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ABSTRACT s g |
Despite their growing popularity, many public kiosks with touch- 2
screens are inaccessible to blind people. Touchally is a working P ocaa e
prototype that allows blind users to use existing inaccessible touch- %
screen kiosks independently and with little effort. Touchally con- o\* X23Q
sists of a mechanical bot that can be instrumented to an arbitrary 25O
touchscreen kiosk by a blind user and a companion app on their
smartphone. The bot, once attached to a touchscreen, will recognize .
its content, retrieve the corresponding information from a database, er ¥ run ,

. ) . SuP >
and render it on the user’s smartphone. As a result, a blind person n e -
can use the smartphone’s built-in accessibility features to access Gree€ >

content and make selections. The mechanical bot will detect and
activate the corresponding touchscreen interface. We present the
system design of Touchally along with a series of technical evalu-
ations. Through a user study, we found out that Touchally could
help blind users operate inaccessible touchscreen devices.

CCS CONCEPTS

« Human-centered computing — Accessibility systems and
tools.
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1 INTRODUCTION

From self-service food in restaurants to ID renewal in the Depart-
ment of Motor Vehicles (DMV), touchscreen kiosks have been in-
creasingly popular in workplaces and public access areas. The emer-
gence of the COVID-19 pandemic further accelerates the adoption
of touchscreen devices [58], as they provide customers with an
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Figure 1: Touchally overview. a) The Touchally bot can be
placed on top of an inaccessible touchscreen kiosk to activate
its interface. b) A blind user can access and use the kiosk from
their personal smartphone.

autonomous experience while promoting social distancing. Unfor-
tunately, the widespread use of touchscreen technology on kiosks
can be challenging for blind people. Being primarily visual and
nonhaptic, many touchscreen devices—especially those in public—
are not accessible to them, preventing blind users from performing
tasks independently and potentially introducing feelings of embar-
rassment, as discussed by Kane et al. [24].
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Much e ort has recently been made to improve the accessibil-
ity of public touchscreen devices. Several recent lawsuits in the
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be placed on top of a public touchscreen device by a blind user (Fig-
ure 1a). Once placed, the bot's onboard camera will photograph the

United States, for example, have compelled large corporations to screen, with its corresponding interface (which can be generated

make their public touchscreen devices accessiB®.[The Amer-
icans with Disabilities Act (ADA) has also required that public

through crowdsourcing and reverse engineerintd) sent to the
user's smartphone. The blind user can freely explore and select

kiosks (such as ATMs and movie rental kiosks) be accessible to contents using the smartphone's built-in accessibility features such

blind users P]. Indeed, despite the slow pace, we are seeing an
increasing number of public touchscreen devices out tted with
accessibility featuresl[d. Unfortunately, because the guidelines
for designing accessible kiosks are not clearly de ned, the majority
of public touchscreens are still not useful to blind useBJ. Even

as Apple's VoiceOver and Android's TalkBack [Lg (Figure 1b).
These selections will be sent back to the bot, which will physically
register the corresponding touch event for the blind user using an
extendable reel. With Touchally, a blind user only needs to interact
with an inaccessible touchscreen once, when placing the bot on

devices with touchscreens and physical keypads, for example, may the screen. Because the remainder of the interactions occurs on the

not have any audio output3Q; others with audio output may sim-
ply speak the information publicly, ignoring the privacy of blind
users. Moreover, a signi cant number of inaccessible touchscreens
have already been deployed worldwide. Waiting for device manu-
facturers to update all of them will not solve today's accessibility
problems.

To make those already-implemented public devices accessible

to blind users, researchers in the eld of HCI have proposed di er-
ent methods to augment or retro t the touchscreens. For example,
Flexible Access Systerd, Touchplates 25, and Facadel§
propose enhancing existing touchscreens with (3D-printable) phys-
ical buttons and custom tactile overlays. Although promising, it
is impractical for blind users to install custom guidance on arbi-
trary public touchscreens they encounter in their daily lives. Vi-
zLens [L7 proposes a crowdsourcing solution in which photos of
a touchscreen interface taken by blind users are rst labeled by
crowd workers and then used to guide blind users to operate the
touchscreen. This method works with static touchscreens (such as
those on microwave ovens), but it can be di cult with touchscreens
with changeable content. To work with dynamic touchscreen inter-
faces, Statelend P proposes reverse engineering their underlying
state diagrams. It then generates instructions for blind users to
use the touchscreens in conjunction with a custom 3D-printed ac-
cessory. Statelens allows blind users to explore arbitrary public
touchscreens independently, but in order for the step-wise guid-
ance to work, blind users must hold their phone with one hand and
keep its camera focused on the touchscreen while exploring the
screen interface with the other. In such cases, bimanual operations
can be di cult for some blind users. Besides, since the content
and layout of touchscreen interfaces can vary, physically learning
and exploring a touchscreen interface can be time-consuming and
laborious.

Building upon previous research, we present Touchalg
working prototype that aims to enable blind users to access ar-
bitrary public touchscreen devices independently and with little
e ort. The key to Touchally is to bridge the gap between blind
users and a public touchscreen device with a set of hardware and
software tools, allowing them to explore touchscreen content from
their familiar smartphone devices without having to deal with the
unfamiliar, inaccessible public touchscreen directly. To make the
bridge work, Touchally's hardware a small mechanical bot must

Touchally is a combination of the words “touch” and "accessibility." The "11" refers to
the 11 letters in "accessibility" between "a" and "y." See more at https://www.allyproject.
com/

user's smartphone, a blind user is not required to learn how to use a
new touchscreen interface every time a new device is encountered.
Touchally can also help alleviate privacy concerns by allowing
blind users to use their personal devices for input and voice out-
put, which they likely already have con gured for privacy (with
earphones or other options).

Touchally's design is inspired by a list of previous works as
well as an interview with nine blind participants. In the following
sections, we will rstpresentthe interview ndings and the distilled
design guidance. We will then detail its system implementation,
including the key features of the mechanical bot, the smartphone
interface, and the companion back-end server. Through a series of
technical evaluations, we demonstrate that the Touchally bot can
accurately recognize the content of a touchscreen and its relative
location. The extendable reel can also reach target locations with
high accuracy. A user study with seven blind participants shows that
Touchally can provide blind users with a solution to independently
use an inaccessible touchscreen kiosk interface.

In summary, our paper contributes to: 1) the investigation of
blind users' practices and challenges in using public touchscreen
devices; 2) Touchally, a working prototype that makes inaccessible
touchscreen devices accessible to blind users; and 3) a user study
to evaluate the tool.

2 RELATED WORK

Our work builds upon the notions of 1) touchscreen accessibility,
2) personal assistive devices, and 3) accessibility with computer
vision.

2.1 Touchscreen Accessibility

Over the last two decades, the widespread use of touchscreens
on mobile phones and tablets has raised serious concerns about
their accessibility for blind and low-vision users. In response, nu-
merous e orts have been made in both academia and industry to
increase their accessibility. For example, Talking Fingertip Tech-
nigue [49, Slide Rule 27, among others 47,55 56, propose using
(multi-)touch gestures to control touchscreens non-visually, which
in uenced the design of VoiceOver7] and TalkBack L€, that are
now widely adopted in modern smartphone devices. Reports have
shown that smartphones are now frequently used among blind
users and are even replacing traditional solutions [34].
Touchscreens are also prevalent outside of personal comput-
ing devices today. Unfortunately, the growing number of public
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kiosks with touchscreens, such as those in hospitals, airports, mar- or held in the hand B9, are proposed to recognize text in physical
kets, and restaurants, are not as accessible as smartphones. Dedocuments and allow a blind person to hear and interact with them.

spite e orts to improve their accessibility (e.g., ADA laws in the Recent advancements in deep learning have enabled commercial
United States?]), a large proportion of existing kiosks with touch-  solutions such as Seeing ABf| and Aipoly [4] to apply general
screens are inaccessible to blind peo@€)[ In order to prevent object recognition to identify a variety of things, including curren-

their exclusion, researchers have proposed techniques to make ex-cies, text, documents, and people, among others. One remaining
isting public touchscreen devices accessible. One approach is to challenge is automatic labeling and recognizing photos captured
provide haptics, physical buttons, or tactile displays to existing by blind users 20, which can be crucial for crowdsourcing-based
touchscreens 17, 18 25 4. While additional haptics can help assistive systems (e.g., Vizwik() when crowd workers are not
blind users understand a touchscreen interface, it is impractical for immediately available.
blind people to install bespoke assistance on random public touch-  Touchally also makes use of computer vision for two purposes.
screens for touch guidance. Rather than retro tting the touchscreen, Touchally uses the classic SIFT algoritt38 o detect the key
Statelens 19 proposes to use computer vision and crowdsourcing  points from the photos taken by the onboard camera. It then matches
to reverse engineer the underlying state diagrams of a touchscreen the photos to the stocked touchscreen interfaces using FLAN®, [
interface. From these state diagrams, step-by-step instructions can and utilizes the positions of these photos to compute the bot's actual
be generated to assist blind individuals in using touchscreens with location on the screen's X-Y coordinates.
a 3D-printed accessory.

Building upon the reverse engineering approach, Touchally 3 FORMATIVE STUDY
assumes that labeled touchscreen interfaces can be retrieved from a g gain insights about blind users' experience with touchscreen-
shared repository or database. Unlike Statelens, Touchally movespased kiosks (if any) and to identify key challenges, we conducted
the interface exploration from the inaccessible touchscreen to the gemi-structured interviews with nine blind individuals. Each in-
users’ phones. This way, blind users don't have to learn how to use  terview was approximately thirty minutes long and was audio-
each new public kiosk they encounter. transcribed. The design of Touchally was guided by the ndings

from the interviews and previous literature.

2.2 Personal Assistive Devices 3.1 Findings

While notwidely used yet B6 37], personal assistive deviceS( 54
have the potential to improve real-world accessibility for blind
users in a variety of contexts, from providing travel and naviga-
tion aids [11, 15 50 53 to promoting individual creativity [12, 26,
32. Personal assistive devices have also been utilized to support
situations such as shopping in order to promote independence.
Shoptalk |2, for instance, aims to improve the shopping experi-
ence of blind users with handheld barcode scanners. Foresge [
demonstrates how a head-mounted vision solution can magnify
real-world objects to assist low-vision users in the grocery store.
Because of their embodiment possibilities and potential social
presence, robots in various forms have been investigated as a means
of assistive technology in addition to wearables or handheld devices.
Mobile robots, like wearable devices, have been used for navigation 3.1.2 Barriers to using kiosksvo main challenges were identi ed
and road guidanced7 29. Drones have also been investigated for  as preventing blind interviewees from trying to use a public kiosk.
use in guiding blind runners and assisting with indoor navigatids [ First, participants noted that guring out whether a public kiosk
8]. was accessible or not was challenging. Interviewees claimed that
Touchally is also a personal assistive robot in that it is designed they were aware that kiosks were growing in popularity and that
to be carried by the blind user. Unlike the previously mentioned re- they had encountered them throughout their lives. Four participants
search focusing on navigation and travel aids, Touchally proposes also stated that they were aware that ADA regulations require that
to automate existing and inaccessible touchscreen activation for kiosks be accessible. However, with a huge percentage of existing
blind users, which, to the best of our knowledge, has not previously kiosks being inaccessiblethe common sense for blind people when
been investigated. we come across a device with a touchscreen is that it doesn't work for
us."Thus, blind users who wish to use one must make additional
I . .. eortsto rst gure out whether or not it is usable.
2.3 Accessibility with Computer Vision Second, even kiosks that claimed to be accessible could be dif-
A large number of assistive technologies are based on computer cult to learn and use. One participant described their arduous
vision. For example, using optical character recognition (OCR), experience withdrawing cash from an ATM kiosK.was told that
several systems (such as the KNFB Readd) have been developed  the ATM was accessible, so | wanted to give it a chance... | found the
to assist blind people in reading visual text. Camera-based solutions, ATM, looked for the headphone jack on the machine, and plugged my
such as those attached to a tabRd], worn on the nger [41, 45, headphones into it. Although the bank claimed that | could navigate

3.1.1 Common practicé&/hile all interviewees reported using
touchscreen-based personal devices (e.g., iPhones and Android
smartphones) on a daily basis, none used public touchscreen-based
kiosks regularly. Six of the interviewees noted that they had never
used a public kiosk. For the remaining three, they reported a one-
time experience of trying a kiosk on di erent occasions (to with-
draw cash from an ATM, to make an appointment for a lab test in

a clinic, and to renew an ID at the DMV), but because the expe-
rience was so negative, they no longer use kiosks by themselves.
For all the participants we interviewed, when they needed to use a
touchscreen-based kiosk, they either sought assistance from sighted
people or chose not to use the device at all.
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the screen to check my balance or withdraw money, there was no clear

instruction on how to do it after | plugged in the headphomés.”
interviewee ended up spending an hour guring out how to use the
touchscreen ATM on their own because no one was in the lobby to
assist them'It wasn't a very good experience, and that didn't work
out. So at last, | gave up and left the bank."

Because blind participants had either experienced or were aware
that many touchscreen-based kiosks were not accessible, they con-
cluded that learning to use them would not pay o . As one patrtici-

pant put it, "if a sighted person could use a touchscreen in 30 seconds

to nish the job, but | need to spend 10 minutes learning and using it,
why should 1?"

3.1.3 Privacy concerr&nce the use of kiosks was impractical for
many blind users, the only viable alternative was to seek assistance
from sighted individuals. However, when a blind individual is not
accompanied by a friend or family member, seeking assistance
from strangers could expose them to the risk of disclosing sensitive
personal information. One participant statetiThere was a kiosk

to let people register in the Social Security O ce, but the machine

wasn't accessible to me. | had to nd someone on-site to help mé.,lnfortunately,

and | needed to tell them my social security number, which | didn't
wish to do."Other participants echoed this sentimentf | use a

touchscreen-based ATM, will | even let others know my password? Ngh

that isn't what | want."

3.2 Design Considerations

The interview ndings inform the three design considerations as
stated below.

(1) Simplify the interactionAs it remains di cult for blind users
to gure out and learn how to use an arbitrary public kiosk
due to the inconsistency of (existing) accessibility features,
we will focus on simplifying the learning and interaction
processes. Knowing that many blind users are active smart-
phone users, we aim to o oad the interaction with a public
kiosk to the user's personal smartphone device. The actual
touch event on a touchscreen can be delegated to a robot
that excels at repeatable and accurate touch actions.

(2) Protect privacy and promote autonor@®ur solution shall
protect the privacy of blind users and enable them to inde-
pendently use touchscreen devices. For example, our solution
shall allow blind people to enter their passwords or personal
information without the assistance of sighted people.

(3) Save timeBlind people may require more time than sighted
people to interact with a touchscreen device they are unfa-
miliar with. Our solution shall be time-e cient.

4 TOUCHA1lY WALKTHROUGH

Touchally is a personal assistive device that enables blind people

to use existing, inaccessible public touchscreen devices indepen-

dently and with minimal e ort. To better explain how Touchally
works, in this section, we will walk through the use of Touchally
in an example scenario where Alex a blind user of Touchally is
attempting to order a bubble tea through an inaccessible public
kiosk.

Alex is a blind user who enjoys bubble tea. Alex's favorite bubble
tea shop recently began using a self-service kiosk for all food orders.

Figure 2: Using Touchally, Alex can access the touchscreen
content from a smartphone.

despite being brand new, the kiosk is touchscreen-
only with no accessibility features, which Alex discovered only
after arriving at the store.

Although not ideal, with Touchally, Alex is able to order a
nk at the self-serving kiosk (Figure 2). Alex rst approaches the
kiosk, locates its screen, and then attaches the Touchally bot to
it. Con rming that the bot is securely in place, Alex launches the
Touchally app on the smartphone. The bot begins to rotate and
photograph the screen, allowing it to recognize the touchscreen
context as well as its own location in relation to the touchscreen; at
the same time, the mobile app retrieves and displays the correspond-
ing menu of the bubble tea shop on Alex's smartphone. Instead of
physically touching the inaccessible kiosk screen, Alex can use the
phone to browse the menu using the smartphone's built-in screen
reader features.

Alex selects "Avocado Tea" and presses the "Add" button on the
smartphone. The bot then activates the avocado tea button on the
physical touchscreen, bringing the ordering process to the next step,
tea customization. At the same time, Touchally the app prompts
Alex with the same customization options. Alex makes their choice
and presses the "Add to Cart" button on the phone. Meanwhile, the
Touchally bot performs these actions on the physical touchscreen,
completing Alex's order.

5 TOUCHAllY

Figure 3 shows the Touchally architecture, which consists of a
mechanical bot that physically registers touch events for a blind
user, a smartphone app that the user can interact with, and a back-
end server that bridges users' input and the bot's actuation. Note
that since previous work, such as Statelerd§|| has already de-
tailed how to reverse engineer and label an arbitrary touchscreen
interface, we assume that the touchscreen interface information
can be directly retrieved from the server. Built upon, Touchally's
main focus is a tangible solution that allows blind users to access
public touchscreens with a simple interaction model, less concern
for privacy, and independence.

Below we detail each of the Touchally system components.
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