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reports, reviews of papers or products, abstracts, book reviews, conference reports and/or
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As a contributing author, you retain copyright to your article and ACM will refer requests for
republication directly to you. By submitting your article, you hereby grant to ACM the following
non-exclusive, perpetual, worldwide rights: to publish in print on condition of acceptance by the
editor; to digitize and post your article in the electronic version of this publication; to include the
article in the ACM Digital Library and in any Digital Library related services; to allow users to
make a personal copy of the article for non-commercial, educational or research purposes.
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Abstract
This year was the 19th edition of the ACM SIGACCESS International Conference on Computers
and Accessibility (ASSETS 2017), which took place in October in Baltimore, Maryland, USA. The
ASSETS conference is the premier computing research conference exploring the design,
evaluation, and use of computing and information technologies to benefit people with disabilities
and older adults. We set a new attendance this year with 200 participants from across the globe.
In addition to a rich technical program, an increase in industrial sponsorship allowed the
conference to support several receptions, including an event at the National Federation of the
Blind on Halloween evening.
SIGACCESS made several awards during this year’s conference. The SIGACCESS ASSETS Paper
Impact Award was awarded to Keith Edwards, Elizabeth Mynatt and Kathryn Stockton for their
1994 paper “Providing access to graphical user interfaces—not graphical screens”. This paper is
one of the first to raise and tackle the challenge of providing screen reader capabilities in
graphical user interfaces. It proposes that translation of the GUI should be done at a semantic,
rather than syntactic level. The 2017 Best Paper Award went to "Evaluating the Usability of
Automatically Generated Captions for People who are Deaf or Hard of Hearing" by Sushant Kafle
and Matt Huenerfauth. The 2017 Best Student Paper Award went to "Technology-Mediated
Sight: A Case Study of Early Adopters of a Low Vision Assistive Technology" by Annuska Zolyomi,
Anushree Shukla, and Jaime Snyder. We thank Clayton Lewis from University of Colorado
Boulder for Chairing the SIGACCESS Awards Committee and Anne Marie Piper from
Northwestern University for chairing the 2017 ASSETS Best Papers Committee.

Behind The Scenes
After a successful conference in Reno, Nevada last year, the ASSETS conference moved across
coasts in the USA in 2017 to Baltimore, Maryland. To celebrate the spirit of the Chesapeake Bay,
the official mascot for the conference was “Chessie the Chesapeake Bay Sea Monster” who
appears on the conference promotional materials. We were pleased to have a lot of local support
from the University of Maryland, Baltimore County (UMBC), University of Maryland College Park,
and the National Federation of the Blind. Robin Brewer generously served as our local
arrangements chair, and Jazzette Johnson, Darren Guinness, Meghan Vu, Sanjay Kumar, Neha
Kale, Jessica Calle, and Morgan Scheuerman helped with logistics as amazing student volunteers.
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Michele Williams from Pearson worked with our generous conference sponsors as Sponsorship
Chair.
After considering several local hotel options, the Sheraton Inner Harbor was selected as the
conference site, given its central location in Baltimore’s inner harbor, accessible accommodations
and meeting rooms, excellent catering menu, and kind staff. Erin Buehler from UMBC worked
hard with hotel staff and HASA Interpreters to ensure our technical and social program were
accessible to all. David Flatla from the University of Dundee kindly volunteered as Treasurer and
Registration Chair to ensure registration went smoothly and attendees had access to daily paper
schedules. We thank the Steering Committee for their advice and wisdom on many conference
details. The Steering Committee is Chaired by Shari Trewin from IBM and includes Matt
Huenerfauth from Rochester Institute of Technology, Faustina Hwang from Reading University,
and Jinjuan Heidi Feng from Towson University.
In the lead-up to the conference, announcements about the details were shared by email, our
website, and on social media such as Facebook and Twitter. We thank Web Chair Lourdes
Morales-Villaverde from UC Santa Cruz, Publicity Chair Aqueasha Martin-Hammond from Indiana
University-Purdue University Indianapolis, and Graphic Design Chair Abdullah Ali from the
University of Washington for their hard work advertising the conference.
In a spirit of welcoming new researchers into the community, the ASSETS conference continued
its tradition of offering a mentorship program to support authors who had not previously
published at ASSETS. The Mentoring chair for 2017 was Kyle Rector from the University of Iowa.
William Easley from UMBC served as the inaugural Halloween Chair to coordinate the Tuesday
Night Reception and bring a bit of fun to Tuesday’s social program.

Conference Program
Organizing ASSETS 2017 was a collaborative effort. We would like to thank our authors for
submitting high quality research to the conference, which enabled us to assemble an exciting
program. The program committee and chairs worked hard on the technical program for the
event, and we are grateful for their hard work reviewing papers and providing feedback to
authors. The ASSETS 2017 program committee consisted of 76 international experts in the field
of computing accessibility research from industry and academia. This group included 50 Program
Committee members and 16 additional reviewers. The technical papers track was quite
competitive; we received 126 submissions, which means our acceptance rate this year was 26.2%.
The 33 papers span a variety of topic areas relevant to computers and accessibility. This include
technology by and in support of individuals with diverse motor, cognitive, and sensory abilities.
This year, we introduced a new track within technical papers, short papers, which are for more
succinct research contributions. Five of the 33 papers this year are from the short papers
category. The program committee also reviewed poster and demo submissions and accepted 42
posters that were presented during the Monday and Tuesday coffee breaks and 10 demos that
were presented at the Monday night reception. Our Poster and Demo chairs were Erin Brady from
Indiana University-Purdue University Indianapolis and Luz Rello from Carnegie Mellon University.
In addition to the technical papers program, ASSETS 2017 featured many other exciting
presentation venues. This year papers that appeared in the journal TACCESS or Experience
Reports were presented in a novel format that combines a short talk with a poster presentation.
Our Experience Reports chair was Dianne Pawluk from the Virginia Commonwealth University.
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In order to increase the accessibility of the technical program we encouraged authors of papers
introducing novel systems or interaction techniques to submit video figures illustrating these
systems and these are hosted with the papers in the ACM Digital Library. This year we also
introduced an optional HTML-based authoring application, which is one of many approaches the
SIGACCESS Steering Committee is considering to increase the accessibility of our proceedings;
we appreciate the efforts and feedback of those who helped pilot-test this effort. We also
collaborated with the ACM to have the technical program appear in the ACM mobile application,
which included direct links to the publications in the Digital Library.
In addition, members of the program committee and other senior researchers helped to review
submissions for the Student Research Competition (chaired by Stacy Branham from the
University of Maryland, Baltimore County and Lizbeth Escobedo from University of California,
San Diego) and Doctoral Consortium events (chaired by Jennifer Mankoff from Carnegie Mellon,
Cheiko Asakawa from IBM Tokyo, and Shaun Kane from University of Colorado Boulder).

Photo of Doctoral Consortium Participants. 11 Students (top), and six DC Chairs and Panelists (bottom):
Robin Brewer (University of Michigan), Shaun Kane (University of Colorado Boulder), Meredith Morris
(Microsoft Research), Hironobu Takagi (IBM Research Tokyo), Chieko Asakawa (IBM Research, Carnegie
Mellon University), Dragan Ahmetovic (Carnegie Mellon).
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Monday October 30th

Image of Keynote Speaker
Karen Peltz Strauss (photo by
Amy Hurst @amyhurst)

Richard Ladner presenting
SIGACCESS ASSETS Paper Impact
Award to Elizabeth Mynatt and Keith
Edwards from Georgia Tech. (Photo
by Merrie Ringel Morris @merrierm)

Attendees interacting with
demos during the Monday night
Receptino (Photo by Luz Rello
@luzrello)

The conference started with a keynote presentation by Karen Peltz Strauss on Disability Access
and the Federal Communications Commission (FCC). Karen is the Deputy Chief of the Consumer
and Governmental Affairs Bureau at the Federal Communications Committee. Following the
keynote, there was a series of technical paper sessions organized around Interaction Techniques
and Frameworks, Technology for Neurodiverse Users, The Future of Work and the Web for
People with Vision Impairments. The poster sessions during the day featured work from the
Posters track, along with Student Research Competition and SIGACCESS Travel Scholarship
recipients. The day ended with a reception at the conference hotel where attendees had the
opportunity to interact with submissions from the Demos track.

Tuesday October 31st (Halloween)

Attendees wearing halloween costumes during
poster session (photo by Luz Rello @luzrello)

Images of Student Research Competition participants
and SRC Chair Stacy Branham. (Photos by Stacy
Branham @branhammertime)

Tuesday’s technical program included sessions on Memory and Motor Impairments, Sign
Language and Captioning, Tactile, Haptic and Augmented Reality Interfaces for Vision Loss.
These sessions were followed by short talks from the finalists in the ACM Student Research

Page 6

SIGACCESS
Newsletter

Issue 120
January 2018

Competition. The morning and afternoon poster sessions featured publications from the Posters
track and posters from Doctoral Consortium participants.

Wednesday November 1st

Peregrine Hawthorn presenting
his poster from the Experience
Report Track. (Photo by Luz
Rellow @luzrello)

The final day of the conference kicked off with a morning of short talks and a poster session
dedicated to summarizing recent publications in the TACCESS journal and Experience Reports.
This unique format was followed by a technical session on Supporting Communication, a
Mediterranean-themed lunch, technical session on Navigation and Safety. We closed the
conference by presenting authors with the Best Paper and Student Paper Awards, thanking
everyone who contributed to the success of ASSETS 2017, and introducing Faustina Hwang as the
2018 ASSETS General Chair. She announced that the 2018 conference will be held in Galway
Ireland on October 22nd – 24th, and the organizing committee: http://assets18.sigaccess.org

Accessibility Hackathon at NFB

Photo of Group “A” working on their prototypes (Photo
by William Easley)

Photo of Group “B” working on their
prototypes (Photo by William Easley)

Members of the SIGACCESS community partnered with the National Federation of the Blind to
organize their first Accessibility Hackathon on Sunday October 29th. The goal of the free event
was to take early steps towards brainstorming and prototyping accessible solutions related to
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self-tracking. Twelve participants attended the event and organized into two groups to spend the
day learning, discussing, and building. Group “A” focused on making situational information more
accessible by designing accessible descriptions of area maps using the Google Maps API, and
Group “B” designed a haptic neckband that could assess information about heart rate and other
physical aspects while exercising. Thanks to William Easley from UMBC, Cynthia Bennett from
the University of Washington, and Erin Buehler from UMBC for their hard work organizing this
event. Read more information on the NFB blog1.

Celebrating Halloween!

Four attendees wearing Halloween
costumes at NFB Reception (photo by
Luz Rello @luzrello)

Attendees wearing celebrity
masks as Halloween
costumes (photo by Catie
Baker @catiembaker)

Shaun Kane wearing a
halloween costume as an
inaccessible image. (Photo
by Meredith Ringel Morris
@Merrierm)

William Easley (UMBC) lead the effort to infuse a Halloween spirit at the conference. Many
attendees and presenters chose to wear costumes throughout the day and at the reception. The
hotel staff also got into the holiday spirit

Reception at the National Federation of the Blind Jernigan Institute
After a full day of conference activities, we took UMBC Transit shuttles to the National Federation
of the Blind. NFB President Mark Riccobono made introductory remarks to welcome ASSETS
2017 while wearing a fantastic wizard costume. During the reception attendees had the
opportunity to socialize, and tour the NFB International Braille and Technology Center for the
Blind (IBTC)2. During this tour, attendees had the chance to see both historical and cutting-edge
technology designed for Blind and low vision individuals.

1
2

https://nfb.org/images/nfb/publications/bm/bm17/bm1711/bm171101.htm
https://nfb.org//ibtc1
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ASSETS 2017 Sponsors and Supports
Doctoral
Consortium
Supporter:

Reception
Host:

Student
Research
Competition
Supporter:
Gold
Supporter:

Silver
Supporters:

About the Authors:
Amy Hurst is an associate professor of Human-Centered Computing in the
Information Systems Department at the University of Maryland,
Baltimore County (UMBC) Amy received her PhD in Human-Computer
Interaction from the HCII at Carnegie Mellon in 2010 and has an
undergraduate degree in Computer Science from Georgia Tech.

Dr. Leah Findlater is assistant professor in Human Centered Design and
Engineering at the University of Washington. She received my PhD
in Computer Science from the University of British Columbia. Before
joining HCDE, she was as an assistant professor at the University of
Maryland's College of Information Studies, and spent two years as an
NSERC Postdoctoral Fellow at the UW Information School.
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Dr. Morris is a Principal Researcher in the neXus and Ability research
groups at Microsoft Research. She is also an affiliate Professor in the
School of Computer Science & Engineering and in the Information School
at the University of Washington, where she participates in
the dub research consortium. Dr. Morris joined Microsoft Research in
2006, after receiving her Ph.D. in computer science from Stanford
University. Before earning her Ph.D., she received an M.S. in computer
science from Stanford University and an Sc.B. in computer science from
Brown University.
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EXPLORING AUDITORY CUES TO LOCATE CODE ERRORS AND ENHANCE
NAVIGATION FOR DEVELOPERS WHO ARE BLIND
Khaled Albusays
Computing and Information Sciences Ph.D. Program
B. Thomas Golisano College of Computing & Information Sciences
Rochester Institute of Technology
20 Lomb Memorial Drive, Rochester, NY 14623
khaled@mail.rit.edu

Abstract
The goal of my research is to support the workflow of programmers who are blind; prior work has
found that these users face challenges in using screen-readers to locate errors and debug
software code. Recent advancements in auditory cues have made them a potential candidate for
providing useful feedback to both sighted and visually impaired users, but little known about the
effectiveness and the usability of such cues for blind programmers. I propose to investigate the
efficiency of two different auditory techniques, to locate code errors and reduce the amount of
time required to navigate through lengthy codebases. I will compare learning rates for Earcons
(hierarchical representations of musical tones) and Spearcons (compressed speech) as potential
candidates for the auditory feedback system. My research aim is to understand the proper way to
implement usable auditory cues for these users. This document describes my research
motivations, proposed research plan, current progress, and the potential contribution to the field
of software engineering and accessibility for blind programmers.

Motivation
Prior studies in this field have shown that the information carried via visual representations in
Integrated Development Environments (e.g., NetBeans) is often not conveyed enough through
assistive technologies, e.g., screen readers [3]. Thus, creates some programming barriers which
put blind programmers at disadvantage compared to their sighted counterparts [5].
In this field, several researchers have studied the use of audio cues to help blind students or
professional software developers to make programming environments more accessible. For
example, Sanchez and Aguayo 2005 created Auditory Programming Language (APL) to help blind
students write software code comfortably [7]. In their work, authors demonstrated that audiobased accessibility tools could help convey important information to those who are blind.
However, the APL tool was limited to a set of commands, which make it difficult to scale (e.g.,
variable, input, output, cycle, and condition).
Furthermore, Stefik et al. [10] developed a programming tool called Sodbeans based on
NetBeans platform. The tool was created to help convey certain programming information for
students who are blind. The authors used audible cues to allow blind students to learn some of
the basic programming concepts. These audible cues were designed hierarchically to support
navigation. In Sodbeans, students who are blind can use additional programming languages
besides Java (e.g., PHP, Ruby). The Sodbeans tool was examined based on the blind students’
ability to understand and master some of the important programming concepts.
Moreover, different researchers, e.g. [8], have studied the use of auditory cues to enhance
accessibility in programming environments, including the use of non-speech audio cues for blind
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programmers. For example, Vickers and Alty [11] conducted a study to examine the use of audio
cues to help programmers who are blind locate bugs within their codebase. The authors indicated
that musical cues were useful for conveying certain programming information during a
debugging process. Similarly, Boardman et al. [4] developed a tool called LISTEN that uses
musical instruments to map different audible sounds to various behaviors during the program
execution. Likewise, Stefik et al. [9] examined the use of audible sounds in order to help convey
the lexical scoping relationship in a software codebase.
While some researchers examined the usability of audio cues, others have investigated the
limitations of these audible sounds. For example, some researchers studied the usefulness of
auditory cues to help blind users navigate through mobile phones [6]. In their work, the authors
compared two different audio techniques as navigation methods, Earcons (hierarchical
representations of musical tones) and Spearcons (compressed speech). Their results indicated
that Spearcons overcome Earcons as it helped blind users navigate through cell phones quickly. In
addition, the authors found that short audio cues were more effective when conveying certain
types of navigation information to the blind users.
In summary, audio cues have found to be helpful and useful when used with various programming
activities. Thus, we seek to investigate different audio cues to help blind programmers locate
errors and debug code faster.

Research Goals
My goal is to generate user requirements that enable us to create usable code navigation system
with auditory cues as one of the main components. The aim is for this system to enable users to
locate errors and debug code faster as well as to reduce the amount of time needed to navigate
through lengthy codebases. Formative and summative evaluation of candidate designs will occur
through multiple user studies with blind programmers, who will be provided with programming
scenarios and asked to answer some questions about the usefulness of our auditory feedback
prototype. The aim is to understand how to best use auditory cues in a plugin for modern IDEs
that can support navigation of code. I plan to use a participatory design approach to support the
requirements analysis, generate ideas for prototypes, and to guide the design process. To
overcome geographic dispersion of relevant users, we plan to conduct this study via
teleconferencing. My research plan is summarized as follows:
•

Survey- and interview-based requirements gathering from blind computer programmers.

•

Designing a web-based tool (to support our remote usability testing) that simulates one of the existing
IDE code editors (e.g., Eclipse).

•

The web-based tool will be embedded with alternative auditory feedback techniques, e.g. Earcons and
Spearcons, to enable us to compare methods for providing code navigation feedback, through various
rounds of prototyping.

•

Using the experiment outcomes to identify potential features where each audio cues should be placed
in a future code navigation system plugin for modern IDEs.

•

Conducting additional studies to evaluate the performance of our improved code navigation system
plugin with auditory feedback.
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Current Progress
I have completed my third year as a Ph.D. student at RIT in the B. Thomas Golisano College of
Computing and Information Sciences, and I have completed all coursework. In addition, I have
conducted all the necessary preliminary research: (i) conducted background research on
programming challenges faced by blind users; (ii) conducted an exploratory study with 69
participants that investigate the general programming challenges [1]; (iii) identified major
programming challenges and selected code navigation challenge as my Ph.D. problem; (iv)
conducted a user study with 28 experienced blind programmers (5+ years) that investigate code
navigation difficulties in-depth [2]; (v) conducted a qualitative analysis of this preliminary data to
identify a set of 12 code navigation difficulties that blind programmers face when performing
various programming activities.
Now, the goal is to address some of these code navigation difficulties (identified in our previous
work [2]) by proposing solutions that could make IDEs more accessible. My goal is to make
programming software more accessible to non-visual users.
During the upcoming year, I will be working towards designing a new experimental tool that
investigates different auditory feedback techniques to reduce errors and enhance navigation for
non-visual programmers. In this experiment, I will compare learning rates of various audio
feedback techniques to supporting blind programmers who are exploring and debugging code;
these designs may include the use of Earcons and Spearcons. The goal is to identify the most
effective method to convey important information about software code to users. The experiment
tool will be evaluated based on the participants’ ability to locate errors and debug code faster as
well as the amount of time blind programmers take to navigate through lengthy codebases.

Contributions
This research will help identify the most effective auditory technique for supporting programmers
who are blind, to reduce code errors and accelerate their navigation through lengthy codebases.
While prior researchers investigated auditory cues in various settings, the novelty of this
proposed work is that we seek to determine whether auditory cues could become a core userinterface element in modern IDEs, to promote education and careers for programmers who are
blind. Our initial work has assembled interview and survey-based data from large numbers of
programmers who are blind – to identify and prioritize their needs in software tools. Next, we
seek design interventions to support their work, with the involvement of users during the
prototype design and evaluation phases of the project. Our aim is to identify potential auditory
techniques that could make existing IDEs more accessible to non-visual programmers.

Doctoral Consortium
The Doctoral Consortium would be a great opportunity to gain knowledge on how to plan and
design studies with blind users, in particular how to involve users during the design and evaluation
of prototypes. I am also seeking feedback on how to best structure remote studies with these
users. As a new researcher in the field of accessibility, I hope to gain feedback from other
researchers on how to structure studies that investigate the effectiveness of auditory feedback
for a code navigation system – along with how to best present my work to the accessibility
research community. I am excited to share my experience and current progress with other
researchers and students at the Doctoral Consortium. I look forward to learning how to best
frame my research to conduct effective experiments that examine the use of auditory feedback in
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code navigation system. This experience will be valuable as I continue working on my dissertation
proposal next year.

Acknowledgments
I am very grateful for all the help and support from my advisors, Dr. Matt Huenerfauth and Dr.
Stephanie Ludi.
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A TOOLKIT FOR FACILITATING ACCESSIBLE DESIGN WITH BLIND PEOPLE
Cynthia L. Bennett
Human Centered Design and Engineering University of Washington
Bennec3@uw.edu

Abstract
This extended abstract outlines my dissertation work, to assemble a toolkit for facilitating
accessible design workshops with blind people. I first exemplify how inclusive design strategies
don’t always provide accessible tools and techniques but instead focus on accessible end
products. I continue with proposed activities beginning with an exploration of current making
practice by blind people. I then propose distilling toolkit content by incorporating findings from
blind makers into workshops where blind and sighted people, including industry designers, make
together.

Introduction
Researchers have published numerous strategies for designing with people with disabilities, yet it
is less clear what concrete tools and techniques will foster inclusive design workshops with blind
people. For example, Microsoft’s Inclusive Design toolkit [10] contains activities for designers to
empathize with and gather insights for accessible designs from people with disabilities. But most
activity suggestions are not accessible for blind people to complete; material lists, for instance,
suggest handwriting and color-differentiating ideas. Additionally, some researchers have done
participatory design with blind participants. During one project, Williams et al [12] ran workshops
to learn how blind people might benefit from wearables. They discovered that some participants
did not engage in the design workshop activities where they could creatively try designs with a
variety of tangible low and high-tech materials. These participants, and many others from my
experiences as a blind researcher, come to making activities having had few, if any, opportunities
to make and often little encouragement to explore freely. In concert, tools and techniques we use
as researchers and designers are often visually biased. Even when guided by inclusive strategies,
we lack proper scaffolding and accessible design methods when participants have little making
experience. What is problematic is how design possibilities are limited when blind people’s
interaction with designs must be mediated by sighted designers, and messages inaccessible
activities send about blind people’s place in design.
Here, I propose to improve design process accessibility with concrete tools and techniques that
researchers and designers, even if blind themselves, can employ in practice with blind people. As
such, I will conduct design workshops that not only benefit researchers, but that teach skills to
blind attendees, and educate all attendees about the important experience and knowledge blind
people bring. Specifically, I will first contribute historic and current accounts of how blind people
make, meaning how they create and customize their own objects. I will incorporate these insights
into a series of workshops where we will design something with blind people. To achieve the
latter goal, I will inform my work with the field of Disability Studies and center workshops with
blind leaders and mentors. With workshop findings, I will assemble my second contribution, a
toolkit of techniques and accessible materials that designers and blind makers can use to scaffold
accessible workshops and making experiences.
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Background
Historic and Current Practice Prior to conducting workshops, I want to learn how blind people
have and currently make and customize assistive technologies. Researchers have historicized
assistive technologies; media studies scholar, Mara Mills for example, is documenting the
evolution of talking books and other sonic reading methods by blind people [9]. Outside
accessibility, some researchers have used history to inspire design. Jungnickel [6] led workshops
where attendees sewed bicycle outfits following patterns patented by Victorian women. Inspiring
practice with historic traces, the attendees gained a richer understanding than reading alone.
What it might have meant to be in the women’s position was not just a thought exercise, but
augmented through embodied practice. In process, the researchers learned about themselves as
designers by engaging in creative trial and error to finish their costumes when written instructions
were insufficient.
In HCI, researchers have documented how people with various disabilities adapt their assistive
technologies. For example, colleagues and I [1] learned how people with upper limb absence
express themselves through their prostheses and Profita et al [11] researched an online
community of hearing impaired people who have customize their hearing aids. In summary,
people with disabilities have rich making knowledges and experiences, which I will prioritize in my
workshops.
Additionally, accessible Making Researchers have increased the accessibility of making practice.
Hurst and Kane [5] articulated possibilities for people with disabilities to make their own assistive
technologies given accessible tools. They [7] have also suggested methods for involving people
with disabilities as design partners. Researchers have also hosted accessible workshops and
makerspaces both to iterate on accessible design activities [2] and to explore possibilities for
empowerment through making [8]. I will expand this work by narrowing my focus to blind people,
incorporating history as design inspiration, and partnering with blind makers so attendees can
learn from the experts.

Research Question
How does making practice by blind people and a commitment to center them as leaders in design
workshops inform accessible design practices and new designs?

Methods
Preliminary work I will begin with an exploration to learn how blind people currently make. I will
use mixed methods to capture current practice, including interviews, walk-throughs where
participants show me their assistive technologies and customizations, and observations of blind
people making. I will qualitatively analyze to emerge themes of making and historicize those
themes through literature and museum archives.
Additionally, I am beginning a partnership with Smith Kettlewell researcher, Joshua Miele, who
runs the Blind Arduino Monthly Meetup in San Francisco [4]. During these Meetups, blind people
and locals from tech accessibility industry (some with both identities) assemble to teach and learn
Arduino. Arduino is a mainstream platform through which people with no technical skills can be
introduced to coding and electronics. Since Arduino includes physical components, it provides
additional sensory possibilities for blind people to tangibly explore code output. Since it is
mainstream, it also allows blind people to use a platform sighted people use and for artifacts to
be compatible with smartphones and smart home technologies. Joshua and partners have
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already begun a blog [3] documenting how to use Arduino accessibly. I will observe Meetups and
collect Meetup artifacts as part of my preliminary work to inform workshop planning.
Workshops In partnership with Joshua, I will plan a series of workshops for blind people and
designers to make together, centering blind makers as facilitators. I will scaffold workshops with
a few activities informed by histories from my preliminary work to ultimately guide attendees
toward making something for themselves. With our findings, I will assemble a toolkit so it not
only is relevant for other blind people to make more accessibly as the blog has already begun, but
for designers to have accessible tools and techniques to facilitate accessible design workshops.
I will use mixed methods to evaluate the workshops. My data will consist of pre and post surveys
and interviews with attendees, workshop recordings, researcher fieldnotes, and design artifacts. I
will use surveys to summarize workshops descriptively and conduct a much deeper qualitative
analysis. I will particularly attend to how blind leaders and attendees engage, how historic
practice impacted designs, and activity accessibility.
With these findings, I will assemble a toolkit with links to accessible resources designers can use
and outline accessible activities. I will partner with designers and researchers for feedback on the
best way to construct the toolkit such that it is useful for both audiences. For example, I plan to
make these resources available online for people who cannot access academic publications. Time
permitting as a PH.D. student, I will recruit designers to implement the toolkit during their own
workshop and evaluate them using similar methods, with attention to how well the designers can
implement the toolkit to inform improvements.

Conclusion
It is widely accepted within accessibility research that involving people with disabilities is integral
for our work. I will expand on exciting previous work by offering concrete tools and techniques
that researchers and designers can employ with blind participants. In process, I will inform
researchers about valuable histories and current practices blind people engage in to make. I will
also use my work to continue bringing disability studies and accessibility research in conversation.
I hope that my work is impactful not only for academic researchers, but for industry designers and
all blind people, and that it can further transition blind people from marginalized to equal
partners in design.
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Abstract
People who are blind often learn spatial information and concepts through tactile and tangible
representations. These representations offer an accessible low-cost solution, but often require
large amounts of time to author or print. However as educational videos and animations become
a primary medium for conveying educational concepts, this means that an author must spend
time representing important key frames in an animation to make it accessible. In my thesis, I will
be addressing this issue using techniques from computer vision, and leveraging inexpensive
educational robot toys. My work aims to demonstrate how these existing devices often found
around the home, can be used to increase access to online media for individuals with visionimpairments. Throughout this work I will learn how to use and design robots for accessible
communication of motion, examine the use of these representations in educational
environments, and create toolkits which enable other end-users to author accessible videos
online.

Introduction
Individuals with vision impairments frequently encounter barriers to access in daily online
activities [7]. In the information age, where individuals rely on access to the internet for
employment, education, social activities, and research, this creates an uneven playing field which
should be addressed. A major barrier for vision-impaired individuals, is access to online images,
and videos. Recent work [7] has shown that this problem is not going away, and is in fact causing
platforms to be abandoned due to the increasing proportion of inaccessible content.
My research explores the concept of repurposing inexpensive toy robots to create accessible
representations of images and videos online. My thesis aims to create new methods of authoring
accessible representations of images and videos online through creating easy to use toolkits. I will
leverage my knowledge in robotics, computer vision, cognitive services, and networking, to
create these accessible representations online animations and create end-user authoring toolkits
to make it easy for authors to create accessible representations.

Related Work
Several projects have explored the use of robots to display information. Jacobsson et al. [5]
created a series of shape-changing displays using an array of educational robots, allowing users to
control the display by moving or shaking robots. Alonso-Mora et al. [1] created a dynamic display
made up of a swarm of color changing robots, in which each robot could move and change color
to represent pixels in a source image or animation. Robert et al. [8] developed a system that
supported interaction with game characters, in which robots representing characters could be
controlled with a joystick. BitDrones [3] used flying quadcopter drones with attached LEDs and
displays to represent information in 3D, and enabled users to physically move the drones to
interact with the display.
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InForm [2] used pin arrays to construct tangible shape displays. These displays demonstrated
their ability to guide the user through dynamic affordances, and were used to represent 3
dimensional graphs, outlines of objects, or collocated user movement. Zooids [6] introduced the
concept of swarm user interfaces, in which a collection of wheeled robots moved in coordination
to create a tangible user interface that could be manipulated by the user. Zooids can be used to
represent data on a table surface, or can enable interactive drawing.

Current Research
For my thesis, I will explore the concept of using inexpensive robot devices to convey information
in non-visual modalities. The decision to repurpose inexpensive robots is motivated because
many people may already have these devices around the home, and these robots can be used to
act as input devices, give a user feedback, or even in more subtle uses such as guiding a user’s
hand during interaction.
This research breaks down into several threads: (1) Exploring the use of consumer robots as I/O
devices, (2) using consumer robots to create refreshable shape displays which have the potential
to improve access to online media, and (3) investigating the use of robotic shape displays in
educational settings to improve access to online videos and animations.

Robots as Multimodal User Interfaces
This work began with an investigation of the use of individual robots as I/O devices with a focus
on dynamically conveying feedback through haptics, and interactive motion constraints [4]. In
this work we explored how we could use the robot’s sensors and actuators to guide a user, or
constrain the available user interface functions.
In this article, I also presented the GUI Robots
Software Toolkit which aimed to reduce the
expertise and knowledge barriers to entry for
tangible interface construction on the desktop.
This toolkit was aimed to support early
JavaScript developers, but will be extended to
support a broader range of end-users.

Robots for Accessible Representation
I have begun my exploration of using robots as
interactive displays to increase access to videos
and animations online. In this ongoing work, I
focus on enabling access to educational Figure 1. Using a robot toy as a tangible
diagrams, animations, entertainment, social input/output device for a 3D modelling
images and videos online through physical robot application. The pairing enables a user to
animations. Such as a representation of an online move the robot to move the virtual item,
video showing the orbital paths in the solar and translates the virtual items movement
system. In this work, I will also evaluate the use into non-visual tangible feedback.
of the robots to convey spatial and motion
information in online videos to individuals with
vision-impairments. In order to promote broader access to online videos and animations, I will
also explore ways to enable end-user authoring to help content creators, teachers, and other endusers.
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Educational Deployment
In this thread, we will evaluate the use of the robotic tangible animation through field
deployments in educational settings with students with vision-impairments. I will take a UserCentered Design approach to develop and refine the representations through iterative piloting
leveraging my connection to a local group of individuals with vision-impairments on campus. In
this work I plan to (1) evaluate the concept as an educational material for conveying scientific
concepts to students with vision-impairments, (2) gain qualitative insights about how each robot
animation is perceived, and (3) examine how different robot affordances impact the ability to
perceive the animation.

Contribution to Accessibility
This research will contribute the following to the accessibility community: insights about how we
can robots to create interpretable animations, findings on how robot form factor affects the
information gathered through proprioception, end-user toolkits which allow for the generation of
accessible online media, insights from a field deployment where the animation was used to teach
scientific concepts to students with vision-impairments. My aim is to discover these everyday
robots can be used to convey non-visual information, and produce design guidelines, standards,
and toolkits for practitioners and researchers to leverage and explore.
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DESIGNING AND IMPLEMENTING ACCESSIBLE WEARABLE INTERACTIONS FOR
PEOPLE WITH MOTOR IMPAIRMENTS
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Figure 1: We built an alternative input technique using wearable touchpads to control Google Glass: a
participant’s input causing Glass to slide (left), three sizes of touchpads (center) and a participant using the
side of his fingers to tap on the touchpads he placed on his wheelchair (right).

Abstract
Emerging wearable technologies like head-mounted displays (e.g., Google Glass) and wrist-worn
devices (e.g., Fitbit, Apple Watch 2.0) are always available, have the potential to provide quick
access to information and offer relatively hands-free interaction compared to smartphones.
Additionally, they can collect continuous health and fitness-related information of their wearer.
For people with disabilities, these technologies may also offer possibilities of independent use.
However, people with upper body motor impairments may not be able to gain from the potential
benefits that these wearables can offer. For example, challenges related to performing multitouch gestures and text entry, may magnify as the interaction space of some wearables gets even
smaller. In my dissertation, I explore the potential impacts and assess the accessibility of existing
mainstream wearable technologies, including head-mounted displays, smartwatches, and fitness
trackers. Consequently, I implement and evaluate accessible wearable interactions for people
with motor impairments for these wearables, specifically head-mounted displays and
smartwatches.

Introduction
There are over 20 million people in the U.S. who have upper body motor impairments that impact
the hands and arms, like lack of sensation, tremors or spasms [7]. Though using mobile devices
like smartphones and tablets offer possibilities of independence [2,6], people with upper body
motor impairments may have difficulty performing basic multi-touch gestures (e.g., [1]), text
entry (e.g., [2]) or pulling out the phone from a pocket or bag [6]. At the other end of the
spectrum are emerging wearable technologies like head-mounted displays (HMDs) and wristworn devices that provide quick access to information, are always available, and may offer
relatively hands-free interaction when compared to smartphones. These latter technologies may
have the potential to alleviate existing challenges with smartphone interactions for people with
motor impairments. In my dissertation, I investigate the potential of emerging wearable
technologies for people with motor impairments by exploring, designing, implementing and
evaluating novel, accessible interaction techniques for equal and independent access.
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To inform the design of future wearable technologies, my dissertation investigates three threads
of research: (1) assessing the accessibility of common wearable technologies, HMDs,
smartwatches, and fitness trackers; (2) understanding the potential impacts for people with
mobility impairments of sharing fitness data from existing activity-tracking wearables,
specifically; and (3) implementing and evaluating accessible interactions for common wearables,
specifically HMDs and smartwatches.

Accessibility of Wearables
To understand the accessibility of existing wearable technologies and potential impacts of these
technologies for people with motor impairments, we conducted a series of exploratory studies.

Head-mounted Displays
We conducted formative semi-structured interviews with six people with upper body motor
impairments to understand the extent to which an existing HMD (Google Glass) is accessible [3].
While participants listed many potential benefits of Glass, almost half the participants could not
use the built-in touchpad to control Glass (Figure 1). Use of the built-in touchpad of Glass
depended on each person’s motor abilities. These findings motivated us to implement an
alternative input mechanism that would be easy to learn and use by people with varying physical
strengths, be socially acceptable and support use in a mobile context.

Activity-Tracking Wearables
To investigate the potential impacts and accessibility of activity tracking wearables, we
conducted in-person interviews, evaluated two commercial wearable trackers and concluded the
session with a participatory design activity with 14 people with a range of mobility impairments
[4]. A subset of this group also took part in a week-long field trial to evaluate the accessibility of a
mobile fitness app. As a result, we identified multiple accessibility problems: irrelevant tracking,
inaccessible form factor, small size of the display and buttons. Our participatory design activity
revealed that all participants wanted a wearable form factor that would be easy to put on,
unobtrusive and embedded within an existing object to overcome stigma associated with
assistive technology. Additionally, we provided design guidelines like the need to support a wide
range of movements via personalized activity tracking algorithms, the need to expand tracking to
include metrics like wheelchair pushing and also include guidance on user safety and sharing data
with relevant people.

Implications of Sharing Data
From the previous work on accessibility of existing activity tracking wearables [4], we found that
people with mobility impairments wanted the ability to track and share their fitness related
activities with peers with similar impairments [5]. As part of the second thread of my dissertation
research, we explored this idea further by conducting semi-structured interviews with ten
therapists followed by a design probe activity with a website PatientsLikeMe. We also conducted
semi-structured interviews with ten people with mobility impairments. Our findings highlighted
benefits of sharing like learning more about one’s condition for people with mobility impairments
and an overall understanding of patient’s activities outside therapy for therapists. However, some
challenges with sharing were depression and demotivation by comparison with others. We also
identified design opportunities to build tools to support sharing such as the ability to share
health-related data anonymously, the ability to find peers with similar conditions, goals or
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functional abilities and the ability to provide professional validation on activities that others may
be doing.

Accessible Wearable Interactions
For the third thread of my research, I built and evaluated a potential solution for accessible
interaction of a head-mounted display [3]. For the rest of my thesis work, I will focus on building
and evaluating a suite of accessible interaction techniques for wrist-worn wearables, specifically
for smartwatches.

Wearable Touchpads to Control HMDs
Building on the findings from our formative work, we built an alternative input mechanism
consisting of four switch-based touchpads of three sizes made from pressure-sensitive conductive
sheeting (Figure 1). We conducted a controlled experiment with twelve participants and
evaluated the input performance of using the three sizes of touchpads and personalization
patterns of touchpad placement (on-body or wheelchair) [3]. All participants could use the
wearable touchpads to control Glass, as opposed to the built-in Glass touchpad. Participants’
choice of touchpad placement depended on their motor abilities. While wearable touchpads offer
one promising solution, practical issues like interference with everyday activities and accidental
tapping should be considered for future work.

Accessible Interactions for Smartwatches
To examine accessible smartwatch gestures for people with motor impairments, I plan to
investigate interactions based on the principles of ability-based design [8] and user-defined
gestures [9] by conducting a study with 10-14 people with motor impairments. In this study, I will
expand the interaction space to include both, the touchscreen and non-touchscreen (including
bezel, wristband and on-body locations near the smartwatch) areas of the smartwatch. Data from
this study will help me in understanding accessible interactions for smartwatches and identifying
characteristics of people with motor impairments. Finally, based on these findings, I will
implement and evaluate a suite of accessible interaction techniques utilizing the space on and
around the smartwatch to expand the range of accessible inputs compared to current
smartwatches. I will present performance evaluations of the new interaction techniques along
with potential social (comfort and privacy) implications of using the new interaction techniques
for information access.

Expected Contributions
This research will enable independent use and equal access of wearable technologies for people
with motor impairments. The specific contributions will be: (1) empirical evidence of the potential
benefits and inaccessibility of existing wearable technologies-HMDs, and wrist-worn wearables;
(2) identification of opportunities for building tools to share automatically tracked health and
fitness-related data by wearables of people with motor impairments with therapists and peers
with similar impairments; (3) a simple, customizable wearable input solution to control HMDs and
a suite of accessible interaction techniques for smartwatches for people with motor impairments;
(4) design guidelines for accessible smartwatch gestures for people with upper body motor
impairments; (5) performance evaluation of the new accessible smartwatch interaction
techniques.
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Abstract
From a longitudinal study of smartphone adoption with blind users, we uncovered the need for
frequent assistance and the opportunity for effective and efficient knowledge sharing.
Smartphones are constantly evolving platforms where new applications, features, and
consequently barriers, appear every day. Building on comprehensive knowledge of challenges
and coping mechanisms employed by blind people, we are exploring how human-powered
solutions can contribute. A human-powered approach has the potential to address efficacy,
availability and coverage issues by expanding the pool of supporters. Our goal is to devise a set of
human-powered tools to facilitate and promote smartphone usage. With in-context solutions we
aim to investigate solutions that enable user independence and self-learning. We will augment
knowledge sharing interactions and investigate its impact in promoting new smartphone usages.

Introduction
Mobile devices are becoming fundamental for inclusion and independence. Yet, there are still
many open research issues in smartphone accessibility for visually impaired users [4]. Currently,
learning how to use a smartphone is non-trivial, especially when we consider that the need to
learn new apps and accommodate to updates never ceases. When first transitioning from a basic
feature-phone, people have to adapt to new paradigms of interaction. Where feature phones had
a finite set of applications and functions, users can extend the possible functions and uses of a
smartphone by installing new 3rd party applications. Moreover, the interconnectivity of these
applications means that users can explore a seemingly endless set of workflows across
applications. To that end, the fragmented nature of development on these devices results in users
needing to create different mental models for each application. These characteristics make
smartphone adoption a demanding task, as we found from our eight week longitudinal study on
smartphone adoption by blind people [6].
Visually impaired people often have to require synchronous, co-located assistance from family,
peers, friends, and even strangers to overcome the different barriers they face. However, help is
not always available, especially when we consider the disparity in each barrier, individual support
network and current location. Similarly, people can resort to learning artifacts (e.g. video
tutorials, forums and manuals) but not all challenges will be covered. Moreover, even when they
are available, most of these artifacts are not adequate for a mobile context. For first interactions
many applications guide the user through the basic app features. Unfortunately, they are limited
in their scope (i.e. supporting only first usage) and rely on visual metaphors to guide the users
(e.g. transparent overlay occluding all the irrelevant content), thus, most are not fully accessible.
We aim to investigate in context human-powered solutions improve current smartphone
accessibility.
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Providing in-context assistance can facilitate users learning process and provide them with the
support to tackle challenges [3]. Web Q&A in-context solutions like LemonAid [2] provide users
with the ability to ask questions that are made available to anyone. Human-powered solutions
can provide the flexibility needed to support the user. Human-powered approaches to assist blind
users have been successfully used to identify objects in the real-world through visual questions [1]
provide a collaborative metadata authoring mechanism for web accessibility [7] and enabled Q&A
in-context in web applications [2].
Building on these works, we propose to explore novel approaches to continuously provide blind
people with assistance and opportunities for serendipitous learning. We will investigate if and
how human-powered mechanisms can be effective and efficient in facilitating smartphone usage
of blind people of all expertise levels.

Research
First, we will further characterize the mobile challenges blind users of all expertise face. Secondly,
we will develop and investigate three components to facilitate and promote smartphone usage.
We will explore in-context Q&A and interactive tutorials to provide assistance. We will augment
current support networks emulating the benefits of co-located knowledge sharing. We will assess
each approach proposed individually to understand its benefits and shortcomings in improving
smartphone accessibility.

Characterizing Mobile Challenges
Our first study investigated the smartphone adoption process understanding its challenges and
influential factors [5]. Next we explored the barriers faced at all levels expertise identifying
longstanding issues and the developed coping mechanisms in a workshop setting [6]. We aim to
reach wide understanding of the most common and difficult problems tackled by blind users
everywhere. As such we are conducting extensive analysis of content created and discussed on
the top online community forums for blind people dedicated to smartphones. Lastly, we are
conducting user studies to identify the priorities and relevance of each of the identified issues.

In-Context Q&A
Users should be able to overcome every challenge presented by simply interacting with the
device. Therefore our goal is to develop solutions that provide assistance in-context enabling user
independence and self-learning.
In Rodrigues et al. [6], to tackle this issue, we designed Hint Me!, a human-powered Q&A in-app
assistance tool for smartphone usage. Using Hint Me! as a design probe, we first conducted a user
study with six blind participants eliciting their perceptions on the usefulness and acceptance of
human-powered networks for smartphone support. The design implications provide the
foundation for all the human-powered approaches that will follow during the course of this work.
The first step is understanding how to create a platform that allows volunteers to create effective
answers.
We are enhancing the platform by simulating the end-user context and providing key information
about theirs communication needs. We will further develop Hint Me! in preparation of a
longitudinal in-the-wild study of the integrated solution.

Page 29

SIGACCESS
Newsletter

Issue 120
January 2018

In-Context Interactive Tutorials
Currently, app developers are solely responsible for the accessibility of their content and the
creation of accessible tutorials. Our goal is to change the way tutorials are created, shared and
presented on mobile devices. We are developing accessible in-context tutorials that can be,
created and shared by any smartphone user, about any app. The tutorials are created with a
mixture of user demonstration and voice recording. Furthermore, users will be able to rely on a
human-powered platform to request new ones.
We are investigating how to guarantee that individuals with no accessibility knowledge can
provide effective assistance to expand the volunteers’ pool. We will evaluate the proposed
solution in a lab study prior to the in-the-wild deployment.

Promoting Knowledge Sharing
Our previous solutions were designed to allow users to overcome barriers. However, facilitating
smartphone usage is not just about allowing users to independently solve issues. It is about
promoting smartphone usage, sharing knowledge and serendipitous learning. During the
adoption study [5], users that shared their experience with other users adopted the device faster
and explored more applications. In the workshops [6], we observed whenever a user had a
question participants engaged in a broader discussion surrounding that feature, application or
other similar ones. Participants that were unaware of the feature/app were engaged and
interested in using them. Moreover, knowledgeable participants were keen to share their
experience and give advice.
There is opportunity to leverage telephony IVR to reduce the requirements to access assistance
and participate in an active community. We are currently developing an IVR platform that
resembles a forum with the following features a Popular Feed, Q&A board, Stories, Lessons and
Other. Users will be able to call to browse/share content or request assistance through Q&A. All
users are able to comment and rank the content submitted which is solely based on audio
recordings. Unlike the previous approaches, the ability to browse freely through content, share
and discuss stories and lessons enables users to serendipitously learn from one another.

Outlook
In this research we will first contribute with a holistic body of knowledge covering the barriers
blind people face with smartphones, across expertise levels. We hypothesized that human-power
technologies can be leveraged to facilitate and promote smartphone usage. To facilitate usage,
we will investigate and provide insights into how to develop effective and efficient in-context
assistance through a human-powered platform. To promote usage we are assessing how to
augment current community groups by designing a common content commissioning platform.
I have concluded the initial formative studies characterizing the problem. I have taken the first
steps into designing, developing and evaluating human-powered solutions that target the
identified problems [6].
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DESIGNING INTERACTIVE 3D PRINTED MODELS FOR BLIND STUDENTS
Lei Shi
Jacobs Technion-Cornell Institute, Cornell Tech
ls776@cornell.edu

Abstract
Recent advances in 3D printing technology have made tactile models for a variety of concepts
more available. Researchers have explored methods to add interactivity to 3D printed models so
that the model can speak a description of a model component when it is touched. Using these
interactive 3D printed models (I3Ms), blind students can understand abstract concepts (e.g., the
structure of molecules) better. However, the current model creation methods are too
complicated for laypersons, and the researchers designed I3Ms without fully considering blind
users’ needs. As a result, I3Ms are still limited in terms of their quantity, quality, and
functionalities. I aim to make interactive 3D printed models (I3Ms) more available and useful to
blind students. Specifically, I explored different methods to create I3Ms, conducted studies to
understand blind users’ needs and preferences, and developed tools that make I3Ms easy to
create and easy to access.

Problem and Research Questions
Three-dimensional printed models are important learning tools for visually impaired students,
who rely on tactile learning materials to learn abstract concepts. Researchers have proposed ways
to use 3D printed models in subjects like programming [4], design [5], and mathematics [1]. In
addition, makers, who are hobbyists, enthusiasts, and friends of blind people, have fostered a
massive online collection of printable models designed to help blind people. For example, on
Thingiverse.com, makers are designing and sharing numerous tactile models.
However, 3D printed models can only convey limited information through shape and texture.
Conventional models that are used for instructional purposes (e.g., a globe) present a lot of nontactile information through printed labels and legends, while most 3D printed models are
monochrome without any label. Some 3D printed models have Braille labels, which can only be
read by less than forty percent of functionally blind people in the United States [6]. Moreover,
Braille is bulky and can easily be confused with other tactile features in a model. Thus, most blind
people must rely on additional assistance from knowledgeable sighted instructors when learning
from the models.
Researchers have explored several methods to add audio annotations to 3D printed models. They
used different sensing technologies to create interactive 3D printed models (I3Ms) that sense a
user’s behavior and speak audio information that describes the models. For example, prior work
created I3Ms by embedding electronic components inside 3D prints [7], combining conductive
materials and touchscreens [2, 3, 14], and using mounted depth cameras [8]. However, to create
an I3M using these methods, a maker usually needs to assemble and solder electronic
components, and program annotations in software manually. These tasks are time-consuming
and require skills that most makers don’t have. In addition, blind students have limited access to
specialized devices like mounted depth cameras. Thus, although makers are interested in
creating I3Ms for blind people, the quantity and quality of the I3Ms they make are limited, and
blind students have trouble accessing these I3Ms in practice.
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Facing these opportunities and challenges, I aim to make I3Ms more available and useful to blind
students. Considering the potential workforce but limited skills of makers, we need to find an I3M
creation method that does not require complicated design skills. The created I3Ms should be
accessible to blind students without specialized devices. Moreover, these I3Ms should support
blind users’ learning, and consider their needs and preferences. Last but not the least, we need to
build tools to support makers to create I3Ms and grant blind users access to I3Ms. In summary, I
have the following research questions:
RQ 1.

How can we add interactivity to 3D printed models without specialized devices?

RQ 2.

What interactions support blind people’s ability to learn and perceive I3Ms?

RQ 3.

What tools effectively support and connect makers and blind users in practice?

Developing the Solution
I plan to use computer vision technology to augment 3D printed models with audio information,
as shown in Figure 1. Over the last three years, I have iterated on several prototypes, including
those using acoustic sensing [9, 11], to find an appropriate method to add interactivity to 3D
printed models, and decided on using computer vision technology to create I3Ms. In an initial
prototype [10], I designed a system where a computer used its camera to track a user’s finger and
speak audio annotations when the finger is on an annotated element. Compared to other sensing
technologies, computer vision is low-cost, widely available with camera-enabled devices, and
robust to ambient noise in public spaces like classrooms. In addition, this approach doesn’t
require assembly and allows blind students to explore models freely in the air without the
constraints of fixed devices. However, computer vision doesn’t work when areas are occluded
from the camera, so users must gesture within a camera’s field of view.

Figure 1. A blind student is exploring a 3D printed globe in front of a tablet. The tablet captures
her hand gesture using its camera and speaks the continent she is touching.
With the idea of using computer vision technology, I conducted a study to further understand
what interactions would best support blind people’s ability to perceive and learn from I3Ms [12].
In the study, I elicited user-defined interaction techniques that would trigger different functions
from I3Ms. Blind participants designed input techniques including gestures, speech input, and
buttons. The study also suggested that in addition to regular annotations, more advanced
functions like comparing two tactile elements should be embedded into I3Ms as well.
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Considering the study results, I iterated on the initial prototype and developed a toolkit that
supports makers and blind users to create and use I3Ms. The toolkit, Markit (Figure 2a) and Talkit
(Figure 2b), uses an RGB camera and a microphone to add audio annotations to 3D printed
models [13]. Markit provides a step-by-step process for any maker to create I3Ms with
annotations. Talkit is a computer application that enables blind users to retrieve the annotations
from a printed model using gestures and speech commands. Talkit also provides an audio guide
that helps blind users to position the models to avoid occlusion problems. My lab studies
suggested that a layperson could create an I3M using Markit within minutes, and it took about

Figure 2. A maker creates an interactive model in Markit (a) and a blind user interacts with the
model using Talkit (b).
one minute for a blind user to explore five annotations on a model using Talkit.

Future Work
The past research projects have settled the method for adding interactivity to 3D printed models,
explored user preferences on interaction techniques, and developed a toolkit that serves different
stakeholders of I3Ms. In my dissertation, I need to iterate the toolkit in practice and develop new
tools that connect makers and blind users, as described in RQ3.
I will iterate on the design of the developed toolkit with real stakeholders to further understand
the challenges and needs of using I3Ms in practice. As a first step, I plan to work with Teachers of
Visually Impaired (TVIs) and their blind students to improve the toolkit. TVIs, as potential makers,
can evaluate the model creation tools. Blind students, as end users, will provide feedback about
the design of I3Ms and potential problems in Talkit. I will host a series of workshops with TVIs to
introduce the toolkit and design curriculum materials that take advantage of I3Ms. After the
workshops, TVIs can distribute I3Ms to their students.
To connect makers and blind users in practice, I will build an online sharing forum, another
powerful tool for I3Ms. After developing the toolkit and some curriculum materials, I will release
this content in the online forum, which will be accessible to makers and blind people. In the
forum, makers will be able to get support and design guidelines for model creation, and blind
users can download I3Ms and provide feedback to makers. By leveraging the power of makers
around the world, we will be able to create and share more I3Ms that are helpful to blind people.
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INTERACTION STRATEGIES OF BLIND EHEALTH AND MHEALTH USERS: A
QUALITATIVE INVESTIGATION
Shrirang P. Sahasrabudhe
UNC Greensboro
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Abstract
Research lacks a comprehensive understanding of the interaction strategies of blind users in
eHealth and mHealth interactions. Without this understanding, we cannot develop an accessible
and usable eHealth and mHealth for blind users. Therefore, the objective of the proposed
dissertation research is to understand blind users’ interaction strategies in the context of their
eHealth and mHealth interactions.

INTRODUCTION
while on one hand, blind individuals are moore likely to have serious on-going health issues, such
as diabetes (Thylefors et al. 1995), on the other hand, diabetes is a leading cause of blindness and
the number of blind individuals with diabetes is rising (American Optometric Association, 2016). It
suggests a continuous increase in the number of blind individuals with blood sugar problems. the
primary interventions to manage blood sugar involve awareness, education, and support. These
are often delivered through electronic health (eHealth) and mobile health (mHealth). Blind users
use screen-readers to interact with eHealth and mHealth. A screen-reader reads out the textual
content of the graphical user interface in a sequential manner and allows its users to use the
functionalities provided by the interface. Such an interaction often involves use of numerus key
commands and gesture combinations. Using the Web and mobile applications with screenreaders is a challenging experience due to the persistent accessibility and usability problems
(Borodin et al. 2010; Sahasrabudhe and Singh. 2016). The high-risk blind population cannot reap
the benefits of available eHealth and mHealth due to the accessibility and usability barriers
creating double peril for those users. It motivates my research.

RELATED WORK
Bigham et al. (2007) showed that blind users use various coping strategies to overcome the
accessibility and usability challenges. Power et al. (2013) studied blind, partially sighted, and
dyslexic web users. They identified 7 interaction strategies (1) navigation, (2) discovery, (3)
exploration, (4) anchoring, (5) help seeking, (6) reset, and (7) task acceleration. They found that
among the three user groups, Blind participants apply most number of overall strategies per task.
It suggests that blind users' interaction strategies play a vital role in their web interactions.
Therefore, creating a comprehensive understanding of blind users’ interaction strategies and then
informing the technology design to make it suitable for blind users to utilize those interaction
strategies is necessary to enable the blind users to adopt eHealth and mHealth in meaningful
ways. Accordingly, our research question is: what are blind users’ interaction strategies as they
face accessibility and usability challenges in accomplishing their goals using eHealth and
mHealth?
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METHODS
Participants: five blind JAWS screen-reader users and five blind iPhone VoiceOver screen-reader
users.
Procedure: participants perform five PHIM task using the pre-selected eHealth or mHealth. While
they perform the task, I request them to describe their interaction goals and strategies. I audiorecord our conversation and the screen-reader speech. I transcribe the recordings and conduct an
interpretive analysis of those transcripts. The expected outcome of this analysis is the
comprehensive understanding of blind users’ eHealth and mHealth interaction strategies and the
accessibility and usability problems in executing those strategies.

Pilot findings
The choice of the strategy is determined by personal factors (time at disposal, level of screenreader expertise, self-efficacy beliefs, and the perceived importance of the task), technological
factors (availability of headings and labels, navigability using a keyboard, and use of complex
layout tables), and task context (the complexity of the task.).

3.2

Expected Contributions

The comprehensive understanding of the blind users' interaction strategies is useful for training
blind users.

3.3

Gains from the Doctoral Consortium

Received constructive inputs to improve the rigor of my research design.
I could network with other researchers.
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USING DIRECT VISUAL AUGMENTATION TO PROVIDE PEOPLE WITH LOW
VISION EQUAL ACCESS TO INFORMATION
Yuhang Zhao
Information Science, Cornell Tech, Cornell University
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Abstract
Low vision is a visual impairment that cannot be corrected with eyeglasses or contact lenses. Low
vision people have functional vision and prefer using that vision instead of relying on audition and
touch. Existing approaches to low vision accessibility enhance people’s vision using simple
“signal-to-signal” techniques that do not take into account the user’s context. There is thus a
major gap between low vision people’s needs and existing low vision technologies. My doctorial
research aims to address this gap by augmenting low vision people’s visual experience with direct
and optimal visual feedback based on the user’s context. I will design and study novel methods for
visual augmentation, which involves visual feedback beyond simple enhancements. My research
considers two dimensions: visual condition and task. By understanding the visual perception of
people with different visual abilities and exploring their needs in different visual tasks, I will design
applications with visual feedback that is optimal for specific context to maximize people’s access
to information. My research will yield design insights and novel applications for people with all
visual abilities.

Motivation
Low vision is a visual impairment that cannot be corrected with glasses or contact lenses, which
adversely affects people’s ability to perform daily activities. There are different kinds of low
vision, including reduced contrast sensitivity, loss of visual field, and lower visual acuity [1]. Low
vision is pervasive. According to the Center for Disease Control and Prevention (CDC), about 19
million Americans have low vision [2] and the number is still rapidly growing with the overall
aging of the population.
Low vision people have functional vision and prefer using their vision to access information [4].
Although there has been a wealth of research on people with vision disabilities, most of this
research focuses on audio and tactile feedback, ignoring the users’ residual vision [3]. Common
low vision tools, such as optical magnifiers and CCTV’s provide only simple vision enhancements
such as magnification and contrast enhancement that do not adequately address the challenges
low vision people experience in daily tasks [4]. More research is needed to understand low vision
people’s visual perception and innovate new methods to improve their visual experience directly.
My research seeks to advance low vision accessibility and impact the lives of millions of people by
providing direct visual augmentation, assistive visual feedback beyond simple signal-to-signal
enhancements.
My work builds upon the relatively small number of research efforts that explored novel
approaches to visual enhancements. However, this prior work did not fully account for the user’s
context. For example, researchers implemented image processing algorithms, such as
magnification and contrast enhancement on head-mounted displays to enhance people’s vision
directly [5,8]. Optometry researchers also aimed to correct specific low vision conditions, such as
tunnel vision with head-mounted systems by using “multiplexing,” a technique that overlays the
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contours of a minified version of a scene (e.g., [6]). However, these techniques used simple
“signal-to-signal” image processing and did not adapt to the user’s context. They were applied to
the user’s field of view regardless of environmental factors, the task, and the user’s visual
condition. Our prior study [4] showed that low vision people struggled to customize low vision
tools according to the current context, for example, a low vision person continuously adjusted the
magnification level when reading because she needs a higher magnification setting to read a
paragraph than a heading.
Prior research highlighted a big gap between the current low vision technology and people’s
needs: low vision people need different visual augmentations in different context, while existing
low vision technologies only provide basic vision enhancements that tend to be the same for all
users in all scenarios.
My doctoral research focuses on the overlooked low vision group. I seek to provide low vision
people equal access to information with direct visual augmentations and further fill in the gap in
low vision research by innovating new forms of visual feedback that is adaptive and optimal to the
user’s context in the dimensions of visual condition and task.

Research Question
The high-level research question that my PhD research focuses on is: What visual augmentation
designs are optimal for low vision people in different contexts?
I will address this question by answering two sub-questions:
1. What visual augmentation designs are optimal for different visual conditions? I will understand
the visual perception of people with different visual abilities and derive specific designs and
guidelines for optimal visual augmentations accordingly.
2. What visual augmentation designs are optimal for different visual tasks? I will explore different
visual tasks that are common and challenging for low vision people, based on which I will design
specific visual augmentations and derive design guidelines to help low vision people complete
these tasks more efficiently.

Proposed Solution
Designing visual augmentations for different visual conditions. Low vision is complex and
includes many different conditions. People with different visual conditions have different needs
and preferences. For example, while magnification is effective for many low vision people, people
with tunnel vision may not use it because it reduces their field of view. I will design visual
augmentations for different visual conditions by understanding low vision people’s visual
perception. I will investigate different low vision subgroups, such as people with central vision
loss, or people with tunnel vision. By conducting user studies with different low vision groups, I
aim to understand their perception and preferences when seeing different visual elements and
further design visual feedback that is optimal for their visual abilities. I also plan to use eyetracking techniques to track and analyze the scanning patterns of the user’s gaze when perceiving
visual information. I will then optimize the visual feedback rendering based on the user’s scanning
pattern, such as adjusting the position of the visual feedback based on the user’s gaze.
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Optimizing visual augmentations for different tasks. Low vision people face challenges in many
daily activities, such as reading, navigating, and shopping. These activities involve different visual
tasks that likely require different visual augmentations. For example, people may only need a
simple magnification to see text when reading a book, but they may need visual cues (e.g.,
arrows) that indicate directions when looking for a friend in a crowd. My research will explore
visual tasks that are common and challenging for low vision people. I will conduct user studies
with low vision people to understand their difficulties and needs in different tasks and innovate
novel visual feedback to enable them to complete these tasks more efficiently. I will leverage the
state-of-the-art computer vision technology and other sensing technologies to recognize the
context of the tasks and present this information to low vision people via suitable visual feedback.
For example, in a navigation task, I can design one type of visual augmentation to highlight the
stairs and obstacles recognized by a camera, and present another type of visual feedback to
indicate the direction information extracted from a GPS.

Current Stage
I started understanding low vision people’s visual perception with an exploratory study on
commercial augmented reality glasses [7]. I used AR glasses because they had embedded sensors
that can be leveraged to learn the user’s context and displays for presenting optimal visual
feedback. In this study, I explored different low vision people’s ability in perceiving virtual
elements in both stationary and mobile situations. I recruited 20 low vision people and asked
them to identify virtual shapes and text in different sizes, colors, and thicknesses on commercial
AR glasses. I also evaluated their ability to see the virtual elements while walking. Results showed
that low vision people were able to identify basic shapes and read short phrases on the glasses
while sitting and walking. Moreover, we separated the participants into three visual acuity levels
(mild, moderate, and severe) and revealed their different abilities in perceiving visual feedback on
AR glasses. For example, we found that simple shapes could be used in the visual augmentation
design for the general low vision population, but text may only be appropriate for people with
mild to moderate low vision. This research is the first step to understand different low vision
people’s visual perception. In the future, I will explore low vision conditions in different
dimensions (e.g., level of peripheral vision loss, level of contrast sensitivity) and further design
optimal visual feedback for different visual conditions.
I have explored specific visual tasks and designed suitable visual feedback accordingly. I started
with a visual search task in a grocery-shopping context. To enable low vision people to locate a
product more efficiently and independently, I designed five different visual cues to orient the
user’s attention. The visual cues were designed based on different low vision conditions and
cognitive psychology theories on attention. I embedded these visual cues to a smartglasses
application called CueSee [9], which locates a specified product with computer vision technology
and then presents the visual cues to direct the user’s attention to the target. We evaluated
CueSee with 12 low vision people and our results were promising: all participants found products
more efficiently with CueSee than with their best-corrected vision. This research confirmed that
suitable visual feedback could largely increase low vision people’s performance in a visual task. In
the future, I will expend this direction by investigating more use cases, such as social interactions
and navigation. I aim to use different forms of visual augmentations to enhance low vision
people’s ability in various daily tasks.
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Contributions
Low vision is an underexplored topic in accessibility research. My PhD research seeks to advance
low vision accessibility by leveraging low vision people’s functional vision and providing optimal
visual augmentations for different contexts. When my PhD research complete, I hope it can fill in
the gap between low vision technology and people’s needs by providing a complete directory of
visual feedback design for different visual conditions and tasks. I believe that optimal visual
feedback has the power to change millions of low vision people’s lives.
While designing visual augmentations for low vision, our application designs and findings will
extend to a broad audience that includes sighted people. For example, a foreign traveler who
cannot read the local language would struggle to navigate an unfamiliar place, or a professional
shopper who would need to find many specific products quickly. With the visual feedback we
design and the insights we derive from our research, we will refine and extend the visual
augmentations to a general sighted population that experiences many similar challenges.
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