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Abstract

Visually impaired individuals often rely on assistive technologies such as white canes for independent navigation. Many
electronic enhancements to the traditional white cane have been proposed. However, only a few of these proof-of-concept
technologies have been tested with authentic users, as most studies rely on blindfolded non-visually impaired participants
or no testing with participants at all. Experiments involving blind users are usually not contrasted with the traditional white
cane. This study set out to compare an ultrasound-based electronic cane with a traditional white cane. Moreover, we also
compared the performance of a group of visually impaired participants (N=10) with a group of blindfolded participants
without visual impairments (N=31). The results show that walking speed with the electronic cane is significantly slower
compared to the traditional white cane. Moreover, the results show that the performance of the participants without visual
impairments is significantly slower than for the visually impaired participants. No significant differences in obstacle detec-
tion rates were observed across participant groups and device types for obstacles on the ground, while 79% of the hanging
obstacles were detected by the electronic cane. The results of this study thus suggest that electronic canes present only one
advantage over the traditional cane, namely in its ability to detect hanging obstacles, at least without prolonged practice.
Next, blindfolded participants are insufficient substitutes for blind participants who are expert cane users. The implication
of this study is that research into digital white cane enhancements should include blind participants. These participants
should be followed over time in longitudinal experiments to document if practice will lead to improvements that surpass the
performance achieved with traditional canes.

Keywords Electronic cane - Mobility - Blind and visually impaired - Assistive technology - Experimental procedures

1 Introduction common cases include cataracts, glaucoma, uncorrected
refractive errors, diabetes, retinal displacement, ocular

According to the World Health Organization [1], 285 mil-  trauma, and aging-related diseases [1, 3, 4].

lion people are estimated to be visually impaired worldwide. Visually impaired individuals experience many chal-

According to data from the last census in Brazil [2], 18.8%  lenges in their daily activities, such as reading, practicing

of the population stated having reduced vision. The most  sports, socialization, getting an education and, especially,
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moving around. The lack of vision has been found to have
a direct impact on the gait pattern as well as on the walking
speed [5-8]. Navigating independently, that is, without the
help of others, is a major challenge for visually impaired
individuals, which leads to frustration, low confidence,
reduced autonomy, and physical safety risks [9]. To improve
mobility, the visually impaired individual needs assistive
technology (AT). According to Bhowmick and Hazarika
[10], AT for visually impaired people is a research field
that is gaining increasing prominence and has a very rel-
evant social impact due to the increasing aging and blind
populations.

Probably, the most common and accessible AT device for
individuals without vision is the white cane. A white cane
provides the users with tactile information about the sur-
roundings thereby allowing these surroundings, especially
on the ground, to be explored and obstacles to be detected,
such as furniture, steps, etc. The white cane is also a sym-
bolic device notifying onlookers that a person has reduced
vision. This symbolic function is particularly useful in busy
and crowded environments such as airports where people
may be more careful toward the cane users. The symbolic
function is also important when waiting for the bus altering
the driver to stop and be extra vigilant during boarding.

Although the white cane helps the orientation and mobil-
ity for its users, it has a limited range and does not detect
aerial obstacles such as tree branches and suspended trash
cans [11-13]. This inevitably causes accidents, putting
the users in physical danger [13]. According to a study by
Manduchi and Kurniawan [14] of 300 blind participants,
40% reported head accidents at least once a year. Besides,
they also reported that 23% of the incidents had medical
consequences.

An Electronic Travel Aid (ETA) is a device that collects
environmental information and transmits it to the user to
allow independent movement [15]. Generally, ETAs detect
obstacles in the user’s path using one or more sensors and
provide the information to the user through sounds, vibra-
tions, or both [16, 17]. The main advantage of an ETA over
aregular white cane is its ability to identify obstacles above
the waistline, therefore allowing more independent and safe
mobility. While ETAs seem to benefit independent and safe
mobility of visually impaired individuals, there is a lack of
empirical evidence on the extent to which such devices can
detect obstacles and improve the performance in mobility
tasks.

There are few models of ETAs commercially avail-
able such as UltraCane (Sound Foresight Technology
Ltd) and MiniGuide (American Printing House for the
Blind, Inc.), both equipped with ultrasonic sensors [18,
19]. The main difference between them and the electronic
cane used in this study relates to ergonomic concepts and
costs [20]. The UltraCane and the MiniGuide devices cost
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approximately 2.4 and 1.5 times the estimated price of the
electronic cane, respectively [18-20]. Unlike the Mini-
Guide device, the proposed electronic cane maintains the
traditional cane handle, making it more convenient, since
the MiniGuide cannot be used by itself, requiring the use
along with a guide (human or dog), or cane, because it
does not provide sufficient information to ensure safety
[19]. Regarding the UltraCane, the proposed device only
uses one ultrasonic sensor, thus having its operation sim-
plified and its size, weight, and cost reduced [20].

Our review of the literature (see Sect. 2) revealed that
many studies are carried out without visually impaired
participants. One may question the validity of experiments
involving non-visually impaired participants as practical
substitutes for blind participants. Blind participants are
experienced in interpreting the world using other senses
and using white canes, while non-visually impaired indi-
viduals usually have little or no experience in being blind-
folded. One of the objectives of this study was, therefore,
to collect empirical evidence on any potential difference in
performance between blind and blindfolded non-visually
impaired users with the prediction that blind individuals
would perform better due to their practice of being blind.
Our first hypothesis was, therefore, the following:

Hypothesis 1 Blindfolding of non-visually impaired par-
ticipants is an inaccurate substitute for blind participants in
white cane experiments.

Our review of the literature also showed that the few
studies that explored electronic white canes with blind par-
ticipants did so without reference to the traditional white
canes. Consequently, the research literature contains little
empirical evidence to support the claim that electronic
white canes pose improvements to the traditional canes.
The second objective of this study was thus to assess if an
electronic white cane that provides additional cues about
obstacles poses an improvement over the white cane. We
predicted that the electronic cane would lead to improved
performance over the white cane. Our second hypothesis
is thus the following:

Hypothesis 2 Electronic canes with additional obstacle
cues lead to improved mobility performance over traditional
passive white canes.

The novel contribution of this paper is thus captured in
these two hypotheses that address issues that have not been
sufficiently covered by the literature.

This paper is organized as follows: an overview of
previous studies with ETAs is presented in Sect. 2. Sec-
tion 3 describes the experimental setup, the materials and
sample used, the tasks performed and how the data was
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analyzed. Section 4 presents the walking speed and obsta-
cle detection results. The results are discussed in Sect. 5,
and Sect. 6 concludes the paper with suggestions for future
work.

2 Related work

Many technologies have been proposed through proof-
of-concept prototypes (see, for instance, Dakopoulos and
Bourbakis’s [21] survey on general assistive devices for
the visually impaired, Tapu et al.’s [22] survey of wear-
able assistive devices for the visually impaired and Motta
et al.’s [23] survey of electrical white canes). Unfortu-
nately, many of the reported studies are technical system
descriptions and do not include testing with actual users.
These studies, therefore, provide little new insight into
the operational suitability of these technologies. Exam-
ples of electronic white cane studies without evaluations
with users include EyeCane [24, 25] which in essence is a
distance measurement tool, Nada et al.’s [26] inexpensive
devices based on an infrared sensor, Sheth et al.’s [27]
ultrasound cane using prerecorded audio for feedback,
Bouhamed et al.’s [28] cane using both ultrasound and
a monochrome camera, Anwar and Aljahdali’s [29] cane
using five sensors including ultrasound, infrared, water
detector, head and light detectors, Faria et al.’s [30] white
cane with an RFID reader relying on RFID tags in the
environment, Palleja et al.’s [31] whisker-inspired white
cane sensors, navigation with laser range scanners [32],
flashlight-like scene exploration with a high frequency dis-
tance measurement tool [33], etc. Other researchers have
addressed the feedback to the users more specifically, yet
without documented user tests, for instance feedback via
speech [34, 35], vibrations on different fingers to indicate
navigation direction [36], advanced scene analysis with
Google Tango [37], and the use of tractors on the arms
[38].

Some studies proposing electronic white cane technolo-
gies have also conducted an experiment with blindfolded
non-visually impaired users. Examples include Perera
et al.’s [39] use of an ultrasound-based body area network
with haptic feedback and text to speech. Unfortunately, the
reported experiments are sketchy. Wang and Kuchenbecker
[40] evaluated their HALO system on low hanging obsta-
cles with 12 blindfolded participants, while Pyun et al.
[41] employed 5 blindfolded participants. O’Brien et al.
[42] evaluated a low-cost device that could be attached to
an existing white cane with 16 blindfolded participants. Of
these, 10 participants successfully detected more obsta-
cles with the electric cane than the white cane, while
12 participants yielded slower walking speeds with the
electronic cane. Another approach involves using colored

tape on the floor which serves as guidelines with optical
color detecting sensors on the cane in addition to RFID for
absolution positioning. Shiizu et al. [43] evaluated such
a system with 10 blindfolded participants, while Fuka-
sawa and Magatani [44] evaluated a similar system with
three blindfolded participants. Vera et al. [45] proposed
to implement low-cost distance measurement with a laser
pointer and a smartphone camera. The direction of the
camera and the laser pointer are positioned at a non-par-
allel angle such that the laser pointer interaction with the
scene is captured by the camera and the distance can be
calculated. They evaluated their prototype using 16 blind-
folded participants. A totally different approach was taken
by Wachaja et al. [46] who implemented a smart walker
for visually impaired users with reduced motor function
based on recent advancements in robotics. Their system
was tested with 9 blindfolded and one blind participant.
Okazaki and Kajimoto [47] conducted an experiment with
11 blindfolded participants to explore the perception of
distance through vibration.

Some studies also report observations of blind users
using the technology. Hersh and Garcia Ramirez [48]
conducted a two-part study with an ultrasound enhanced
white cane. The first part of their experiment involved a
prolonged use of the cane in a real urban environment at
two locations in Brazil with five experienced cane users
of which three were blind and two with low vision. They
observed general satisfaction and usability. The second
part involved a questionnaire sent to 18 cane users around
Brazil of which five had low vision and 13 were blind.
The results showed that half of the respondents liked the
electronic enhancement of detecting objects above ground
as it gave an increased sense of security to dangers. The
respondents disliked that the devices could not be used
in the rain and were difficult to fold. Suggested improve-
ments included increased sensitivity and speed, to detect
objects at leg height and to distinguish between different
obstacle types. Menikdiwela, Dharmasena, and Abeykoon
[49] evaluated a sonar-based device with vibrotactile
feedback using three vibrators, with one vibrator for each
sensor. Their experiment involved 7 blind schoolchildren
that involved five parts addressing device interaction,
learnability, walking between obstacles, obstacle height,
and distance estimate. The results revealed an obsta-
cle detection rate of 74%, gaps down to 0.4 m could be
detected, obstacles 0.1 m above ground could be detected
and the distance estimate to vibration was 84%. Their
experiment was not well-structured, and it is hard to infer
generalizations from the small number of participants.
Williams et al. [50] studied the discrepancy between the
feedback needed by blind individuals compared to non-
visually impaired individuals. Based on focus groups with
20 participants they found that blind individuals make use
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of small cues such as tiny bumps as they give indications
of larger objects such as stairs. Sighted people prefer open
places as they give a good overview, while such open
spaces do not offer blind individuals enough cues such as
walls and other objects. Blind individuals prefer “walking
with others” by holding onto the arm of the sighted per-
son and following their body motion. This is perceived as
better than having to listen to instructions. Sighted people
often make mistakes distinguishing left from right; they
often provide ambiguous instructions such as “over there”
and exhibit poor timing with instructions too early such
as “stairs coming up” (at the other side of the room). Tzo-
varas et al. [51] employed 26 blind and visually impaired
participants to assess a virtual reality system for training
white cane skills to avoid training in dangerous environ-
ments such as heavy traffic. Zhao et al. [52] interviewed
13 low-vision individuals to identify how they navigate.
They found that changes in the ground surface were the
most important and that new technology should support
depth judgments. Nicolau et al. [53] interviewed 8 blind
individuals to gain insight into how they explore and
interact with new places. Identifying faces and reading
signs with small print during navigation has also been
found to be among the most challenging tasks for low-
vision individuals [54].

3 Method
3.1 Experimental design

Two experiments were conducted. The first experiment
involved only non-visually impaired individuals in within-
groups experimental design. The purpose of the first
experiment was to obtain their preferred walking speed
(PWS) under different conditions. Feedback mode was the
independent variable with four levels, namely full visual
feedback, blindfolded without a cane, blindfolded with the
traditional white cane, and blindfolded with the electronic
cane. Mean walking speed was the observed dependent
variable.

The second experiment was performed using a mixed
experimental design with two independent variables, namely
device as a within-groups factor, and visual condition as a
between-groups factor. The purpose was to contrast the two
types of canes and two types of participants. The within-
groups device factor had two levels, namely the traditional
white cane and the electronic cane. The between-groups
visual condition factor had two levels, visually impaired
and blindfolded non-visually impaired participants. Walk-
ing speed and obstacle detection rates were the measured
dependent variables. The order of the experiments with the
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canes was randomized to minimize learning effects among
the blindfolded participants. The blind participants first used
the white cane which they were already familiar with signal-
ing their preferred walking speed, followed by the electronic
cane.

3.2 Participants

We recruited ten visually impaired participants, who use
the white cane for daily mobility, and 31 participants with-
out visual impairments. All participants signed an informed
consent form in which they were informed about the pro-
cedures and objectives of the research, as well as assured
of the absence of any risks to their physical health and the
possibility of leaving the experiment at any time.

The visually impaired participants (50% female and 50%
male) had an average age of 46 years (SD=12.2) and an
average height of 1.64 m (SD=0.10). Of these, only one
participant was left hand dominant. Regarding the physi-
cal activity level, 60% stated having a low level and 40%
moderate level. Regarding ambulation, 10% stated having
dependent mobility, that is, using both cane and the company
of a person to walk around, 80% stated to be independent,
that is, moving around by themselves with only the cane
and 10% declared to have both types of locomotion. In total,
90% of the participants used public transportation daily. All
participants used the same type of white cane and tip.

Of the participants without visual impairments 48.4%
were female and 51.6% male. The average age was
22.7 years (SD=3.67) and all were over 18 years old. The
average height was 1.70 m (SD =1.68). Of these, only 3.22%
were left hand dominant. The participants were asked about
their level of physical activity of which 48.4% stated having
a low level, 48.4% moderate level and 3.2% intensive level.
None of the participants had used a cane before.

3.3 Materials
Both a traditional white cane and an electronic white

cane were used in the experiments both with the same
tip (roller). The traditional white cane had a length of

Fig.1 Traditional white cane
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Fig.2 FElectronic cane

1 ultrasonic sensor and micro-motor
2) microcontroller
3 battery

Fig. 3 Electronic cane components. Based on an illustration by Ram-
irez et al. [20]

0.120 m and a mass of 0.255 kg excluding the tip. With
the tip, the total length was 0.128 m with a total mass of
0.297 kg (Fig. 1). This cane has three main parts: a handle
(grip) made from anatomic rubber, a straight aluminum
shaft, and a nylon tip that is in direct contact with the
object or the ground. The electronic cane had a length
of 0.1255 m with a mass of 0.305 kg without the tip, and
a total length of 0.131 m and a total mass of 0.347 kg
including the tip). The electronic cane was developed at
UNIVALI in collaboration with UDESC (Fig. 2). It has
a micro-motor for creating vibrotactile feedback, a 9 V
battery and an integrated ultrasonic sensor that identifies
obstacles above the waistline at a range of 1.5 m within
a sector of 30°. The user is alerted through vibration or
sound whenever an obstacle is detected (Fig. 3).

As the user approaches the obstacle with the electronic
cane, the feedback increases accordingly [20]. According
to Ramirez et al. [20], this device was created to avoid
the limitation of the traditional white cane in detecting

obstacles above the user’s waistline and, therefore, to
achieve better spatial exploration. The device uses ultra-
sonic echo to detect physical barriers and the echo detec-
tion can be performed in real time on small portable
devices.

3.4 Experimental procedure

The walking test was developed based on an experimen-
tal setup reported by Jeong and Yu [15] and Roentgen
et al. [55]. It comprised two parts. In part one, the walk-
ing performance of the individuals was measured without
obstacles. The participants were first instructed to walk
back and forth along the path without obstacles to get
familiarized with the path in their self-selected walking
speed. The participants were instructed on how to use both
devices and were allowed 5 min for familiarization. The
instructions included: how to hold and position the cane
(in front of the body), how to use the cane (rolling from
side to side), how to turn on and off the electronic cane,
and how the electronic cane emits feedback as approaches
the obstacles (increasing the sound and vibration). Since
the visually impaired participants are already used to the
white cane, they only received training regarding the elec-
tronic cane. We observed that, although the orientation
and mobility course teaches that the white cane should be
positioned in front of the body, the visually impaired par-
ticipants used it on the side of the body. The first experi-
ment with the non-visually impaired participants was
conducted under four conditions, namely with full vision
and no cane, blindfolded without a cane, blindfolded with
the traditional cane and blindfolded with the electronic
cane. Swimming glasses covered in black tape were used
to blindfold the participants.

Experiment two involved a walking test with seven obsta-
cles. There were two types of obstacles: two obstacles sus-
pended from the ceiling and five on the ground. The partici-
pants were given an indoor training session involving two
obstacles in different sizes and heights (Figs. 4, 5) in a space
of 5x2 m. The actual experiment was conducted outdoors
on a path with outer dimensions of 21x 2.5 (Fig. 6), with
seven obstacles. Then the participants were asked to walk
the path with obstacles along one direction only. They were
positioned in the center of the path and instructed to wait
for the research to inform they could start. They were also
instructed not to touch the obstacles, relying only on the
cane feedback to detect them and to follow the tactile floor
path with the cane. Also, if they detect any obstacle along
the way, they should avoid it and go back to the path (Fig. 7).
After completing the task with the first cane, they repeated
the task with the second cane.

The positions of the obstacles were marked on the floor so
that all the different trials would have the same conditions.

@ Springer
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Fig.4 Height, width, depth, and

vertical position of the obstacles TRAINING ROOM

1 118.0x38.5x28.0cm
2 40.0x32.0x27.0cm

2

100 cm

Fig. 5 Experimental setup in the training room

N~ o o oA o N -

59.0 x 30.0 x 40.0 cm
110.0x 205 x 26.5 om EXPERIMENT PATH
97.5x 19.5x 26.5 cm

41.0x31.5x27.0cm

133.0x28.0 x 23.5 cm 4

79.0x 31.5x26.0 cm
33.5x63.0x33.5¢cm

2

100 cm 100 cm

Cardboard obstacles were made to represent real obstacles
that can be found in a walking environment such as tree
branches and suspended trashcans that are not identified by
the traditional canes. Both the training room and the outdoor
path contained tactile floor paths to help the participants
orientate along a straight line.

The hanging obstacles were not included for the visually
impaired participants in the white cane condition (second
part of the experiment) as it would not be possible to detect
these obstacles with the white cane. Walking into these
obstacles could have caused unpleasant embarrassment
among the visually impaired participants.

3.5 Data analysis

The mean walking speed in meters per second was com-
puted by dividing the path length (21 m) by the measured
total time to complete the path. The percentage of obsta-
cles detected by the white canes was acquired by manually
inspecting video recordings of the participants. Statistical
analyses were performed using the JASP version 0.9.1.0

[56].

[1]

Fig.6 Path with the positions of the outdoor obstacles
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Fig. 7 Data collection. Experiment path

3.6 Ethics

This study was approved (Process N. 2.258.364) by the
Ethics in Research Committee of Faculty of Architec-
ture, Arts and Communication, of Sdo Paulo State Uni-
versity (UNESP) - Bauru, Brazil, attending the Resolu-
tion N. 510/2016 of the National Council of Health. All
participants signed an informed consent form in which
they were informed about the procedures and objectives
of the research, as well as assured of the absence of any
risks to their physical health and the possibility of leaving
the experiment without any prejudice. Video recordings
were deleted after the data analysis. This research was

1.4
1.2 I
g 10
E
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& 06 1.165
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Z 04 1 J_
E 0.605
0.2 0.468 0.421
0
full vision blindfolded white cane electronic cane

Fig.8 Walking speed observed in the four feedback conditions with-
out obstacles

conducted before the introduction of the General Data Pro-
tection Regulation (GDPR).

4 Results
4.1 Walking speed

Figure 8 shows the results from the first part of the experi-
ment. The measurements were checked for normality.
Mauchly’s test revealed that the data did not satisfy the
assumption of sphericity (W=0.479, p <.001). Green-
house—Geisser and the Huynh—Feldt epsilon (¢) values
were both below 0.75 and Greenhouse—Geisser corrections
were therefore applied to the repeated measures ANOVA.
The repeated measures ANOVA revealed that there was a
significant effect of condition [F(2.049, 61.468)=246.6,
p<.001, n*=.892].

The walking speed in meters per second in normal
conditions, that is, walking with full vision without a
cane (the preferred walking speed PWS), was the high-
est (M=1.17, SD=0.14). The absence of the vision
(blindfolded without a cane) reduced the walking speed
by 51% of the PWS to (M =0.60 m/s, SD =0.13). Bonfer-
roni post hoc tests revealed that this difference was sig-
nificant (p <.001). The walking speeds with both types
of canes were slower than without the cane, and these
differences were also significantly different (p <.001).
The results obtained with the white cane were marginally
faster (M =0.47 m/s, SD =0.14) than the electronic cane
(M =0.42 m/s, SD=0.14), but these walking speeds were
not significantly different (p =.103).

The observations for the second part of the experiment
were checked for both normality and equality of variances
[Levene’s tests gave (F(1, 39)=1.583, p=.216) for the
white cane and (F(1, 39)=3.925, p=.055) for the elec-

0.6 [ visually impaired
[ blindfolded

~ 05
4
£ T
o 04 '|'
[0
o 0.3 J T
g o
2 | T
£
= 02 0.404 l J_
g 0.333
0.1 0.263 0.206
0
white cane electronic cane

Fig. 9 Walking speed using the canes with obstacles

tronic cane]. A repeated measures ANOVA revealed that
there were both a significant within-groups effect of cane

@ Springer
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[F(1, 39)=43.075, p<.001, 172= .521] and also a signifi-
cant between-groups effect of experience with canes [F(1,
39)=22.16, p <.001, n*=.362].

Figure 9 shows the results. Clearly, the white cane yielded
a faster walking speed (in meters per second) for both the
visually impaired (M =0.40, SD=0.11) and the blindfolded
participants (M =0.26, SD=0.08) than the electronic cane
which resulted in a slower walking speed for both the visu-
ally impaired (M =0.33, SD=0.10) and the blindfolded
participants (M =0.21, SD=0.07). Moreover, the visually
impaired participants were faster than the blindfolded par-
ticipants. No interactions were observed between cane type
and experience with cane [F(1, 39)=0.59, p=.458].

4.2 Obstacle detection

The obstacle detection rate observations did not comply with
the assumptions of the parametric statistical tests. The meas-
urements were, therefore, transformed using the adjusted
rank transform (ART) procedure [57]. The transformed data
could then be analyzed using a parametric mixed factorial
ANOVA. The test revealed that there was no significant
effect of cane type [F(1, 39)=0.078, p=.781] and there was
no significant effect of participant type [F(1, 39)=0.011,
p=.917]. Moreover, no interaction effect was observed
across cane type and participant type [F(1, 39)=2.056,
p=.159].

The white cane detected on average 67.8% of the
ground obstacles. The blind users detected more obstacles
(M=72.0%, SD=19.0%) than the blindfolded participants
(M=66.5%, SD=23.9%), although this difference was not
significant.

The electronic cane detected only 64.9% of the ground
obstacles. The visually impaired users actually detected
fewer obstacles (M =60.0%, SD=24.9%) than the blind-
folded participants (M =66.5%, SD=20.0%). Again, the
type of participant was not a significant factor.

A detailed analysis of the results obtained with the elec-
tronic cane showed that only 26.7% of the ground obsta-
cles were detected by the ultrasonic sensor. Again, the
blindfolded participants detected more obstacles with the
ultrasonic sensor (M =29.1%, SD =19.5%) than the visu-
ally impaired participants (M =19.5%, SD=22.9%). A
Mann—Whitney U test showed that this difference was not
significant (W=115.0, p=.216).

On average, 75.6% of the hanging obstacles were success-
fully detected with the electronic cane of which none could
be detected by the white cane. Of these, the blindfolded par-
ticipants detected more obstacles with the ultrasonic sensor
(M=179.0%, SD=28.2%) than the visually impaired partici-
pants (M =65.0%, SD=41.1%). A Mann—Whitney U test
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showed that this difference was not significantly different
(W=128.0, p=.356).

5 Discussion

Mobility is important for activity and social participa-
tion, and evidence indicating that participation is affected
in visually impaired persons has been reported [58].
Therefore, investigating factors that influence mobility
in this population is important as it supports addressing
social participation. In this context, the present study
provides additional knowledge on the effect of two assis-
tive devices—white cane and ultrasound-based electronic
cane—on the mobility performance.

As expected, the absence of vision reduced the walking
speed among the non-visually impaired participants. This
may be explained by the importance of the visual system
for mobility. Vision provides vital information about the
environment while moving around allowing stability and
path planning [5]. The results agree with those of Hal-
lemans et al. [5] in that situations where vision is com-
promised result in different adaptations to the gait pattern
such as the reduction of the walking speed, shorter steps,
and deviation of straight paths.

The observed walking speed was slower with canes
compared to not using canes among the blindfolded indi-
viduals. This can be explained by the inexperience of the
participants using white canes. It must be taken into con-
sideration that the participants in this study had uncor-
rected or close to uncorrected vision. Comparatively, the
human physiological senses of hearing and touch among
blind individuals are more trained. Blindfolding individu-
als with uncorrected vision is not a fully realistic substitute
for blind participants. Sounds, vibrations, and noises that
are easily perceived by blind individuals may have not
been noticed by the participants, making these participants
more careful and slower. The adaptation for the lack of
vision demands attention to other senses, and this learning
process takes time to integrate the sensorial information in
a way to reach optimal mobility performance.

The visually impaired participants exhibited a faster
walking speed compared to the blindfolded participants.
One may speculate whether the presence of the hanging
obstacles for the blindfolded participants in the white cane
conditions slowed these participants down. However, there
were only two hanging obstacles and the same pattern was
also present in the electronic cane condition which com-
prised identical obstacle configurations. It is, therefore,
likely that the faster walking speed among the visually
impaired participants is mainly attributed to their practice
and established skills using white canes.
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The observed walking speed with the white cane was
faster than the electronic cane for both participant groups.
One possible explanation could be the simplicity of the
regular cane that relies on haptic feedback the partici-
pants were used to. Since the electronic cane emits unfa-
miliar sound and vibrotactile feedback, the participants
had to learn to interpret the signals, and this might have
demanded more attention, influencing the participants’
walking speed. The cognitive load has been indicated as
one of the factors that contribute to fatigue in adults with
visual impairments [59]. Therefore, simple and easy-to-
learn assistive devices are recommended.

Throughout the experiments, it was possible to observe
some limitations among the non-visually impaired partici-
pants such as the lack of experience with having no visual
information as well as with the use of both canes, since none
of these participants had used a cane before.

Therefore, the results for walking speed, which also agree
with observations made by O’Brien et al. [42], seem to con-
firm hypothesis 1, namely that blindfolding non-visually
impaired participants is an inaccurate substitute for blind
participants in white cane experiments. Results obtained
with non-visually impaired users will not necessarily gen-
eralize to visually impaired users. Visually impaired and
non-visually impaired users have developed different skills
which, for instance, are exhibited in different gait patterns
(see Hallemans et al. [5]). The skills of visually impaired
users cannot be simulated simply through blindfolding non-
visually impaired users. Consequently, blindfolding may not
be advisable in such experiments. One exception may arise if
one needs to contrast users with different skill sets.

In terms of obstacle detection, the results confirmed that
the electronic cane can detect most of the hanging obstacles
which cannot be detected by the white cane. However, in
terms of ground obstacles, no significant differences could
be found between the two types of canes or across the par-
ticipant groups, although the blindfolded participants per-
formed better than the blind participants. One may specu-
late that users who are not used to the white cane are more
quickly able adapted to the electronic cane as they are not
used to the white cane. If this is the case, one may speculate
that electronic canes may be a more suitable tool for individ-
uals losing their vision with age. However, such a conclusion
cannot be drawn on the current data. The lack of significant
results may be due to the low number of obstacles of each
type. In order to get more reliable results, more obstacles
should be included in the experiments.

Based on these results, which also agree with observa-
tions by O’Brien et al. [42], we can only partially accept
hypothesis 2, namely that electronic canes with additional
obstacle cues lead to improved performance over traditional
passive white canes, as the only observed benefit were the
ability to detect hanging obstacles which cannot be detected

by the white canes. In terms of ground obstacles, hypothesis
2 is rejected.

We observed that the time provided to learn the func-
tionality of the electronic cane might have been insuffi-
cient for the participants to fully understand the system.
Another limitation was the shortness of the path that on
average took less than a minute to complete. The task took
approximately 2 min with obstacles. A study with more
trials and/or more time of use can bring more informa-
tion about the adaption and learning process. In terms of
research design, the results suggest that there were too few
obstacles of both types to get reliable measurements. More
obstacles may also be needed as this type of observation
demands nonparametric tests which have less power than
parametric tests. Future work should ensure enough train-
ing for the participants both with lack of vision as well as
the use of the cane. Also, a longer and more challenging
path with more obstacles of both types is recommended.

6 Conclusions

This study compared the white cane to an ultrasound-
based electronic cane on both visually impaired and non-
visually impaired blindfolded participants. The results
show that walking speed with the electronic cane is sig-
nificantly slower compared to the traditional white cane.
Moreover, the results show that the performance of the
participants without visual impairments is significantly
slower than for the visually impaired participants. No
significant differences in obstacle detection rates were
observed across participant groups and device types for
obstacles on the ground. A total of 79% of the hanging
obstacles that cannot be detected by the white cane were
detected by the electronic cane. These results suggest
that electronic canes present only one advantage over the
traditional cane, namely in its ability to detect hanging
obstacles. Therefore, this study shows that the technology
used in the electronic cane, namely the ultrasound sen-
sor, has the potential to help the visually impaired peo-
ple that need an assistive technology on a daily basis by
allowing a safer navigation, as it should prevent collisions
with obstacles above the waistline which are not detected
by the traditional white cane. Moreover, the results show
that blindfolded participants are insufficient substitutes
for blind participants in such an experiment. Longitudinal
experiments should also be conducted to document how
practice leads to improvements. The results also showed
nonsignificant differences across the participant groups as
the non-visually impaired seem to be better at exploit-
ing the technologically enhanced electronic cane. Future
work should, therefore, explore the group differences with
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a more elaborate experimental setup to assess if blind indi-
viduals are negatively affected by their white cane skills. If
this is the case, electronic canes may be especially useful
for individuals who lose their vision later in life.
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