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Want to see your article featured in the next issue?
Contributions and inquiries can be emailed to editors_sigaccess@sigaccess.acm.org
We encourage a wide variety of contributions, such as letters to the editor, technical papers, short
reports, reviews of papers or products, abstracts, book reviews, conference reports and/or
announcements, interesting web page URLs, local activity reports, and so forth. Actually, we
solicit almost anything of interest to our readers and community.
You may publish your work here before submitting it elsewhere. We are a very informal forum for
sharing ideas with others who have common interests. Anyone interested in editing a special
issue on an appropriate topic should contact the editor.
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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ASSETS 2015 – REMEMBERING LISBON!
Yeliz Yesilada
General Chair, Middle East Technical University Northern Cyprus Campus (METU NCC)
yyeliz@metu.edu.tr - http://www.metu.edu.tr/~yyeliz
Jeffrey Bigham
Program Chair, Carnegie Mellon University
jbigham@cs.cmu.edu - jeffreybigham.com

This year was the 17th edition of the ACM SIGACCESS International Conference on Computers and
Accessibility (ASSETS 2015)1. ASSETS 2015 took place in Lisbon, which is the capital of Portugal and is
known as the city of seven hills (A Cidade das Sete Colinas). The conference was very well attended
around 170 participants from all over the world. There was one keynote speech by Jon Schull from
Rochester Institute of Technology and e-NABLE. The best paper award went to "Understanding the
Challenges Faced by Neurodiverse Software Engineering Employees: Towards a More Inclusive and
Productive Technical Workforce" by Meredith Ringel Morris, Andrew Begel and Ben Weidermann. The
best student paper award went to "Social Media Platforms for Low-Income Blind People in India" by
Aditya Vashistha, Edward Cutrell, Nicola Dell, and Richard Anderson. The conference also had an
excellent social program having drinks and nice food in the evenings, which was great to meet people
and socialise with the accessibility community.

Behind the Scenes
It takes quite long to prepare for an academic conference like ASSETS. It was first decided that it
is the right time to organise ASSETS again in Europe and we had to find a place that is suitable,
accessible and attractive to ASSETS participants. It was previously organised twice in Europe.
Once in Edinburgh, UK in 2006 and Dundee, UK, in 2011 therefore we wanted to hold the
conference in another European city and we decided to go for Lisbon. Lisbon is very popular
European city and we had a local group of researchers working on accessibility and willing to help
us organise the conference there. Once we decided about the city, Tiago Guerreiro and Hugo
Nicolau from University of Lisbon became our local organising chairs. We then started to search
for a hotel in Lisbon that would be good to organise ASSETS. With the help of the local organising
chairs, we decided to have the conference in the SANA LISBOA Hotel as it is accessible, easy to
reach and has a good service for our participants. As we were making decisions for the
conference, we also informed people who were considering to attend ASSETS via our website
and also social media such as Facebook and Twitter. Especially, our local organisers updated the
Facebook page2 regularly with lots of information about Lisbon and local arrangements.
In parallel to these preparations, we also prepared for technical program. Our program committee
was formed with 47 experts from different countries, organizations and expertise. We wanted to
make sure that our committee would be able to review different kinds of submissions. We received
127 submissions from which we selected 30 for inclusion in the program, for an acceptance rate of
23%. For the first time at ASSETS, decisions were made by consensus of the program committee
members, who discussed the papers extensively both online and via video calls. The program

1
2

http://assets15.sigaccess.org/
https://www.facebook.com/groups/318413479187/
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committee also reviewed 81 posters submissions (49 accepted) and 18 demo submissions (15
accepted).

The Conference Program
We open the conference by thanking to our sponsors and supporters, to our organizing committee
and program committee, and giving a broad overview of both the technical and social program of the
conference. We then introduced our keynote speaker, Jon Schull from Rochester Institute of
Technology and e-NABLE, who gave his keynote speech on “Enabling the future: Crowdsourced 3Dprinted prosthetics as model for open source assistive technology innovation and mutual aid ”. His
keynote speech focused on 3D-printed prosthetics and the overall impact of the e-NABLE project. His
speech was very provocative and was very well received (see Figure 1).

Figure 1 Keynote Speech and Opening

This keynote speech was followed by our first poster session and a coffee break. We had two poster
sessions: one on the first day and one on the second day. Posters in those sessions were up whole day
and people could visit them during the coffee and lunch breaks. On the first poster session, we had
Student Research Competition Posters, selected posters from the Poster Track and selected posters
from the Travel Scholarship Winners. After the long coffee break with poster presentations, we had
our first technical paper session called “Speech in and out” chaired by Shaun Kane from University of
Colorado. After this session, we had lunch, which was followed by our next technical session called
“Reading and language” chaired by Tiago Guerreiro from University of Lisbon. In the afternoon, after
this technical session, we had again long coffee break for the poster session. This was followed by the
last technical session called “Perspectives on accessibility research” chaired by Simon Harper from
University of Manchester. We finalized the first day, with a reception and a demo session at the hotel.
Our day two also had a very busy program. We started the day with a technical session called “Nonvisual access to graphics” chaired by Shiri Azenkot from Cornell University. This was followed by the
second poster session, which had posters from, Doctoral Consortium, selected posters from the
Poster Track and selected posters from the Travel Scholarship Winners. These posters were again up
for the second whole day. After this long coffee break, we had our second technical paper session
called “Sign language and the third dimension” chaired by Hironobu Takagi from IBM Research.
We then had lunch and then started with the third technical session called “Accessibility and
work” chaired by Erin Brady from Indiana University-Purdue University Indianapolis. This was
followed by a long coffee break with our poster session, and student research competition talks.
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We closed the afternoon with our fourth technical session called “Exercise and physical activity”
chaired by Jon Froehlich from University of Maryland. We finished the second day with
SIGACCESS meeting, which was very well attended, and a reception at the National Museum of
Natural History and Science.
In the last day of the conference, we had a very tight program again. We started the day with the first
technical session called “Making speech accessible and usable” chaired by Matt Huenerfauth from
Rochester Institute of Technology. Two technical sessions followed this before lunch called “Nonvisual access” and “Text input” chaired by Yu Zhong from Google. We then had lunch and closed the
conference with the final technical session called “Cognitive disabilities” chaired by Shari Trewin from
IBM. We closed the conference around 3 pm.

TACCESS Presentations
This year we also had eight TACCESS papers that were also presented at the conference. We
believe these presentations in overall enriched the technical conference program. Accepted
TACCESS articles submitted during the last year were eligible to present their paper at the
conference.

Doctoral Consortium
This year Doctoral Consortium was also organised on Sunday, before we started to the main
conference. This year Giorgio Brajnik from University of Udine, Italy and Eelke Folmer from
University of Nevada in Reno chaired it. We had ten students who were supported by National
Science Foundation (NSF) and Google to attend Doctoral Consortium. We also had a panel of four
experts: Chieko Asakawa from Carnegie Mellon University, Amy Hurst from University of
Maryland, Hugo Nicolau from University of Lisbon and Hironobu Takagi from IBM Tokyo who
gave a lot of feedback to these students. The DC program was very well organized with different
ways where students received feedback.

The Social Part of ASSETS 2015
When we organized the conference, we wanted to make sure that a very strong social program
accompanies our technical program. This is mainly because academic conferences are great
opportunity for people to get together, socialize and collaborate over social activities. Therefore, this
year we organized our poster sessions around coffee breaks so that people can enjoy their coffees and
also be able to visit posters. We also had two social programs in the conference evenings.
At the end of the first day, we had a reception at the conference hotel. The reception was served at
the Foyer area of the conference hotel where people enjoyed appetizers and drinks while they were
also able to try out new accessible technology and devices accepted to the Demonstrations track or
accompanying Technical Papers. This was not only a great opportunity for attendees to socialize but
also for accepted technical papers and demo papers to showcase their technical work. Our attendees
very well received this. We also wanted to make this session participatory so we arranged a ballot to
choose the best demo. People were able to vote for the best demo.
At the end of the second day, we arranged a cocktail dinatoire at Museu Nacional de História Natural
e da Ciência (National Musem of Natural History and Science). Best paper awards and other award
winners were also announced during the cocktail. Attendees received a guided tour of some parts of
the museum and we gathered everybody in a very historic chemistry lab where we announced the
best paper awards and demo awards. The demo awards went to the following papers: “Dytective:
Toward a Game to Detect Dyslexia” by Luz Rello, Abdullah Ali and Jeffrey Bigham, “The
Implementation of a Vocabulary and Grammar for an Open-Source Speech-Recognition
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Programming Platform” by Jean Karlo Rodriguez-Cartagena, Andrea Claudio-Palacios, Natalia
Pacheck-Tallaj, Valerie González-Santiago and Patricia Ordóñez-Franco and “Eyes-free exploration of
shapes with Invisible Puzzle” by Andrea Gerino, Lorenzo Picinali, Cristian Bernareggi and Sergio
Mascetti. Being in this historic lecture hall was a unique experience for everybody (see Figure 2).

Figure 2 Conference Reception

ASSETS 2015 Sponsors and Supporters
Association for Computing Machinery (ACM) is the main sponsor of the conference. However, this
year we also had the following supporters which we truly appreciate their support:

They supported students to attend
the Doctoral Consortium.
They
supported
the
overall
conference
organisation
and
expenses.
They supported some of our students
to attend the Doctoral Consortium.
They fully supported our second
reception organised in the National
Museum of
Natural History and
Science.
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MUSICAL ROBOTIC INTERACTIONS FOR CHILDREN WITH AUTISM SPECTRUM
DISORDERS
Jaclyn Barnes
Michigan Technological University
jaclynb@mtu.edu

Abstract
I propose that a system combining robots and music in an interactive game may provide effective
therapy encouraging social skills in children with Autism Spectrum Disorders. To provide
objective measures of the participants’ progress, I am also developing a monitoring system using
the video cameras and motion detectors to determine the participants’ emotional state and
engagement level.

Introduction
As Autism Spectrum Disorders (ASD) become more commonly diagnosed and more well-known,
there comes the increasing awareness that a wide variety of treatments is required to meet the
needs of this diverse population. One of the central deficits of Autism Spectrum Disorders is
difficulty with social skills and interactions. I propose that this particular deficit may be well
addressed for some individuals by therapeutic interaction with robots in socially interactive
games that utilize music.

Motivation
Some children with ASD have been found to engage with robots more readily than they do with
other people [1]. The use of robots in therapy is an emerging field that has thus far had mixed
results [2, 3]. Music therapy, which encompasses a wide variety of strategies, is widely used with
children with ASD, but has not been thoroughly researched and has also met with inconsistent
results [4]. Both therapies based on the use of robots and the use of music are highly flexible and
they present many opportunities to be combined in a complimentary manner that can be tailored
to individual requirements.
One of the great difficulties encountered when attempting to design experiments for evaluating
therapies for children with ASD is that many measures of the subjects’ progress are difficult to
quantify or are subjective in nature [5]. However, the inclusion of a robot often automatically
means the inclusion of a video camera and other sensors. These devices can be repurposed to
provide alternative metrics used to evaluate a treatment’s effectiveness.

Proposed Solution
I will have children with ASD play interactive games with the robots Romo and Robotis-OP2 (also
known as DARwIn). Romo is a small mobile robot that uses the screen of an iPhone or iPod as its
display. This allows the robot to display emotions more realistically than common fixed feature
robots. DARwIn is a humanoid robot, which while lacking the expressivity of Romo, has a greater
range of motion and can participate more readily in physical games. Both robots have front facing
cameras that will be utilized in an emotion recognition system. Our program relies on having an
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unobstructed view of the child's facial expression for analysis. It is largely untenable to attempt to
have such a view at all times during a physical game with a child with ASD. Thus, the emotion
recognition will be supplemented by motion detection provided by external Microsoft Kinect
modules. Determining what measures provide an accurate model of a child’s progress will be part
of the research, but I theorize that monitoring emotional state and movement will allow us to
extrapolate engagement and progress over time.
The exact game has not yet been determined, but I intend for the game to be simple, short, easy
to repeat, easy to extend, involve physical activity, utilize music, require social skills, and be
enjoyable for the child. Keeping the game simple and short is intended to make it easy to learn
and play while also keeping the experiment to a reasonable scope. Making the game repeatable,
extensible, and active should help keep children engaged. The final three criteria address the
therapeutic objectives. First, I will use music as an incentive either by directly incorporating it into
the activity or as positive reinforcement of desired behavior. Second, incorporating social skills,
such as turn taking, following instructions, cooperation, or shared attention, and then reinforcing
them should increase the use of these skills. Of course, being enjoyable is both part of the very
nature of a good game and of the reinforcement of desired behaviors.
A game modeled on the children’s song “Head, Shoulders, Knees, and Toes” presents a good
example. In this game, children touch various body parts as they are named in a rhyme sung to a
traditional folk melody. It is simple to perform and a single verse takes less than a minute to sing.
Numerous variations exist such as using extra verses, naming different body parts, omitting
words in a pattern, and changing the tempo of the song. It is usually done in a group with
participants matching each other’s speed and movements, providing the social component.

Current Status
This research is in the early stages. Development has begun on the emotion recognition and
movement recognition components. The emotion recognition software is currently able to detect
surprise, anger, and happiness in adults. Detection of additional emotions is planned. The system
has not been tested with children at this time. I am working to gather more training data on
children’s emotional expressions to further refine the detection for that group as I anticipate the
different facial structure present in young children will lower the accuracy of our current model. A
separate team is working on the motion detection portion of the monitoring system and the
components have not yet been integrated. The robots have been procured, but development of
the game has not begun. As stated above, the experimental scenario design is still being drafted.

Envisioned Contribution to the Accessibility Field
I believe this research will contribute to the field in two primary ways. First, the combination of
robots and music will provide an extremely flexible alternative therapy for improving social skills
in children with ASD and others with similar cognitive or developmental deficits. Second, should
the emotion recognition and motion detection monitoring scheme prove as successful as I hope,
it will provide a new means of objectively evaluating the emotional effects of human-robot
interaction. As robots are being considered for many other accessibility and assistive technology
applications, such a system could be beneficial to a large number of researchers.
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DIGITAL AND TACTILE DRAWING-SYSTEM FOR BLIND USERS
Jens Bornschein
HCI Research Group
Technische Universität Dresden
Nöthnitzer Str. 46,
01187 Dresden, Germany
jens.bornschein@tu-dresden.de

Abstract
In my PhD-Task I want to allow blind users to create digital drawings on their own and, in
particular, support tactile drawing by fingers. As the common mechanisms for creating tactile
graphics by blind people are analog or text-based methods, editing graphics is a hard or nearly
impossible task. I want to build a system that allows a blind user to create tactile graphics with
intuitive interaction methods, such as drawing with the fingers, drawing with a pen as well as
using stamps and tangibles. Technically this can be realized with a digitalization pen, a standard
consumer time of flight (TOF) camera system for input and a two-dimensional touch-sensitive
tactile pin-matrix device for output. With this system blind users will get for the first time the
freedom of their own digital pictorial expression with all the benefits of digital drawing tools that
visual users have for several decades.

Introduction
Blind users normally interact with a computer through auditory and Braille output. Therefore, a
single line Braille display consisting of refreshable pins is used. These devices enable blind users to
explore graphical user interfaces or documents as text but only line by line. For exploring
graphical content these devices are insufficiently suited. Graphical information can be presented
to blind users by an alternative textual description. These descriptions offer only one
interpretation of an image and can be insufficient as well. To overcome this problem, tactile
graphic production methods exist. The most common ones in German speaking countries are
microcapsule papers and tactile embossed graphics [7]. These production methods are based on
digital data and can be manufactured and reproduced easily but require considerable production
time.
While blind and visually impaired people have been addressed as consumer of tactile graphics for
a long time, they have not sufficiently been addressed as authors till today. This is confirmed by
our survey from 2014 in German speaking countries among centers for tactile graphics production
and among blind people [7]. For sighted people it is easy to make a sketch when words are not
enough. Likewise visuals support text and make it interesting to read. Blind users are also
interested in making visual attractive documents or expose their figurative understanding to
colleagues and friends regardless of whether they are blind. The independent and unrestricted
figurative expression should be a fundamental right for them in an inclusive society.
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Figure 3: Drawings by a blind drawer with the TDraw System [5]

Related work
As current graphical authoring methods used by blind people are analog methods [1, 4, 7] or textbased systems, such as BPLOT [2], an error correction is a very challenging task or almost
impossible [1, 4, 7]. Another problem is that text-based methods, such as building images with
Braille characters or constructing images through command languages, have a high mental load
and require considerable visual imagination because of missing continuous monitoring
possibilities.
Some systems, such as the TactileView in combination with the TactiPad from Thinkable 3,
combine analog tactile feedback by drawing on a German foil4 with digitalization methods, such
as an ultrasonic pen. This system allows a blind user to digitalize the tactile drawing while s/he can
feel the drawing in real time. In this system error correction is almost impossible as well.
Additionally, a non-visual drawer cannot rely on the correctness of the digitalized input because
there is now way to prove it without producing a tactile hardcopy.
The talking tactile tablet system from Touch Graphics, Inc. 5 enables the user to interact with a
tactile overlay on a large two-dimensional touch-sensitive device. The related software allows for
creating virtual graphical elements in a document by defining them via concatenation of touch
point inputs. This allows non-visual users to create individual and complex graphical shapes but
without any tactile feedback. Either they need a master-form they can transfer into a virtual
representation by walking around the master's outline or they need a very good spatial
imagination.

Proposed Drawing Workstation
Interaction always requires appropriate input devices. Direct manipulation of objects feels very
natural to the user, especially when this is done with the fingers by using touch input. In the
context of painting, drawing with fingers is a task that young children can already perform. The
two-dimensional tactile pin-device BrailleDis is touch-sensitive and enables direct input via

3

http://thinkable.nl/
foil that builds raised tactile perceptible structures when pressure is applied – e.g. by a pencil
5
http://touchgraphics.com/portfolio/ttt/
4
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gestures [6]. In a non-visual interaction scenario the usage of touch is challenging. This is due to
the fact that a non-visual tactile interaction is based on haptic exploration which means the
exploration of the content with the hands. So it is hard to differentiate an ongoing exploration
and an intention for interaction, which is known as the Midas-touch-effect.

Figure 4: BrailleDis 7200 [6], a dynamic tactile and touch-sensitive pin-matrix device

The realization of a drawing workstation is related to some – not exclusively – foundational
challenges:
1

Lack of natural and intuitive guidance for fingers while drawing and touching without sight.

2

Lack of knowledge on editing tools suitable for blind people: rulers, pens and a pair of compasses
are common in the analog domain, but overlapping layouts, projection, or texturing are largely
unknown to the users I want to address.

3

Lack of knowledge about the visual imagination suitable for non-visual drawing.

4

Limited resolution of output device: To display fine-grained structures a high resolution of the
output medium is required. The currently available refreshable tactile output devices have a
resolution of about 10 dpi which is very low and, therefore, not very suitable for the presentation of
strong curves or fine structures. This can lead to problems in monitoring the correct input of such
graphic elements.

5

Resolution of input device: Due to the pins in present tactile output devices the sampling of the
users' input is limited as well. Especially when using touch to create fine structures this can lead to
problems.

In my system I would like to address the following challenges:
1

Creating, combining and manipulating graphical objects and primitives through classical buttonbased or menu interaction.

2

Using touch input to allow the creation of freehand drawings.

3

The usage of a camera-based system also allows interaction through tangibles (such as rulers). Real
and, therefore, tactile perceptible elements, equipped with visual markers, can be used to enable
an intuitive interaction. In this way, complex predefined elements can be added to drawings, or the
tangibles can be used to manipulate elements.

4

The camera system also allows for the recognition of generic objects. I'm planning to use the TOF
camera system to separate generic elements from the drawing surface and convert them to
silhouettes. Theoretically, nearly every physical object can be transformed into a stamp creating a
graphical object in a drawing. This blurs the boundaries between the digital and the real world.
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For very fine inputs and to overcome the problem of the Midas-touch-effect the usage of
digitalization pens will be investigated. Especially the opportunity to clearly distinguish between
the input device and the monitoring hand seems to be an appropriate solution for this problem.
Blind people are used to handle a pen but not in the way a sighted user is.

Figure 5: Drawing by buttons
and menus as well as
predefined gestures and the
usage of a better touch
recognition technique should
allow the creation of basic
graphical primitives, which can
be combined to more complex
graphics. It raises the question
how to interact with several
hundred small objects?

Figure 6: A digitalization pen in
combination with the tactile
feedback allows for freehand
drawings without Midastouch-effect and in a detailed
manner. But is the usage of a
pen intuitive and does it
interfere with the pin-matrix
based drawing area consisting
of wholes and obstacles?

Figure 7: Using a TOF-camera
system above the drawing area
allows for using real objects as
tangibles and stamps by
applying simple depthsegmentation, edge detection
and object recognition. The
border of digital and real world
blurs even for blind people. The
following questions arise: Is
the camera system‘s resolution
good enough for detecting
detailed shapes? How to
handle masking by hands
during interaction?

Methodology and Research Challenges
Of course the development of a system whose developer does not fit into the target group has to
be developed in a highly user centered approach. So I will do.
Two main problems have to be faced during the development of the system. The first is the study
design to evaluate the single development steps – which also means the different drawing / input
possibilities. The study design and the tasks to fulfill must be simple enough that it does not need
too much teaching time and the initial hurdle to use the system is as low as possible. More
important is a study design that, at best, fits to all envisaged input methods so that the results are
comparable in the end, even if the participants differ. The design has to be developed at a very
early stage of the system's development when testing the first input technique without exactly
knowing how the following input techniques will work. For this, a standardized questionnaire,
such as the NASA-TLX [3], could be used as a part of the evaluation to get a minimum of
comparability.
The second problem to face is the evaluation of success. Blind people have another perception of
the world. Their pictorial understanding differs from that of a sighted person's one. Especially
tasks that need projection of three-dimensional objects to a two-dimensional drawing layer are
big challenges for non-visual users. How is it possible to compare the resulting drawing by a blind
user with his mental model of the object and to decide if s/he could sufficiently fulfil the task to
convey it on the drawing sheet? I do not have a sufficient solution for this problem yet.
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SUPPORTING INCLUSIVE AND COLLABORATIVE POSTSECONDARY EDUCATION
FOR ADULTS WITH INTELLECTUAL DISABILITIES
Erin Buehler
University of Maryland, Baltimore County
Information Systems Department
eri4@umbc.edu

Abstract
Persons with disabilities face obstacles to education and employment that are both social and
systemic. With rising demand for postsecondary degrees and technical skills for hourly and entrylevel jobs, access to technology education is crucial. My previous and proposed research explores
technology education for adults with intellectual disabilities in the context of 3D modeling and
printing. Using the lens of this emergent technology, I have identified potential teaching and
learning techniques that can be incorporated into an inclusive technology intervention for
individualized instruction design.

Introduction
Unemployment rates for adults with disabilities are staggering and disproportionate to their
peers. In the U.S., over 60% of adults with intellectual disabilities (ID) are unemployed.
Legislation exists to promote access to education and employment for people with disabilities,
but robust enactment has been slow.
When transitioning from secondary to postsecondary education, students with disabilities can
lose previously supported services. The Individualized Education Program (IEP) that offers
specialized instruction for students is replaced with Section 504 support that draws the line at
access rather than customization [10]. In the present market, postsecondary educational
requirements are becoming the norm and jobs requiring advanced technology degrees are
among the occupations seeing the most growth. Even low-skill jobs heavily incorporate
information and communication technologies into their daily practice [8].
My research seeks to support both individualized instruction and technology literacy skills for
adults with intellectual disabilities. My prior work investigates the accessibility of 3D modeling
and printing tools and curriculum for students with disabilities. By exploring this emergent
technology as it enters mainstream and special education, I have identified obstacles to and
strategies for teaching digital fabrication skills to diverse learners. Individualized instruction and
inclusive interactions with peers are among the best practices uncovered by my research. I
propose a series of studies to define and test a collaborative technology designed to support
individualized and inclusive instructions for adults with intellectual disabilities.

Related Work
Intellectual Disability and ICT Literacy
There is limited research on information and communication technology literacy (ICT) that
focuses on people with disabilities, their skills, and access to this technology. Keates, et al, gave a
high-level overview of factors impacting access to IT for persons with cognitive disabilities,
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including issues of education, workplace support, and society [6]. Lazar, et al, conducted
observations of the computer literacy skills of adults with Down Syndrome and outlined
suggestions for researchers and designers [7]. All of these studies found that while these users
had very diverse ranges of skills, it was not necessary to build special support for these users into
software interfaces.
My research extends this work by exploring individualized and inclusive technology education
design for adults with ID at the postsecondary level. This work tackles social issues by examining
the integrated classroom and how inclusive instruction design can address stigma and promote
confidence.

Universal Design for Learning
Universal Design for Learning (UDL) is an extension of universal design for accessibility applied to
education. UDL follows three guiding principles: 1) flexible methods of presentation, 2) flexible
methods of expression and apprenticeship, and 3) flexible options for engagement [9].
Burgstahler provides an in depth discussion of how UDL principles can be applied in computing
education and the ways in which it can support students with a wide range of backgrounds,
including students with disabilities [5].
My research identifies principles of UDL currently in practice in postsecondary technology
classrooms for students with ID and incorporates them into collaborative technology
interventions. My work applies and tests these concepts in real-world learning environments 3D
modeling and printing technology.

Prior Research
I have spent multiple years in the field conducting observations and interviews on the
implementation of 3D printing in mainstream and special education [3,4]. I identified issues of
accessibility and tool constraints, as well as techniques described by both educators and students
that supported learning. Current and future testing of these suggested strategies has informed
the inclusive system concept I am proposing.
My work also sparked the interest of collaborators in clinical and informal learning settings [1,4].
By examining diverse designers with varied goals and levels of training, I uncovered perceived
obstacles to this technology. My studies found that while 3D printing could be used both for the
creation of assistive technology and as a means of self-employment, many 3D designers were
hobbyists with existing technical skills usually related to a STEM occupation and that very few of
them identified as having a disability. Along with high levels of unemployment, persons with
disabilities are also severely underrepresented in STEM fields. Implementing systems that
support diverse learning needs has the potential to benefit multiple populations. Such a system
could be used for education or job training and may be translatable to persons with physical or
multiple disabilities, elders, or children.
I recently conducted a semester-long implementation of an inclusive 3D printing class [2]. I
designed this class for students with and without intellectual disability at the postsecondary level
based on my earlier work. The course utilized peer interactions and self-designed learning aids to
promote inclusive interactions and student confidence while teaching 3D printing skills. By the
end of the course, each student was able to create and print a 3D model. Patterns of support and
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the success of inclusive interactions were the primary factors motivating my interest in
generating a collaborative instructional system.

Planned Work
My earlier findings suggest that the inclusive classroom may be a viable solution to obstacles
faced by students with intellectual disabilities when acquiring digital fabrication and other
technology literacies. I propose a three-part dissertation including requirements gathering,
prototyping, and testing:
1) To identify learning styles and support needs, I will conduct interviews with local students with
ID, their families, teachers, and job coaches. (As of the time of this publication, this data
collection is underway.) For added breadth and to expand my knowledge of existing tools or
techniques, I will conduct a survey of the existing 240+ postsecondary programs marketed to
young adults with ID. My analysis of this feedback will contribute to a scoped set of features and
interface requirements for my proposed system.
2) I will develop and test a prototype system that is as robust as my time and resource constraints
allow. The exact specifications of this system will be dependent upon my qualitative findings,
however, preliminary results have suggested that the system will include a curriculum delivery
function that can adapt to users’ learning preferences by offering material in multiple modalities.
The system will also monitor user input to track student interactions with 3D modeling and slicing
software. This will serve the dual purpose of exploring the learning material and interface
accessibility for students with ID and provide a means of tracking collaboration between students
with and without disabilities.
3) Once the prototype is vetted, I will conduct an in-situ study and gather both system data and
qualitative feedback from the users. I have continued access to a local population of students with
ID through my campus, but I can also expand my study to other area schools and centers serving
young adults with ID and related cognitive impairments to complete my testing and evaluation.

Contributions
I have identified multiple applications for 3D printing in the context of special education including
bespoke assistive technology, the creation of learning aids, and as an engaging STEM activity for
students with and without disabilities. I have also identified obstacles and opportunities related to
3D printing tools for educators, technologists, and researchers.
My dissertation work will push beyond the context of 3D modeling and printing by addressing
issues of inclusion and individualized instruction. The design and testing of this system has the
potential to promote and support students with ID’s access to postsecondary education and job
training. I will identify issues of design and implementation that are relevant to other scenarios
and populations of learners.
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MUSIC THERAPY ON INTERACTIVE SURFACES TO IMPROVE SENSORIMOTOR
PROBLEMS OF CHILDREN WITH AUTISM
Franceli L. Cibrian
Computer Science Department, CICESE
Ensenada, Baja California, México
franceli@cicese.edu.mx

Abstract
Children with autism have sensorimotor problems. Music therapy combining music and rhythm is
increasingly used to support individuals with autism to improve sensorimotor synchronization
with promising clinical results. Interactive surfaces (IS) are appropriate to assist different kinds of
therapy for children with autism. However, little has been said about if IS can augment music
therapy sessions and improve the sensorimotor synchronization of children with autism, in
particular when they try to keep the beat of music with movements. In this dissertation, I propose
to design and develop an IS empowered with multi-touch capabilities and gestural interactions to
augment music therapy instruction, and evaluate its impact in improving the ability of children
with autism to keep the beat. To date, I am working in a qualitative study to uncover the design
implications that an IS should incorporate, and I am developing a bendable surface prototype that
enables children with autism improvise rhythmical music in an open-ended manner following the
improvisation phase of a music therapy session.

Introduction
Recent evidence indicates the presence of significant sensorimotor problems in children with
autism [3]. Children diagnosed with autism have difficulties with visio-motor coordination [10]
and sensorimotor synchronization [6] –they are unable to coordinate their movement with a
predictable external event like rhythm [3]. There is some evidence that indicates that keeping the
beat can improve sensorimotor synchronization of individuals with autism [6]. Thus, the rhythm,
available during music therapy, is highly related to an individual’s sensory system and could help
them to synchronize movements, and improve sensorimotor regulation, specially in individuals
with autism [6].
Interactive surfaces (IS), like tables, walls, and other surfaces augmented with multimedia
information that can be manipulated with multi-touch and natural gestures, are promising to
support music therapies, in particular beat-keeping. It has been demonstrated that IS can be a
good tool for designing musical interfaces for rhythm games (e.g. Guitar Hero, Dance Dance
Revolution) and assisting music therapy [5, 9]. Moreover, IS offer a natural and casual interaction,
provide visual and auditory feedback to maintain the attention of children during therapy session,
and they are easy to use even by children with autism, because IS remove the complexity of the
input interaction mechanism [7].
Major socio-technical research questions must be addressed to make IS usable and effective to
provide therapeutic benefits and augment music therapy sessions. In particular, we must
understand how IS can be used as a music interface using novel interactive gestures and develop
techniques to assist music therapy in ways that are easily learnable and engaging, even by
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children with autism. Additionally, there is a need for empirical evidence of how IS could augment
music therapy sessions to support sensorimotor synchronization of children with autism.

Related Work
Previous research has explored how to provide a more engaging experience when interacting
with sounds [2]. Some projects have explored innovative ways to help neurotypical children learn
how to play music through rhythm games (e.g., Guitar Hero, Rock Band), or augment traditional
musical instruments with interactive information to support the learning process of playing music
(e.g., P.I.A.N.O.[8]). These IS, although some commercially available and deployed in shopping
malls or used by expert musicians, have not yet been evaluated with children with special needs.
Others musical IS have explored how to support individuals with motor disabilities for creating
music (e.g., MINWii[1], Music Maker[4], Movement-to-Music[5]). Although, these works show
ubiquitous technology is appropriate for children with motor impairments research supporting
children with autism is still scarce. Most available musical IS technology to support children with
autism seeks to improve their socialization and communication skills (e.g., ReactTable [9]).
This body of work shows ubiquitous technology is appropriate to help children with motor
impairments and cognitive disabilities to create and learn music. In particular, IS can adequately
support music therapies providing multiple benefits around socialization and communication.
However, open questions remain as how interactive surfaces could model musical instruction to
support sensorimotor synchronization of children with autism.

Specific Objectives
The primary objective proposed in this work is: To design, and develop an interactive surface to
augment music therapies interventions of children with autism, and to evaluate its impact in beatkeeping instruction. I will explore the following research questions:
 R1: In which situations can IS leverage music therapeutic interventions to improve sensorimotor
synchronization in children with autism?
 R2: How can vision-based algorithms can be used to accurately estimate novel gestural and
multi-touch interactions with the IS? What measurements of progress can be automatically
estimated from such algorithms?
 R3: How do the IS designed impact the ability of children with autism to keep the beat for
sensorimotor synchronization?

Methodology
To answer the proposed research questions, I am following a user-centered methodology using a
mixed-method approach including multiple qualitative and quantitative methods.
First, I conducted a contextual study to identify the characteristics and sensorimotor problems
children with autism face in their everyday practices, and determine which activities are more
appropriate to support beat keeping and rhythm synchronization. The outcome of this study was
a set of realistic scenarios showing the potential of IS in support of music therapy instruction.
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Then, I am currently using these scenarios to iteratively design an IS and the gameplay that
support a music therapy session. I am conducting multiple participatory design sessions to design
a set of low-fidelity prototypes that will be evaluated with potential users. Based on the results of
this evaluation, I will develop a more robust prototype suitable for a field trial.
I will evaluate the usability, usefulness and effectiveness of the development IS through both inlab and deployment study. First, I will conduct a usability study of the developed IS in the lab, in
which I will invite music therapists and psychologists of children with autism to use the IS. Next, I
will conduct a deployment study for six months at school-clinic attending children with autism to
demonstrate how the IS supports a music therapy session and improve the sensorimotor
synchronization functioning.

Completed Work
For a period of 4 months, I conducted a contextual study at three sites (Table 1). During this time,
I conducted multiple semi-structured interviews with experts and observation of children with
autism using an IS. All the interviews and observations where transcribed and analysed with
techniques to derive grounded theory and affinity diagramming. The results indicate therapists
use in tandem open-ended and structured instruction to enable children with autism more freely
discover sounds and musical instruments. Then, therapists prompt children with more
challenging beat tracking activities including playing rhythmical notes and managing tempo.
Then, I iteratively designed several low-fidelity prototypes that where presented in a mock-up
form to potential users during participatory design sessions (Table 1). I selected one prototype to
continue with its design specification.
Table 1. Details of data collected during the contextual study.
Type
4 Interviews
with musical
experts

Objective
Understand the practices in music
therapy and rhythm-based music
instruction

Role
1 Music therapist
2 Music teacher
1 Psychologist

4 hours of
passive
observation

Observe the problems children with
autism face when playing with casual
games on IS

3
Participator
y design
sessions

Co-design with experts a set of lowfidelity prototypes , gather early
feedback, select a prototype to
develop for field trial

5 children with autism
using an interactive floor
8 children with autism
using an interactive wall
1 graphic designer
1 IS experts
1 music
2 HCI experts
2 typical girls
2 HCI experts
1 music therapist
3 HCI experts

Place
Music therapy center
Music school
Pasitos a public school clinic for
children with autism
Social party for Adults with Autism
and their Caregivers at UCIrvine
Pasitos
Research center CICESE

CICESE
CICESE

“Bendable sound” (Figure 8) is a fabric-based surface that enables children to tap and touch on
elements appearing in a space-based theme to play rhythmical sounds. Bendable sound has three
phases. First, children in an open-ended manner must discover sounds by touching the surface to
seek space elements hidden throughout the canvas. Each element produces a sound according to
the notes selected by the music therapist. Then, children must touch on the elements and in the
canvas to discover rhythmical sounds. Finally, an astronaut appears that gives structure to
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children who must tap on top of the space-based elements suggested by the astronaut to play a
musical song like “twinkle star”

Figure 8. Screenshots of the BendableSound prototype. A screenshot of the first activity available in
BendableSound demanding a user to tap and touch on top of the fabric to erase the black smog covering
the space nebula (left). A user interacting with the space nebula seeking and moving hidden space digital
elements to make sounds (center) A screenshot of the third activity demanding a user to play a song by
following the notes specified by the astronaut (right).

BendableSound uses the Kinect sensor and the TSPS6 library to detect when users’ tap or touch
the fabric. BendableSound’s multimedia interfaces were developed with QML and JavaScript and
are projected in the fabric by an ultrashort-throw projector (Figure 9, right). The Kinect sensor
and the projector are behind the fabric surface. In case some children do not tolerate the sounds
of some musical instruments, due hypersensitivity issues, teachers can manually configure from
BendableSound the sounds children may tolerate, the instruments available, and the interaction
time (Figure 9, left). Teachers could also adjust the duration time on each activity.

Figure 9. Setting up BendableSound. A screenshot of the settings interface where the icons on the top
represent available musical instruments, and the bar colors in the bottoms represent musicals notes
available (left). A mockup representation showing the hardware installation of the BendableSound
prototype including the fabric in front of the user and a PC, projector, Kinect and speakers behind the user
(right).

Future Work and Expected Contributions
Right now I am developing new interaction gestures that better take advantage of the
affordances provided by the fabric-based surface. Then, I will conduct a deployment study in an
autism center in Mexico to evaluate the impact of having BendableSound integrated into music
therapy sessions. The doctoral consortium represents a great opportunity to receive feedback
and suggestions from more experienced researchers in my field of research. It is difficult to find
these recommendations here in Mexico because the limited number of researches working in
such areas.

6

http://tsps.cc/
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PERSONALIZED INTELLIGENT PROSTHESIS FOR TREMOR SUPPRESSION
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Abstract
While the prevalence of the Essential Tremor is highly volatile as a result of a conglomeration of
factors, it is sometimes reported as almost 20 times more prevalent than Parkinson's disease. A
large problem with nailing down the exact proportion is that a tremor could be caused by a
menagerie of complicated issues and could present symptoms for an hour or for a full day before
dissipating. This makes it frustrating for both patient and doctor to pin down exactly what the
origin of the tremor is and how they can function normally throughout an episode. We propose a
system that could help stabilize users' tremors so that it is possible to not only quantify the
tremor but also intelligently nullify the unintentional movement created by the tremor.

Motivation
While the prevalence of the Essential Tremor is highly volatile as a result of a conglomeration of
factors, it is sometimes reported as almost 20 times more prevalent than Parkinson's disease. [1]
Depending on which study and doctor is talked to tremors have been reported in over a tenth of
the population. A large problem with nailing down the exact proportion is that a tremor could be
caused by a menagerie of complicated issues and could present symptoms for an hour or for a full
day before dissipating. [2] This makes it frustrating for both patient and doctor to pin down exactly
what the origin of the tremor is and how they can function normally throughout an episode.
After interviewing a number of doctors and nurses working in retirement homes and at
rehabilitation clinics, we found that one of the key issues that they see in retirement homes is that
their wards feel helpless and get frustrated whenever severe tremor attacks begin as the patients
must rely on their caregiver for basic everyday tasks. This frustration only compounds the
problem and wares both the patient's mind and their muscles more quickly, often making the
tremor more pronounced. While the care given to those living in retirement homes is
comprehensive and the patients there can get regular help, several more people have
intermittent tremors while living on their own after car crashes or stroke and have no care taker
to help them manage their symptom through the episode. This leads me to not only research a
method for monitoring and qualifying the elusive tremor, but in addition attempt to create a nonintrusive glove that will allow users the ability to stabilize their tremor in the moment without
having to ask for additional assistance in their daily tasks.
It should be noted that we are not attempting to solve all varieties of tremors but focusing on the
Essential Tremor and Intention Tremor, which are characterized by frequencies of 1-12 Hz and are
intermittent. [2]

Proposed Solution
We propose the development of a glove that is able to actively sense the motion of a users' hand,
and determine what is intentional movement and what is repetitive, unintentional movement.
Once we can determine the unintentional movement we can quantify, verify and attempt to
provide haptic response to the users' fingers to help counteract the unwanted vibration. This
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method is similar to that of work done by mechanical engineers to help nullify the natural
frequency in bridges, car engines and airplanes. If we can manage this in large structures that are
actively moving, we should be able to harness the same methodology to help stabilize a person’s
hand.
The scientific parts of my project consist of literature survey on the current assistive technologies
in this area, gaining a deeper understanding of how current physical therapies with tremor are
done to provide a framework of the interventions that the gloves can provide, gaining an
understanding of how the sensors and actuators that can detect and categorize various tremors,
and understanding correlates between tremors and other user characteristics (e.g., mental states,
good days and bad days, etc.).
The developmental part of my project consists of 3 parts each of which will create a prototype.
These phases will be tested with a target population of 20-30 participants who have intermittent
tremor attacks.
Phase 1 will develop a proof of concept glove that has the ability to stabilize artificially created
tremors. This phase is to help ensure that we have a steady baseline on which we can verify our
future work, with the hope that we can work out any potentially harmful issues, such as the glove
becoming hot, before attempting to apply our hardware to a user that may already be dubious
about a prototype glove.
Phase 2 will be to create a glove that is able to quantify a users' actions and determine the
intentional movement from the unintentional without providing any regulation. This stage is
solely to determine when we would intervene and will involve users' self-reporting tremor episode
and verifying their logs with those the glove recorded.
Phase 3 combines the previous two phases by using the corrected tremor detection with that of
the stabilization to provide haptic response whenever the glove detects unintentional movement
by the user. This will be out of phase from the user and will create a null effect and stable finger as
the end result.
The evaluative part of my project involves a long-term study of a year to observe if long term use
of the glove helps reduce the amount of tremor attacks in conjunction with regular physical
therapy and observe attrition rates to see if using the glove is comfortable for users on a regular
basis. We will modify the gloves if required along the way to come up with the final version.

Ongoing Work
We are currently still in phase 1 of the project and have developed simulated models of the
motion that we can expect and have developed a test rig that is able to create artificially
generated 'intentional' and 'unintentional' movement at varying speeds. (Fig. 1)
On this test rig we have started to develop a peripheral sensor network that is used to detect and
filter these two motions using Electroactive Polymer sensors that have been generously provided
by Parker Hannifin Corporation. This peripheral sensor network will eventually become the
foundation for our glove, and at such a time we hope to use the Electroactive Polymers to create
both the haptic response as well as the detection. One key advantage of the Electroactive
Polymers is that during actuation they produce no heat, a major drawback in other artificial
muscle technology such as NiTiNol Wire. Electroactive Polymers are also extremely malleable
which allows the user the most unrestricted range of motion while in contact with them. We
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believe that while Electroactive Polymers are not usable for large scale actuation they may be
well suited to non-intrusive assistance at the fine motor skill level and might be ideal for everyday
wear.
At this point user testing is a little ways off however we have already started discussing possible
collaboration with other universities and rehabilitation centers.

Figure 1: 3-D printed finger can be actuated upward and
downward to create a controlled artificial tremor. We can
compare our controlled tremor to the readings from the EAP
sensor sitting on top to create a corpus of wave patterns for
future EAP sensor readings.

Envisioned Contributions to the Accessibility Field
This research will provide a more solid understanding of how tremors affect users and will provide
a template for quantifying tremors as that field is currently sparse. This quantification is the first
step to providing long term support to a population that has previously been told to just manage
through tremor episodes and hope they dissipate.
The literature survey reveals that many research groups have developed power assisted gloves
that helped augment the strength of users, and there have been other methods to eliminating
tremors however most are invasive (Beta Blockers, Botox injections, surgery) and treatment
based (weekly electric muscle stimulation) rather than day-to-day wearable technology. [2] If we
can create something more akin to LiftWare's Smart Spoon, which helps stabilize a spoon for
Parkinson's patients, we would help users help themselves and we could provide them with
independence once again. [3]
This research could also provide an understanding for those developing assistive systems and
help influence designs of long term rehabilitation devices for fine motor skills in Stroke
rehabilitation and power assisted techniques, as well as artificial muscles.
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Abstract
The lack of tactile feedback is the main barrier that prevents access to 2D maps for visually
impaired people. Artisanal techniques are used to produce tactile maps that can be explored by
visually impaired people. Yet these are often expensive, take a long time to produce and, once
printed, cannot be physically updated. Interactive maps can lessen these problems, and a recent
study proved that interactive tactile maps are more usable than raised-line maps [2]. We plan to
further improve the accessibility of maps by allowing visually impaired users to dynamically
construct, explore or annotate a map, while also allowing several users to collaborate around it.
To do so, we are particularly focusing on tabletop tangible interfaces, as they proved efficient for
interacting with maps and also for supporting collaborative work. The usability of the prototypes
and the resulting spatial representations will be evaluated.

Context and Motivations
There are around 285 visually impaired people in the world [17]. For most of them, and especially
for blind people, maps and graphics are inherently inaccessible. This has huge consequences on
their autonomy, as a majority experience difficulties to navigate on their own, but also on their
social and professional lives [8]. Maps are also necessary and widely used for educational
purposes, especially in Orientation & Mobility lessons, but also in geography, history, economics,
etc. For example, during Orientation & Mobility lessons, teachers and visually impaired students
co-construct maps with magnets that represents streets and points of interest. Even though they
can be easily updated, these maps cannot be used by students without assistance. For geography
lessons tactile graphics specialists transcribe visual maps into raised-line maps. These maps are
printed on a special paper that is heated in order to create a relief that the user can feel. However,
raised-line maps are non-interactive (the user cannot compute distances or itineraries) and static
(the user cannot perform zooming and panning operations, select a particular layer to be
displayed or hidden, etc.).
Several research projects have focused on these issues, and a recurrent idea is to associate a
raised-line map with a touch sensitive screen (see e.g. [2][16]). Once the tactile map (often called
the overlay) is laid upon the tablet, the tactile information is enhanced with auditory and
vibratory feedbacks. Then the names but also additional information about the points of interest
and the streets, the distance between points of interest, etc., become easily accessible. However,
these interactive raised-line maps still suffer two major drawbacks: they rely on the prior
production of the overlay by a sighted user, and they cannot be dynamically modified (e.g. in
order to insert annotations or to zoom in or out).
Other devices exist that can display more dynamic maps, i.e. maps that can be readily updated.
For example, a force-feedback device can be used to explore a “virtual” map that can be rescaled
or updated at any time (e.g. [5]). However, these devices provide the users with a single point of
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contact only and make it difficult to get an overview of the whole map. The same problem applies
to “on-screen” maps that are displayed on a touch-screen device with audio feedback but without
any tactile feedback. In that case as well, the users are constrained to use one finger only to
explore them (e.g. [10]). Raised-pin matrix displays use small actuators that can dynamically rise
up or down little pins (representing pixels) to display maps in relief. These maps are refreshable
and can be explored with two hands (e.g. [18]) but for the moment, the display resolution is
limited and they are still very expensive [15].
New surfaces and non-visual interaction techniques are emerging, resulting in a variety of
possibilities for improving the accessibility of maps. Among them, tangible interactions have
been widely studied for sighted users. For instance urban planners or stakeholders can
collaborate around a tangible map in order to simulate and visualize the consequences of the
spatial rearrangement of an area [14]. As for visually impaired users, McGookin and colleagues
showed that the non-visual exploration and construction of mathematical graphs is possible with
a tangible interface [7]. In the continuity of these results, it is likely that tangible interactions
improve exploration and learning of maps by visually impaired users. Besides, today one can
easily make tangible objects using 3D printing, but also make them interactive by adding sensors,
motors or vibrators for example (e.g. [9]).Tangible interactions have also proved to be pertinent
in collaborative contexts (e.g. [6]).
We made the hypothesis that combining a large interactive surface with tangible and gestural
interactions makes it possible to improve the accessibility of maps. It may enable a visually
impaired user to autonomously access to and modify the underlying digital information. It may
also enhance collaboration with a teacher or other students (either sighted or visually impaired).

Research Questions and Overall Objectives
The main objective of this PhD work is to investigate how the use of tangible and gestural
interactions, either on or around an interactive table, can improve the accessibility of maps for
visually impaired people. We aim to contribute to the fields of accessibility, human-computer
interaction and human spatial cognition by addressing the following research questions:
1. Are gestural and tangible interactions usable for one (or many) visually impaired user(s) on
and around an interactive table?
2. How to make non-visual maps interactive, updatable but also autonomously (without
assistance) and immediately (without waiting for any adaptation process) accessible?
3. Will such a prototype improve spatial learning of visually impaired users?
4. In a collaborative context, how to make visually impaired users aware of another users’
actions -whether they are sighted or visually impaired?
5. Does a large tangible interactive map foster collaboration between users?
Our aim is to design and evaluate one or several tangible map prototypes that will enable visually
impaired users to explore, annotate, and construct interactive and dynamic maps, but also to
collaborate with other users, being sighted or visually impaired. The design of suitable non-visual
interactions (gestural or tangible) can multiply the number of tasks that a visually impaired user
can perform on a map: (re)construction; exploration with the possibility to select among different
levels of information; customization with the possibility to annotate or enrich the map. We also
suggest that the prototype may provide visually impaired users with the possibility to
autonomously access digital online data (e.g. Open Street Map), as well as other types of spatially
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organized data (mathematical graphs, schematics, geometrical figures, etc.). We will also
conduct lab and on-site evaluations that will guide the design of non-visual tangible interactions
as well as the design of non-visual feedbacks in a collaborative context.

Methodology
This doctoral work is part of the AccessiMap7 research project, which brings together a number of
organizations, including a specialized education center. This allows us to follow the principles of a
participatory design method by collaborating with specialized geography teachers, Orientation &
Mobility trainers, tactile graphic specialists and visually impaired students (e.g. [3]).

Current Project: Tangible Reels to Construct and Explore Maps
Our aim is to investigate how tangible maps may improve autonomy and dynamicity, without the
restriction of a single point of contact, while targeting a low cost device. We developed a
prototype that enables the construction and exploration of tangible maps by a visually impaired
user and evaluated its usability with eight visually impaired participants. This project will soon be
published ([4]).

Design and Interaction Techniques
Our prototype includes a large multitouch surface with linkable tangible objects that are located
onto the surface (see Figure 1). The device provides tactile and audio instructions in order to help
the user place the objects in their right place. These different elements may for instance
represent a map of a country with the major cities, or a transportation network map.

Figure 1 (from [4]): Tangible Reels are made of a sucker pad and a retractable reel that are used to render
digital points and lines tangible. (a) During the construction, audio feedback indicates which Tangible Reels
(TR) must be attached together (a.1), and then guide the user to place them in their right place (a.2 and
a.3). Once correctly located, the user firmly presses the sucker pad (a.4).. (b) The user can then explore the
map using gestural interaction.

The first step was to design objects that could be used to represent points and lines, but also that
the user could not knock over when exploring the map, according to the guidelines provided by
McGookin & al. [7]. To do so, we designed a novel type of physical icon called Tangible Reel. It is
made of a sucker pad that ensures stability, and of a retractable reel that is used to materialize
lines of different lengths. A magnet and a magnetic bracelet make it easy to link Tangible Reels
together.

7

http://www.irit.fr/accessimap/
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During the construction of the map, the user is guided by audio instructions. There are several
steps to correctly attach a TR. The user must first attach two TRs together (Figure a.1). The user is
then guided to correctly position a TR according to a two steps guidance process: rough
instructions including direction and distance (Figure a.2) are followed by more precise ones
(“left”, “up”, “right”, “down”) when the user is close to the target (Figure a.3). Finally, the user
must firmly press the sucker pad (Figure a.4). The user can then explore the map using gestures
that are detected thanks to an infrared frame placed on the table.

Evaluation
We evaluated this device with eight visually impaired participants, aged from 24 to 65 (2 females,
6 males). They had to construct four maps of increasing complexity and for each map they had to
answer three questions of this type: “What are the names of the two points at the extremities of
<name of a line>?” .The complexity of the maps depended on the number of TRs to be placed (6, 8
10 or 12) as well as on other criteria (number of vertical, horizontal and oblique lines, number of
crossings, etc.).
Out of 288, 283 Tangible Reels were correctly positioned, in 24 seconds on average. As there was
no more than one error per map, 27 maps out of 32 were perfectly reconstructed. Among the five
errors, two were due to the fact that a Tangible Reel had been attached to the wrong initial
Tangible Reel. The three other failures happened because the participants did not manage to
follow the instructions, because of the complexity of the map and/or fatigue. The average
completion time varied from 2 minutes for the simplest map to 4.5 minutes for the most complex
one. These results indicate that the device enables visually impaired users to independently
construct maps of various complexities in a relatively short amount of time and without
experiencing usability issues. Concerning exploration, 90% of the answers to the exploration
questions were correct. However, some issues concerning the exploration gestures were
observed and/or reported by the participants.
It is interesting to note that all participants were highly satisfied with the system. The
construction of the maps was considered as “easy” or “normal” by most of the participants,
regardless of the map complexity. Only two participants found that the construction of the most
complex map (12 TRs and many crossings) was “difficult”. Besides, NASA-TLX scores show that
the tasks were not too demanding and that participants were highly satisfied with their
performance.

Ongoing and Future Work
Making Maps more Dynamic
First of all we plan to further improve the prototype that we presented by investigating how to
represent curves and areas, which will allow users to construct more realistic and complex maps.
In addition, because the objects can be used to make digital points and lines tangible, our system
can be easily extended to the construction and exploration of non-geospatial graphics (bar charts,
pie charts, etc.) Finally, we would like to investigate whether our prototype facilitates the
acquisition of spatial knowledge.
Combining two representations (digital and tangible) of a map provides interesting possibilities to
rescale (by moving apart the objects) or pan that map (by moving all the objects), but also to
select the information to be displayed (by adding or removing objects). We are currently
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designing a tangible interface that will allow a visually impaired user to zoom and pan. This raises
several challenges in terms of interaction techniques and spatial cognition: How to choose the
zoom level? How to specify the zooming area? How to quickly refresh the tangible map? How to
provide users with points of reference that will help to locate the area currently displayed and
how it is related to the previous displayed area?

Interactive Non-Visual Maps: A Literature Review
A. Brock [1] classified interactive map prototypes that have been designed before 2012
depending on their input and output modalities, as well as the devices that they rely on. I am
currently extending this literature review by including more recent work and by discussing the
advantages and drawbacks of the different devices used in terms of material required,
interactivity, etc. We also discuss how new trends in the HCI field could impact the future of nonvisual interactive maps (3D printing, shape-changing interfaces, etc.) We also argue on what
extent the design of non-visual interactive maps raises the same issues as the design of other
interactive graphics (technical drawings, bar charts, plots, etc.) This work will soon be submitted
as a chapter or a review article.

Towards Collaborative Maps
During the third year of my thesis, I plan to study non-visual tangible interactions in a
collaborative context. As we said earlier, a number of tangible interfaces have been developed to
enable sighted users to collaborate on a map, but this has not been studied for non-visual users.
However, collaborative non-visual maps could support a variety of scenarios: a sighted teacher
could work with one or several visually impaired students around a unique map; a student could
help another learn an itinerary; several sighted and visually impaired people could play a
collaborative (serious) game relying on a map or another type of spatial display, etc. We envision
the development of a collaborative tangible prototype that will make one of these scenarios
possible.
To do so, we will firstly review the literature relative to the following terms: computer-supported
collaborative work, collaboration between sighted and visually impaired users, non-visual
feedback. So far, the majority of interfaces that allow sighted and visually impaired users to
collaborate do not provide a shared working area and/or rely on the use of a force-feedback
device (see e.g. [11]). A tangible interface seems to be a promising approach but will require a
thorough design. It will be essential to provide users with relevant feedback that will help them
maintain a sense of awareness by indicating who is doing what, and where. We will for instance
consider previous works on how to non-visually convey information about deictic gestures [12] or
facial expressions [13].
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REDUCING VISEME CONFUSION IN SPEECH-READING
Benjamin M. Gorman
Computing, School of Science and Engineering
University of Dundee, Dundee, Scotland
b.gorman@dundee.ac.uk

Abstract
Speech-reading is an invaluable technique for people with hearing loss or those in adverse
listening conditions (e.g., in a noisy restaurant, near children playing loudly). However, speechreading is often difficult because identical mouth shapes (visemes) can produce several speech
sounds (phonemes); there is a one-to-many mapping from visemes to phonemes. This decreases
comprehension, causing confusion and frustration during conversation. My doctoral research
aims to design and evaluate a visualisation technique that displays textual representations of a
speaker's phonemes to a speech-reader. By combining my visualisation with their pre-existing
speech-reading ability, speech-readers should be able to disambiguate confusing viseme-tophoneme mappings without shifting their focus from the speaker’s face. This will result in an
improved level of comprehension, supporting natural conversation.

Problem and Motivation
Speech-reading (often called lip-reading) refers to using visual information about the movements
of a speaker's lips, teeth, and tongue to understand what they are saying. Speech-reading is
commonly used by those who are deaf and those with hearing loss to understand speech
(Campbell, Dodd, & Burnham, 1998), and it has been shown that those with typical hearing also
speech-read (albeit subconsciously) to help them understand others (Goldstein, 2013).
An atomic unit of a language's phonology is called a phoneme. Phonemes are combined to form
words. For example, /b/, /æ/, and /t/ are the phonemes for the word “bat”. There are 48
commonly-recognised phonemes in English (Shoup, 1980). For each phoneme, a speaker's lips,
teeth, and tongue produce a visual representation known as a viseme. Speech-readers reverse
this mapping (i.e., viseme-to-phoneme) to determine the sounds a speaker is making, which
helps them understand the words being said. For example, in English, /l/ and /r/ are acoustically
similar (especially in clusters, such as “grass” vs. “glass”), but visually distinct, so speech-readers
use this difference to determine if a speaker has said /l/ or /r/.
However, the viseme-to-phoneme mapping is often a ‘one-to-many' relationship, in which a
single viseme maps to a number of phonemes (Lucey, Martin, & Sridharan, Confusability of
phonemes grouped according to their viseme classes in noisy environments, 2004). For example,
the phoneme /v/, is a voiced sound distinct from /f/, which is not voiced. However, the viseme
for /v/ is almost identical to the viseme for /f/, making the words “fan” and “van” difficult to
distinguish for a speech-reader. As a result, speech-reading alone is often not sufficient to fully
understand what a speaker is saying, and this can result in confusion, frustration, and reduced
conversational confidence for speech-readers (Campbell, Dodd, & Burnham, 1998). This can lead
to individuals feeling isolated or excluded during social activities, undermining their self-esteem,
and becoming concerned about fulfilling their potential at work (Ringham).
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Related Work
A number of techniques have been developed to overcome the challenges presented by visemeto-phoneme confusion during speech-reading. Sign languages (e.g., American Sign Language,
British Sign Language) use hand and arm gestures and body language to facilitate
communication. Cued Speech (Cornett, 1967) combines a small number of hand shapes, known
as cues (representing consonants) in different locations near the mouth (representing vowels), as
a supplement to speech-reading. However, for both sign language and cued speech to be
effective they require both parties in a conversation to be fluent in the technique used, limiting
the situations where these techniques are applicable.
Speech can be visualised by showing the intensity of sound at different frequencies over time.
This can be shown graphically in a spectrogram, where time is on the X axis, frequency is on the Y
axis, and intensity maps to colour. Spectrograms are used by linguists to identify words
phonetically, although becoming competent can take considerable training (Greene, Pisoni, &
Carrell, 1984). Vocsyl (Hailpern, Karahalios, DeThorne, & Halle, 2010) is a software system that
provides visual feedback of speech. Pietrowicz and Karahalios built upon this work by adding
colour mappings to the visualisation to represent phonological detail (Pietrowicz & Karahalios,
2013). Vocsyl and its extension were not designed to supplement speech-reading, therefore
Vocsyl can lead to multiple words having similar visual representations; words within the same
viseme groups such as “fan” and “van” are coded with the same colours because /f/ and /v/ both
have the same phoneme class (fricative).
Closed captioning (captioning, subtitling) displays the audio of a television programme as text on
the TV screen, providing access to the speech and sound effects to individuals who are deaf or
hard-of-hearing. Caption creation typically relies to some extent on human transcription.
Captions also require the viewer to split their attention between reading and watching the video
content (or the speaker's face); one eye-tracking study found that participants spent around 84%
of their viewing time focussed exclusively on captions (Jensema, Danturthi, & Burch, 2000).
There have also been attempts at training speech-readers by showing computer-generated facial
models, supplemented with additional cues. Lip Assistant (Xie, Wang, & Liu, 2006) is a system
which uses a video synthesizer to generate magnified video-realistic mouth animations of the
speaker’s lips. The rendered mouth animations are superimposed to the bottom left corner of the
original video. iBaldi (Massaro, Cohen, Schwartz, Vanderhyden, & Meyer, 2013), is an iOS
application that shows a computer animated face and transforms speech into visual cues to
supplement speech-reading. The cues are three coloured discs, showing nasality (red), friction
(white), and voicing (blue), which appear when a phoneme from a corresponding group is
presented. The cues are located near the computer generated face's mouth.
These visualisation techniques have limitations that substantially restrict their value to speechreaders: 1) Low Accuracy – many of these techniques have accuracy rates similar to unassisted
speech-reading. In preliminary studies I have found that in a constrained word recognition task
with accurate transcript and timing, many of these techniques do not allow significant benefits
over visual only speech-reading. 2) High Training – many of these techniques require substantial
amounts of training, e.g., iBaldi evaluations used 30 t0 50 hours of training (Massaro, Cohen,
Schwartz, Vanderhyden, & Meyer, 2013). 3) Split-Attention – many of these techniques require
split-attention between the technique and the speaker which can negatively impact on the flow
of natural conversation.
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Proposed Solution
To address the limitations of current techniques, I am developing PhonemeViz, a visualisation
technique, that displays a subset of a speaker's phonemes to the speech-reader. The visualisation
aims to reduce viseme confusion which occurs at the start of words. PhonemeViz places the most
recently spoken initial phoneme on a circular opaque background and is positioned at the side of
a speaker’s lips to allow the speech-reader to focus on the speaker’s eyes and lip movements
while monitoring changes in PhonemeViz’s state using their peripheral vision. Through a
combination of looking at the visualisation and their ability to speech-read, speech-readers
should be able to attend to the speaker's face while being able to disambiguate confusing visemeto-phoneme mappings, therefore improving understanding during conversation.
The end goal is to display the visualisation on a transparent head mounted display (as shown in
Figure 10), such as the Epson Moverio glasses or the Microsoft Hololens, as a visual augmentation
of speech. The visualisation could also be superimposed onto video content in a similar manner to
subtitles as a form of training material for learning speech-reading or as a way to access media.

Figure 10: A rendering of the current iteration of PhonemeViz, showing what would be
displayed on the Epson Moverio Glasses for the word “Bat”.

Progress and Future Work
My PhD research is comprised of three main research stages. The first stage, which was
completed in Spring 2014, was a preliminary quantitative study that compared an initial
PhonemeViz prototype to other related techniques. The second, and current, stage is comprised
of gathering data to inform future development. The third stage is the final evaluation of the
visualisation technique.

Stage 1: Preliminary Study
Prototype Design
The initial prototype visualisation of PhonemeViz focused on reducing viseme confusion, when it
occurs at the start of words. This version placed consonant phonemes in a semi-circular
arrangement, with an arrow beginning from the centre of this semi-circle pointing at the last
heard consonant phoneme to provide persistence. PhonemeViz was designed to be positioned at
the side of a speaker’s face, beginning at the forehead and ending at the chin. This should allow
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the speech-reader to focus on the speaker’s eyes and lip movements while monitoring changes in
PhonemeViz’s arrow using their peripheral vision.
Beginning with 48 phonemes, the vowel phonemes were removed (as vowels are more easy to
distinguish visually) which left 29 phonemes. This was further reduced to a set of 22 phonemes by
simplifying similar phonemes into one representation. We used the viseme categories to identify
locations within the semi-circle that were spatially distributed for each entry within a viseme
category. To facilitate learning, and hence require less focus on the visualisation, we
alphabetically-ordered each phoneme representation within a viseme from the top of the semicircle to the bottom.

Figure 11: Each visualization technique composited over video of the word `Bat'; Top Row: PhonemeViz (left),
Captions (middle) and Spectrogram (right), Bottom Row: iBaldi (left), LipMag (middle) and VocSyl (right).

Evaluation
The initial prototype was evaluated in-lab against five other visualisation techniques (Captions,
iBaldi (Massaro, Cohen, Schwartz, Vanderhyden, & Meyer, 2013), Lip-Magnification (Xie, Wang, &
Liu, 2006), Spectrogram and VocSyl (Hailpern, Karahalios, DeThorne, & Halle, 2010) see Figure
11), as well as a no visualisation control (None). All participants had typical hearing, however all
but one reported that they used speech-reading in day-to-day life. The evaluation used a
repeated measures design and participants attended two study sessions over consecutive days.
Table 2: Experimental words with their corresponding viseme group. Target words identified with (*).

Viseme
Group
/p/
/t/
/k/
/ch/
/p/
/k/
/t/

Word 1

Word 2

Word 3

Pat
Sun
Kill
Chill
Banned
Light
Zone*

Mat
Done*
Gill*
Shill
Manned
Night
Tone

Bat*
Tonne
Nil
Jill*
Panned*
Kite*
Sewn

Task & Stimuli
The words for the evaluation were chosen by looking at the phoneme to viseme table in (Lucey,
Martin, & Sridharan, Proc. of Australian Int. Conf. on Speech Science & Tech, 2004). Three words
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were chosen for each viseme group that were similar, apart from the initial consonant phoneme.
In total the evaluation uses four groups /p/,/t/,/k/,/ch/, with three (/p/, /k/ and /t/) being repeated,
albeit with different words as shown in Table 2.
The speaker was recorded saying each word three times, to help capture realistic subtle variations
in speech, as would be the case in day-to-day conversation and reduced participants’ familiarity
with each video. Each technique was implemented as an openFrameworks (openframeworks.cc)
application and used the ofxTimeline (github.com/YCAMInterlab/ofxTimeline) add-on. This addon allowed us to add time-based triggers to a video. Using a list of phonemes and their features,
we loaded each word video into an application for each technique, overlaying the technique’s
visualisation onto the image sequence and exported the resulting video using an additional
openFrameworks add-on ofxVideoRecorder (github.com/timscaffidi/ofxVideoRecorder).
Stimuli were presented without audio to control for hearing ability as used in previous studies
[14,15]. Participants used each technique to determine when a particular word in a group of words
from the same viseme group was spoken. The participant was told to press the spacebar when
they thought the speaker had said the target word. The order of each technique and word group
were counterbalanced.
Results
We calculated F1 Scores for each condition per participant using their precision and recall values
calculated from their responses. The F1 score was our dependent variable, while our independent
variables were session and technique used. Since there was no significant effect found across
sessions, we chose to regard the first session as training and focus our analysis on data from the
second session. Our results are shown in Table 2.
PhonemeViz enabled all participants to achieve perfect F1 scores (100% accuracy, 0% errors),
which was significantly higher than all other techniques except Captions. None of the remaining
techniques performed significantly differently than having no technique at all, indicating that
they possibly did not offer much assistance in our study's speech-reading task. When using
PhonemeViz, participants reported lower Mental Demand, Temporal Demand, Effort, and
Frustration, as well as higher Performance, than all other techniques except Captions.
Participants rated PhonemeViz as their second-most preferred option when asked if they would
use the technique again (Captions were ranked first). There was a sizable gap in average rankings
between PhonemeViz and the third-best technique (VocSyl).
Table 3: Mean F1 scores & Standard Error for each technique.

Technique
None
Spectrogram
VocSyl
Captions
LipMagnification
iBaldi
PhonemeViz
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0.01
0.04
0.07
0

SIGACCESS
Newsletter

Issue 114
January 2016

Limitations
The results of the comparative evaluation show that PhonemeViz allowed all participants to
achieve 100%-word recognition (showing successful disambiguation), and participants rated the
technique well in subjective and qualitative feedback. This demonstrates that visualising
phonemes can improve visual only speech-reading in constrained word recognition tasks.
However, there are four limitations with the preliminary study: L1) – Our participants were not
individuals who relied on speech-reading for communication, therefore this preliminary study
gives no insights into the performance of speech-readers. L2) – In this study, PhonemeViz only
shows consonant phonemes. As part of expanding the set of phonemes, we will revisit how to
distribute and highlight the phonemic character representations in the periphery, to ensure we do
not lose the strengths demonstrated. L3) –The results do not indicate if visualising phonemes
would result in better comprehension with sentences or during natural conversation as this
depends on context. L4) – The results do not demonstrate if the visualisation detracted from the
participants’ ability to speech-read, as we do not know to what extent the participants were
splitting their attention between looking at the face and the visualisation.

Stage 2: PhonemeViz Design
The participants of the preliminary study were not individuals who rely on speech-reading and
now we know that the technique has potential, it is necessary to involve expert users in the design
phase (Addresses L1). First, I will conduct one-to-one interviews with six or more of the 21
speech-reading tutors in Scotland (Armstrong, 2015), to learn more about the challenges of
teaching and learning speech-reading. These interviews will be transcribed and thematically
analysed to generate requirements that will be used to inform the design of PhonemeViz.
Second, an online survey targeting speech-readers, will be conducted to gather their opinions on
these requirements. This will lead to a design workshop with speech-readers and speech-reading
tutors to gather their collective insights on the design of PhonemeViz (Addresses L2). Following
the design workshop, an interactive, online study of several prototype visualisations will be
conducted to gain quantitative data from a large number of my target user group (Addresses
L1,L3). The results of this study will further refine the design of PhonemeViz.

Stage 3: Visualisation Evaluation
The final stage will be a full evaluation of the visualisation technique with speech-readers. I will
conduct an in-lab study of the technique using sentence stimuli and participants from local
speech-reading classes. The goal of the evaluation will be to see whether PhonemeViz allows
speech-readers to have greater comprehension of sentences compared to having no assistance
(Addresses L1,L3,L4).

Expected Contributions
My research will make three contributions to the fields of information visualisation and human
computer interaction. First, I will introduce PhonemeViz, a new visualisation technique to support
speech-readers. Second, I will conduct an evaluation of this visualisation with the target user
group. Third, I will present a summary of design requirements for visual augmentations to support
speech-reading based on qualitative findings from the target user group.
On a more general level, my research will provide answers to the question of whether speechreading can be augmented successfully with additional information in a way that is not distracting
or detrimental to natural conversation.
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Abstract
Wearable forms of assistive technology (AT) have the ability to support users while on the go.
However, using AT in public can be subject to sociocultural influences (e.g., societal stigma,
judgment, and social isolation) due to the conspicuousness of the device, often leading users to
modify, hide, or even abandon their AT. As new physical forms of wearable AT enter the market
(e.g., smart garments, head-up displays, and specialized on-body devices), such devices may or
may not be socially acceptable when displayed or used in a public setting, respectively. This
research seeks to explore how perceptions of wearable and collocated assistive technology, such
as, the appearance or associated operation of the device, can influence whether individuals will
use their AT. Our objective is to critically understand the role that design and aesthetics can play
to mitigate the existing stigma concerns that permeate AT usage in order to inform the design of
future AT devices.

Introduction
Advances in computing technology have given way to new assistive devices that can embody
unique form factors while providing increased support and accessibility features for users. Such
form factors offer a number of opportunities, such as smaller sizes that permit for one’s assistive
technology (AT) to be easily carried with users in transit, or wearable devices whose intimate
relationship with the body permit for continuous biomonitoring or information conveyance. As
more products become available, designers of AT devices must not only consider the functional
characteristics of the device, but also how these devices will be perceived in social settings and
different use case scenarios [1]. New forms of wearable AT may take on novel appearances and
employ unfamiliar interaction techniques that may or may not be comfortable to display and
perform in a public setting. This is because the public may react differently to a new device due to
limited awareness about what it is or what the device can do. This societal pressure or “social
weight” [1] can directly impact AT use and adoption due to the desire to mitigate unwanted
attention called to one’s device or disability. This is coupled with the fact that items close to the
body are highly personal and undergo constant scrutiny for societal impression formation.
Reliance on one’s device equates to difficult decision-making regarding use, as the trade-off of
function versus management of perceptions can often lead users to conceal or abandon their AT
entirely. Awareness of these issues can lead to design considerations geared toward addressing
these concerns when developing wearable and collocated forms of AT. For this research, I will
look at a range of wearable AT form factors, including devices for long-term and temporary use
(e.g., hearing aids versus casts), inconspicuous wearable AT such as insulin pumps, as well as
garment-based form factors, to better understand user attitudes and overall perceptions towards
different classes of wearables to potentially inform the design of such devices in the future. My
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objective is to better understand how these sociocultural considerations may differ based on the
form factor of the device, the presentation of the user and their respective disability, as well as
how users may employ different techniques (e.g., device modification, concealment, or
decoration) to manage societal stigma of one’s AT device.

Related Work
Over the past 10 years, we have begun to see trends in the literature focused on understanding
the social and personal factors that influence assistive technology adoption and usage [1, 2, 3, 4,
8]. The findings from many of these studies reveal that AT adoption is largely attributed to (in
addition to device necessity and function) the impact that sociocultural norms play in an
individual’s desire to fit in [1, 8]. Such considerations are extremely important for AT
development as many devices are often created with solely the functional performance in mind
[8]. With new wearable and mobile computing technologies on the market promoting beneficial
accessibility features (e.g., voice commands facilitated by Google Glass or Siri, or brain-computer
interface devices), one must be wary of the additional stigma considerations that are associated
with ‘worn items’ in general, as these objects will also be governed by a set of sociocultural norms
that can drastically impact adoption and use. Additionally, one must take into account the
comfort of performing explicit interaction techniques with a wearable interface in public [6, 9]. As
a result, a one-size-fits-all approach may considerably limit the success of a wearable product
(whether assistive in nature or not) due to personal values, societal perceptions, or other
stigmatizing agents.
Recently, we have witnessed a trend toward aesthetically amplifying one’s assistive devices with
initiatives such as the Alternative Limb Project and MIT’s Open Style Lab , a summer workshop
aimed at putting a stylish twist on functionally-engineered assistive devices. Such endeavors
merit further exploration as they represent design and customization considerations that may
enhance device adoption and even change overall perceptions toward AT in general. Additionally,
advances in wearable technology and smart materials may give us the opportunity to explore
more integrated AT devices (e.g., devices that look like a mainstream accessory, such as a scarf)
and more seamless interaction techniques (such as, adjusting the scarf), allowing us to research
the trade-offs and the social implications between device form, function, and operation.

Ongoing Research
My research entails understanding the personal and societal attitudes of worn assistive
technology usage and the impact that device form versus function can have on overall AT use and
adoption. These factors can be greatly influenced by both the type of the device, that is, whether
it is a life-critical device, or, a highly conspicuous device, as well as the type of disability (e.g., a
visible versus ‘invisible’ disability, or, an acquired versus congenital disability). As wearable AT
devices enter the marketplace, understanding how users perceive these devices with respect to
themselves and within a larger community can shed light on the underlying reasons behind how
and why individuals choose to use, conceal, or abandon their devices. Specific attention will be
paid to the aesthetic dimensions of wearable AT in order to understand how the beautification
and customization of one’s device can influence perceptions of device use. This research will be
divided into 3 phases, or studies, to assess the role that social acceptability plays in the AT
decision-making process (http://www.joyzabala.com/) and overall AT adoption practices.
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Figure 1. Stereo Leg - Alternative Limb Project1 (left, middle), Flutter - designed for individuals
with hearing impairments (right) [7].

Study 1: Acceptability of Conspicuous Wearable AT
Wearable computing devices may inherently draw attention due to their conspicuous nature. For
this phase of research, I would like to explore how perceptions toward an all-purpose wearable
computing device may change given perceived differences in user disability status. Thus, does
wearable technology gain acceptance if it’s used in an assistive capacity? Do bystanders
potentially change attitudes toward wearable computing devices if they are aware that the device
is being used to assist an individual (as opposed to any other inferred reason, such as,
encroaching on one’s privacy?). To study this, I have conducted an online survey showcasing an
individual using a head-mounted display for both assistive and non-assistive scenarios to gather
third party attitudinal changes regarding public wearable technology usage [5]. Such findings can
shed light on motivational factors behind wearable computer use as well as highlight policy
implications for wearable computing devices, which offer accessibility features. For example, if
head-mounted displays are prohibited in certain establishments, how does that impact the users
who rely on said device for daily assistance? Such questions can factor into the overall design of
the device, such as by offering an explicit indication of the device’s assistive purpose, similar to
how a service dog wears a signifying vest. However, further research is also needed to determine
if individuals with disabilities will want to wear such devices. Does communication of the device’s
assistive purpose limit or encourage use? Such questions on device conspicuousness will be
addressed in follow-up research.

Study 2: Acceptability of Inconspicuous Wearable AT
Some disabilities present as highly visible, while others can remain hidden, or, what is often
referred as an ‘invisible’ disability. Those with invisible disabilities, for example, one with a
hearing impairment or one with a cognitive disability, may be less receptive to AT adoption if a
conspicuous device would call attention to an otherwise inconspicuous disability [8]. HardwarePage 46
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integrated fabrics can produce smart garments capable of administering assistance while
remaining inconspicuous to bystanders. For this study, I am interested in exploring the design
space of a device form factor that aligns with the disability status of the user, in particular, those
with invisible disabilities. I plan to conduct a focus group with individuals with hearing
impairments to evaluate a smart garment designed for sound localization (see Figure 1(right)). I
am particularly interested in receiving feedback regarding aesthetic dimensions of the smart
garment, perceptions toward public use of the garment, and what types of trade-offs a user
would consider in terms of wearing an assistive garment such as this. This research is also
designed to reflect on sensitive issues surrounding less conspicuous disabilities, and how smart
garments may be able to address many of the contextual concerns of using visible devices to
accommodate a less visible disability.

Study 3: Assessing Aesthetic Dimensions of Existing Wearable AT
Shinohara and Wobbrock explored the ways in which users of mobile assistive devices manage
stigma and societal perceptions [8]. I would like to build on this study to understand not only how
AT users are managing stigma of specifically worn devices, but how this influences what users
buy, or in what ways users employ different design modifications and aesthetic properties as a
form of empowerment and self-expression. For this study, I plan to interview current users of
wearable AT devices to understand the underlying complexities of wearable AT adornment.
While some of these AT devices may not be classified as wearable computing, such as a
prosthetic limb or cast, this research will seek to uncover any underlying themes pertaining to
worn AT items which may potentially translate to wearable computing AT.

Conclusion
Wearable assistive technology adoption can be heavily influenced by sociocultural concerns and
the personal comfort one feels when using their device in public. This research will seek to build
off existing work to understand how individuals make trade-offs of AT use in order to manage
stigma and societal pressures. Understanding these trade-offs can lend to the establishment of
design guidelines or best practices that can inform the AT decision-making process.

Acknowledgments
I would like to extend a special thank you to my advisors, Dr. Shaun Kane and Dr. Nikolaus Correll,
for their continuous support and guidance. I am extremely appreciative of my advisors and the
remainder of my committee, Dr. Clayton Lewis, Dr. Michael Lightner, and Asta Roseway, for
encouraging me to pursue this area of research.

References
1.
Deibel, K. (2013). A convenient heuristic model for understanding assistive technology
adoption. In Proc. of ASSETS (p. 32). ACM.
2.
Kane, S. K., Jayant, C., Wobbrock, J. O., & Ladner, R. E. (2009). Freedom to roam: a study
of mobile device adoption and accessibility for people with visual and motor disabilities. In
Proceedings of ASSETS (pp. 115-122). ACM.
3.
Kintsch, A., & DePaula, R. (2002). A framework for the adoption of assistive technology.
SWAAAC 2002: Supporting learning through assistive technology, 1-10.

Page 47

SIGACCESS
Newsletter

Issue 114
January 2016

4.
Parette, P. and Scherer, M. (2004). Assistive Technology Use and Stigma. Education and
Training in Developmental Disabilities. 39 (3), 217-226.
5.
Profita, H.P., Albaghli, R., Findlater, L., Jaeger, P., & Kane, S. (2016). The AT Effect: How
Disability Affects the Perceived Social Acceptability of Head-Mounted Display Use. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems. ACM. To
Appear.
6.
Profita, H. P., Clawson, J., Gilliland, S., Zeagler, C., Starner, T., Budd, J., & Do, E. Y. L.
(2013). Don't mind me touching my wrist: a case study of interacting with on-body technology in
public. In Proceedings of the 2013 International Symposium on Wearable Computers (pp. 89-96).
ACM.
7.
Profita, H., Farrow, N., & Correll, N. (2015). Flutter: An exploration of an assistive garment
using distributed sensing, computation and actuation. In Proc. of TEI (pp. 359-362).
8.
Shinohara, K., & Wobbrock, J. O. (2011). In the shadow of misperception: assistive
technology use and social interactions. In Proc. of CHI (pp. 705-714).
9.
Toney, A., Mulley, B., Thomas, B. H., & Piekarski, W. (2002). Minimal social weight user
interactions for wearable computers in business suits. In Proc. of ISWC (pp. 57-64).
About the Author:
Halley Profita is a doctoral candidate in Computer Science with a
concentration in Human-Centered Computing at the University of Colorado
Boulder. She is housed in both the Correll Robotics Lab and the
Superhuman Computing lab. Her research interests include designing and
evaluating wearable and mobile computing and assistive technology.
Profita received her master’s degree in Industrial Design from the Georgia
Institute of Technology and a B.S.B.A in Management Science from the
University of Miami.

Page 48

SIGACCESS
Newsletter

Issue 114
January 2016

IMPROVING THE SENIOR WELLBEING THROUGH TELEHEALTH SUPPORT AND
INTEGRATED CARE
Inês Rodolfo
NOVA-LINCS, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, Portugal
imsrodolfo@gmail.com

Abstract
Along with aging, technological changes are felt as a way to assist, maintain and extend life.
Assistive technology allows people to stay comfortable in their homes increasing their sense of
confidence and security. The research reported here has the goal to empower seniors on their
daily lives. We designed a proposal for an Integrated Personal Health Record for the improvement
of a Nation-wide Patient Portal. We also involved the project stakeholders of the Portal on a usercentered design process to engage new users into the platform. Currently, we are exploring the
design of an online channel for a recently launched National Telehealth Senior Program. Seniors
have the potential of interacting with both systems and have an integrated view over their health;
access their medical records and geriatric assessments; use online healthcare services e.g.,
scheduling appointments; finally, contribute with self-collected data such as observations of the
daily living to monitor their health and provide more patient knowledge to healthcare providers.

Introduction
Ageing is one of the greatest social and economic challenges of the 21st century. There is an urge
for healthcare services to change, addressing several problems that are emerging in the most
developed countries: (A) the demanding task of elderly health care, especially for people suffering
from chronic diseases that inevitably increase with aging, which cannot be solved only by
conventional methods; (B) the demand for increased accessibility of care outside healthcare
facilities, moving health services into the patient’s own homes; (C) the need for increased
efficiency, patient-centered care and equity of quality-oriented healthcare with limited financial
resources [1,2]. Telehealth technologies are increasing significantly according to this changing
social environment, supporting care and security in the assistance of senior people. These
technologies enable seniors to live independently for a longer period of time, helping them to age
in place. Trials have also shown that hospital admissions and mortality can be reduced by
telehealth devices [4] as well as by coordinated care, based on comprehensive geriatric
assessments [3]. This last approach looks at the individual in a holistic way and consists on a
process that determines an older person’s medical, psychosocial, functional, environment
resources and problems, creating an overall plan for treatment and follow-up. In a broader scope,
telehealth support is placed in the category of assistive technology which takes part of several
current driving forces within the sector of healthcare: the promotion of integrated care, where
patient data is shared across facilities and providers to avoid the loss of the medical record’s
information; the concept of participatory medicine, where patients become case managers of
their own illnesses (working together with providers); patient empowerment and engagement
through self-tracking tools and applications such as Personal Health Records (PHRs) that help
people to monitor their conditions while simultaneously allowing providers to gather more
knowledge about patients. This research aims to explore the user experience design of
applications and services that may promote integrated care, facilitating the communication
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between the citizen and healthcare providers. Our particular goal is to contribute to emotional
and physical wellbeing of the growing senior population.

Research summary
Research stages
Senior people are a potential group for adopting telehealth and self-tracking solutions. Previous
research has showed that elderly patients accept the use of technology and enjoy self-monitoring.
Home telecare support increased their confidence and sense of security [1]. The work plan of this
research is divided into two stages. Both stages comprise two different but related projects with
distinct cooperation agreements established with the Portuguese Ministry of Health. The first
stage consists on the design model of an Integrated PHR and the second one, on the design of a
senior health program. For the first project, a proposal for the Nation-wide Patient Portal with an
integrated PHR covering about 1.100.000 users was created. The platform has the potential of
covering the overall country’s population of nearly 10 million inhabitants. For the second project,
the ongoing work aims to create a proposal for an online channel that may complement a
National telehealth program for the senior community, recently launched in April 2014. The
program targets observation and follow-up of the overall health status and autonomy of the
Portuguese senior people aged over 70 years old. The service is based on telehealth support over
distance through regular phone calls with about 24.000 users at the moment. The consultations
apply a comprehensive geriatric assessment to evaluate the physical, mental and social wellbeing
of the individuals.
While the first stage of this research is practically concluded with relevant contributions to the
eHealth community and HCI field, with recent published work, the second stage is still in a
preliminary status with expected contributions that will additionally focus on the senior
engagement and accessibility. With these projects we aim to address two problems that
complement each other for the benefit of the senior population: (1) the loss and decentralization
of health information, caused by the facilities non-interoperable systems that mostly affect the
seniors or people with long-term conditions; (2) an increasing aging population that demands
communication and accessibility strategies for aging in place. In summary, we firstly created a
model for Integrated PHRs that have the ability to gather information from multiple healthrelated sources to solve problem (1). Secondly, we are designing an online channel model for a
telehealth senior program to address problem (2). Both models can be applied in the National
Healthcare System through the mentioned research partnerships and have real impact, not only
on the senior community but also for the overall citizen public health. Furthermore, some data
can migrate from one system to another. The assessments results and recommendations from
the telehealth program could be integrated in the National Patient Portal.
Regarding methodology, this research employs a user centered design approach that is based on
literature studies and user knowledge applying user experience (UX) design methods. For the
design of the Integrated PHR, we conducted an extensive literature review, a participatory expert
review, card sorting technique, stakeholders’ interviews, backcasting and web analytics. All these
methods led to a final prototype model that is under analysis by the portal development team.
Regarding the online channel for the telehealth program so far we have conducted a selective
literature review and both stakeholders and seniors interviews. The second stage of this research
will require the design and development of a prototype for the online channel of the telehealth
program that can be complementary to the phone contacts and meaningful both to seniors and
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providers. During this stage, we wish to conduct participatory design with the program’s
healthcare providers and usability testing with seniors.

Undergoing work
This research is now focused on the development of a web application that may enhance the
benefits and accessibility of the national senior telehealth program. The program aims to identify
and prevent risk events, minimize social isolation, promote healthy behaviors and contribute to a
feeling of confidence and trust among the seniors. Currently, nurses contact participants through
periodical phone calls, where they are asked several questions regarding their health status,
autonomy and social wellbeing. According to the answers, an individual care plan is automatically
displayed to the nurses with associated recommendations. As main limitation to the program,
people with hear loss, language constraints and advanced stage of dementia are excluded. As the
human aging process is associated with these problems, this can be a barrier to the adoption of
the program. As such, the goal of our research is to reach a large number of seniors through a
complementary online channel that may answer to this problem and also provide features that
may foster the engagement of seniors into the program. These include: enable seniors to access
their evaluations, care plans and recommendations; provide health educational multimedia
material; enable self-tracking tools such as symptom or mood diaries that may help to monitor
daily health changing events; enable motivational messages and alerts for performing the
recommendations; explore cognition test scales that are not possible by phone. The design of this
channel aims to understand the following:
Can the online channel be a more comfortable, reserved way for seniors to answer the geriatric
assessment questions? If the senior has low digital literacy levels or any impairment constraints,
should we motivate the family to fill the initial assessment on its behalf?

Research contributions and conclusions
This research focuses on the improvement of the healthcare system, on the patient-provider
relationship and patient engagement. The designed Integrated PHR model aims to promote
integrated care and facilitate the communication between the citizen and healthcare providers,
across the different facilities environments. Besides the prototype that is under evaluation by the
portal’s development team, we conducted a user-centered design study that led to the redesign
of the portal public area from scratch, launched in December 23rd 2014 (https://servicos.minsaude.pt/utente/). With the redesign, new user registrations doubled on the month next to the
launch, from around 500 to 1000 monthly registrations, stabilizing at 800 registrations on the
next months. The current ongoing research is centered in the National Telehealth Senior Program.
We expect to promote the senior’s awareness about their health status and empower them on
making meaningful life care choices, through self-monitoring and provider’s communication
support. Our research has the opportunity to improve the accessibility to the program by
engaging new people with hear loss problems, language constraints (also involving the family) or
those who do not feel comfortable with the phone calls. The online application channel also has
the potential of improving the quality of the phone calls follow-up, through self-collected data by
the seniors that may add more knowledge to the nurses. During the Doctoral Consortium, we
expect to gather insights and perspectives about the best strategy to design the senior
application as well as be informed and discuss about the best practices of universal usability and
accessibility fields.
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Abstract
As the average overall life expectancy for individuals in the U.S. continues to increase along with
the aging baby boomers, so too does the need for accessible healthcare solutions. It is reported
that aging is one of the greatest known risk factors for the onset of cognitive impairment (CI),
such as Alzheimer's disease. For individuals with more severe forms of CI, the inability to
effectively perform mental tasks required for independent daily living can severely limit one’s
functionality. Traditional solutions for early detection of cognitive decline and impairment can be
inaccessible, expensive, and time consuming. The overarching goal of this dissertation is to
develop a dynamic online computerized neuropsychological testing system capable of rapidly
tracking an individual’s cognitive performance throughout the user’s daily or weekly schedule in a
way that is the least intrusive. By utilizing embedded microsensors within tablet devices, the
proposed system will capture ambient and behavioral data pertinent to the real-world contexts
and times of testing. Such sensor data has the potential to compliment psychometric results by
providing insight into the contextual factors relevant to the user's testing efficacy and
performance. In addition, the investigation into the accessibility issues faced by older adults will
lead to improved neuropsychological testing interfaces.

Background and Motivation
The 21st century will continue to see huge demographic movements and cultural shifts caused by
the aging world population. In the United States, the population size of older persons age 65 and
over is projected to almost double in size from 43.1 million in 2012 to 83.7 million in 2050 [1]. This
age gap lends itself to health service disparities, such as a greater need for more experienced
medical clinicians and practitioners to keep up with the possible increase in health issues related
to aging, including cognitive impairment (CI). CI in an individual can arise from many different
factors and stages in life. The implications of CI can be significantly severe and often times require
dramatic life adjustments. Daily activities that may have once required little to no assistance may
now require substantial assistance.
Computerized neuropsychological tests (CNTs) offer many new avenues for practical applications
and research into neuropsychological assessment methodologies [2]. By nature of CNTs, the
speed and cost of administration can be significantly reduced, allowing for rapid and adaptable
deployment of assessments. This increases the availability of neuropsychological testing for
individuals who may not otherwise have access to such tests. Advances in device interface
modalities allow for intuitive accessibility options for individuals with special needs. The
emergence of smart and wearable technology has given both technical and non-technical
professionals new tools for exploring novel and beneficial diagnosis strategies for individuals with
CI [3]. With embedded ambient sensors and carefully designed accessible user interfaces, mobile
devices offer an undeniable plausibility for improved individualized healthcare.
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In a joint position paper on the standards for computerized neuropsychological assessment
devices [2], Bauer et al. discuss the possibility of computerized testing missing important
contextual and behavioral information of the user, such as display of emotion and perceived user
motivation or engagement. For example, in an examiner-administered test, the examiner might
notice that the user is making aural sounds indicative of frustration or boredom, which could then
reveal insight into the interpreted results of the test and user. Furthermore, the user’s computer
experience may lend itself towards these displays of emotion as well as test results. Therefore,
there is a need for understanding the role context has on the user’s testing efficacy.

Related Work
In 2014, a research study [4] was published that investigated the relationship of age and different
testing interface modalities with user efficacy and ecological validity. Taking into account age,
education level, and cognitive performance scores of the participants, the authors sought to
investigate possible correlates of these variables with results from the efficacy testing. They set
out to test the efficacy of CNTs for attention and memory with respect to two different interface
(visual vs. verbal) and input (keyboard vs. touch) modalities. In their results, Canini et al.
concluded that both input and interface modalities are feasible and valid options for
neuropsychological testing. However, the fact that the authors solely used healthy participants,
excluding those with CI and low cognitive performance scores, warrants further investigation into
the accessibility and efficacy issues faced by a broader range of older adults.
Advances in microsensors and embedded chips [5] has opened the door for intelligent forms of
sensing and computation. In 2010, Ganti et al. utilized Nokia smartphones to assess daily living
patterns of users via microphones, accelerometers, GPS, and GSM [6]. The authors proposed a
multi-sensor fusion algorithm for activity detection. They conclude with evidence from their
results demonstrating the feasibility of using micro sensors on consumer smartphones for context
identification. Ganti et al. point out the potential use of such technology for medical monitoring
of older adults to support behavior management and rehabilitation.

Thesis Proposal
The ability for mobile, smart devices to computationally make use of machine learning algorithms
to learn individual user behaviors and interaction patterns allows for the development of
adaptable neuropsychological test interfaces. By utilizing ambient data sensed by hardware
sensors on smart devices, potentially relevant contextual and user behavioral data can be
acquired during testing to better understand factors affecting user testing efficacy and
performance. I argue that modern tablet devices with embedded ambient sensors have the
potential to enhance CNT administration by providing richer data that is contextually pertinent to
the user’s performance and testing efficacy. It is with this argument that I propose to develop a
dynamic, online CNT system situated within the natural contexts of the user.
The primary research questions for the project are defined as follows:
1. What role do contextual factors (i.e., environmental sound, location, time-of-day) have on
user testing efficacy and performance? Can tablet devices be used to accurately detect such
factors during testing?
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2. How does time-of-day factor into users’ testing efficacy and performance? Can an automated
CNT accurately assess temporal variations in a user's testing performance throughout the day
and/or week?

With these research questions in mind, I intend to:
1. Develop an accessible, dynamic, online CNT system capable of capturing contextual data
during testing and tracking temporal variations in the user’s test performance.
2. Develop an information fusion system capable of capturing and analyzing ambient contextual
data during testing.

Pilot Work
In my previously completed pilot work, my colleague and I researched the feasibility of using webbased brain-training software to help stroke survivors [7]. The pilot work consisted of observing
and interviewing stroke survivors at Cabrillo College Stroke and Disability Learning Center
(CCSDLC) to get a better understanding of the technologies that they felt were helpful, as well as
examining the effectiveness and limitations of such technologies. A compilation of an informal
set of guidelines for such systems to follow in order to be effective and usable rehabilitation
software was established. To validate the guidelines and see if new ones emerged, we developed
a low-fidelity prototype of the web-based brain-training software and tested it with five
participants. The result was an improved set of guidelines for software that aims to improve the
cognitive skills of stroke survivors and individuals with CI.
In the summer of 2014, I worked as an accessibility research intern at IBM Research – Tokyo. I
aided in the design and development of a smartphone-based indoor navigation system for blind
individuals. We utilized embedded mobile sensors and Bluetooth Low Energy technology for
localization. With these technologies, we tested iOS device sensors in various settings and
locations to better understand the sensors and environmental characteristics. As a result, we
learned effective sampling strategies given the characteristics of the sensors that aided in indoor
localization and postulated its use for more context-aware applications.

Research Plan
For this dissertation project, I will conduct a user study with healthy aging older adults age 60 or
older and older individuals with some form of CI. Participants will be recruited from local
residential communities and senior centers. A sample of 15 healthy aging older adults will be
aggregated from the residential participant pool. Additionally, 15 older individuals with CI will be
pooled through Kindred Santa Cruz, a nursing and transitional care center, and CCSDLC. This will
provide a total population sample of 30 older adults. These individuals will be screened by
cognitive status (MMSE scores), age, and education level. Participants will be required to have
and use a mobile device with embedded sensors, i.e., microphone and GPS. If the user does not
have access to a tablet device, a tablet device with required capabilities will be provided on a
temporary basis to the user. A training session on the device and system capabilities and features,
along with a usage tutorial, will be administered to all users.
Following established user needs and requirement gathering methodologies, I will conduct a
combination of individual interviews, focus groups and home visits. Observational results of user
studies will further reveal insight into user needs and system design requirements. Following
participatory design methodologies, I will iterate through system designs and develop a low- and
high-fidelity prototype of the system based on user feedback. I will develop the prototypes
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through the desired web interface using HTML5 protocols and will make use of the accumulated
user data to adapt the system for specific use with older persons. The system will then be
evaluated over the course of 1-2 weeks per user within a natural setting.

Status of Research
I am presently involved in recruiting users and developing the initial wireframe of the system.
Currently, we are setting up user recruitment through CCSDLC and Kindred Santa Cruz, a nursing
and transitional care facility. Our initial visits involved collecting observational information on
activities and resources available to residents at the facilities, particularly older adults. Initial
observational data and interviews with staff suggest that tablet devices pose as a viable activity
solution for residents. One limitation of the devices was the small number of devices available. A
possible solution would be for us to provide tablet devices to the residents on a temporary basis.
In addition to user recruitment, I have been working on developing the system’s foundational
framework. Conceptual wireframes of the system and interface have been designed and
discussed with HCI researchers. Further research into possible HTML5 development frameworks,
such as Sencha Touch [8], AngularJS [9], PHP, jQuery Mobile [10], and PhoneGap/Cordova [11],
has been conducted. Presently, PHP and Sencha Touch have been interactively explored as
potential system framework solutions.

System Development
The first phase of system development will focus on the Administration Module and Data Module.
The Administration Module will be responsible for administering the cognitive test to the user,
while the Data Module will handle user and device data storage. This first phase will involve
designing and developing an HTML5 based web application. The design will include JavaScript
scripts for handling user interaction and application states, as well as CSS to maintain interface
consistency across different devices. The system will make use of server-side and client-side
storage for data, as well as lossy data compression for sensor data. Research into specific
database frameworks will be conducted during this phase.
Work on the Sensing Module and Timing Module will begin in the second phase of development.
The Sensing Module will focus on capturing and processing sensor data while the Timing Module
will be responsible for managing the automated timing and notifications of the tests. I will test
device sensor capabilities through software APIs. Characteristics of device sensors will be
examined and evaluated to learn effective sampling techniques per device. The native device
notification system will be utilized in the development of the Timing Module. This will involve the
investigation of precision timing capabilities of the device and modalities for user notification.

Evaluation
In order to assess system performance and effectiveness as a CNT, user compliance, usability, and
accessibility will be evaluated. Quantitative data on the percentage of completed tests, i.e., the
completion of a memorization task followed by the completion of a recognition task (irrespective
of user test scores), can give insight into user compliance with the system. Moreover, user
response data collected through automated questionnaires will aid in the evaluation of system
usability and accessibility. Both quantitative (i.e., sensors) and qualitative (i.e., questionnaires)
data will be acquired during user testing. To test user testing efficacy, application and user
statistics, such as user input accuracy and user response time/delay, will be collected and
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analyzed. It is my hope that reducing user error in testing efficacy might improve user compliance
and overall accuracy of the system.

Challenges
One foreseeable challenge in this work is the possibility of users who are completely unfamiliar
and lack experience with devices. In order to make sure all users are at the same level of
competence with the device, training will be conducted with the users to get them familiar and
ready to use the proposed system. Additional device features and capabilities might be covered
during training to improve user comfort, satisfaction, and engagement with the device and
system. It will also be important to maintain the user’s attention and keep the user engaged
throughout the assessment in order to elicit accurate and meaningful user responses. By using
familiar graphics and interfaces (e.g., touching virtual playing cards), we can utilize a game-like
interface to engage the user and reduce the possibility of test anxiety [12].

Expected Contributions
The technical and societal contributions of the proposed project include practical knowledge and
applications that will aid in future accessibility and usability research techniques for intuitive web
and mobile interface designs that can aid older adults. The emphasis on online and mobile
applications will introduce important scientific concepts devised for human centered application
design and implementation. These technological solutions may provide improved alternatives or
supplements for neuropsychological assessment strategies and treatment solutions, thereby
potentially improving the quality of life and independence of older persons.
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