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This article reports on an empirical evaluation of the experience, performance, and
perception of a deafblind adult participant in an experimental case study on pedestrian
travel in an urban environment. The case study assessed the degree of seamlessness of
the wayfinding experience pertaining to routes that traverse both indoor and outdoor
spaces under different modalities of technology-aided pedestrian travel. Specifically, an
adult deafblind pedestrian traveler completed three indoor/outdoor routes on an urban
college campus using three supplemental wayfinding support tools: a mobile application,
written directions, and a tactile map. A convergent parallel mixed-methods approach was
used to synthesize insights from a pre-travel questionnaire, route travel video recordings,
post-travel questionnaire, and post-travel interview. Our results indicate that wayfinding
performance and confidence differed considerably between the three wayfinding support
tools. The tactile map afforded the most successful wayfinding and highest confidence.
Wayfinding performance and confidence were lowest for the mobile application modality.
The simplicity of use of a wayfinding tool is paramount for reducing cognitive load during
wayfinding. In addition, information that does not match individual, user-specific
information preferences and needs inhibits wayfinding performance. Current practice
pertaining to the representation of digital spatial data only marginally accounts for the
complexity of pedestrian human wayfinding across the gamut of visual impairment,
blindness, and deafblindness. Robust orientation and mobility training and skills remain
key for negotiating unexpected or adverse wayfinding situations and scenarios,
irrespective of the use of a wayfinding tool. A substantial engagement of the deafblind
community in both research and development is critical for achieving universal and
equitable usability of mobile wayfinding technology.
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1 INTRODUCTION

It is commonly understood that individual mobility enables
humans to live healthy, sustainable, and fulfilling lives
(Golledge and Stimson, 1997). A substantial part of human
mobility consists of wayfinding, that is, the goal-directed
cognitive process of negotiating movement and navigation
towards a destination through the environment (Golledge,
1999; Dalton et al., 2019). People with disabilities, including
those who are blind, deafblind, or who have low vision,
constitute a sizable and growing minority of the general
population (Courtney-Long et al., 2015). This minority
continues to face significant barriers to equitable community
inclusion and access to public resources, employment, education,
and technology (Emerson et al., 2009; Hodge et al., 2013; Wilson
et al., 2017; Carroll et al., 2018; Okoro et al., 2018; Clarke et al.,
2019; Ehn et al., 2019; Liu, 2019).

As mobile wayfinding technologies have continued to
proliferate, so has scholarly interest in technology-mediated
pedestrian navigation, including research in the specific
context of functional disability and visual impairment (Kane
et al., 2009; Swobodzinski and Raubal, 2009; Giudice et al.,
2019; Parker et al., 2020; Ponchillia et al., 2020). Despite
significant advancements and wide dissemination of mobile
technologies among the sighted population (Pew Research
Center, 2015), technology designers, creators, and scholars
have yet to fully unpack the specific accessibility and
information needs of deafblind individuals (Griffin-Shirley
et al., 2017; Parker et al., 2020).1 In addition, academic
research on human wayfinding predominately subscribes to an
artificial demarcation between outdoor and indoor wayfinding,
with little change over the last decade (Giudice et al., 2010). Such
separation does not apply to typical human travel (Kim and
Lehto, 2013; Kray et al., 2013; Winters et al., 2015) and it is one of
the factors that inhibits a consolidation of mobile wayfinding
software, functionality, and data models for seamless wayfinding
through outdoor, indoor, and transitional spaces (Vanclooster
et al., 2016; Wagner et al., 2017; Yan et al., 2019). As it stands, few
mobile wayfinding solutions consider the information needs of
visually impaired, blind, and deafblind individuals, and the
desired functionality remains fragmented (Swobodzinski and
Parker, 2019).

Among the small number of experimental wayfinding studies
that included visually impaired or blind participants (e.g.
Connors et al., 2014a,b; Bai et al., 2017; Pissaloux et al., 2017),
comorbid impairments, and hearing loss in particular, have
received little consideration. This lack of empirical evaluations
reflects the scarcity of empirical research studies in the specific
context of deafblindness (Ehn et al., 2019; Wittich et al., 2021).
Select exceptions to such omission are Ross and Kelly (2009), with
two participants who used hearing aids to compensate for hearing
loss, and Nicholson et al. (2009) who reported that one visually

impaired participant had an unspecified additional disability.
Also, Vincent et al. (2014) had four deafblind participants in
their study on the effectiveness of two mobility devices
(i.e., Miniguide and Breeze) and Parker et al. (2020) leveraged
small focus groups with deafblind participants to better
understand individual experiences pertaining to the use of
mobile wayfinding technology under dual sensory loss. Most
noteworthy is that none of the aforementioned studies 1. focused
on the inclusion of deafblind participants and the assessment of
their wayfinding behavior and 2. employed a cross-comparison
among different categories of wayfinding support tools. As it
stands, research on technology-mediated human wayfinding
under consideration of dual sensory loss is characterized by a
scarcity of empirical evaluations, established methodological
approaches, and experimental protocols. With the case study
presented in the paper we seek to help mitigate this scarcity.

Further relevant for our study is the construct of seamless
wayfinding. Seamlessness in wayfinding research entails at the
very least the integration of both indoor and outdoor spaces as a
component of the experimental design and analysis (Vanclooster
and De Maeyer, 2012). In that context, only few recent human-
subject studies have explored seamlessness as it comes to
individual wayfinding under consideration of visually
impairment and blindness. Cheraghi et al. (2019), for instance,
presented a smartphone application (CityGuide) that provided
turn-by-turn instructions for routes with an indoor origin and an
outdoor destination; thus, their routes spanned both indoor and
outdoor spaces by design. Bai et al. (2019) reported on a wearable
assistive device prototype that combined functionality pertaining
to positioning, route calculation, and obstacle avoidance, which
they assessed in both indoor and outdoor spaces. However, the
experimental routes were separated into indoor and outdoor. A
haptic navigation aid (LaserNavigator) supporting obstacle
avoidance and distance estimation was evaluated by Röijezon
et al. (2019) using separate indoor and outdoor routes.
Furthermore, Meshram et al. (2019) assessed the performance
of an electronic mobility device (NavCane) with obstacle
detection and recognition capabilities with 80 visually
impaired participants in well-controlled and separate indoor
and outdoor settings. Similarly, Duh et al. (2020) evaluated a
wearable wayfinding device (V-Eye) that employed a low-cost
camera and computer vision for positioning, body orientation,
and scene understanding/obstacle detection in indoor and
outdoor spaces. As in Bai et al. (2019), Röijezon et al. (2019),
and Meshram et al. (2019), the respective wayfinding routes
devised by Duh et al. (2020) were situated either in indoor or
outdoor environments, not indoors and outdoors.

In this paper, we report on a case study with an empirical,
mixed-methods evaluation of the wayfinding experience of a
deafblind adult pedestrian traveler in an urban environment
(Aarons et al., 2012; Fetters et al., 2013). To that account, our
collaborative research group of researchers and practitioners in
geographic information science and Orientation and Mobility
(O&M) devised an experimental procedure to capture and
evaluate the deafblind participant’s wayfinding performance,
confidence, and perceptions about his travel. Specifically, the
participant was asked to complete a set of three unfamiliar

1For recent reviews of the academic literature on navigation systems, tools, and
technologies for blind or low-vision individuals see Real and Araujo (2019),
Plikynas et al. (2020), Kuriakose et al. (2020), and Khan et al. (2021).
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pedestrian routes on an urban college campus using either a
mobile wayfinding application, written directions, or a tactile
map. The routes were designed to resemble real-world travel and
to explicitly combine indoor and outdoor route segments and
transitions between indoor and outdoor spaces. The case study
allowed us to perform a comparative assessment of the
participant’s wayfinding behavior in relation to the wayfinding
support tool used.

The case study discussed in this paper is a part of a larger
research project that aims to assess the degree of seamlessness of
the wayfinding experiences of visually impaired or blind
pedestrian travelers, with a particular focus on those who are
deafblind, as it comes to negotiating realistic pedestrian routes.
The project builds upon prior work of the lead authors on the use
of mobile wayfinding technology by low-vision, blind, and deafblind
users (Swobodzinski and Parker, 2019; Parker et al., 2020). Our focus
in the paper at hand is on the description and discussion of the
qualitative and quantitative factors, both observed and emerged, that
informed the wayfinding behavior of the deafblind participant in our
case study. The central research question that we address in our case
study is: In which way do spatial information provisions afforded by
a mobile app, written directions, and a tactile map inform the
wayfinding performance and confidence of a deafblind individual?

2 MATERIALS AND METHODS

2.1 Hypotheses
Prior research evidenced that perceptions on the usefulness of
information on distal and proximal landmarks differed among

individual travelers depending on the type of wayfinding task
undertaken (Tom and Denis, 2003; Li, 2006; Norgate and
Ormerod, 2012; Kettunen et al., 2013; Denis et al., 2014; Li
et al., 2014; Nuhn and Timpf, 2017; Padmanaban and Krukar,
2017; Sato et al., 2019). In this context, Allen (1999) put forward
the conceptual distinction between wayfinding tasks that focus on
the exploration of an environment, a wayfinding explore (Allen,
1999), and those that are foremost concerned with reaching an
unfamiliar destination, a wayfinding quest (Sato et al., 2019).
Given the resemblance of our experimental design to a quest, we
hypothesized that 1. the waypoint-centric information provided
by the mobile application would most closely match the
information needs of the participant for successful wayfinding
and 2. the mobile application modality would afford highest route
completion performance, that is, fastest completion times and
highest satisfaction.

2.2 Study Location
In-person study activities took place at Portland State University
(PSU), an urban public research university in Portland, Oregon
(Figure 1). PSU originated in 1946 as an educational institution
for veterans of World War II and was granted university status in
1969. PSU currently serves approximately 24,000 students2,
making it the second largest public university in Oregon. Since
1964, PSU has been housing the Visually Impaired Learner (VIL)
program, a graduate teacher training program for teachers of
visually impaired, blind, and deafblind students. In 2016, the VIL

FIGURE 1 | Overview map of the location of our wayfinding case study, the campus of Portland State University in the downtown neighborhood of Portland, OR.

2https://www.pdx.edu/portland-state-university-facts
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program was extended by the PSU Orientation and Mobility
program—a graduate preparation program aimed at the
mitigation of the substantial shortage of Orientation and
Mobility (O&M) specialists in the United States (Lawson and
Parker, 2020; Schles, 2021). Since 2017, PSU has also been hosting
Mobility Matters, an annual summit centered on interdisciplinary
conversations by researchers, educators, practitioners, advocates,
and members of the disability community at the nexus of
accessible mobility, design, infrastructure, and transportation
on university campuses (Parker, 2020).

PSU’s 49-acre campus is closely integrated with the
surrounding urban environment of downtown Portland,
including features such as major and minor roads, sidewalks,
parking structures, pedestrian footways, and transit stops
(i.e., light rail, bus, and streetcar). The central part of the
campus consists of a designated pedestrian-only city park and
greenspace (i.e., South Park Blocks) that is flanked by university
buildings, with paved footways, sizable grassy areas, and trees. It
is in the central area of the campus that we situated the routes for
our wayfinding case study.

It is also noteworthy that a number of buildings on the PSU
campus have been equipped with an array of Bluetooth Low Energy
(BLE) beacons during a previous research study of team. In addition,
research onwayfinding technology at PSU has been facilitated by the
volunteered contributions of collaborators at the American Printing
House for the Blind (APH), members of the research team, student
volunteers, and members of the general public who digitized various
floorplans of PSU buildings and annotated interior rooms and
features of interest. The digital spatial data pertaining to these
spaces and interior features, including BLE beacon locations and
identifiers, have beenmade available on the OpenStreetMap (OSM)3

open data platform. OSM data for indoor environments is non-
standard and requires an OSM mapping client capable of
cartographically visualizing indoor features. One example is the
OpenLevelUp web map client which can be accessed at the link
provided in the footnote, centered on our study area at PSU (Lat.
45.6° N and Lon. 122.7° W).4

2.3 Participant
The participant for this case study was a college educated, self-
employed 32 year old white male. Before the participant was
invited to partake in the wayfinding experiment, he was asked to
complete a 22-item screening survey (Data Supplement 1).
Specifically, eligibility for participation in the study required
the participant to self-identify as 1. being blind or having low
vision, 2. having at least slight confidence pertaining to
independent travel, and 3. having at least slight confidence in
completing one third of a mile of travel without resting. The
participant’s professional work includes the creation of mobility
aids for individuals who are blind or have low vision. He reported
being married and living with his partner. The onset of his visual
impairment was at the age of 19, with Usher syndrome type II and
retinitis pigmentosa as the underlying conditions. He self-

identified as hard-of-hearing and self-estimated a hearing loss
of 60–70 percent. He added that he is commonly using a small in-
ear hearing aid5 which allows him to perceive regular
conversations and environmental sounds. He also reported
being legally blind, with recent rapid diminishing visual fields.
He described his current visual function as having no clarity in
the left eye and 2° in the right eye. He stated being able to locate
large objects and bright lights in his central but not his peripheral
vision. He is transitioning to using braille but uses screen reading
technology to access print. He received formal O&M training,
including guide dog mobility instruction. He also had experience
using tactile maps and wayfinding technology which he described
as little for tactile maps and much for wayfinding technology. In
terms of travel, he reported feeling extremely confident about his
ability to travel independently and to complete a route of a third
of a mile without resting. He normally uses a guide dog as his
primary mobility device and is competent in using a cane for his
travels. For his participation in our study, the participant received
a honorarium of $75 in the form of an electronic gift card at the
conclusion of the research activities.

2.4 Study Design
Our study employed a convergent mixed-methods parallel
research design. A convergent-parallel approach calls for the
simultaneous collection and analysis of qualitative and
quantitative data within two separate parallel tracks (Creswell
and Plano Clark, 2017). Subsequently, the individual results are
integrated and interpreted together (Edmonds and Kennedy,
2017). This mixed-methods approach was most conducive to
the gathering and analysis of the observational quantitative and
qualitative data on the participant’s wayfinding behavior.

The primary task for the participant was to complete three
routes contained within the central areas of the PSU campus
(Figure 2). The participant was not familiar with the PSU campus
and the routes were unknown to him. Subsequently, the
participant completed a semi-structured interview with
questions on the participant’s perceptions on past wayfinding
experiences (Figure 3). The participant signed individual consent
forms for the screening survey, wayfinding experiment, and semi-
structured interview. The consent form for the wayfinding
experiment pointed out that our research aimed at better
understanding individual experiences with and perceptions on
indoor/outdoor travel in relation to wayfinding support tools.

The order in which each route were to be completed was
determined through random assignment. For each route, the
participant was asked to use a different wayfinding support tool
among a selection of three: 1. written directions (Route B), 2. a
tactile map (Route C), and 3. a mobile application (Route A;
Nearby Explorer Online). The wayfinding support tools were
randomly paired with each route so that each support tool was
used for a single route and no more than one time. Throughout
the wayfinding experiment, the participant was asked to use his
preferred primary mobility tool which for the participant was a
white, lighted mobility cane with a jumbo roller tip.

3http://www.openstreetmap.org
4https://openlevelup.net/?l�0\#18/45.51166/-122.68592 5Signia: https://www.signia.net/en-us/hearing-aids/
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2.4.1 Routes
Given our study’s objective to assess realistic travel experiences,
the routes in our experiment were designed to resemble routes
taken by students to reach commonly sought destinations on the
PSU campus. Furthermore, the routes that we devised
incorporated best practice in O&M for indoor and outdoor
pedestrian travel (Fazzi and Barlow, 2017). Specifically, each
route afforded establishing an initial straight line of travel,
parallel alignment and squaring off of one’s body to

environmental features, shorelining of prominent boundaries
between different surface types, walltrailing of interior and
exterior walls, as well as leveraging proximal wayfinding
landmarks on and along our experimental routes, as was
deemed most appropriate by the joint assessment of the O&M
specialists on our team. In addition, we aimed at a level of route
complexity that we expected would allow a visually impaired,
blind, or deafblind individual to complete the experimental
protocol in a single, half-day session.

FIGURE 2 | Map of the three indoor/outdoor routes that we devised for our wayfinding study.

FIGURE 3 | Overview of the questions for the semi-structured interview which we conducted with the participant shortly after having completed the wayfinding
experiment.
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Considering commonly employed metrics of route complexity
(Chang et al., 2020; Fernando et al., 2021), the routes were closely
matched to be of a comparable length and configuration in terms

of the total number of turns. To that account, the three routes
averaged a length of 463 feet and nine total turns, with a variation
among the routes of ± 10 feet and ± one turn. We purposefully

FIGURE 4 | Sequence of photos (top to bottom, left to right) illustrating the conceptualized course of Route A from its origin at the entrance of Smith Memorial
Student Union to its destination at the Student Accounts desk in the Fariborz Maseeh Hall building.

TABLE 1 | Characteristics of the three wayfinding routes that we asked our case study participant to complete in terms of overall length, the length of indoor and outdoor
segments, total number of turns, and the number of right-angled and oblique turns.

Name Description Total
length (ft)

Outdoor
segment (ft)

Indoor
segement (ft)

Total
turns (#)

Right
turns (#)

Oblique
turns (#)

Route A Smith Hall to Student Services 473 259 214 8 8 —

Route B Park Blocks to Library Cafe 463 277 186 10 10 —

Route C Park Avenue to Conference
Room

453 275 178 9 5 4
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omitted street crossings in favor of travel along pedestrian-only
footways on the PSU campus for two reasons. First, adding street
crossings with car traffic would increase the risk to participants
with no apparent benefit to the study. Second, the inclusion of
street crossings would necessitate deviating from the central area

of the campus towards its fringe, which would increase overall
route lengths. Having said that, all three routes included crossings
of wide pedestrian footways whose widths were comparable to
those of single-lane streets (i.e., about 20 feet).

All routes originated at an outdoor location and terminated at
an indoor location. For Route A the participant traveled from the
entrance of the building that houses the PSU Disability Resource
Center (i.e., Smith Memorial Student Union) to the Student
Accounts desk in the adjacent building (i.e., Fariborz Maseeh
Hall). Route B originated at a durable outdoor landmark
(i.e., concrete garbage can) and led to the booth of a cafe in
the PSU Branford Price Millar Library. Route C originated at
another durable landmark (i.e., outdoor lamppost) and led to the
door of a conference room in Fariborz Maseeh Hall. Figure 4
depicts the conceptualized course of Route A and Table 1
summarizes the main characteristics of the three
conceptualized routes.

2.4.2 Wayfinding Support Tools
The three different types of wayfinding support tools were
prepared for each route in advance of the experiment to be at
hand when required. The written directions were devised by
O&M specialists on our team, following O&M best practices.
More specifically, the written route descriptions were
comprised of a granular list of O&M action steps and
descriptive information about the route to be travelled, as
well as information on landmarks coincidental with or
proximal to the route. The written route descriptions for
the three routes also functioned as the route preview
scripts which were read by the facilitator to the participant

FIGURE 5 | Route description for Route B that was read to the participant during the route preview phase. Subsequently, a digital file of the route description was
sent to the participant through email for use during the wayfinding experience using Apple VoiceOver on the participant’s iPhone.

FIGURE 6 | Representation of the tactile map that was provided to the
participant for Route C. The outdoor segment of the route was captured on
the left side of the tactile map and the indoor segment on its right. The tactile
map was letter-sized and crafting materials representing a garbage can
and a public bench were added to the map on the prompt of the participant.
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for each route. Hence, for Route B, the written directions were
used as both the route preview script and wayfinding support
tool. The route description for Route B is provided in
Figure 5.

The tactile maps were created with simplicity and legibility in
mind. We used duct tape, puff paint, and braille labels to convey
the layout of a route as well as the locations of named landmarks,
for instance, a large tree, a billboard, and entrance doors, or a wall.
During the route preview period, the participant was allowed to
familiarize himself with the tactile map as the researcher read the
description for Route C aloud. During that time two elements
were added to the tactile map (representing a garbage can and a
public bench) using crafting materials (Wikki Stix) at the request
of the participant (Figure 6).

For the mobile application (mobile app) modality, members of
the research team identified suitable indoor waypoints for each
route. The waypoints were subsequently incorporated as spatial
data into the mobile app in order to be selectable through the
app’s regular user interface. For Route A (mobile app modality),
six waypoints were created in the Fariborz Maseeh Hall building.
In terms of user interaction with the app during wayfinding,
waypoints were selected one at a time, in sequence of encounter
along the route. This approach was motivated by the mobile app’s
capability of alerting the user through vibration when the phone
was pointed in the direction of a selected waypoint. For best
performance, the cellphone needed to be held in front of the body,
in parallel alignment with the ground. Determination of the

position of the user in relation to surrounding features in the
app was leveraging GPS in outdoor areas and BLE beacons in the
indoor areas. In addition, the app provided audio information on
points of interest in the surrounding area. Figure 7 shows the
locations of BLE beacon locations and waypoints for Route A in
Fariborz Maseeh Hall.

2.5 Procedure
The participant was asked to join the members of the research
team on the PSU campus in the vicinity of the travel routes that
we devised. The core research team for the experiment consisted
of three researchers whose respective responsibilities were to 1.
function as the facilitator and main point of contact for the
participant throughout the wayfinding experiment, 2. capture the
participant’s wayfinding behavior using video recording
equipment, and 3. collect observational data on the
participant’s wayfinding behavior on experiment-specific data
collection forms. The random assignment of routes and
wayfinding support tools resulted in the participant first
completing Route B using written directions, then Route C
using a tactile map, and finally Route A using the mobile app.
We instructed the participant to seek assistance from the
facilitator during wayfinding only if necessary. We also
advised the participant to vocalize his thoughts during
wayfinding (i.e. Fonteyn et al., 1993, think aloud method).

Each route was introduced during a route preview period
before route travel began. During the route preview, route

FIGURE 7 | Map of the location of Bluetooth Low Energy (BLE) beacons as well as the name and location of waypoints for Route A in the Fariborz Maseeh Hall
(FMH) building. The Student Accounts desk and a conference room in FMH served as destinations for two of our routes (i.e., Route A and Route C; not displayed).
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descriptions with step-by-step wayfinding instructions were read
to the participant by the facilitator and discussed until the
participant indicated that all of his questions had been
answered and that he was ready to start. At the end of the
route preview, the participant was asked two questions on past
experience with the respective wayfinding support tool: 1. Have
you ever used this type of wayfinding support tool before (binary;
yes/no)? 2 [If yes] How often have you used this type of support
tool before (ascending 5-point numerical scale; one through 5)?
Upon completion of each route, the participant was asked four
additional questions on confidence and usefulness of information
during wayfinding: 1. How useful was the preview for navigating
the route? 2. How confident did you feel navigating the route? 3.
How useful was the in-route information while navigating the
route? 4. How confident were you in navigating the indoor/
outdoor sections of the route? All post-route questions were
answered on an ascending 5-point numerical scale, with values
ranging from 1 to 5.

Before the preview for Route A (mobile app modality), the
participant was asked to download the app (Nearby Explorer
Online) and install it on his phone. Subsequently, the participant
was given an approximately 5min-long introduction on how to use
the app. More specifically, the participant was shown how to adjust
in-app settings pertaining to haptic or audio feedback during
wayfinding. He was also assisted in adding the six waypoints for
Route A to the list of favorites within the app for faster access during
wayfinding. In addition, the participant was instructed on how to set
and clear waypoints in the app. In this context, it is noteworthy that
setting a new waypoint during wayfinding required that the
facilitator approach the participant when a waypoint was reached
to inform the participant of the name of the next waypoint. The
participant would then clear the reached waypoint in the app, search
for the next waypoint based on name, and set the app to the new
waypoint. We considered these exchanges between the facilitator
and participant to be necessary, given the functionality of the app.

For Route B (written directions modality), a digital copy of the
route description was sent to the participant through email just prior
to the start of the travel. The participant then used his personal
cellphone (iPhone 6s Plus) to access the route descriptions through
Apple VoiceOver and a Bluetooth device connected to his hearing
aid, as needed. The participant also used his personal cellphone to
run the mobile app that was used for Route A. Overall, the
wayfinding experiment took 3 hours to complete and was
followed by the hour-long, semi-structured interview on the
participant’s perception and reflection on the experiment and
indoor/ourdoor wayfinding. A break for lunch was provided in
between the wayfinding experiment and the interview.

2.6 Analytical Process
The data that we collected in our case study were as follows: 1.
responses to pre-route and post-route questions, 2. responses to
questions during the semi-structured interview, and 3. video
recording of the participant’s wayfinding behavior. The video
recordings of the participant’s wayfinding behavior constituted
the major source for the assessment of the participant’s route
completion performance. An initial review of the video
recordings allowed us to identify an inventory of wayfinding

performance metrics that could be extracted from the video
recordings, specifically: 1. overall route completion time, 2.
number of wayfinding errors, 3. overall duration of recovery
from errors, 4. number of facilitator interventions, and 5. number
of questions by the participant to the facilitator. We
conceptualized errors as an apparent deviation from the route
by the participant which might or might not have been self-
corrected by the participant. Interventions, on the other hand,
were wayfinding incidences during which the participant
deviated from the route to an extent that reestablishing
orientation without guidance from the facilitator was unlikely.
In such cases, the facilitator would stop the participant to clarify
the situation and, if necessary, lead the participant to the last
decision point or landmark using human guide technique. As a
consequence, counts of interventions were subsumed in the count
of wayfinding errors.

After we established our inventory of wayfinding performance
variables, three members of the research group proceeded with
the coding of the video recordings, with a focus on the
quantification of the wayfinding performance metrics. This
process included the separate review and coding of the video
recordings by each researcher (Data Supplement 2). The
individual results were then compared among the three
researchers. In the case of disagreement pertaining to a time
stamp or count of a coded event, a majority approach was
adopted in that convergence among two researchers was
sufficient to resolve the disagreement. In addition, small
differences (of a few seconds) between time stamps of the
three researchers were accounted for by the averaging of the
time stamps. The averaged time stamp was then recorded as final.
In terms of qualitative data, the semi-structured interview as well
utterances by the participant during wayfinding were transcribed
by one member of the research team and then edited by a second.
The transcriptions were then coded and themes identified by the
three researchers individually. The three researchers then
compared and discussed the individual result in order to
establish common themes. The lead authors then reviewed
and validated prior findings and the final outcomes of this
process are presented in the following section.

3 RESULTS

3.1 Route B
As per the results of a random assignment, the first route
completed by the participant was Route B. The wayfinding
support tool was written directions which the participant
accessed through Apple VoiceOver on his personal cellphone.
The route description for Route B is provided in Figure 5 and the
three observed routes that were traveled by the participant are
presented in Figure 8. The participant held the cellphone in his
left hand and his mobility cane in the right. Throughout the route,
the participant used constant contact, shorelining, and touch-
and-drag cane techniques to navigate.

The duration of the route preview for Route B was 5:
06 min during which the facilitator read the 17 sequential
route directions aloud. The participant did not ask for any of
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the instructions to be repeated. The participant stated that he
had not used written directions for wayfinding before.

The completion time for the route was 14:19 min. During
travel, seven errors occurred of which four were self-corrected

and three required intervention by the facilitator. Two of the
interventions had the facilitator use human guide technique to
reposition the participant. Verbal instructions were employed
during the third intervention. All of the errors occurred in the

FIGURE 8 |Maps of the observed routes that were taken by the participant during the wayfinding experiment. The routes are presented in the order of completion,
with Route B (modality: written directions) shown at the top left, Route C (modality: tactile map) at the top right, and Route A (modality: mobile app) at the bottom.
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outdoor segment of the route in the general area of the first turn
and pedestrian footway crossing on the route. The duration of
errors and recovery amounted to 7:05 min, for a completion time
of 7:14 min with errors disregarded. The participant also directed
two questions at the facilitator.

In the post-route survey, the participant rated the usefulness of
the route preview as a two and the usefulness of the in-route
information as a 5 (on an ascending 5-point numerical scale with
values one through 5). In addition, he rated both his confidence in
navigating the route as well as his confidence of navigating
indoor/outdoor sections of the route as 4.

3.2 Route C
The second route that was completed by the participant was
Route C. The wayfinding support tool that was used was a tactile
map (Figure 6). The participant held the tactile map with his left
hand pressed against his chest and traced the tactile route while
progressing on the physical route. His mobility cane remained in
his right hand. Throughout the route, the participant used
constant contact, shorelining, and touch-and-drag cane
techniques to navigate.

The route preview time for Route C was 7:27 min. Before the
beginning of the route preview, the participant was able to explore
the tactile map for 1:10 min. During the route preview, the
facilitator read aloud the 19 sequential route direction steps
for Route C. The participant asked to have seven of the step
repeated to him. The participant stated that he had used a tactile
map for wayfinding before and scored the frequency of prior use
as one out of 5.

The completion time for the route was 9:14 min. During travel,
three errors occurred, with the participant walking beyond a
decision point twice and turning into the wrong direction once. In
these three situations, the facilitator intervened with verbal
instructions that resolved the errors. Two of the errors
occurred outdoors and one indoors. The duration of errors
and recovery amounted to 3:31 min, for a completion time of
5:43 min with errors disregarded. The participant also directed
four questions to the facilitator.

In the post-route survey, the participant rated the usefulness of
the route preview as a four and the usefulness of the in-route
information as a 5. In addition, he rated his confidence in
navigating the route as a three and his confidence of
navigating indoor/outdoor sections of the route as a 5.

3.3 Route A
The third route that was completed by the participant was Route
A. The wayfinding support tool used was a mobile app (Nearby
Explorer Online) with functionality to track waypoints and other
points of interest. At the beginning of the travel, the phone
remained in the participant’s left coat pocket. Following technical
issues with the localization of the first waypoint and intervention
by the facilitator, the participant held his cellphone in his left
hand throughout the travel, screen up and parallel to the ground.
His mobility cane remained in his right hand. Technical
inconsistencies pertaining to the localization of the first
waypoint at the entrance of Fariborz Maseeh Hall continued
until the entrance was reached based, with the facilitator

providing verbal instructions. Throughout the route, the
participant used constant contact and shorelining techniques
to navigate.

The route preview time for Route A was 4:24 min. Before the
beginning of the route previews, the participant was given an
introduction on how to use the app for 4:18 min. During the route
preview, the facilitator read aloud the 11 sequential route
direction steps for Route A. The participant did not ask for
any of the instructions to be repeated. However, when the
participant was informed that waypoints would have to be
manually selected in the app, he asked for clarification on the
total number of waypoints, of which there were 6. The participant
stated that he had used a mobile app in combination with BLE
beacons for wayfinding before and scored the frequency of prior
use a two out of 5.

The completion time for the route was 17:07 min. During
travel, seven errors occurred, three of which were attributable to
technology-related inconsistencies pertaining to the localization
of the first waypoint during the outdoor segment of the route.
Another error originated in the misinterpretation of information
from the app by the participant and was self-corrected. This
sequence of errors during the experiment we further elaborated
on in the discussion section. Of the seven errors, four were
addressed through interventions by the facilitator in the form
of verbal instructions. The duration of errors and recovery
amounted to 7:04 min, for a completion time of 10:03 min
with errors disregarded. The participant also directed four
questions to the facilitator.

Table 2 summarizes the quantitative results for the observed
wayfinding performance of the participant and Table 3 those for
the pre- and post-route survey responses of the participant.

3.4 Interview
During the interview, the participant mentioned Google Maps,
Apple Maps, Seeing AI, and AIRA as wayfinding technology that
he used in the past, with AIRA often employed when needing to
locate a bus stop. In this context he expressed the desire for
wayfinding technology to be wearable and inconspicuous, with a
user interface that provides feedback in a simple and non-
obtrusive way that does neither muffle nor draw attention
away from one’s environmental perception and awareness. In
terms of route navigation, turn-by-turn instructions should be
succinct and be sent at decision points using in-time prompts that
indicate the correct direction of travel. He also mentioned being a
user of Sunu Band, a small device (“smart band”) that is worn on
the wrist which provides obstacle detection with haptic feedback
to the user when objects are detected in the wearers path.

The participant also pointed out that the setting of waypoints
in the mobile app was non-intuitive to him, in that adjustments to
waypoints were too frequent and cumbersome. Considering that
his vision continued to weaken, he expressed the personal need to
prepare himself, in terms of skills and training, for the time when
no visual perception will remain. This perspective profoundly
informs his evaluation of wayfinding technology as well as his
individual efforts as an inventor of wayfinding technology. As one
sense weakens, the other senses become more critical to
sustaining mobility.
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A regret expressed by the participant was that he did not pay
attention to the route preview description for Route A, given that
his expectation was that the mobile app would afford intuitive,
seamless wayfinding through the outdoor and indoor spaces. He
pointed out that transitions from outdoors to indoors and vice
versa are often challenging for him in that the differences in
lighting and light intensity can render his remaining vision
temporarily non-functional. As a consequence, he mentioned
that he tends to close his eyes when transitioning from outdoor to
indoor or indoor to outdoor, which allows him to focus on the
information from the other senses. He added that he is able to
navigate better when keeping his eyes closed. He also related that
his walking speed was a good indicator of his confidence during
travel, which he expected to be visible in the video recordings,
with faster walking speed indicating higher confidence.

As for his experience of indoors and outdoors spaces during
the experiment, he commented on the differences in information
granularity that was provided by the app in terms of points of
interest. More specifically, indoors the density of points of interest
appeared to be much higher, with points of interest such as
bathrooms, stairs, ramps, and counters, compared to the apparent
sparseness that he perceived for points of interests outdoors. In
addition, he pointed out the large number of instructions for
Route B in particular, which he approached by reviewing one or
two instructions at a time during travel.

Furthermore, he commented on the importance of
information on shorelining/trailing of salient configurations of

environmental features for successful wayfinding. In addition to
commonly facilitating his daily travel, shorelining the edge
between grassy areas and paved pedestrian footways, as
identified in the route descriptions, enhanced his wayfinding
during the experiment. On the other hand, he pointed out
that a decision point/landmark identified in the route
description for Route B (written directions modality) did not
match his visual perception along one part of the route. There he
was able to see a lamppost ahead but did not perceive another
lamppost to his side (which functioned as a prominent landmark
in the route description; see step 4 in Figure 5), even though he
reportedly established contact with the latter using his cane.

In the context of landmarks, he spoke about his expectation
of being able to sense the shade of a tree which was functioning
as a proximal landmark signalizing a turn in the route
description for Route C. Here, he was not able to determine
that an environmental feature was indeed the tree in questions
until he proceeded to establish contact with the tree (by
hugging it). As for the wayfinding support tool that fostered
best understanding and instilled highest confidence in him
during wayfinding, the participant stated that the tactile map
was best for him, followed by the written route descriptions
that he accessed through Apple VoiceOver. As a part of his
concluding remarks, he pointing out that he preferred route
descriptions with granular distance estimates between decision
points, and specifically distance estimates provided in feet
rather than step counts.

TABLE 2 |Route performancemeasures of the observed wayfinding behavior of our case study participant for the three routes. All observed routes were considerably longer
than those that we conceptualized, as conveyed by the distance factor that is provided in the table.

Route B: Written Directions
#1

Route C: Tractile Map
#2

Route A: Mobile App
#3

Conceptualized distance (ft) 463 453 473
Observed distance (ft) 1043 664 748
Distance factor* (#.##) 2.25 1.47 1.58
Preview time (m:ss) 5.06 7:27 3.21
Completion time (m:ss) 14:19 9:14 17:07
Error count (#) 7 3 7
Error duration (m:ss) 7:05 3:31 7:04
Interventions (#) 3 3 4
Participant questions (#) 2 4 4

*(observed distance/conceptualized distance).

TABLE 3 | Responses of the participant to the pre- and post-route questions for each of the three wayfinding routes.

Route B: Written
Directions

#1

Route C: Tractile Map
#2

Route A: Mobile App
#3

PRE Have you ever used this type of wayfinding support tool before? No Yes Yes
How often have you used this type of support tool before? — 1 2

POST How useful was the preview for navigating the route? 2 4 1
How useful was the in-route information while navigating the route? 5 5 1
How confident did you feel navigating the route? 4 3 1
How confident were you in navigating the indoor/outdoor sections of the
route?

4 5 1
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3.4.1 Select Quotations
Quote 1: “But I think where I did really well [. . .] is on the
tactile maps. Which is not something that I’ve used a lot [. . .] I
could follow the direction of the map and feel the environment
change. I kinda just put the map onmy chest [gestures like he’s
holding the map] and felt and followed with my finger around
it. I was able to adapt it to what I needed [. ] So yeah, I think out
of the three options that I had, the one that I had the best
understanding and comprehension was the tactile maps.
Because I could feel it, and then do it.”
Quote 2: “I was relying so heavily on the technology. I didn’t
really pay attention to the instructions because I was thinking
the technology was going to do all of the work for me [. ] I
totally gave up on everything and put everything into this
[shakes phone] and that was a bad idea. But that was what I
was going for . . . to get from point A to point B without having
to think about it.”
Quote 3: “And this is my biggest pet peeve, is that I’m hard-of-
hearing and I’m legally blind and [. . .] probably in the next
10 years I won’t be able to see [. . .]. So I’m trying to prepare
everything that I have to be as successful as possible. So when I
build technology, I’m thinking about how can I use the
technology without interfering with my other five senses
[. . .] I already have two senses not working, but we’ve got
three senses that are working.”
Quote 4: “Because I thought it was going to be like a big tree
[gestures with arms out wide] with wide branches and I was
gonna have some shade. I was going to feel the shade. It all
comes down to that feeling. I had an expectation of how I was
going to feel that turn, well that wasn’t the case.”

4 DISCUSSION

The route performance measures (Table 2), post-route survey
responses (Table 3), and responses in the interview indicate
sizable differences in performance, participant confidence, and
perceived usefulness of the respective wayfinding tools. Whereas
the written directions and tactile map indicated moderate to high
levels of wayfinding confidence and usefulness of in-route
information, the mobile app scored lowest on these self-
reported measures. In terms of observed route completion
measures, Route A (i.e., mobile app modality) took
considerably longer to complete (at 17:07 min), required the
highest number of interventions (at four), tied for highest
number of total errors (at seven), and tied for largest number
of participant questions (at four). A number of usability and
technical inconsistencies were apparent in the mobile app
experiment. First, the app did not indicate the correct
direction to the first waypoint. Second, the app required
waypoints to be manually set. At the same time, Route A was
comprised of the fewest turns among the three routes and did not
include any oblique turns, which suggests that it was the least
complex route.

The tactile map, on the other hand, afforded the fastest
completion time (at 9:14), with three interventions comprising
the total number of errors. Noteworthy here is that Route C in

which the tactile map was used was the only route with oblique
turns, suggesting comparatively higher route complexity. Also,
the participant stated that he only had very little experience with
tactile maps as wayfinding support tools. Yet, the tactile map
scored highest in regard to confidence in navigating indoor/
outdoor sections, second highest for overall confidence, and
highest for the usefulness of the route preview and highest for
the usefulness of in-route information, as a tie with written
directions. These numbers as well as the responses of the
participant in the interview (Quote 1) reinforced that the
tactile map was the wayfinding tool that afforded highest
wayfinding performance, confidence, and satisfaction.

Scholarly research has long established that tactile maps are a
powerful means for communicating spatial information and
acquiring spatial knowledge in the absence of vision (Franks
and Baird, 1971; Armstrong, 1973; Andrews, 1983; Kennedy,
1983; Golledge, 1991; Espinosa et al., 1998). The reflection by the
participant speaks to the intuitiveness of the haptic interaction
with the tactile map and its alignment with the information needs
of the participant. In turn, it fostered the highest wayfinding
performance and confidence. The tactile map was the only
wayfinding support tool that captured the overall layout of the
route and in that conveyed the greatest amount of spatial
information among the three wayfinding tools, and in
particular the mobile app. In addition, the information on the
tactile map was structured into outdoor and indoor sections and
prepared at a scale that made the spatial configuration of the route
accessible to the participant on an as-needed basis. Yet, extended
trip distances and errors were apparent for all three modalities,
including the tactile map. Robust orientation and mobility skills
allowed the participant to negotiate adverse wayfinding
situations.

One important insight emerged from the connections between
the quantitative and qualitative data that we collected: The
importance for human-subject researchers, in general, and
those studying the lived experiences of visually impaired,
blind, and deafblind individuals, to carefully and meticulously
consider participant expectations in their research designs. As the
participant shared at various times during the interview, his
expectations towards the mobile app were overly high. This
was also evidenced by the high walking pace of the participant
at the beginning of the mobile app experiment which, as he also
stated during the interview, was a physical indicator of high
wayfinding confidence. As a result, he did not pay attention
during the route preview for Route A (Quote 2) and also did not
ask questions about the route, which manifested in the shortest
duration of the route preview among the three routes. In the
participant’s own words:

Considering that the participant put his phone away as soon as
he started walking, there must have been a presumption that the
app offered capabilities that would 1. calculate a route to the
destination and 2. provide route instructions through Bluetooth
audio. However, the mobile app, as employed by us in the case
study, offered neither since it was solely configured to provide
haptic feedback (vibration) when the phone was pointed in the
direction of a waypoint. To the best of our abilities, high
expectations toward the mobile app were not instilled in the
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participant by the researchers but neither did we have provisions
to (pro)actively manage them.

A possible explanatory factor for the high expectations by the
participant might have been his professional background in the
development of mobility aids for visually-impaired individuals.
The participant also stated that his progressing vision loss greatly
motivated his personal efforts towards preparation for the time
when his residual vision might not be available to him
anymore—and (wayfinding) technology that supported his
preparatory efforts were an important and desired element.
The participant’s evaluation of wayfinding technology was
therefore deeply personal, as he conveyed in the interview
(Quote 3), which contextualizes the low post-route scores for
the mobile app as a result of technical issues, related frustration,
and disappointment due to unmanaged expectations.

A crucial and seemingly latent problem that hinders seamless
wayfinding is the disjoint between the very granular, multi-
sensory experience of wayfinding under consideration of
(dual) sensory loss versus the capacities of spatial data models
to account for the complexity of such travel. Common practices
in O&M evidence that high fidelity in terms of geometric
accuracy and representation is necessary to adequately account
for configurations and relationships of environmental features
typically used in wayfinding—specifically the prominent role that
shorelining of the grass/pavement edge had in support of the
wayfinding of our participant. In conjunction with the everyday
use of shorelining and walltrailing in O&M instruction and
training, a sophisticated and faithful representation of features
affording shorelining or walltrailing would likely catalyze the
development of innovative mobile routing solutions for visually
impaired, blind, and deafblind travelers. As it stands, digital
representations pertaining to urban features that afford
movement of vehicles and humans (e.g., streets, sidewalks,
paved footways) are captured by geometric networks of
interconnected lines which commonly represent the center of
surface features (i.e., centerlines).

Using a typical example from our case study, our wayfinding
instructions leveraged, based on O&M practice, difference in
textures of adjacent surface features: wide concrete footway with
brick lined banding at the perimeter adjacent to grassy areas. Each
of these surfaces affords tactile and textual saliency that was
instrumental for devising robust wayfinding instructions suitable
for a visually-impaired, blind, or deafblind pedestrian traveler
(who foremost uses a long cane). It is interesting to note that the
tactile map did not capture any of the configural complexity of
surface features apart from the shape of the route presented at
a suitable scale. Yet, our route descriptions leveraged salient
separations between horizontal surfaces for shorelining as well
as vertical surfaces for trailing to the extent that these aligned
with our conceptualized routes. It stands to reason that the
wayfinding performance of the participant would have been
worse without indications of environmental features and
configurations that are conducive to shorelining and/or
walltrailing.

In essence, what is missing are digital spatial repositories with
faithful representations of surfaces in three-dimensional space
that integrate outdoor and indoor environments. Such repository

would allow us to develop algorithms for the computation of the
most suitable routes that consider the specific information needs
and expectations of visually-impaired, blind, and deafblind
individuals. As such a repository would grow, so would the
possibilities for the planning, preview, and optimization of
pedestrian routes for blind and low-vision travelers well
beyond the confines of a small area on an urban college
campus. LiDAR technology paired with computer vision and
object recognition promises the means of creating digital high-
fidelity volumetric representations of indoor and outdoor spaces
(Li et al., 2015). As these technologies become more widely
disseminated and accessible, we expect that innovation in
pedestrian routing and wayfinding under specific consideration
of individual abilities, information needs, and preferences will
follow.

A related aspect is the conceptualization of landmarks. Much
is known about the importance of landmarks for orientation,
maintaining a sense of direction, forming mental representations,
and integrating environmental knowledge, in particular as it
comes to individual experiences of space (Passini and Proulx,
1988; Golledge, 1992; Raubal and Winter 2002; May et al., 2003;
Tversky, 2003; Ishikawa, 2013; Rodriguez-Sanchez andMartinez-
Romo, 2017; Dong et al., 2020; Fernando et al., 2021). A striking
example in our case study that speaks to the highly idiosyncratic
role that landmarks play in human wayfinding is that of a tree that
was identified as a landmark indicating a turn on Route C. In this
context, the participant pointed out that he failed to perceive the
tree since he was not able to feel the tree’s shade, as he was
expecting (Quote 4). Remarkable about this is that the
expectation of the participant towards the tree defies simple
conceptualization of landmarks and showcases a scenario in
which the saliency of the tree as a landmark is both cognitive
and structural (Sorrows and Hirtle, 1999; Klippel and Winter
2005; Yesiltepe et al., 2021), in that it is informed by the cognitive
expectation of the participant and the structural elements of the
tree interacting with the Sun. Here, again, a complex digital
representation of the tree in conjunction with a model of the
Sun would be required to capture and instrumentalize such
complex expression of saliency within computational solutions
to pedestrian routing.

4.1 Recommendations
Based on the experience gained from our in-depth engagement
with the participant in our case study, we are able to provide a
number of recommendations that would provide for incremental
improvements upon our experimental protocol and allow for the
adoption of our research design for the assessment of the
wayfinding behavior of a larger number of deafblind
participants. Foremost, we strongly urge mobile app
developers to carefully consider and incorporate the
information needs and user interface requirements of
deafblind individuals in their software. Specifically, relying on
operation system functionality for access to the user interact is
mostly limited to audio feedback, and we found that support for
mobile braille displays is lacking in terms of both usability and
usefulness. For example, an observation by our group during
testing revealed that we were able to connect a braille display to
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researchers’ cellphones and interact with the mobile app.
However, no apparent functionality was evident that would
allow for the customization of the information provided. This
resulted in a stream of information being sent to the braille
display, with the tactile information refreshing too rapidly to
provide acceptable usability. Until this shortcoming of mobile
technology is addressed, we expect that the inclusion of deafblind
participants who rely on tactile forms of communication (e.g.,
pro-tactile sign language and braille devices) would have to be
considered as a separate wayfinding modality due to the
constraints presented by the user interface and the diminished
user interaction experience.

In terms of our experimental protocol, we also have a number
of recommendations for amendments to the screening procedure
and data collection approach that we presented. First, we used
written route descriptions that were detailed and, at times,
entailed whole sentences, multiple instructions, and/or
consisted of a relatively large number of words. These
instructions were then read to the participant through
operation system-level voiceover functionality. Even though
this user interaction allowed the participant to replay and go
back and forth between instructions, the participant remarked at
one point that the information could have been shortened. Hence,
in order to lower the cognitive load that the processing of verbal
route descriptions during wayfinding induce, we suggest the use
of shortened route descriptions during route travel, with fully
worded route descriptions reserved for route preview.

Furthermore, our data analysis workflow relied heavily on the
review and analysis of the video recordings of the participant’s
wayfinding behavior. As discussed before, this process entailed,
among other steps, the extraction of routes traveled and
wayfinding error committed, including the start and end times
of errors with annotations of observed reasons for errors and,
where applicable, interventions by the experimenter. This
a-posteriori extraction of key data from the video recordings
was facilitated by a structured, consensus-based process that
involved no less than four researchers. As one considers
scaling the data collection and subsequent analysis to a larger
number of participants, we suggest that key data be captured
during the experiment so that they are available for further
processing and analysis more immediately. The video
recordings could then function as a repository with which the
captured key data could be checked and validated instead of the
video recordings serving as the main data source.

Lastly, based on our experience conducting the case study, we
suggest that researchers who are interested in adopting our
experimental approach consider including further assessment
of individual-level characteristics pertaining to hearing acuity,
spatial environmental ability, and extent of O&M training.
Whereas the screening survey that we employed in the case
study captured granular self-reported information on the
participant’s visual acuity, the participant’s hearing ability,
extent of O&M training, and spatial environmental ability
were solely captured by binary or short single-response
questions. Self-report measures are readily available for
hearing ability (Hickson et al., 1999), spatial environmental
ability (Hegarty et al., 2002), and O&M training (Cmar, 2015).

Our in-depth interaction with the participant in the case study
provided us with information on these aspects beyond the
screening survey. As future data collection efforts with larger
numbers of participants are completed, a standardized means of
collecting this information should be utilized to inform a robust
analysis of participants’ characteristics in relation to wayfinding
performance.

4.2 Limitations and Future Directions
In this paper we presented the results from a mixed-method
analysis of the wayfinding experience, perception, and
performance of a deafblind participant in an experiment on
individual wayfinding on an urban college campus. Overall,
our results provide contrary evidence for the two hypotheses
stated earlier in the paper, specifically that 1. the waypoint-centric
information provided by the mobile app most-closely matches
the information needs of a deafblind participant and that 2. the
mobile app affords fastest completion time and highest
satisfaction by a deafblind participant. Given our findings, the
very scarcity of information provided by the mobile app informed
the low wayfinding performance and confidence of the
participant.

The omission of provisions in our research protocol for the
management of the expectations of the participant towards the
mobile app introduced the possibility that the framing of our
research study in the context of seamless indoor/outdoor
wayfinding contributed to the participant’s elevated
expectations. Having said that, conclusive answers will require
the expansion of our research to a broad representation of
visually-impaired, blind, and deafblind participants. In this
context it is important to note that the case study framework
that we discussed in this paper allowed us to engage with the
participant and related empirical research in an in-depth manner.
As we anticipate an expansion of our study and data collection to
larger numbers of participants, we do not believe that such an in-
depth treatment would make the inclusion of a large numbers of
participants feasible without a great expansion of our research
group’s capacities. However, the insights gained from or case
study and the recommendations that we discussed in this paper
facilitate the extension of our research protocol to larger sample
sizes towards a broad representation of participants across the
gamut of dual sensory loss.

Individual trip making behavior entails a wide range of
problem solving and decision making steps, for instance,
planning and booking a trip, previewing a route, travelling to
a transit station, riding a bus, negotiating car traffic, and crossing
intersections (Golledge and Stimson, 1997; Golledge, 1999): the
Complete Trip (Okunieff et al., 2020). Our results suggest that a
greater engagement by the research community with low-cost
wayfinding support tools such as tactile maps and written
instructions is warranted. In addition, the integration of
indoor and outdoor spaces is a necessary yet small component
within a broad investigation of human wayfinding. Unpacking
the complete trip concept analytically and empirically will
provide substantial grounds for future research and create
pathways towards seamless wayfinding across the spectrum of
individual preferences, capabilities, and needs. Within these
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research efforts, substantial engagement and the co-creation of
knowledge with the disability community will be critical for
achieving universal and equitable mobility.
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