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ABSTRACT

The white cane is used as one of the options for mobility by people
who are blind or visually impaired (BVI) but it comes with limita-
tions like the lack of overhead detection and recognition of safety
hazards. Smart canes were designed to address some of the white
cane’s issues but the adoption of this technology has been minimal.
We spoke with 16 BVI participants for an in-depth view on their
smart cane experiences and needs. While the biggest concern was
related to cost, we found that other factors like product consistency,
durability, and the lack of awareness, trust, and confidence from
the users all contribute to the low adoption rate of smart canes.
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1 INTRODUCTION

In 2018, Cornell University’s Disability Statistics estimated that
over seven million people in the United States are blind or visually
impaired (BVI) [4]. They utilize several mobility aids to ensure they
are able to efficiently navigate in a safe manner and reduce the risk
of bodily injury [14]. Around two percent of BVI individuals rely
on the white cane for mobility [1] while another two percent work
with guide dogs [5]. The rest utilize services from sighted guides, as
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well as any remaining usable vision, to assist them with day-to-day
mobility and navigation. The options for independent mobility for
BVI users are limited, which has caused issues related to safe travel
and a negative impact on the overall quality of life [8].

While the white cane sometimes serves as a symbol for blind-
ness [19], it comes with its own problems such as failure to detect
low-hanging tree branches and drop-offs [11], unexpected safety
hazards (e.g., open potholes, construction zones), and limited for-
ward detection. This means that extra care has to be taken while
using the white cane, leading to a reduced speed in movement [11]
and consequently reducing self-confidence when navigating [14].
Smart canes take advantage of the white cane’s cognitive model
to provide timely detection and notification of upcoming obsta-
cles [17]. Depending on the type of smart cane, it has additional
features such as sensors for overhead and increased forward detec-
tion like the Ultracane (2010) which detects obstacles 2 to 4 meters
away, both above chest and below knee-level [6], more informa-
tive thermal [15], haptic [16], or voice [7] feedback mechanisms,
and smart capabilities like in-app voice navigation [7], personal
calibrations, and a "find my cane" option [3].

Even with all of these additional capabilities, previous work has
mentioned that smart canes have minimal impact on mobility [12]
and are rarely adopted [11] by BVI users after all these years of
technical evolution. Previous research has all been focused on the
technical aspects of the smart cane (i.e., finding ways to provide
more effective detection and feedback) and usability evaluations to
compare new prototypes versus the traditional white cane. We be-
lieve that it is important to assess the viability of a product and how
it will be used by people as part of their daily lives. Investigation on
the implications of technology adoption is essential and continuous
research must be performed to see if research prototypes actually
work for the intended users [13]. This study aims to identify user’s
perceptions and attitudes towards the smart cane and any barriers
preventing their use in order to uncover potential reasons of the
low adoption rate of smart canes. We conducted 16 semi-structured
interviews and analyzed the data resulting in three main points:
Lack of Features and Functionality, Usability and Durability, and
Trust and Accessibility. Due to their aesthetic similarity, reserva-
tions and concerns about the white cane may be carried over to
the smart cane. The study found that it is important to build the
end user’s confidence in the product by allowing for more trial and
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training options as well as improving the smart cane’s reliability
and adding more novel features.

2 METHODS

16 participants (blind: 13, low vision: 2—P6 and P12, severe low vi-
sion: 1—P9) were recruited through various channels (e.g., Twitter,
Reddit, organizations for the blind) for a semi-structured inter-
view. Participants ranged between 22-80 years old with an average
cane experience of 27.81 years. All of them used white canes and
most took advantage of other mobility devices such as guide dogs,
smartphone apps, and other smart devices in conjunction with the
cane. The interviews were conducted via Zoom, where participants
were asked questions related, but not limited to, their experience
in using assistive devices, thoughts about smart canes, and other
opportunities to increase awareness. The interviewer asked how
the participants came across smart canes and their thoughts on the
usage of smart canes at public places.

3 FINDINGS

While the majority of participants were interested about the smart
cane technology, the results show that more novel features and de-
tailed information about smart canes are needed for greater aware-
ness. Consecutively, options for trial and training should be made
available to increase confidence and trust from BVI community.

3.1 Lack of Features and Functionality

Participants noted different scenarios in which the obstacle detec-
tion of smart canes (i.e., for overhead detection and for typical
objects like doors) could aid them in their activities such as hiking
or when walking at a faster speed because of earlier detection of
obstacles. However, some expected more unique features from the
smart canes. They mentioned that they would like to see a built-in
GPS feature in the smart cane to lessen the number of devices they
would have to carry, especially when commuting. According to the
participants, the system should share nearest addresses or points
of interest, street names, and/or allow for indoor navigation. In
addition to this, some participants wanted an object identification
feature and not just obstacle detection.

Because of this, a few participants directly mentioned that they
had no plans on getting a smart cane because the product was not
worth it for the cost and that "it brings nothing new to the table [P1]".
While they thought it was a good idea, smart canes had capabilities
that they had already found a solution for (e.g., AIRA, sighted
guides, guide dogs, other mobility devices). As P2 said, "What kind
of information would it give me that I can’t get otherwise like through
Al or through a phone?"

3.2 Usability and Durability

Participants were also worried that too much additional weight can
cause hand and wrist strains; the length of the cane should also be
adjustable based on the user’s height. As most of the participants
used multiple mobility options at the same time, they noted that it
should be easy enough to hold the cane in one hand and another
tool (e.g. smartphones) in the other hand. They also expected the
smart cane to work consistently in all environments (e.g., places
with a lot of noise, construction sites). In relation to this, several
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participants were worried about the smart cane’s usability in terms
of its battery life—[P8] “Is that going to last me for 10, 11, 12 hours
a day?”—especially if they had to recharge it multiple times a day
in order to fully make use of the product: P12] ‘T can’t think of
anything that would stop me other than that you have to constantly
charge it”.

Several participants were worried about the durability of the
smart canes and wished they were made of high-quality materials
that can withstand daily wear and tear as well as other factors like
the weather. P2 was curious how the smart cane will perform “with
a little bit of rain, heat, and all the elements.” Because of it’s high
cost, they expected the product to last a long time but are turned
off because white cane tips only have a life span of a few weeks
to a few months, depending on use [2]. As such, participants were
concerned that they may need to replace the smart canes as often
as they need to replace the white cane or its parts. P10 stated the
importance of durability because the smart cane “can get damaged
by a lot of different things: a car could run over it or it could get caught
in an elevator.”

3.3 Trust and Accessibility

Two main barriers for adoption of smart canes were trust and access
to the product. Because of all the different kinds of smart canes
both on the market and in the prototype stage, people have varied
understanding and expectations on the consistency of the smart
canes. Those who have previously participated in short usability
evaluations may have some bias on the effectiveness of the smart
canes as well. Any disappointment may carry over and go against
future, more robust products.

3.3.1 Accessibility. One resounding concern expressed by all par-
ticipants involved the costs associated with the purchase of a smart
cane (i.e., they were worried about the financial implications of
owning a smart cane). Participants mentioned that there is a limited
supply of funds for assistive devices considering both state or fed-
eral financial relief programs and any kind of health insurance—BVI
users need to prove why they need the item before being considered
for any financial help. P15 spoke about the lack of support: “They’re
Jjust gonna say, ‘Oh, you have a regular cane. Why do you need a smart
cane?’" In addition to this, most participants who were interested
in smart canes did not have any clear idea where to purchase or try
one. P1 expressed their disappointment on the lack of information
on the product website, saying that "it’s not detailed enough for me
or not that informative either."

3.3.2  Trusting New Products. With its high upfront cost, partici-
pants expressed strong feelings regarding the opportunity to test
the smart cane for a longer period of time (e.g., a whole week or a
whole month) before committing to buying it. A few participants
had experience using a smart cane through a previous evaluation
session or a smart cane demonstration at some conference, but were
only given a chance to interact with the smart cane for a short pe-
riod of time. P3 participated in a demonstration that "only lasted like
10 minutes. And what I would prefer is being able to use a smart cane
for like a week or longer so that I could really become familiar with it
and how it worked." This experience was congruent with the eval-
uation of previous research where participants were trained with
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the cane for no longer than 10 minutes [9, 15]. Smart cane access
in public places (e.g., public libraries, museums, airports, and BVI-
related conferences and organizations) or through loaner programs
were suggested for better familiarity. A lot of participants further
mentioned that training is essential for new technologies and was
expected in the form of manuals or modules, webinars, online as-
sistants, or actual training with O&M specialists—individually or
in groups.

Most participants shared that O&M instructors influence their
choice of navigation because of their expertise in the field. Con-
tinuing education and training for the instructors themselves may
increase use of and confidence in the smart cane. It should also be
noted that according to the participants, O&M instructors encour-
aged their students to develop navigation techniques and obstacle
detection skills without depending on technology because technol-
ogy always has a chance for failure P2 further explains that a good
number of O&M instructors "probably endorse it (smart cane) but
then also say that, we shouldn’t be preventing people from having
those fundamental [navigation] skills." In addition to this, partici-
pants also mention that they will be more trusting of the product if
it is recommended by their friends.

4 DISCUSSION AND FUTURE WORK

Most participants were comfortable with their primary mobility
method and were taught not to rely on technologies and instead
enhance their skills for reliable orientation and mobility. This at-
titude is emphasized as BVI users noted smart canes do not have
significant new features compared to the combination of various
mobility options that they use now (i.e., guide dog + white cane
+ smartphone apps). Electronic mobility aids must provide novel
information to BVI users that directly contribute to their decision
making when navigating; redundant information is unnecessary
and can cause a heavier cognitive load than needed [10]. Some
suggested features include obstacle identification, notification of
street signs and addresses, OCR reader, and indoor navigation to
help them better navigate their environments. Future developments
should also design more ergonomic smart canes that fit well into
different scenarios (i.e., body constraints of users like arm length
and muscle strength). Adapting the design and components to fit
people of various skill levels would make the adoption rate easier
as it would require less initial training [18].

As it is right now, users are still unsure of the smart cane’s consis-
tency, feasibility, and reliability compared to other mobility aids and
navigation options. Considering the potential battery constraints
brought by the mobile devices and durability issues from the wear
and tear of everyday use, users felt uncertain about whether the
value of smart cane is worth the cost. To help increase trust in
new technologies for the BVI community, the role of O&M spe-
cialists should be considered given their professional experience,

ASSETS 21, October 18-22, 2021, Virtual Event, USA

credibility, and influence. Future research should look into allowing
O&M instructors and potential end users longer access to trials
or training involving smart canes. There is no doubt that people
are interested in new technologies. However, it is up to companies,
BVI organizations, specialists, and researchers like us to increase
awareness about smart canes and other groundbreaking assistive
devices such that it can be applied to the users’ daily lives.
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