ask follow-up questions:

1. Is there a reason why you don’t often go to new locations on your
own using public transport?
2. Would you like to travel to new locations on your own?

a. Why/why not?
iii. ~What would make it easier for you to travel to new locations?
Substantive Questions

Now I would like to ask more questions about more familiar journeys for you. You
said earlier that you travel to X weekly using public transport. I would like to go
through your journey to X with you in the upcoming questions, is that all right?

a. [If yes: continue.]

b. [If no: choose another location together.]

Imagine you are planning to go to X. What does the preparation for that look like from
the moment you decide to go to X until the moment you want to step out of the door?
[Possible follow-up questions:]

a.  What kind of things do you take with you?
b.  What kind of information do you look up about the route(s), journey, or location(s)?

c. How does the preparation for unfamiliar routes or locations differ compared to
familiar routes or locations?

d.  How do you look up that information?

e. How do you find your way to the front door?

And then the journey to the station or bus stop. You step outside. Can you take
me through what that is like for you, what are things you pay attention to when
navigating there?

[Possible follow-up questions:]

a.  What are things you see (if applicable)?

b.  What are things you hear?

c. What are things you feel?

d Is there any other information that you haven’t mentioned yet that you use to
find your way or know where you are?

e. How do you find your way to the correct train or bus?

Then the train/bus arrives. Can you tell me...

..how you find your way to the doors?
..how you handle your ticket?
..how you find an empty spot?

e oo

..what you pay attention to during the bus journey?
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i.  Sight
ii.  Hearing
iii. ~ Touch
e. ...how you know you are at the correct stop to get off?
f. ...what you do when you have reached the correct station or stop and want to

get off?

When you have gotten off, you are in a new environment and want to make your
way to the new location [if public transport]//You arrive in the area of X and want to
make your way to the destination [if walking/cycling/scooter].

Would you mentally recall as vividly as possible for me how you experienced that
route from the stop to the location, and can you tell me what you paid attention to
during your journey from the stop to the location to find and maintain the right way?
[Possible follow-up questions:]

a.  What are things you see on the way to X (if applicable)?
b.  What are things you hear?

c. What are things you feel?

d.  How do you find your way to the entrance?

And then the last part of the journey: you have arrived at location X, and then still
need to get to the correct room within X. How do you approach that?

Suppose that at some point you have taken a wrong turn on the way to X. How would
you notice that?

[Possible follow-up questions:]

a.  How would you try to get back on the right route?
Would you say that you have a preferred sense?

a.  Ifyes: which one and why?
b.  Ifno: why not?

Closing Questions

An hour has now passed, and that means we have come to the end of the interview.
Are there any matters that you think we have missed, or are there other things you
would also like to share?

a. [If yes: let participant make additions].
b. [If no]: Shall we end the interview then? I will now turn off the audio recording
and would like to thank you very much for your time and participation!

Conclusion

[Give a summary of the main points talked about.]

We will create an anonymised text file from the audio recording and then analyse it to-
gether with the text files from other interviews to see if we can discover certain patterns.
When we have completed all the interviews, we want to share the results in a newslet-
ter by email. Would you also like to receive that newsletter? This would be a one-off
newsletter. It is not yet known exactly when it will be sent, but it will certainly take
several months, as we still need to process the results.

e  Are there any other things about the research that are not about the content that
you still want to mention?
e  How do you feel/How did you experience being interviewed?

[After completion, researcher updates their reflexivity journal and field notes.]
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Appendix B. Case Summaries

In this appendix, short summaries of each of the participants are presented to illustrate
how the (sub-)themes generated in this study can interact within a person. To keep the
data anonymous, ages are given in ranges, and gender indications are left out. Concepts
relating to themes and sub-themes are underscored for emphasis.

Appendix B.1. Case 01

Participant 01 (aged between 60-70 years old) became totally blind relatively late
(diagnosed with glaucoma at age 57 and retinal detachment at 59 years old). The participant
started out using a symbol cane but transitioned to a white cane when they became totally
blind. In their daily life, this participant does all kinds of visual impairment-related
volunteering (e.g., advocacy, testing out products, and being an expert by experience).
The participant preferred to do the interview at an institution for people with visual
impairments, as the participant could combine this with another appointment there. The
participant came across as a person with an optimistic outlook on life. It was important
to them to refer to their impairment as a visual challenge instead of a visual impairment,
because, in their own words, the participant ‘looks at chances and opportunities’. During
the interview, they stressed that they prefer a slow walking tempo because they like
to consciously focus on their different senses and wish to gather the same amount of
information about their environment as sighted individuals. This was also apparent from
their very grateful reaction to the interviewer asking at the beginning of the interview
whether the participant would want to know who was sitting in front of them by describing
what the interviewer looked like.

Themes that seemed relatively important to this participant were a strong need for

independence, a need for freedom, and the need to fully experience the environment. It

was very important to this participant to use all of the senses to gather information (with

the mention of the sense of touch and the sense of smell relatively often), even when it

is not necessarily important for orientation, mobility, or safety. Examples of this were
them describing the material of the table in front of them, using echolocation to gauge the
spaciousness of the room we were sitting in, and describing how they identify flowers
when taking a walk. Furthermore, they talked a lot about which needs they had during
wayfinding and any emotions that might come up for them, such as the happiness and
pride the participant felt when he noticed a slope that they could use to take out the trash
by themselves, or the enjoyment of purposefully taking new routes or shortcuts to get
themselves more acquainted in a given environment. Lastly, the white cane was also very
relevant for this person, whom they explicitly like to use to identify objects. This participant
also tends to use characteristics of the walking surface texture to orient themselves.

Appendix B.2. Case 02

Participant 02 (aged between 50-60 years old) is severely blind due to a congenital
corneal abnormality as well as later acquired glaucoma. This participant has experience
with having a guide dog and has had a white cane for as long as they can remember. In
their daily life, the participant is a homemaker and does a lot of volunteering with and
for visually impaired people (e.g., at the Eye Associations, the Eye Café, and a Christian
library for blind individuals). They can also read Braille. The interview was held at the
participant’s home, which was tidy and spacious. The participant tended to go through
their descriptions of their routes relatively quickly, resulting in the need for frequent
interruptions during the interview to ask further questions.

For participant 02, their guide dog was essential in their navigation experience com-
pared to other participants. Something that was of interest is that they often men-
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tioned using their guide dog to find fine-grained navigational goals, which are gener-

ally experienced as difficult points during wayfinding. This participant also empha-
sized several benefits of having a guide dog. From their route descriptions, it also became

clear that the participants use their knowledge of an environment, sense of hearing, and

smartphone apps when navigating. The participant predominantly uses their smartphone

in moments of doubt, to double-check where they are or needs to go. This participant
virtually never mentioned obstacle avoidance, so this was apparently not of their concern.
This makes sense considering a guide dog is often dubbed “obstacle avoider”. This person
also focused on asking acquaintances and passersby for help with regard to navigation.

Appendix B.3. Case 03

Participant 03 (aged between 40-50 years old) was born without eyes. This was
noticeable in their body language (e.g., the face but not the body facing the interviewer
when conversing). The participant has a now-retired guide dog (though the participant
is currently in the process of getting a new one), and they have been using a white cane
their entire adulthood. The participant can also read Braille. The participant was of slight
build and came across as a relatively reserved person. In their daily life, they have many
sportive and creative hobbies. The participant preferred doing the interview at home. They
kept their answers short and to the point, resulting in multiple silences and the need for
frequent probes during the interview.

A preference to travel together or traveling with specialized (individual) trans-
port came up a lot. The participant told the interviewer that it can be convenient
to have other people take you places instead of being self-dependent all the time, as

it is important to them that the energy they save by doing so can be used for the ac-

tual hobby or event itself. In terms of route-following, the participant focused com-
paratively often on directional cues and acoustics, and comparatively little on shore-

lines or directional tactile paving. However, the participant does talk about sensing
differences in walking surface texture. Thirdly, they talked relatively often about the

disadvantages of guide dogs. Lastly, this participant expressed difficulty with using navi-

gational apps, even though they would really love to be able to use them.

Appendix B.4. Case 04

Participant 04 (aged between 40-50 years old) has had a mild visual impairment (due
to diabetic retinopathy) since age 29, but became severely blind three years prior to the
interview due to a diabetes-induced coma. In their daily life, this participant does a lot of
impairment-related volunteering (e.g., as a host, in the municipality, and participating in
research). This participant also spends their time growing pumpkins with their spouse,
and told the interviewer that their spouse always says that they are better at telling when
a pumpkin is ripe compared to their spouse because of using the sense of touch so well.
Furthermore, this participant has experience with traveling with a guide dog in the past (for
four years), but currently only uses a white cane (since age 31). They also wear glasses with
yellow-amber lenses. Participant 04 came across as a cheerful and energetic person. The
interview was held at an institute for people with visual impairments, where the participant
is a volunteer. Afterwards, the participant proposed to walk the interviewer to the train
station and show the cues they use while navigating (i.e., the route also described during
the interview).

This participant is a self-proclaimed proficient cane user. This also became apparent

in how often shorelines or directional tactile paving were mentioned when describing

their routes, which the participant observes with their cane. Their focus was largely on
orientation (i.e., determining their location or next destination). Besides using shorelines to

https:/ /doi.org/10.3390 /brainscil6010013


https://doi.org/10.3390/brainsci16010013

Brain Sci. 2026, 16, 13

37 of 43

follow their route, the participant also talked a lot about landmarks that they use to orient
themselves, and relatively often about using smell for orientation. Their focus was not so

much on mobility issues.

Appendix B.5. Case 05

Participant 05 (aged between 40-50 years old) suffers from hereditary retinal detach-
ment. The participant has been very severely blind for fifteen years in the left eye (the
right eye has been replaced by a glass one at age 4), and has had a guide dog since age 22.
This participant also has a white cane, though they do not prefer using it (especially when
walking the dog). This participant came across as a bubbly and talkative person. In their
daily life, this participant has many hobbies (sports, reading, and music), and does a lot of
volunteering (both impairment-related and other types of jobs). However, the participant
has also spent six years at home raising their children. During this time, the participant has
not often left the house, which has been difficult for them. The interview took place at the
Utrecht Science Park.

Participant 05 was a special case in the sense that it was the only person that talked
at length about a plethora of sensory cues they come across when walking routes. This

participant focuses mostly on their hearing (in particular, using acoustics and echolocation

skills), though olfactory and vestibular cues also came up relatively often. Furthermore,
this participant talks often about combining cues and using knowledge of an environment,

including its landmarks, intersections, and roundabouts. There was also a large focus on

the guide dog, even during the interview itself they commented multiple times on the
dog’s behaviour. The participant sometimes prefers traveling with other people to get

somewhere, but these are usually cases in which their dog cannot come with them.

Appendix B.6. Case 06

Participant 06 (aged between 70-80 years old) is the oldest participant, though they
looked young for their age. This participant has been diagnosed with retinitis pigmentosa
and glaucoma, has been visually impaired since birth, and has been totally blind since age
58. Since that age, this participant has been travelling with a white cane and a guide dog
(currently has two guide dogs, one of which is retired). In their daily life, the participant
has sports-related hobbies and has multiple impairment-related volunteering jobs, one of
which focuses specifically on public transport in the area. This participant came across as a

‘no-nonsense’ type of person.

This person has an interest in navigation, and especially in different types of
technologies like GPS-systems and smartphone applications: mostly using the auditory-

verbal instructions for knowing when to take a turn left or right. This participant also talked
at length about the various navigation systems they have used in the past, while taking
them out of their drawers to show them to the interviewer. This person’s focus was on all
kinds of needs they have with respect to wayfinding and mobility. Mainly, their preference
for smartphone apps is related to their need to be as independent as possible. Notably, this
participant has an explicit preference for an indoor navigation app rather than a guiding line.
Furthermore, their attitude was very different for familiar routes versus unknown areas,

describing familiar routes as ‘a piece of cake’, though in unknown areas, they like to
travel together with an acquaintance or ask assisting personnel for help. This participant

also talked relatively often about their sense of hearing when describing their routes. This
participant even uses their hearing in crowded areas, in contrast to other VIPs, picking out
sounds that are salient to them and using those as points of reference.
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Appendix B.7. Case 07

Participant 07 (aged between 5060 years old) has a congenital moderate visual im-
pairment (nystagmus due to Oculocutaneous Albinism) and does not use a cane or a guide
dog. In their daily life, this participant works in home care, and in their free time, they go
to the gym and occupy themselves with various social activities. This participant was the
only one who reported driving a vehicle (i.e., a light quadricycle) and described themselves
as being totally independent. The interview took place in the participant’s home, in which
they moved around in a noticeably more agile way than the interviewees with less residual
vision. The participant came across as an introspective individual who actively tries to be
in touch with their feelings and those of others. The participant also actively tries to take
into account their limitations, energy levels, and capabilities when traveling or trying out
new activities.

When traveling somewhere for work with their vehicle, this participant tends to
learn the route by heart beforehand and seems to have a good sense of direction. Still,

it was difficult to describe the exact turns, cues, and landmarks they use during route-
following or other orientation-related tasks, even when prompted by the interviewer in
several different ways. This participant talked mainly about their vision, and focused
predominantly on mobility and safety issues (e.g., trying to detect oncoming cyclists, or

avoiding collision with the sidewalk when cycling), social issues regarding navigation
(e.g., seeing a person but not being able to recognize someone’s face), being hindered by
vision-related issues like bright lights (e.g., again, in context of seeing oncoming traffic

users), and by their own emotions during navigation (e.g., the learning process with regards
to their attitude towards making mistakes, and feelings of responsibility as a visually im-

paired person on the road, or as a parent). The participant talked very little about using
their other senses, such as hearing or touch, compared to other interviewees.

Appendix B.8. Case 08

Participant 08 is the youngest participant (aged between 3040 years old) and has
been very severely blind since birth (diagnosis unknown). This participant has been using
canes since early childhood; started out with a tap cane, though switched to a rolling tip
cane around 24 years of age. This participant has studied higher vocational training, but
currently does some impairment-related volunteering. This participant is a big soccer fan
and visits soccer games with visually impaired friends in their free time. This participant
can also read Braille. The interview took place at their apartment, at which they apologized
for the dustiness. They came across as a spontaneous person who likes to make a lot of
jokes about both lighthearted and serious topics.

In terms of orientation, this participant has a self-reported preference for their sense of
touch. This is also reflected in how much they talked about using touch, and in how often
they mentioned the need for more shorelines or directional tactile paving. This participant

talked notably less about their knowledge of environments, suggesting that they might
not tap into their survey knowledge consciously or frequently. This is supported by the
participant mentioning that a friend of theirs, who is congenitally blind, also told they have
no sense of direction. However, this participant does use smartphone apps for navigation

and mentioned liking it when the app would tell them which stores or restaurants they
are passing by. This implies that this participant does value having knowledge of certain
landmarks within an environment. In terms of attitudes, their focus was on their emotions
and needs (e.g., explicitly telling stories about moments or locations where they encounter
issues), as well as the interpersonal dynamics during wayfinding (e.g., fun interactions

during wayfinding, feeling like a burden to others, concerns about looking silly while
searching for a certain landmark, or being pranked by a visually impaired friend who
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startled them by suddenly grabbing them at the bus stop). This participant also mentioned
asking passersby for help or walking along with friends a lot, which made sense in the

context of their sociable nature.

Appendix B.9. Case 09

Participant 09 (aged between 60-70 years old) became moderately visually impaired
around age 55 and has been using a white cane since. Their visual impairment resulted
from a viral infection due to an immune disease (right eye: vasculitis; left eye: retinal
detachment and macula damage). Participant 09 came across as an amicable and earnest
person with an expressive way of talking. On the one hand, they would describe how
“sick and tired” they could get because of issues concerning accessibility. On the other
hand, this participant would describe how beautiful the orientation and mobility training
was for them, and how they “would never forget it”. The participant told the interviewer
how anxious they initially were when navigating and how the training helped them gain
confidence and independence. The participant likes to try many things autonomously and
keep challenging themselves, and only looks for solutions elsewhere as a last resort. The
interview took place at the Utrecht Science Park, which the participant preferred, so they
could practice their knowledge of traveling through Utrecht Central Station.

Participant 09 often elaborated on how their partner, who is also visually impaired,
navigates. The participant would tell about the challenges their partner encounters and
how they differ from those they themselves face. The participant talked a lot about
traveling together with their partner, how it is both beneficial and pleasant. It seems like

the participant uses their knowledge of an environment, and often mentions shops when

describing their routes. Lastly, this participant talked about preferring their residual vision

for example to detect landmarks or to find fine-grained navigational goals. An example

of this is seeing the bright red lights of a kiosk’s store name at Utrecht Central Station to
orient themselves.

Appendix B.10. Case 10

Participant 10 (aged between 50-60 years old) suffers from retinitis pigmentosa and
has been visually impaired since birth. The impairment has worsened progressively over
their lifespan, and the participant is currently very severely visually impaired. They have
been using a white cane for about 23 years and have also been traveling with a guide dog
for about 14 years at the time of the interview. Additionally, the participant wears a cap
and sunglasses when traveling outdoors. The participant came across as a sympathetic,
yet somewhat serious person who lives an active lifestyle. In their daily life, they do
impairment-related volunteering and have several hobbies (running, and spending time
‘in the digital world’). The interview took place at the participant’s home.

This person described alternative routes and reasons for choosing one over the
other, though they would be able to take both of these options. This is one expres-
sion of how they used knowledge of the environment to navigate (e.g., the participant

talked relatively often about estimations of distance and time until a certain point along

the route, suggesting a pretty accurate map of the environment in mind when nav-
igating), focusing on both orientation and mobility. Their focus was also on their
various wayfinding preferences. Furthermore, this participant talks about using the
guide dog to find fine-grained navigational goals, but also talks a lot about the fact that

dogs can make mistakes too, and also kept explicitly mentioning that they also check

the landmarks using the cane whenever giving the dog a command. This might be
another expression of their need for efficiency, which also became apparent from their

preference to maintain a fast walking pace.
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Appendix B.11. Case 11

Participant 11 (between 50-60 years old) has been moderately visually impaired for
three years at the time of the interview due to conical dystrophy. When traveling outdoors,
this person wears a hat and sunglasses and does not have a guide dog or a cane. In
their daily life, this participant is a stay-at-home parent and does some volunteering. The
interview took place at a café at Utrecht Central Station, due to issues with public transport
to the Utrecht Science Park.

This person, like participants 07 and 09, also talked relatively often about using their
residual vision, remarking more than once that they see themselves as a “fake visually

impaired person” because they still use the sense of sight. Their focus was undoubtedly
on mobility, and specifically on tripping hazards, safety, other traffic users (similar to 07),

and obstacles. Namely, the participant talked about various situations in which they
encountered objects that caused or might cause harm (chains between bollards, street
planters, holes in the road, unexpected curbs, barbed wire, et cetera). They did not talk
much at all about using other senses like hearing or touch (also like 07). Remarkably,
they rarely talked about asking for help. When asked about this by the interviewer, this
participant answered that they are indeed a bit reserved when it comes to asking help
because he feels that it is easier to do it yourself when you are well-prepared and that it

might also stem from a need for security, and a need to feel in control. However, a need

for independence or control was not explicitly mentioned otherwise.

References

1.  Montello, D.R. Navigation. In The Cambridge Handbook of Visuospatial Thinking; Shah, P., Miyake, A., Eds.; Cambridge University
Press: Cambridge, UK, 2005; pp. 257-294. [CrossRef]

2. Wiener, ].M,; Biichner, S.J.; Holscher, C. Taxonomy of human wayfinding tasks: A knowledge-based approach. Spat. Cogn.
Comput. 2009, 9, 152-165. [CrossRef]

3. Farr, A.C.; Kleinschmidt, T.; Yarlagadda, P.; Mengersen, K. Wayfinding: A simple concept, a complex process. Transp. Rev. 2012,
32,715-743. [CrossRef]

4. Hegarty, M.; He, C.; Boone, A.P; Yu, S.; Jacobs, E.G.; Chrastil, E.R. Understanding differences in wayfinding strategies. Top. Cogn.
Sci. 2022, 15, 102-119. [CrossRef]

5. Iftikhar, H.,; Luximon, Y. Wayfinding information syntheses: A study of wayfinding efficiency and behavior in complex outdoor
institutional environment. Health Environ. Res. Des. J. 2022, 16, 250-267. [CrossRef]

6. Lawton, C.A. Environmental psychology journal of strategies for indoor wayfinding: The role of orientation. J. Environ. Psychol.
1996, 16, 137-145. [CrossRef]

7. Schinazi, VR Thrash, T.; Chebat, D.R. Spatial navigation by congenitally blind individuals. Wiley Interdiscip. Rev. Cogn. Sci. 2016,
7,37-58. [CrossRef]

8. Werkhoven, P,; Van Erp, ].B.E; Philippi, T.G. Navigating virtual mazes: The benefits of audiovisual landmarks. Displays 2014,
35,110-117. [CrossRef]

9. Hoogsteen, K.M.P; Szpiro, S.; Kreiman, G.; Peli, E. Beyond the cane: Describing urban scenes to blind people for mobility tasks.
ACM Trans. Access. Comput. (TACCESS) 2022, 15, 20. [CrossRef]

10. Wolbers, T.; Hegarty, M. What determines our navigational abilities? Trends Cogn. Sci. 2010, 14, 138-146. [CrossRef]

11.  Ekstrom, A.D. Why vision is important to how we navigate. Hippocampus 2015, 25, 731-735. [CrossRef]

12.  Giudice, N.A. Navigating without vision: Principles of blind spatial cognition. In Handbook of Behavioral & Cognitive
Geography; Montello, D.R., Ed.; Edward Elgar Publishing: Cheltenham, UK, 2018; Available online: https://www.e-
elgar.com/shop/gbp/handbook-of-behavioral-and-cognitive-geography-9781784717537 html?srsltid=AfmBOorbTv3wxMg6ZZBa
_WroN2_2qH1w4_RbkDyvTLXTpNXIS75XVZ8F (accessed on 23 February 2023).

13.  Hutmacher, F. Why is there so much more research on vision than on any other sensory modality? Front. Psychol. 2019, 10, 2246.
[CrossRef]

14. Patla, A.E. Understanding the roles of vision in the control of human locomotion. Gait Posture 1997, 5, 54-69. [CrossRef]

15.  Shayman, C.S.; McCracken, M.K,; Finney, H.C.; Fino, P.C.; Stefanucci, ] K.; Creem-Regehr, S.H. Integration of auditory and visual
cues in spatial navigation under normal and impaired viewing conditions. J. Vis. 2024, 24, 7. [CrossRef]

16. Stavropoulos, A.; Lakshminarasimhan, K.J.; Laurens, J.; Pitkow, X.; Angelaki, D. Influence of sensory modality and control

dynamics on human path integration. eLife 2022, 11, e63405. [CrossRef]

https:/ /doi.org/10.3390/brainscil6010013


https://doi.org/10.1017/CBO9780511610448.008
https://doi.org/10.1080/13875860902906496
https://doi.org/10.1080/01441647.2012.712555
https://doi.org/10.1111/tops.12592
https://doi.org/10.1177/19375867221134590
https://doi.org/10.1006/jevp.1996.0011
https://doi.org/10.1002/wcs.1375
https://doi.org/10.1016/j.displa.2014.04.001
https://doi.org/10.1145/3522757
https://doi.org/10.1016/j.tics.2010.01.001
https://doi.org/10.1002/hipo.22449
https://www.e-elgar.com/shop/gbp/handbook-of-behavioral-and-cognitive-geography-9781784717537.html?srsltid=AfmBOorbTv3wxMg6ZZBa_WroN2_2qH1w4_RbkDyvTLXTpNXlS75XVZ8F
https://www.e-elgar.com/shop/gbp/handbook-of-behavioral-and-cognitive-geography-9781784717537.html?srsltid=AfmBOorbTv3wxMg6ZZBa_WroN2_2qH1w4_RbkDyvTLXTpNXlS75XVZ8F
https://www.e-elgar.com/shop/gbp/handbook-of-behavioral-and-cognitive-geography-9781784717537.html?srsltid=AfmBOorbTv3wxMg6ZZBa_WroN2_2qH1w4_RbkDyvTLXTpNXlS75XVZ8F
https://doi.org/10.3389/fpsyg.2019.02246
https://doi.org/10.1016/S0966-6362(96)01109-5
https://doi.org/10.1167/jov.24.11.7
https://doi.org/10.7554/eLife.63405
https://doi.org/10.3390/brainsci16010013

Brain Sci. 2026, 16, 13 41 of 43

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

Bilal Salih, H.E.; Takeda, K.; Kobayashi, H.; Kakizawa, T.; Kawamoto, M.; Zempo, K. Use of auditory cues and other strategies as
sources of spatial information for people with visual impairment when navigating unfamiliar environments. Int. J. Environ. Res.
Public Health 2022, 19, 3151. [CrossRef]

Bulk, L.Y;; Smith, A.; Nimmon, L.; Jarus, T. A closer look at opportunities for blind adults: Impacts of stigmatization and
ocularcentrism. Br. J. Vis. Impair. 2020, 38, 270-283. [CrossRef]

Gupta, M.; Abdolrahmani, A.; Edwards, E.; Cortez, M.; Tumang, A.; Majali, Y.; Lazaga, M.; Tarra, S.; Patil, P.; Kuber, R.; et al.
Towards more universal wayfinding technologies: Navigation preferences across disabilities. In Proceedings of the Conference
on Human Factors in Computing Systems, Honolulu, HI, USA, 25-30 April 2020. [CrossRef]

Havik, E.M.; Melis-Dankers, B.J.M.; Steyvers, EJ.J.M.; Kooijman, A.C. Accessibility of Shared Space for visually impaired persons:
An inventory in the Netherlands. Br. J. Vis. Impair. 2012, 30, 132-148. [CrossRef]

Park, K.; Esfahani, H.N.; Novack, V.L.; Sheen, J.; Hadayeghi, H.; Song, Z.; Christensen, K. Impacts of disability on daily travel
behaviour: A systematic review. Transp. Rev. 2023, 43, 178-203. [CrossRef]

Parkin, J.; Smithies, N. Accounting for the needs of blind and visually impaired people in public realm design. J. Urban Des. 2012,
17,135-149. [CrossRef]

Saha, M.; Fiannaca, A.J.; Kneisel, M.; Cutrell, E.; Morris, M.R. Closing the gap: Designing for the last-few-meters wayfinding
problem for people with visual impairments. In Proceedings of the ASSETS 2019—21st International ACM SIGACCESS
Conference on Computers and Accessibility, Pittsburgh, PA, USA, 28-30 October 2019; pp. 222-235. [CrossRef]

Williams, M.A.; Hurst, A.; Kane, S.K. Pray before you step out. In Proceedings of the 15th International ACMSIGACCESS
Conference on Computers and Accessibility (ASSETS13), Bellevue, WA, USA, 21-23 October 2013; pp. 1-8. [CrossRef]
Augestad, L.B. Self-concept and self-esteem among children and young adults with visual impairment: A systematic review.
Cogent Psychol. 2017, 4, 1319652. [CrossRef]

Brouwer, D.M.; Sadlo, G.; Winding, K.; Hanneman, M.I.G. Limitations in mobility: Experiences of visually impaired older people.
Br. J. Occup. Ther. 2008, 71, 414-421. [CrossRef]

Demmin, D.L.; Silverstein, S.M. Visual impairment and mental health: Unmet needs and treatment options. Clin. Ophthalmol.
2020, 14, 4229-4251. [CrossRef]

Low, W.Y,; Cao, M.; De Vos, ].; Hickman, R. The journey experience of visually impaired people on public transport in London.
Transp. Policy 2020, 97, 137-148. [CrossRef]

Middleton, J.; Byles, H. Interdependent temporalities and the everyday mobilities of visually impaired young people. Geoforum
2019, 102, 76-85. [CrossRef]

Prandi, C.; Barricelli, B.R.; Mirri, S.; Fogli, D. Accessible wayfinding and navigation: A systematic mapping study. Univers. Access
Inf. Soc. 2023, 22, 185-212. [CrossRef]

World Health Organisation. Global Report on Health Equity for Persons with Disabilities. 2022. Available online:
https:/ /www.who.int/publications /i/item /9789240063600 (accessed on 1 November 2022).

United Nations. Convention on the Rights of Persons with Disabilities (CRPD)—Article 9. 2006. Available online:
https:/ /social.desa.un.org/issues/disability /crpd/article-9-accessibility (accessed on 1 November 2022).

Seetharaman, K.; Mahmood, A.; Rikhtehgaran, F; Akbarnejad, G.; Chishtie, F; Prescott, M.; Chung, A.; Mortenson, W.B. Influence
of the built environment on community mobility of people living with visual disabilities: A scoping review. Urban Plan. Transp.
Res. 2024, 12, 2296891. [CrossRef]

Gori, M.; Sandini, G.; Martinoli, C.; Burr, D.C. Impairment of auditory spatial localization in congenitally blind human subjects.
Brain 2014, 137, 288-293. [CrossRef]

Kolarik, A.J.; Pardhan, S.; Moore, B.C.J. A framework to account for the effects of visual loss on human auditory abilities. Psychol.
Rev. 2021, 128, 913-935. [CrossRef]

Sabourin, C.J.; Merrikhi, Y.; Lomber, S.G. Do blind people hear better? Trends Cogn. Sci. 2022, 26, 999-1012. [CrossRef]
Pasqualotto, A.; Proulx, M.]. The role of visual experience for the neural basis of spatial cognition. Neurosci. Biobehav. Rev. 2012,
36, 1179-1187. [CrossRef]

Koutsoklenis, A.; Papadopoulos, K. Haptic Cues Used for Outdoor Wayfinding by Individuals with Visual Impairments. J. Vis.
Impair. Blind. 2014, 108, 692-702. [CrossRef]

Koutsoklenis, A.; Papadopoulos, K. Olfactory Cues Used for Wayfinding in Urban Environments by Individuals with Visual
Impairments. J. Vis. Impair. Blind. 2011, 105, 43-53. [CrossRef]

Koutsoklenis, A.; Papadopoulos, K. Auditory Cues Used for Wayfinding in Urban Environments by Individuals with Visual
Impairments. J. Vis. Impair. Blind. 2011, 105, 703-714. [CrossRef]

Afrooz, A.E.; Hanaee, T.; Parolin, B. Wayfinding performance of visually impaired pedestrians in an urban area.
In Proceedings of the REAL CORP 2012 Tagungsband, Schwechat, Austria, 14-16 May 2012; Available online:
https:/ /corp.at/archive/CORP2012_15.pdf (accessed on 16 July 2025).

Kan-Kilic, D.; Dogan, F. Way-finding strategies of blind persons in urban scale. PsyCh J. 2017, 6, 303-315. [CrossRef]

https:/ /doi.org/10.3390/brainscil6010013


https://doi.org/10.3390/ijerph19063151
https://doi.org/10.1177/0264619620911424
https://doi.org/10.1145/3313831.3376581
https://doi.org/10.1177/0264619612456242
https://doi.org/10.1080/01441647.2022.2060371
https://doi.org/10.1080/13574809.2012.646139
https://doi.org/10.1145/3308561.3353776
https://doi.org/10.1145/2513383.2513449
https://doi.org/10.1080/23311908.2017.1319652
https://doi.org/10.1177/030802260807101003
https://doi.org/10.2147/OPTH.S258783
https://doi.org/10.1016/j.tranpol.2020.07.018
https://doi.org/10.1016/j.geoforum.2019.03.018
https://doi.org/10.1007/s10209-021-00843-x
https://www.who.int/publications/i/item/9789240063600
https://social.desa.un.org/issues/disability/crpd/article-9-accessibility
https://doi.org/10.1080/21650020.2023.2296891
https://doi.org/10.1093/brain/awt311
https://doi.org/10.1037/rev0000279
https://doi.org/10.1016/j.tics.2022.08.016
https://doi.org/10.1016/j.neubiorev.2012.01.008
https://doi.org/10.1177/0145482X1410800105
https://doi.org/10.1177/0145482X1110501015
https://doi.org/10.1177/0145482X1110501016
https://corp.at/archive/CORP2012_15.pdf
https://doi.org/10.1002/pchj.187
https://doi.org/10.3390/brainsci16010013

Brain Sci. 2026, 16, 13 42 of 43

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

gakaja, L. The non-visual image of the city: How blind and visually impaired white cane users conceptualize urban space. Soc.
Cult. Geogr. 2020, 21, 862-886. [CrossRef]

Wang, M.; Dommes, A.; Renaudin, V.; Zhu, N. Analysis of spatial landmarks for seamless urban navigation of visually impaired
people. IEEE ]. Indoor Seamless Position. Navig. 2023, 1, 93-103. [CrossRef]

Zimmermann-Janschitz, S.; Mandl, B.; Diickelmann, A. Clustering the mobility needs of persons with visual impairment or legal
blindness. Transp. Res. Rec. 2017, 2650, 66-73. [CrossRef]

Bradley, N.A.; Dunlop, M.D. An experimental investigation into wayfinding directions for visually impaired people. Pers.
Ubiguitous Comput. 2005, 9, 395-403. [CrossRef]

Isazade, V. Advancement in navigation technologies and their potential for the visually impaired: A comprehensive review. Spat.
Inf. Res. 2023, 31, 547-558. [CrossRef]

Messaoudi, M.D.; Menelas, B.A.J.; Mcheick, H. Review of Navigation Assistive Tools and Technologies for the Visually Impaired.
Sensors 2022, 22, 7888. [CrossRef]

Walle, H.; De Runz, C.; Serres, B.; Venturini, G. A survey on recent advances in Al and vision-based methods for helping and
guiding visually impaired people. Appl. Sci. 2022, 12, 2308. [CrossRef]

Zheng, X.; Maredi, A.; Zahabi, M. A scoping literature review and content analysis of navigation apps for blind and visually
impaired users. Proc. Hum. Factors Ergon. Soc. 2022, 66, 2295-2299. [CrossRef]

Dandona, L.; Dandona, R. Revision of visual impairment definitions in the International Statistical Classification of Disease. BMC
Med. 2006, 4, 7. [CrossRef]

Braun, V.; Clarke, V. Successful Qualitative Research a Practical Guide for Beginners, SAGE Publications: Thousand Oaks, CA,
USA, 2013; Available online: https://uk.sagepub.com/en-gb/eur/successful-qualitative-research /book233059 (accessed on
29 October 2022).

Braun, V.; Clarke, V. Toward good practice in thematic analysis: Avoiding common problems and be(com)ing a knowing
researcher. Int. . Transgender Health 2023, 24, 1-6. [CrossRef] [PubMed]

Castillo-Montoya, M. Preparing for interview research: The interview protocol refinement framework. Qual. Rep. 2016, 21, 811-831.
[CrossRef]

Kici, G.; Westhoff, K. Evaluation of requirements for the assessment and construction of interview guides in psychological
assessment. Eur. J. Psychol. Assess. 2004, 20, 83-98. [CrossRef]

Amberscript, B.V. Amberscript [Computer Software]. (n.d.). Available online: https://www.amberscript.com (accessed on
28 October 2025).

Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77-101. [CrossRef]

QSR International. NVivo 14—Qualitative Analysis Software. 2023. Available online: https://www.qsrinternational.com /nvivo-
qualitative-data-analysis-software /home (accessed on 24 March 2023).

Hennink, M.; Kaiser, B.N. Sample sizes for saturation in qualitative research: A systematic review of empirical tests. Soc. Sci. Med.
2022, 292, 114523. [CrossRef] [PubMed]

Weller, 5.C.; Vickers, B.; Bernard, H.R.; Blackburn, A.M.; Borgatti, S.; Gravlee, C.C.; Johnson, J.C. Open-ended interview questions
and saturation. PLoS ONE 2018, 13, e0198606. [CrossRef]

O’Connor, C.; Joffe, H. Intercoder reliability in qualitative research: Debates and practical guidelines. Int. ]. Qual. Methods 2020,
19, 1609406919899220. [CrossRef]

Cole, R. Inter-rater reliability methods in qualitative case study research. Sociol. Methods Res. 2024, 53, 1944-1975. [CrossRef]
Castelli, L.; Latini Corazzini, L.; Geminiani, G.C. Spatial navigation in large-scale virtual environments: Gender differences in
survey tasks. Comput. Hum. Behav. 2008, 24, 1643-1667. [CrossRef]

Waller, D.; Lippa, Y. Landmarks as beacons and associative cues: Their role in route learning. Mem. Cogn. 2007, 35, 910-924.
[CrossRef]

Karimpur, H.; Hamburger, K. Multimodal integration of spatial information: The influence of object-related factors and self-
reported strategies. Front. Psychol. 2016, 7, 1443. [CrossRef]

Rey-Galindo, J.A.; Rizo-Corona, L.; Gonzalez-Muifioz, E.L.; Aceves-Gonzalez, C. Environmental information for people with
visual impairment in Mexico—Or what they need and how they use it. Appl. Ergon. 2020, 85, 103079. [CrossRef] [PubMed]
Baganz, B. Report on Number of Guide Dogs in Europe; European Guide Dog Federation: Priors Marston, UK, 2013. Available online:
https:/ /www.egdfed.org/media/1039 /number-of-guide-dogs-report.pdf (accessed on 25 June 2025).

Furtado, A.; Bastos, EM. U.S. and European freight railways: The differences that matter. J. Transp. Res. Forum 2013, 52, 65-84.
[CrossRef]

Buehler, R. Determinants of transport mode choice: A comparison of Germany and the USA. J. Transp. Geogr. 2011, 19, 644—657.
[CrossRef]

Zijlstra, G.A.R.; Ballemans, J.; Kempen, G.I.J.M. Orientation and mobility training for adults with low vision: A new standardized
approach. Clin. Rehabil. 2013, 27, 3-18. [CrossRef]

https://doi.org/10.3390/brainsci16010013


https://doi.org/10.1080/14649365.2018.1534262
https://doi.org/10.1109/JISPIN.2023.3333852
https://doi.org/10.3141/2650-08
https://doi.org/10.1007/s00779-005-0350-y
https://doi.org/10.1007/s41324-023-00522-4
https://doi.org/10.3390/s22207888
https://doi.org/10.3390/app12052308
https://doi.org/10.1177/1071181322661554
https://doi.org/10.1186/1741-7015-4-7
https://uk.sagepub.com/en-gb/eur/successful-qualitative-research/book233059
https://doi.org/10.1080/26895269.2022.2129597
https://www.ncbi.nlm.nih.gov/pubmed/36713144
https://doi.org/10.46743/2160-3715/2016.2337
https://doi.org/10.1027/1015-5759.20.2.83
https://www.amberscript.com
https://doi.org/10.1191/1478088706qp063oa
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
https://doi.org/10.1016/j.socscimed.2021.114523
https://www.ncbi.nlm.nih.gov/pubmed/34785096
https://doi.org/10.1371/journal.pone.0198606
https://doi.org/10.1177/1609406919899220
https://doi.org/10.1177/00491241231156971
https://doi.org/10.1016/j.chb.2007.06.005
https://doi.org/10.3758/BF03193465
https://doi.org/10.3389/fpsyg.2016.01443
https://doi.org/10.1016/j.apergo.2020.103079
https://www.ncbi.nlm.nih.gov/pubmed/32174367
https://www.egdfed.org/media/1039/number-of-guide-dogs-report.pdf
https://doi.org/10.5399/osu/jtrf.52.2.4174
https://doi.org/10.1016/j.jtrangeo.2010.07.005
https://doi.org/10.1177/0269215512445395
https://doi.org/10.3390/brainsci16010013

Brain Sci. 2026, 16, 13 43 of 43

71.

72.

73.

74.

Kuriakose, B.; Ness, LM.; Tengstedt, M.A.; Svendsen, J.M.; Bjerseth, T.; Pradhan, B.L.; Shrestha, R. Turn Left Turn Right—Delving
type and modality of instructions in navigation assistant systems for people with visual impairments. Int. ]. Hum. Comput. Stud.
2023, 179, 103098. [CrossRef]

Zafar, S.; Asif, M.; Ahmad MBin Ghazal, T.M.; Faiz, T.; Ahmad, M.; Khan, M. A. Assistive devices analysis for visually impaired
persons: A review on taxonomy. IEEE Access 2022, 10, 13354-13366. [CrossRef]

Havik, E.M,; Steyvers, FJ.J.M.; Kooijman, A.C.; Melis-Dankers, B.].M.; Kooijman, A.C. Accessibility of shared space for visually
impaired persons: A comparative field study. Br. J. Vis. Impair. 2015, 33, 96-110. [CrossRef]

Blokland, D.P.H.; Van Loef, M.].E.; Van der Stoep, N.; Postma, A.; Overvliet, K.E. Wayfinding with impaired vision: Preferences
for cues, strategies, and aids. Part II—Perspectives from Orientation & Mobility instructors. Brain Sci. 2026, 16, 6.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390 /brainscil6010013


https://doi.org/10.1016/j.ijhcs.2023.103098
https://doi.org/10.1109/ACCESS.2022.3146728
https://doi.org/10.1177/0264619615575793
https://doi.org/10.3390/brainsci16010013

	Introduction 
	Materials and Methods 
	Sample 
	Procedure 
	Design of the Interview Protocol 
	Data Analysis 
	Pre-Processing 
	Thematic Analysis 
	Theme Development and Thematic Map Design 
	Focus Group 


	Results 
	Theme Overview 
	Wayfinding Cues 
	Sensory Modalities 
	Hearing 
	Touch 
	Residual Vision 
	Olfaction 
	Vestibular and Proprioceptive Cues 
	Cane Use 
	Guide Dog 
	Environment 
	Weather Conditions 
	Light Intensity 
	Crowdedness 
	Reliability 

	Knowledge 
	Autopilot 
	Layout of the Environment 
	Taking a Turn 
	Familiarity 
	Sense of Direction 
	Command Guide Dog 
	Counting 
	Estimation of Time and Distance 

	Other People 
	Assistance 
	Interpersonal Dynamics 

	Smartphone Applications 
	Preparation 
	Public Transport 
	Reorientation 

	Affective Factors 
	Energy and Concentration 
	Emotions and Opinions 
	Needs 
	Attitude Towards Mishaps 

	Navigational Intention 
	Orientation 
	Mobility 
	Safety 


	Discussion 
	Conclusions 
	Appendix A
	Appendix B
	Case 01 
	Case 02 
	Case 03 
	Case 04 
	Case 05 
	Case 06 
	Case 07 
	Case 08 
	Case 09 
	Case 10 
	Case 11 

	References

