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Abstract.
BACKGROUND: Visually impaired people have been considered only as “receivers” of support; however, few studies have
considered them as “givers” of support to sighted people.
OBJECTIVE: To support the walking of sighted people using information available specifically to the visually impaired.
METHODS: Utilizing white cane usage data of visually impaired people to create inaccessibility maps for sighted people.
RESULTS: A user study conducted with elderly people and their stakeholders, who had high accessibility needs found that the
maps were generally useful as long as they were within the user’s area of interest.
CONCLUSIONS: Although the proposed method should be practically beneficial to users, the information detected by the system
should be expanded from white cane use data, its accuracy, and more data collected from visually impaired people.

Keywords: Visually impaired, white cane, inaccessibility maps, walking support

1. Introduction

According to World Health Organization data, in
2022, worldwide, 2.2 billion people were classified
as visually impaired [1]. Depending on the degree of
disability, two types of visual impairment are distin-
guished: total blindness, in which all visual acuity is
lost, and low vision, in which part of the visual field is
lost or vision is blurred. The visually impaired are also
divided into two types according to the time of onset: 1)
the congenitally visually impaired, i.e., those born with
a visual impairment, and 2) those who have a visual
impairment due to illness or accident.

∗Corresponding author: Rinta Hasegawa, Tokyo City University,
Kanagawa, Japan. E-mail: ex.rinta0822@gmail.com.

Visually impaired people have difficulties in vari-
ous situations, especially in transportation, reading, and
writing. The gap between the visually impaired and
the sighted is widening due to the recent trend toward
greater emphasis on “visualization.” Therefore, those
support activities important to the visually impaired in
daily life, such as transportation [2], reading [3], and
writing [4] have been closely studied. Recent research
has focused on activities that enrich their lives, such
as children’s play [5] and photography [6]. Directly
expressed, most of these studies view the visually im-
paired as “receivers” of support.

However, are visually impaired people truly just be-
ing supported? From another perspective, they may be
specialized in something because they cannot rely on
visual information. Visually impaired people effectively
could use other senses such as hearing, and in partic-
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Fig. 1. Overall flow of the study.

ular, congenitally visually impaired people, who are
born with visual impairment, could have better hear-
ing and other senses than normal people and can per-
ceive minute information. It is proven that following
the sound of cars, perceiving changes in olfactory in-
formation such as seasonal smells, and noticing and
recognizing the difference in height of small steps is
faster than in sighted people [7]. Otherwise stated, the
visually impaired with their uniquely enhanced skills
can perceive different information than sighted people
and thus could become “givers” of support. However,
only a few studies have examined the potential of using
these superior senses and skills.

This study considered the visually impaired as
“givers” rather than “receivers” of support and proposed
a method of supporting sighted people by using infor-
mation only accessible to the visually impaired. This
study focused on the congenitally visually impaired,
i.e., those with heightened senses and thus thought to
be less reliant on visual information.

The study proceeded as shown in Fig. 1. In the ini-
tial phase, we conducted a few surveys of the visually
impaired as the “givers” of support, and of the sighted
as the “receivers“ of support (see Section 3). These sur-
veys showed that the walking-with-a-white cane behav-
ior of visually impaired people reveals information that
may lead to identifying related difficulties or inaccessi-
bility data useful for providing mobility support to el-
derly people, wheelchair users, and others with mobility
problems. Based on these results, the study developed a
system (Section 4) that detects sidewalk inaccessibility
information, visualizes it, and then displays it on a map.
This system is based on data obtained from visually
impaired peoples’ use of white cane, to realize a frame-

work in which visually impaired people are “givers” of
support and sighted people are “receivers”. In Section 5
we conducted a user study of the system.

2. Related work

The related works in this study can be divided into
two categories. The first contains works on the visu-
ally impaired. These include studies that consider the
visually impaired as receivers of support and those that
consider the visually impaired as givers of support.
Most of the previous studies on the visually impaired
fall into the former category, while this study falls into
the latter. The second contains works on accessibility
visualization.

2.1. Literature on the visually impaired people

2.1.1. Visually impaired people as receivers of support
The previous studies aimed at supporting the visually

impaired are diverse and include research on reading
and writing [3,8–14], which are difficult for the visu-
ally impaired, as well as on various activities such as
supporting visually impaired children to play [5], enjoy
soccer games [15], record with a camera [16], create
music [17], play games [18], and use virtual reality
(VR) systems [19–21].

Among these studies on the visually impaired, the
most numerous aim to support transportation, which
is the most difficult and important activity for visually
impaired people. Since they cannot interpret visual in-
formation, it is extremely difficult for them to know
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their exact location, direction they are facing, route to
their destination, and obstacles on their path, includ-
ing passers-by, and traffic conditions. Existing methods
to support the visually impaired in perambulating in-
clude voice applications on smartphones [22] and smart
canes [23,24] with additional features. Smart canes for
the blind can detect obstacles and provide voice naviga-
tion in conjunction with a smartphone, but they are not
widely available. Consequently, there have been numer-
ous studies to develop systems that provide auditory and
tactile feedback to visually impaired people as support
in using indoor and outdoor transportation [2,25–34].
In the study by Kayukawa et al. [2], a suitcase-type sys-
tem that can guide visually impaired people was devel-
oped to support outdoor mobility. This system can en-
able visually impaired people to walk safely by alerting
them with beeps to imminent collisions with obstacles
forward of the user.

As mentioned, several studies on the visually im-
paired exist that support their various activities, but
most of these studies consider them only as receivers
of support. Only a few studies have focused on the
capabilities of the visually impaired.

2.1.2. Visually impaired people as givers of support
It is conceivable that visually impaired people have

unique skills not possessed by sighted people. Ito’s
book [35], discusses how visually impaired people see
the world based on their experiences. It states that vi-
sually impaired people can be supported by utilizing
their unique skills. A situation is described in which the
unique skills of visually impaired people are applied
in the sport they play. For example, blind football is
played without visual information, using only auditory
information for the position of the ball, where to pass,
and when to shoot for goal. In bobsledding and aikido,
visually impaired athletes have excellent balance and
somatic senses, respectively.

“Dialogue in the Dark” [36] is an event where visu-
ally impaired people support sighted people. This ac-
tivity has been conducted globally, experienced in 47
countries, and by more than 9 million participants. The
event is organized in a completely light-shielded, dark
space, with the visually impaired acting as caregivers
and the sighted acting as participants. During the event,
visual information is withheld from the sighted partici-
pants, thus allowing sensory experiences and insights
normally unavailable to them.

In an event called Social View [35,37], visually im-
paired and sighted participants interactively view art-
works, and several people exchange opinions during

the exhibition. The purpose of this event is not limited
to explaining the artwork to the visually impaired. By
having visually impaired people participate in interac-
tive viewing, the sighted person is required to verbalize
things that are not normally necessary when viewing
alone or interacting with only the sighted person. In ad-
dition, by answering simple and novel questions posed
by the visually impaired, the sighted participants were
able to update their views and perceptions of the works.
In other words, the visually impaired participants in
this event provided the sighted participants with new
insights about the artworks.

Thus, it is probable that the visually impaired can
use their highly developed skills to support the sighted.
However, only a few studies have considered the visu-
ally impaired as support givers.

2.2. Literature on visualization of accessibility

Various analyses and studies have been conducted
on pedestrian accessibility in cities. One of the most
representative of these is Accessmap [38], which is a
web service provided by three municipalities in the state
of Washington, United States; it visualizes the accessi-
bility of 109210 sidewalks and 76561 crosswalks us-
ing colors. Several other attempts have been made to
communicate accessibility, such as Wheelmap [39,40],
which visualizes accessibility for wheelchair users, and
Walkscore [41], a walkability index that quantifies den-
sity and proximity to areas with good transit facilities

In addition to these specific attempts to visualize ac-
cessibility, and as selectively detailed below there have
been related studies [42–50]. Manaswi et al. conducted
a user study involving people with walking disabilities
and other stakeholders to determine visualization meth-
ods that could be used to represent accessibility in the
city [42]. In the experiment participants presented and
discussed different types of accessibility map informa-
tion, including heat maps, points, and lines. This was
done to investigate the visualization methods and infor-
mation representations preferred by each user group,
which included people with walking disabilities and
stakeholders such as political officials. Guilherme et
al. proposed a route planning model to help wheelchair
users select appropriate routes [48] The study by Hara et
al. investigates how people with mobility impairments
evaluate the accessibility of the built environment, con-
ducts semi-structured interviews and participatory de-
sign, and makes recommendations on accessibility as-
sistance using location-based technology [49].

As mentioned above, there are a wide variety of at-
tempts to visualize accessibility and related research,
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Table 1
Reports of sighted participants and visually impaired participants walking in the park determined from the interview survey

ID Gender Visually impaired or
sighted

Age Date Time Number and content of reports (Categorized by sense [51])

P1 Female Visually impaired
(Acquired blind-
ness)

50s 2021/8/11 3 min 47 s 20 items
“Sound of water”
“Pebbles below” etc.
(Auditory 50.0 %, skin sensation 30.0 %, multiple sensations
20.0 %)

P2 Male Visually impaired
(Congenitally blind)

50s 2021/9/14 3 min 47 s 16 items
“Sound of water”
“In a narrow space” etc.
(Auditory 37.5 %, equilibrium 12.5 %, skin sensation 18.8 %,
multiple senses 31.3 %)

P3 Male Visually impaired
(Poor vision)

50s 2021/8/11 2 min 12 s 7 items
“Spread” “wind” etc.
(Auditory 14.3 %, equilibrium 14.3 %, skin sensation 57.1 %,
multiple senses 14.3 %)

P4 Male Sighted 20s 2021/7/21 2 min 3 s 16 items
“Green curtains” etc.
(Visual 75.0 %, equilibrium 6.3 %, multiple senses 18.6 %)

P5 Male Sighted 20s 2021/7/11 2 min 30 s 15 itemss
“Lots of trees” “Clean water” etc.
(Visual 86.6 %, auditory 6.6 %, multiple senses 6.6 %)

and some services, such as Access Map [38], have been
put into practical use, albeit in limited areas. In addition,
related studies examine visualization methods and types
of information to be visualized from the viewpoints of
actual users and other stakeholders for example care-
givers, etc. However, many of these studies utilize offi-
cial datasets provided by cities and other organizations,
as well as to a limited extent, manually obtained acces-
sibility information, which is expensive to collect and
does not provide detailed local information. In addition,
there have been few efforts to collect such accessibility
information automatically

3. Preliminary surveys

To derive the requirements for the system, we con-
ducted surveys with the visually impaired and the
sighted. The survey consisted of three parts: an inter-
view to compare the information received from the vi-
sually impaired and the sighted, observations of the
walking behavior of the visually impaired using a white
cane, and a questionnaire to determine the informa-
tion needs of the sighted regarding their difficulty in
walking.

3.1. Interview with visually impaired and sighted
people

3.1.1. Objective and method
To develop a system in which visually impaired peo-

ple are the information providers, we had to identify

Fig. 2. Surveying environment and capturing video angles.

the specific information only they can provide. There-
fore we conducted an interview study to observe and
compare the information-gathering methods of visually
impaired and sighted people, to clarify whether the vi-
sually impaired perceived information more efficiently
than the sighted.

Five participants were recruited: two sighted and
three visually impaired (two blind and one with poor
vision) (Table 1). Two visually impaired participants
who used white canes were requested to walk as usual.
Figure 3 illustrates the study situation. A traditional
garden in a park (Fig. 2) was selected as the study site
because walking there was relatively easy and it was
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Fig. 3. Survey location and participants’ walking route. Participants walked toward point G in the figure.

rich in information, including visual information and
the sounds of animals and water. Generally, it would
take sighted people several minutes to cover the route
by walking (red line in Fig. 3). To ensure that both
visually impaired and sighted participants could walk
comfortably and under the same conditions, all partic-
ipants were afforded staff support. We captured video
and audio recordings of the participants walking. In
addition, we required participants to “Please verbally
report anything you noticed” and recorded their contri-
butions. The study was approved by the Ethical Review
Committee for Research on Human Subjects of Tokyo
City University (Approval No.: 2021-h07).

3.1.2. Results
In turn, this section describes the participants’ reports

and behavior during the survey.

3.1.2.1. Reports
Table 1 lists the number and content of participants’

reports. Table 1 shows that most of the reports from
sighted people were related to visual information, while
the visually impaired people reported only auditory in-
formation, which was not reported by sighted people.
There are several models of general human information
processing, e.g., Card et al. state that “human informa-
tion processing consists of perceptual, cognitive, and
motor processors, in that sequence” [53]. According to
this model, the reason why the sighted people did not
report the information reported by the visually impaired
people is that they had not yet reached the cognitive
processor stage, although it is impossible to determine
whether the sighted people were not able to “perceive”
the information. Otherwise expressed, the results sug-

gest that visually impaired people may be able to “cog-
nize” information that sighted people cannot.

3.1.2.2. Behavior
Participants P1 and P2, who were blind and visually

impaired and required a white cane to walk, took longer
to complete the task than the other participants and
seemed to search for information more carefully. Partic-
ipant P3, who had low vision, was able to acquire some
visual information and walk unaided, and therefore took
less time to complete the task than P1 and P2. Sighted
participants P4 and P5 also took less time to complete
the task than P1 and P2. Thus, participants who were
able to acquire visual information had a shorter time
till task completion. The visually impaired participants
sometimes slow down their walking pace to pick up
information about the surroundings, but this was not
observed in the sighted participants. In particular, we
observed that the visually impaired participants, who
are totally blind, intentionally moved their white canes
widely to search for information, although they relied
less on the white cane owing to the presence of a com-
panion. Therefore, we decided to observe the visually
impaired participants to understand how and what kind
of information they received when using their white
canes

3.2. Observation of visually impaired

3.2.1. Objective and method
The results of the above-mentioned comparative sur-

vey between visually impaired and sighted people indi-
cate that there appears to be a correlation between the
walking movements of visually impaired people using
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Fig. 4. Perspective of the video. The white cane with the attached sensor.

a white cane and the information they receive. Based
on this finding, we conducted a survey to observe the
walking movements of visually impaired people using
a white cane.

Two participants were recruited. P1 and P2 were vi-
sually impaired individuals who used a white cane in
the preliminary study. They were asked to walk with
a white cane on a straight sidewalk near their work-
place. We videotaped the participants while walking
with modified white canes equipped with a microphone
and an accelerometer [52] (Fig. 4). The study was ap-
proved by the Ethical Review Committee for Research
on Human Subjects of Tokyo City University (Approval
No.: 2021-h07).

3.2.2. Results
Two participants performed periodic movements with

a white cane, varying their walking speed and some-
times stopping. They learned to operate the white cane
with periodic movements as a way of operating the
white cane for the visually impaired [54]. The tempo
of this periodic movement matched the walking tempo,
and the side-to-side cane movements were executed to
determine if there were any obstacles within a shoul-
derwidth forward region.

During this observation, three characteristic behav-
iors of the two participants were observed: A) chang-
ing the periodicity of the white cane swing direction,
B) slowing down of walking pace, and C) stopping of
walking. Table 2 lists these observed movements, along
with the factors that may have caused them. The two lo-

cations (1–2 and 1–3) where characteristic movements
were observed in the gait patterns of P1 were the same
for P2 (2–2 and 2–4), respectively. Figure 5 shows P1
walking at positions 1–2, and Fig. 6 shows P2 walking
at positions 2–4.

These results and the general operation of their white
canes learned by visually impaired people [54] suggest
that visually impaired people usually repeat periodic
walking movements with a white cane but may change
their movements where they find it difficult to walk.

3.3. Questionnaire with sighted people

3.3.1. Objective and method
We conducted an interview survey to understand

what information sighted people need when walking,
in relation to the ability or difficulty of walking We
surveyed nine users of community spaces for the el-
derly in Kanagawa Prefecture, using a multiple-choice
questionnaire as shown in Table 3.

The purpose was to focus on elderly people and
wheelchair users, who are likely to have a higher need
than sighted people for information about the ease and
difficulty of walking This survey consisted of two main
questions:

(Q1) “Where do you feel uncomfortable or want to
avoid walking?”
(Q2) “Would it be useful to know in advance which
areas are within easy walking distance and which
are not?
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Table 2
Characteristic behaviors observed in visually impaired participants using a white cane and their presumed causes

ID No. Characteristic behavior Presumed factors
P1 1–1 A) Changing the periodicity of the white cane swing direction Unknown

1–2 A) Changing the periodicity of the white cane swing direction The sidewalk tilts toward the roadway at the entrance/exit of the
parking lot.
Texture underfoot changes

1–3 A) Changing the periodicity of the white cane swing direction Bulges in the sidewalk owing to tree roots.
1–4 A) Changing the periodicity of the white cane swing direction Bulges in the sidewalk owing to tree roots.

P2 2–1 A) Changing the periodicity of the white cane swing direction Unknown
2–2 B) Slowing down of walking pace

C) Stopping
The sidewalk tilts toward the roadway at the entrance/exit of the
parking lot.
Texture underfoot changes

2–3 B) Slowing down of walking pace The sidewalk tilts toward the roadway at the entrance/exit of the
parking lot.
Texture underfoot changes

2–4 B) Slowing down of walking pace Bulges in the sidewalk owing to tree roots.
2–5 B) Slowing down of walking pace

C) Stopping of walking
Unknown

2–6 C) Stopping of walking Sounds of cars passing nearby

Fig. 5. P1 perceives the inclination of the sidewalk and adjusts the
movement of the white cane.

The response options for Q1 were the 17 factors
related to the difficulties shown in Table 4. These 17
factors are the responses from interviews conducted
with the same facility users prior to this survey, which
posed the same questions as Q1.

3.4. Results

The main results of the questionnaire are listed in
Table 4. In descending order, the most frequently se-
lected items were uneven road pavement marks, steps,
inclines, bulging sidewalks near trees, areas with many
bicycles, dark areas, and slippery areas.

All participants agreed when asked about the need
for information about difficulty in walking. The results
shown in the table indicate that the pavement marks,
steps, and slopes that received the most responses were

Fig. 6. P2 perceives the protuberance of the road and adjusts the
movement of the white cane movement.

Table 3
List of elderly sighted survey participants

ID Gender Age Equipment for walking
I1 Male 70s Not required
I2 Male 80s Not required
I3 Male 60s Not required
I4 Female 60s Cane
I5 Female 70s Not required
I6 Female 80s Not required
I7 Female 80s Cane, Wheeled walker
I8 Female 60s Not required
I9 Female 70s Not required

consistent with the information about the condition of
the road surface seemingly expressed during observa-
tion of the walking behavior of the visually impaired
participants described in Section 3.2 This information
reflects the factors that cause the elderly to trip or slip
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Table 4
Answers for Q1: Where do you feel uncomfortable or do not want to walk?

Choices Number of participants who chose
Uneven pavement 9
Steps 7
Incline 6
Ridges in the sidewalk caused by tree roots 6
Places with many bicycles 6
Dark places 6
Slippery places 6
Uphill 5
Downhill 5
Places with several objects on the sidewalk 5
Places with several cars 5
Places with thick plants 5
Stairs 4
Gravel road 4
Peeling blocks or tiles 4
Braille blocks 4
Places where you are frequently startled by insects or birds 2

while walking, possibly resulting in injuries. Conceiv-
ably, collecting data on the walking movements of visu-
ally impaired people who use white canes and present-
ing this information to the sighted elderly could support
safe walking and route planning. In response to Q2, the
results suggest that older sighted adults would like to
receive advance information about walking difficulties
in their path, regardless of their physical condition.

3.5. System requirements

The survey presented in Section 3.2 suggests that
there is information available only to the visually im-
paired and that some of this information is expressed
in their walking behavior regarding three characteristic
movements: A) changing the periodicity of the white
cane oscillation and direction, B) slowing the walking
pace, and C) stopping. Such information could suggest
inaccessibility, such as sidewalk ridges, steps, or in-
clines, as provided by participants in the observation
survey (Section 3.2).

The survey reported in Section 3.3 elicited informa-
tion about walking difficulties that sighted people would
want to know. Although the three behaviors observed
in Section 3.2 are not precisely consistent with each
of the top walking difficulty factors listed in Table 4
(answered in Section 3.3), all the factors are associated
with one of the behaviors, e.g., all three types may oc-
cur in areas with steps. The system requirements for the
input part were derived from the preliminary surveys in
Section 3.2 and 3.3, and for the output part were derived
from the surveys in Section 3.3. The requirements are
as follows:

1. Detect the walking behaviors associated with
walking difficulties using white cane usage data
(input part of the system).

A) Change in periodicity of the white cane swing
direction

B) Slowing down of walking pace
C) Stopping of walking

2. The system outputs information about the walking
difficulty of sighted people (system output).

4. System design and implementation

To meet these requirements, this study proposed a
system that visualizes inaccessibility on a map and
presents it to sighted users, using data on the use of
white canes by visually impaired people. The overall
system implemented in this study is shown in Fig. 7.
Section 4.1 describes the input (left-hand side of Fig. 7)
and 4.2 describes the output of the system (right-hand
side of Fig. 7) respectively

4.1. System input

We consider a system that satisfies the requirements
of the input part presented in Section 3.4. In the input
part, the system must be able to detect changes in the
movements of a visually impaired person who stops
walking, slows down walking, and changes in the peri-
odicity of swing the direction in which the white cane
is swung. These are behaviors that express the visually
impaired person’s perception of inaccessibility.
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Fig. 7. System overview.

In general visually impaired people have learned to
match two key moments when they walk with the white
cane [54]: the moment when they tap the white cane on
the ground and when they place their leading foot on
the ground. Thus, by capturing white cane usage data
associated with the stride step, not only the movement
of the white cane but also the slowing down or stop-
ping of the visually impaired person’s walking can be
detected.

In addition, the sensor attachment used to collect data
regarding white cane usage must not interfere with the
walking of the visually impaired person. This can be
achieved by using a relatively small and lightweight
sensor. By collecting data on the use of the white cane
with lightweight sensors, this system can automatically
obtain accessibility information that is often costly to
collect, by simply recording the visually impaired peo-
ple walking as they do in everyday life.

Based on these designs, an input subsystem was im-
plemented. Figure 8 shows the flowchart of the input
subsystem. Using a compact and lightweight 3-axis ac-
celerometer TWELITE2525A [52] and a GPS sensor,
the system collects acceleration data, positional infor-

mation and corresponding white cane timing data and
uses these to discriminate three types of motion. In the
tri-axial acceleration data from the white cane, the ac-
celeration is highest when the tip of the cane touches
the ground at both extremes of the oscillation, and this
facilitates the extraction of the moment when the white
cane and walking foot meet the ground. The system
primarily calculates the time interval between one cane
tap and the next, defines its most frequent value as the
basic interval for each visually impaired person, and
uses it as the basis for distinguishing the three move-
ments as shown in the flowchart in Fig. 8. After the
three distinctions, the time data is matched with that
from the GPS sensor and forwarded to the cloud server.

Therefore, to discriminate the change in periodicity
of the direction in which the white cane was swung, we
used the support vector machine (SVM) algorithm for
machine learning, as shown in the left side of Fig. 8.
Using only the acceleration data from a total of 496
oscillations of the white cane, i.e., the usage data of
the two visually impaired subjects from the observa-
tional survey (Section 3), the accuracy of discrimination
was 60.3% when classification is performed with a per-
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Fig. 8. Flowchart of the system input part.

centage split of 70.0%. Currently, the accuracy is only
60.3% because with only two participants, we were un-
able to collect a significant amount of white cane usage
data The COVID19 pandemic made it difficult to col-
lect sufficient data, but the accuracy can be improved
by adjusting the classifier after data collection.

4.2. System output

We designed a system that satisfies the requirements
for the output part as stated in Section 3.4. The output
part presents to the sighted person the inaccessibility
noticed by the visually impaired person, which is de-
termined by the input part. Therefore, the three walk-
ing motions determined by the input part are classified
into two types according to their importance and are
presented to the sighted person by visualization. First,
visually impaired people stop walking when regarding
that it is dangerous to move at a location Moreover, they
reduce their walking speed and probe with the white
cane to explore the surroundings carefully [54]. There-
fore, stopping is represented with a red marker indi-
cating that it is the most hazardous. Because reducing
speed, changing motion, and scanning with the cane are

commonly and simultaneously performed to carefully
gather surrounding information, both are represented
with yellow markers indicating a high level of hazard.
The output part plots the red and yellow markers on the
existing map and presents them to the sighted people
because the input part can clearly identify the coor-
dinates of inaccessible areas. In addition, this system
assumes that a large amount of white cane use data has
been collected. If information is graphically presented
on a map according to each visually impaired person’s
usage data, visualizing inaccessibility correctly may
be difficult due to individual differences (such as fa-
miliarity), environmental differences (such as weather
and time of day) and unrelated content for example.
Too much information may also be presented. There-
fore, this system visualizes only the inaccessibility that
emerges consequent to accumulating a large amount
of usage data and avoids the visualization of irrelevant
information due to differences among individuals and
environments (refer Section 6). A threshold is set ac-
cording to the scale of the actual data collection, and
markers are plotted only at the coordinates where the
inaccessibility exceeds that threshold (Fig. 9).

Based on this design, an output part was implemented
as shown in Fig. 10. Since the proposed method as-



R. Hasegawa and J. Ichino / Inaccessibility maps to support sighted people using visually impaired people’s white cane data 235

Fig. 9. Visualize inaccessibility emerging from large amounts of data on a map.

Fig. 10. Output system diagram.

sumes that data on the use of white canes by a large
number of visually impaired people have been col-
lected the relevant coordinate information is stored in
the cloud. Several platforms including Google Maps
API and Bing Maps API, allow information to be added
to maps. Our system uses the Google Maps API to
visualize markers on specific coordinates. The imple-
mented system automatically writes HTML describing
the markers for the stored coordinates. Figure 11 shows
the inaccessibility map output by the system using P2’s
white cane and GPS data (test data was used because
location information was not obtained) collected dur-
ing the observation survey described in Section 3. The
markers are correctly plotted at the locations where
changes in P2’s walking movements were observed
during the observational survey.

4.3. Usage scenarios

Figure 12 shows a scenario in which the system is
being used by an elderly person who requires a cane to

walk. In the figure, the elderly user plans an easy-to-
walk route from the green marker to the red marker. It is
also assumed that several visually impaired users pro-
vided data for the system and that sufficient information
about inaccessibility is displayed on the map.

5. User study

5.1. Structure of the study

5.1.1. Objectives and method
Before collecting the data, we conducted a two-

phased user survey on the system’s interface to observe
how sighted people, the elderly and their stakeholders
understood and utilized the inaccessibility map using
mock inaccessibility map we created. The first phase
was a thought study to observe how users understand
the inaccessibility map (described in detail in Section
5.2), and the second phase was a field study to ob-
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Fig. 11. Inaccessibility map shown using P2 data collected in the observational study as described in 3.2.

Table 5
List of Participants in the userstudy

ID Gender Age Attribute
U1 Male 70s

Elderly

U2 Male 80s
U3 Female 70s
U4 Female 80s
U5 Female 80s
U6 Female 50s Facility Staff

serve how they actually walk after viewing the map
(described in detail in Section 5.3). The study was ap-
proved by the Ethical Review Committee for Research
on Human Subjects of Tokyo City University (Approval
No.: 2021-h07).

5.1.2. Participants
We recruited six participants five elderly people who

use a senior citizen community space in Kanagawa Pre-
fecture of Japan and one staff member. Table 5 lists the
participants. We included the staff member (U6) be-
cause she has a good understanding of the elderly par-
ticipants, which we believed would help the discussion
run smoothly and prevent deviations.

5.2. Thought study phase

5.2.1. Tasks
The participants were first shown the inaccessibility

map, representing the proposed method (left-hand side
of Fig. 13), and a simple Google map of the same area
showing nothing (right-hand side of Fig. 13).

Plain maps with no additional content were also
shown to participants because we thought that a com-

parison would facilitate discussion and help participants
understand the maps with additional content. We also
referred to a previous study [43] that examined visual-
ization methods for accessibility, and asked participants
to discuss the maps as they compared them. These maps
were centered on the community space with which all
participants were familiar and where the study was con-
ducted. They were also advised that the red markers
indicated where the visually impaired people stopped
and the yellow markers where the visually impaired
people slowed down.

As mentioned in Section 4.2, our system cannot cre-
ate the actual map at this stage before the data is col-
lected, because our system determines and visualizes
inaccessibility from the accumulated data after a large
amount has been collected. Therefore, we created and
used a mock inaccessibility map created by plotting
markers on slopes and steps, comparing the trends in
Fig. 10, which was created using the observations de-
scribed in Section 3.2 and a limited set of actual data
from the actual site. Thus, while this user survey was
intended to evaluate the proposed methodology, it is
not a definitive evaluation based on actual data on the
visually impaired, the system, and the maps created
using it. This study, which is a partial evaluation of the
proposed method possible at the current stage before
data collection, intended to test how sighted people, as
receivers of support, understand and utilize the infor-
mation provided by visually impaired people when it is
presented through systems to support them.

To observe how the participants, i.e., sighted people,
would understand and use our proposed inaccessibility
map in the thought phase of the study, we asked them to
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Fig. 12. Example of a usage scenario. It shows how the inaccessible areas identified by visually impaired people are visualized on a map, which is
then used by older sighted people to plan a more accessible walking route.



238 R. Hasegawa and J. Ichino / Inaccessibility maps to support sighted people using visually impaired people’s white cane data

Fig. 13. Two types of maps used in the study. (Left: Map with plots showing inaccessibility; Right: Map of the same area without markers).

freely discuss with each other while looking at the two
maps. In the first five minutes we said, “First, I want you
to look at the two maps and talk freely with each other
about what you understand and what you think.” and let
the participants discuss freely among themselves. For
the next five minutes, we placed two magnets on the
inaccessibility map, one indicating the current location
and the other the destination, and asked, “Next, please
think of a route from the starting point where you placed
the magnets to the goal. You can use a pen to draw a
line along your chosen route Please discuss this process
among yourselves as well.” The participants discussing
the map can be seen in Fig. 14 below.

5.2.2. Result and consideration
The first five minutes of the thought study phase fo-

cused on where the markers were on the inaccessibility
map and what they meant. U1 said, “This street is the
safest,” U2 said, “There are quite a few intersections,”
U6 said, “Red markers are where the road changes di-
rection,” “There are many red markers in a straight line
here,” and “This is because buildings extend to the edge
of the road.” Thus, participants commented on the safe,
dangerous, and difficult walking areas that could be
identified from the markers, as well as the causes and
trends, and no skepticism was expressed regarding the
reliability of the information. In addition to these state-
ments, U1 and U2 also said, “There are a lot of people
speeding in cars,” and “The slope here is difficult to
walk on,” and seemed to compare their knowledge of
the surrounding environment with the existing informa-
tion. During the 5-minute route planning discussion in
the second half of this phase, U2 first named the short-

est and most direct route, and said, “I think of this route
first,” to which all participants agreed. However, later,
U1 and U2 said, “If we are concerned about safety, we
should go this way,” and the discussion focused on the
route with fewer markers than the agreed route. The
two routes discussed by the participants are shown in
Fig. 15.

The results of this phase suggest that the walking dif-
ficulty map conveys where seniors would have difficulty
walking, but also offers more detail regarding the diffi-
cult road conditions than discerned by the granularity of
the walking difficulty factors presented by our system.
In addition, a few participants were able to interpret the
inaccessibility location and match it with their existing
knowledge of the environment, suggesting that users
who are familiar with the location could also use the
system.

In addition, although consensus on the shortest route
was reached in the route planning discussion, the par-
ticipants had also identified a route with fewer markers.
They concluded from the inaccessibility map that the
route was accessible. We attribute the consensus on the
shortest route to two reasons: first, most of the partici-
pants were elderly, but few of them had difficulty walk-
ing (the study could not be conducted with a large group
because of the Covid-19 restrictions). Second, U2 who
had no difficulty in walking, had a strong voice among
the participants, and all the participants were often in-
fluenced by U2’s words. Another possible reason for
the participants’ consensus on the shortest route is that
the current method of displaying markers in two colors
does not sufficiently influence the user’s route planning.
By presenting users with a visualization method that
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Fig. 14. Participants speaking around two maps during a task. The map in the foreground shows the proposed method.

Fig. 15. Two routes on the map discussed by the participants in the
thought study phase. (The green line is the shortest route, and the
blue line is the most accessible route).

highlights inaccessibility, it may be possible to interest
users in routes that are easier to walk than using the
current one.

5.3. Field study phase

5.3.1. Task
In the next phase of the field study, we asked one

of the participants U1 from the thought study phase
(Table 5) to walk the route discussed in the thought
study and comment on its difficulty. This phase was
conducted a few days after the thought study. U1 was

selected as the participant for this phase because he
was vocal in the thought study and mentioned both the
shortest and safest routes while planning the route. Be-
cause the participant was relatively old, he was accom-
panied by a staff member during the walk. Participant
was asked to express their opinions about elements that
made walking difficult if they noticed them during the
walk, and the staff member who accompanied them
recorded this information. In addition, U1 was asked to
walk from the red marker in Fig. 15, using the green
route as the outward route (shortest route) and the blue
route (route with few markers) as the return route

5.3.2. Results and considerations
At this phase, while choosing the shortest route, U1

commented “There is a hill,” and “The steps on the road
bother me,” and stated that this route was difficult to
walk because it was a main street. In contrast, the other
route that the candidate suggested during the thought
study phase by participants, was an old back street. It
had a few points that caused difficulty in walking. How-
ever, during the walk on the route with few markers, the
participant commented that they were not concerned
about this area. After the walk, they expressed more
positivity than they did for the shortest route on the out-
ward journey, stating that contrary to their expectations,
no points in the return route (the route with few mark-
ers) bothered them considerably. This suggested that the
method presented may provide a route plan that is less
inaccessible or rarely traversed by users. However, as
mentioned, this user study could not fully evaluate the
usefulness of the method as that can only be achieved
by collecting large scale data on white cane usage and
visualizing it on a map.
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6. Limitations and future work

During the study, we found four areas with scope for
improvement.

6.1. Data collection

As mentioned in Section 4.2, our proposed method
is assumed to visualize information based on the ac-
cumulation of large amounts of data. The current sys-
tem discriminates locations that may be inaccessible
from the white cane usage data of individual visually
impaired people, but actually generating the proposed
inaccessibility map requires a large amount of data. The
visually impaired who will be the providers can col-
lect data simply by wearing the sensor and going about
their daily lives, so the burden of data collection on
the visually impaired is expected to be small. Although
it would take some time for a large amount of data to
be collected, it would be easy to do. Thus, the cost of
finally generating a map may be smaller than the cost of
a municipality or other organization creating a dataset.
In addition to the number of visually impaired people, a
wide range of data must be collected by region to create
inaccessibility maps If the visually impaired live near
frequently visited facilities, such as train stations, hos-
pitals, etc., they may walk more frequently. If data are
collected and maps are generated only in the vicinity of
such facilities rather than for an entire region, it may be
possible to provide maps that meet the needs of users
more rapidly. However, not all of the collected data
will be visualized, to avoid the influence of excessive
and unreliable information and individual differences
among data givers, only locations where the informa-
tion surpasses a given threshold will be included. This
threshold will be defined and adjusted depending on
the post data collection trends and the quantity of data
available

6.2. User evaluation

Second, evaluations must be conducted by sighted
users using a systemgenerated inaccessibility map
based on actual usage data. In the user study described
in Section 5, the inaccessibility map used was a mock-
up. Although it is difficult to collect a significant amount
of data immediately (because it requires a long-term
setup), the usefulness of the system can be further in-
vestigated by conducting an experiment in which an
inaccessibility map is generated and evaluated by the
system after the actual user data is collected. In ad-

dition, the mock-up maps in the user study (Fig. 13)
should be compared to maps based on actual data to
assess similarities and to review the findings from the
user study. The number of participants in the user study
was limited to six. Although most of them were elderly,
there were also some participants with serious mobil-
ity problems, such as wheelchair and cane users. By
including differentlysighted users who might be inter-
ested in the inaccessibility map, we believe that dif-
ferences in the use and information required by each
user attribute can be identified. This user evaluation
also requires we identify which of the information that
our inaccessibility map visualizes is useful or unnec-
essary for sighted people. After future data collection,
it may be possible to visualize multiple inaccessibil-
ity from visually impaired people’s white cane usage
data, but it is possible that some of the information may
be misinterpreting to sighted people, making them feel
it is superfluous. By identifying this information and
eliminating it from the visualization, our method may
be able to generate inaccessibility maps that are more
useful to sighted people

6.3. Improve accuracy of input system

Third, the detection function in the input part of this
system can also be further investigated. First, the accu-
racy of discriminating changes in the left-to-right oscil-
lation of the white cane using SVM is 60.3 %, which
is insufficient and must be improved. Currently, the
system is implemented based on the usage data of two
individuals who participated in the observational study,
and only this data, which is an insufficient dataset, was
used in implementing the classifier. To investigate a
discriminant function that can detect changes in the
amount of time the cane is swung with higher accu-
racy, in the future, a considerable amount of white cane
usage data must be collected. Such usage data must
also be obtained to evaluate whether the classifier of
this system can be robust to the influence of individual
differences such as gender, age, and degree of visual
impairment. Because the observation and analysis of
the walking movements of visually impaired people
only included two participants, similar observation and
analysis should include a larger number and variety of
visually impaired people (degree of visual impairment,
congenital or acquired). Through such observation and
analysis, the relationship between walking movements
and inaccessibility will be further clarified and the de-
tection items in the system will be re-examined.

The current system can visualize mainly the top-
ranked information among the walking difficulties that
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older clear-sighted people want to know, shown in Ta-
ble 4, which is the result of the survey described in
Section 3.3, but the classifier is not sufficient to identify
Braille blocks and dark areas. More analysis of data on
the use of white canes and the walking movements of
visually impaired people may be able to cover these in-
formation as well. If there is inaccessibility information
required by the sighted people that cannot be detected
from only data on the visually impaired, it may be nec-
essary to consider using this information in conjunction
with existing data sets and accessibility visualization
methods.

The three characteristic behaviors that the current
system can detect are not necessarily indicative of in-
accessibility. Therefore, re-examining accessibility and
walking behavior is required to define which determines
accessibility and prevent unrelated information from
being erroneously visualized. Moreover, by limiting the
data to walking with a white cane on stairs, ramps, and
braille blocks, which provides major information re-
garding accessibility, it may be possible in the future
to visualize the current low level of accessibility and,
on a map, show direct accessibility information such as
where the stairs and ramps are located. Braille blocks
are particularly important because they are an accessi-
ble element on which visually impaired people can walk
but could be inaccessible for sighted people because
they could stumble. To improve the accuracy requires
an enormous amount of walking data from those who
walk daily, However, collecting walking data from visu-
ally impaired people who walk only in places with poor
accessibility, such as inclines, steps, stairs, ramps, and
implementing a classifier from those data, may reduce
the amount needed to achieve a high level of accuracy.

6.4. Consideration of visualization method

Finally, it may be difficult for the current information
presented by the system to have a significant influence
on the user’s route planning and, therefore, the method
of presentation should be considered. Our system uses
place markers at the coordinates of locations consid-
ered to present walking difficulties, but as mentioned,
there are multiple methods for accessibility visualiza-
tion [42]. For visualization, these methods use official
datasets provided by municipalities and other sources,
but the cost of collecting this information is high. Con-
versely, the proposed method may incur less costs than
existing methods because it can automatically collect
data to visualize accessibility simply through sensors
that are sufficiently light. We could also evaluate the

cost of our method by recording how long it actually
takes to acquire the accessibility data.

In addition, previous methods [42], instead of placing
markers at specific map locations as does ours, visualize
accessibility by dividing it into levels, or a certain range
of levels using heat maps. Through a study comparing
other accessibility visualization methods with our meth-
ods, more useful information can be presented to the
user and could influence their route planning. A study
by Manaswi et al. that evaluated diverse accessibility
visualization methods from the perspectives of various
stakeholders i.e., caregivers with high relationship val-
ues with people with disabilities [42]. They stated that
they did not trust data without knowing who created it
and that they trusted less granular information, such as
information that was visualized in a pinpoint location
rather than generalized to a certain range from multiple
data sets. In comparison to these results, our user study
found no mention of skepticism regarding the reliabil-
ity of the information in the participants’ discussion.
This may be due to our proposed method that visualizes
accessibility in a pinpoint location, and the data source
was clearly identified as information provided by vi-
sually impaired people, thus was fine-grained and the
participants trusted it. This result confirms the findings
of Manaswi et al. in their study and suggests that low
granularity is important in accessibility visualization
to gain user trust. In our future studies, we plan to ex-
pand the classification functionality of the white cane
use data as described in Section 6.3. The aforemen-
tioned considerations suggest that future expansion of
the functionality may further reduce the granularity of
the information we present and thus greatly improve
reliability for users.

By adding the information proposed in this study
to the existing accessibility visualization maps [42],
the map could contribute to more comfortable walking,
and this also needs to be evaluated. In addition to con-
sidering visualization methods, importantly, the data
set to be used for visualization in the map must also
be considered. Accessibility varies at different times,
such as weekdays and holidays, daytime and nighttime,
when congestion and brightness differ. Therefore, by
implementing a function that generates a map from all
the accumulated data, and a map with conditions, such
as daytime on holidays, more useful and appropriate
information can be presented to the user. In addition,
our method cannot collect information on paths that
visually impaired people dislike and avoid. Otherwise
expressed, important accessibility information may be
whether or not a visually impaired person has walked
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the path. We have considered adding information in
the future on whether or not a visually impaired person
walked the path as part of the visualization information.

7. Conclusion

After three preliminary studies, we implemented a
system that creates an inaccessibility map to support
sighted people by using data from white cane usage
patterns exhibited by the visually impaired. This system
creates a scenario in which the visually impaired can
support the sighted, which has rarely been explored in
previous studies. In the survey and preliminary studies
conducted before implementing the system, we found
that visually impaired people’s perception of non-visual
information is superior to that of sighted people. They
perceive information based on how they use the white
cane, which is difficult for sighted people. A user survey
of elderly sighted people conducted after the system
was implemented found that the inaccessibility map
could help users understand where and why they have
difficulty walking, and it also help them plan routes and
walk comfortably. In the future, our system will collect
actual data to improve its accuracy. Thereby, it would
provide more useful accessibility information for users
in comparison to existing methods. The use of existing
methods in combination with existing data sets could
also be considered.
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