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A Note from the Editor
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consortium was written by Jeffrey Bigham, chair
of the successful event.
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Who we are
SIGACCESS is a special interest group of
ACM. The SIGACCESS Newsletter is a regular
online publication of SIGACCESS. We
encourage a wide variety of contributions,
such as: letters to the editor, technical
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papers, short reports, reviews of papers of
products, abstracts, book reviews,
conference reports and/or announcements,
interesting web page URLs, local activity
reports, etc. Actually, we solicit almost
anything of interest to our readers.
Notice to Contributing Authors to SIG
Newsletters :
By submitting your article for distribution in
this Special Interest Group publication, you
hereby grant to ACM the following nonexclusive, 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 noncommercial, educational
or research purposes
However, as a contributing author, you
retain copyright to your article and ACM will
refer requests for republication directly to
you.
Deadlines will be announced through
relevant mailing lists one month before
publication dates. We encourage
submissions as word-processor files, text files,
or e-mail. Postscript or PDF files may be used
if layout is important. Ask the editor if in
doubt.
Finally, 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.
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ASSETS 2012 Doctoral Consortium
Ten PhD students from 4 countries participated in this year’s ASSETS 2012 Doctoral
Consortium in Boulder, Colorado on Sunday, October 21st, 2012. This annual event
provides a unique opportunity for doctoral students to get feedback on their research
from peers and panelists on the day before the conference itself begins.
We had a fantastic panel, which included Shaun Kane (University of Maryland, Baltimore
County), Joanna McGrenere (University of British Columbia), Meredith Ringel Morris
(Microsoft Research), and Thad Starner (Georgia Institute of Technology). Jeffrey P.
Bigham (University of Rochester) served as the chair and organizer.
The student participants presented on a wide range of topics relevant to improving
access for people with disabilities and older adults (as you will see in the following pages).
Discussions were lively with both faculty panelists and students participating. Despite the
diversity of topics, a number of common themes emerged in regards to fashioning and
scoping one’s dissertation research.
The formal day’s program concluded with a session dedicated to addressing questions
the students had about their careers. Originally scheduled for 45 minutes, this session
lasted well over an hour and continued over some great burgers at “The Sink,” a favorite
local place in Boulder.
The students also attended the ASSETS conference and presented their work in a poster
session that was dedicated specifically to the Doctoral Consortium participants. This
provided an opportunity for the students to interact with and have their work highlighted
to the broader ASSETS community.
The ASSETS 2012 Doctoral Consortium was funded by the National Science Foundation
(Award Number #IIS-1240198).
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An interdisciplinary methodology for
designing and implementing educational tools
for children and youth with special needs
Benoît Bossavit, Alfredo Pina

Public University of Navarre
Campus Arrosadia s/n, 31006 Pamplona, Spain
benoit.bossavit@unavarra.es

Abstract
This paper describes our research project where we are working in bringing closer new
advanced technologies, like Augmented Reality (AR), Virtual Reality (VR) or Natural User
Interaction (NUI), to children and youth with special needs.
With this aim, we have created an interdisciplinary workgroup consisting of a sustainable
platform for the design, development and evaluation of educational tools. After
experimental sessions with a group of children testing our prototypes, we are defining a
working methodology to carry out our project. We discuss our current progress, open
questions, and benefits for the accessibility field.

Introduction
There are many challenges faced by today’s computer scientist interested in the field of
accessibility. Two of these are diminishing the digital divide and improving the digital
inclusion in the context of a Knowledgeable Society; however, within these fields is the
ever important area of Computer Assisted Learning for children and youth with special
needs.
An important trend is how to find new methods to work with already existing and
advanced technologies in order to improve the quality of life of children and their
families.
In Pamplona (Navarre, Spain) we have begun collaborating with two entities that work
with special needs children and youth ANFAS (Association of Navarra in favor of
people with intellectual impairment) and the specialized state school Andrés Muñoz.
Both are using analogical tools and some (classical) computer applications with a
mouse (or equivalent) in their daily work.
Although there are existing citations of scientific literature and several works related with
this issue (specifically for Autism Spectrum Disorder, ASD), unfortunately, based on our
experience we have seen limited results in their applicability or readily available for
families, specialized centers and/or schools.
Our first step has been to solve a “social-context” issue creating this local workgroup. After
the first contact with children and brainstorming with parents and professionals we are
currently defining a working methodology. The concluding step will consist in developing
a computer application catalog, easily available for all. The aim of this catalog will be to
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improve social skills, to work basic competences and to promote active participation. We
want to use recent advanced technology available for all (this means low cost, flexible
and with natural interaction). The goal is for the client/student to use it at home with
parents or at the center/school with professionals/teachers.

Related Work
The literature presents limited research activities in computer interfaces for children with
special needs, comparing to other computer science areas. For the moment, we have
compiled at least 40 articles in the last 10 years submitted to international conferences like
CHI, IDC, ASSETS or journals like Computers & Education, Personal and Ubiquitous
Computing or Autism (most of them are about ASD children). The main research axis in
computer science for children with ASD is promoting social skills which we can bring out
three sub categories.
Communication skill is the first of them. Many works try to improve these through
understanding and detecting emotions. For example, some used an interactive way
where the child can deform a face through a multi-touch interface and can self-create
an emotion [3], others simply used a video processing which extracts emotion from a
video recorded face [4].
From social skills, we can extract a second sub category, the collaboration skill. A
European project, COSPATIAL [7], is working actively on this topic. Using a multi-touch
table many application are developed in order to force a child to cooperate and
synchronize with another child [1], [6].
Finally, many applications try to train children in daily activities. Those can be very
different, moving from an advanced scheduler to organizing all daily school activities [2]
to a shopping simulator in a virtual supermarket [5].
Since 2010, works around the Microsoft Kinect [9] are growing but for the moment, few
articles adapt this technology for children and youth with disabilities. However, projects
can be found on the web [14] where students try to learn social skills through a virtual
peer, or [11] through a framework of mini games where the main goal is helping the child
to use his/her body to imitate a specific posture. We also can find examples of this in
Microsoft Kinect for education [10], [8].
We want to find our own path in order to fulfill our end-user requirements, disseminating
easily our work to everyone as well as to contribute to the international scientific
community in these areas.

Previous Work
Daily activities
As a first experience, we decided to develop an application to prepare the school
backpack using a tangible table. The child takes real objects (with marker) and places
them over a drawing school backpack. The application tells him/her if he/she has chosen
a correct object or not (cf. Figure 1a). A young boy with ASD (10 years old) tried the
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application and revealed a positive reaction. According to his mother, he demonstrated
more motivation with the table than the analogical tool he used at home. The problem
was that the mother could not afford a tangible table.

Figure 1: a) on the left a boy with the “prepare the school backpack” demo; b) on the right with the
“lay the table” demo

To overcome this problem, we developed an application to lay the table. This time, we
used Microsoft Kinect to interact, because it is cheaper and possesses a natural
interaction. The child takes a virtual object (plates, knives, forks…) and releases it at its
correct position (cf. Figure 1b). We tried two kinds of interactions, the first one using both
hands to take the object and crossing them to release it, and the second one using the
voice to take and release it.
When the young boy with ASD, saw the Microsoft Kinect, he ran to observe it closer and
showed a high motivation in trying the application. He preferred using his voice even if
the system required processing time for recognition.

Creative application
For our first contact with a group of children of ANFAS and Andrés Muñoz, we wanted to
try two kinds of applications relevant to creativity using Microsoft Kinect.
The first application allows the child to draw with his hands. We propose some
functionality like his body reflected as visual cue or a menu to change brush size or color
pointing the corresponding button. He must put one hand on his head and move the
other hand to draw (cf Figure 2a).

Figure 2: a) on the left two players for the drawing demos, b) on the right a girl with music demo

The second application is an example of Kinect2Scratch [12] where the child creates
sounds moving his arms. He can play with the pitch and the bass moving vertically his
hands, and with the tempo moving horizontally. (cf. Figure 2b).
We worked with a group of 12 children in Andrés Muñoz, and in mini-group or individually
with ANFAS [13]. Those sessions showed two interesting aspects.
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All the children love to see themselves reflected in the application. We suppose their
image help them in understanding that they are interacting with the application. For
example, in the sound demo where the child can only see a point instead of his hands, he
needs more time to understand he/she is creating the music.
The drawing application showed us how it can be difficult for them to synchronize their
arms. We observed a high difference between each child and now we understand
that it is impossible to develop the same application with the same interface for every
child.

Proposed Research
As a preliminary result of the interactions we have had with the children, parents and
professionals, we have developed a working methodology we can apply to carry out our
project. We have observed that every child has his/her own challenges, needs, and skills.
It is why we have decided to include these three core aspects in each application we will
develop.
The first one is the degree of participation of the end-user. Sometimes we may only seek a
semi-passive participation depending on skill in order to obtain a reaction from the softhard system; Sometimes we may ask for a more active participation.
The second aspect we will work on is the content. In collaboration with our partners we
will develop several levels of difficulty starting from a basic to an advanced challenge
where the child will learn specific skills.
The last aspect is the level of interaction. Some children have good control of their own
body as well as coordination, however, some cannot synchronize well their movements.
We will adapt different kinds of interaction 2D or 3D to perform similar tasks, this will be our
third line of research.
In fact, these three aspects are inter-related, level of participation, type of contents to
work on and level interaction. The deliverable of the project would be an activities’
catalog, based on those three aspects and ready to be used with our partners and with
any other possible users. This means that the development, evaluation and diffusion of
those materials and the acquired ”know how” will be our contribution in this thesis project.

Conclusions
While our partners may be somewhat benefiting from the use of classical and some new
technologies in their educational programs, they do not have access to more advanced
educational research tools like the ones we begun to introduce and develop. One of our
tangible contributions is to provide our partners but more specifically its clients and
parents with a relevant digital deliverable that can be used in their daily activities. It is our
hope to share/extend this knowledge and tools to other entities and parents. We believe
we have created an interdisciplinary workgroup with a sustainable platform to design,
implement and research that we will lead to more accessibility and inclusion for all.
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Touch the map!
Designing Interactive Maps for Visually Impaired People
Anke M. Brock

IRIT, University of Toulouse & CNRS
118 route de Narbonne
31062 Toulouse, France
anke.brock@irit.fr

Abstract
Visually impaired people face important challenges related to orientation and mobility.
Accessible geographic maps are helpful for travel preparation. Historically, raised-line
paper maps have been used, but these maps possess significant limitations. However,
recent technological advances have enabled the design of accessible interactive maps
that overcome these limitations. This paper presents the development of an accessible
interactive map prototype based on the cycle of participatory design. Development
steps are presented for each phase in the cycle: the analysis of context and users’ needs,
generation of design ideas, prototyping and the evaluation of the prototype with visually
impaired users. Our studies confirm a high usability and, thus, importance of these map
types to the visually impaired.

Introduction
Orientation and mobility are among the biggest challenges for the visually impaired
population. Exploring an unknown environment is stressful and sometimes dangerous for
visually impaired people (Gaunet & Briffault, 2005). Exploration of geographic maps at
home for travel preparation may provide valuable assistance. Raised-line maps, i.e. static
tactile paper maps, have long been used to present spatial information to visually
impaired people (Jacobson, 1996). These maps allow for the localization of spatial objects
such as streets, buildings or parks, the estimation of distances and directions, as well as
finding itineraries between points on the map (Hatwell & Martinez-Sarrochi, 2003). Yet,
despite their common usage by visually impaired people, tactile maps have important
limitations. First, tactile maps include a large amount of information which often results in
perceptual overload for readers (Jacobson, 1996). Second, once raised-line maps are
printed, they cannot be updated and therefore quickly become outdated (Yatani,
Banovic, & Truong, 2012). Finally, the use of Braille in tactile maps is problematic, as it
requires a lot of space. Therefore, raised-line maps tend to be cluttered and difficult to
read (Tatham, 1991). Most importantly, many visually impaired people do not read Braille:
fewer than 10 percent of the legally blind in the United States are Braille literate (National
Federation of the Blind, 2009). The development of innovative technologies (such as multitouch devices) has opened up possibilities for designing accessible interactive maps.
We have designed and prototyped interactive maps for visually impaired people that
make use of a multi-touch screen, a tactile paper map overlay and audio output. This
paper presents the different contributions of my Ph.D. to the design of accessible
interactive maps. Figure 1 shows how the work conducted during my Ph.D. integrates into
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the cycle of participatory design as proposed by Mackay (2003). These contributions are
explained in detail in the following paragraphs.

Figure 1: Designing an interactive map for visually impaired people. The diagram shows how the contributions
of my Ph.D. integrate into the Participatory Design Cycle (Mackay, 2003).

Designing accessible maps based on a participatory design cycle
To ensure that users’ needs were met, we adopted a participatory design cycle for the
development of the interactive map prototype. We based our work on the description of
the participatory design cycle by Mackay (2003) which proposes four design phases:
analysis / observation, design / generation of ideas, prototyping and evaluation. By doing
so we observed that the participatory design methods themselves were often based on
the use of the visual sense and thus not accessible for visually impaired people. We
therefore proposed adaptations for making the design process itself accessible (Brock,
Vinot, et al., 2010).

Analysis phase
A first step in the participatory design process was devoted to the analysis of existing
solutions, the context of use as well as the technical environment.
The literature on accessible interactive maps has shown that several research projects
have been devoted to making interactive maps accessible for visually impaired people
within the last 25 last years. All of these projects involved interactive geographic maps,
most of them representing streets and buildings. Within this corpus, the underlying
concepts for map design differ in various aspects. In Brock et al. (2013) we proposed a
classification of different interactive map prototypes. This classification was based on the
use of different input and output modalities and the possibility of using the device in
motion (immobile versus mobile).
The context of use included aspects such as the characteristics and needs of blind users,
their specificities regarding spatial cognition, their interaction with technology, and the
influence of haptic exploration strategies on spatial cognition. So far, little is known on the
latter question. Yet, a better understanding of haptic exploration strategies would be
crucial to design interaction techniques for visually impaired users to more fully satisfy their
needs. In order to facilitate the observation and analysis of haptic exploration strategies,
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we developed Kin’touch (Brock, Lebaz, et al., 2012). This prototype tracks finger
movements by integrating data from the Microsoft Kinect camera and a multi-touch
table and can thus be used for the analysis of haptic exploration strategies.
The technical context included aspects such as the production of raised-line maps and
the choice of hardware and software environments. In Brock, Truillet, et al. (2010) we
explained the analysis of different multi-touch technologies for their use in interactive map
prototypes.

Design phase
The different types of interactive maps that we identified during the analysis phase show
both advantages and disadvantages. We decided to design an interactive map
prototype based on a raised-line paper map overlay, a multi-touch screen and audio
output for the reasons explained in detail in Brock et al. (2013) and Brock, Truillet, Oriola,
Picard, & Jouffrais (2012).
For generating further ideas during the design phase, we conducted brainstorming
sessions with visually impaired users as well as orientation and mobility instructors. These
sessions focused on mobility and orientation without sight. Interesting ideas that emerged
from these sessions concerned the type of geographic information that would be
presented (such as public transportation or tourist attractions) as well as the different
levels of information accessible on a single map. For instance users proposed a first level
of information indicating the name of a geographic element, e.g. “museum”, and a
second level giving practical information concerning this geographic element, e.g.
opening hours.

Prototyping phase
Successive versions of interactive map prototypes have been developed based upon the
previous analysis and design phases.
The first prototyping step was a low-fidelity “Wizard of Oz” prototype. This method usually
involves visual representations, but can be adapted to visually impaired people (Miao,
Köhlmann, Schiewe, & Weber, 2009). Concretely, we used raised-line maps and simulated
speech output. Based on the pre-tests with the low-fidelity prototype, we confirmed the
users’ appreciation for the interactive map concept.
A first interactive map is described in Brock, Truillet, Oriola, & Jouffrais (2010). The final
prototype which served as an experimental platform to study the usability of interactive
maps is described in Brock, Truillet, et al., (2012). Briefly, it consisted of a raised-line map
placed as an overlay over a multi-touch screen. We implemented a double tap as input
interaction to obtain speech output on different map elements. Output interaction was
thus both tactile (through the raised lines of the map) and auditory (through the text-tospeech associated with touch events).

Evaluation phase
To verify if users’ needs have been met, it was essential to evaluate the prototype with the
target group, in our case, visually impaired users. The usability of a prototype can be
evaluated by measuring efficiency, effectiveness and user satisfaction during interaction
with the prototype (ISO - International Organization for Standardization, 2010).
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The user satisfaction for our prototype was assessed in a first study (Brock, Truillet, et al.,
2012). Interestingly, we observed a high level of user satisfaction regardless of
chronological age, previous visual experience or Braille reading experience. One person
had serious difficulties with a classic raised-line map because of the Braille text, but was
capable of reading the interactive map without problems.
A second study (to be published) will present a comparison of two different map types.
We created an interactive map (multimodal tactile and audio map) and a noninteractive map (tactile map with Braille text) and compared them for satisfaction,
efficiency and effectiveness. We observed significantly shorter learning time, i.e. higher
efficiency, and higher satisfaction with the interactive map than with the raised-line map.
These findings allow us to pursue the development of interactive maps for visually
impaired people with confidence.

Conclusions and perspectives for future work
This paper presents the design of interactive map prototypes for visually impaired people
based on the different phases of the participatory design cycle.
As participatory design is an iterative process (ISO - International Organization for
Standardization, 2010) we are continuously improving our prototype. As mentioned
above, users stated an interest in accessing different levels of information (e.g. the name
of a point of interest, its opening hours, accessibility relevant information, etc.). We are
currently working on providing increased functionality by using different gestural
interaction techniques for each level of information. This will be based on prior work on
gestural interaction for visually impaired people (Kane, Wobbrock, & Ladner, 2011; Kane,
Ringel Morris, et al., 2011; McGookin, Brewster, & Jiang, 2008).
In the future, we expect that new touch screen technologies will provide enhanced
design possibilities. Several projects are currently emerging on touch devices with haptic
feedback or deformable surfaces (Bau & Poupyrev, 2012; Casiez, Roussel, Vanbelleghem,
& Giraud, 2011; Weiss, Wacharamanotham, Voelker, & Borchers, 2011). These devices will
enable the design of accessible maps without the need for a tactile map overlay.
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Abstract
In this research, we investigate technology that gives multimodal access to enable
Individuals with Blindness or Severe Visual Impairments (IBSVI) to read text documents by
fusing audio, spatial, and haptic information. We use the iPad as an exemplar of modern
slate devices that combine computation, touch sensing, and audio capabilities as the
platform for our research. The preliminary results of our experiments show the functionality
of our system, however interaction problems need to be addressed.

Introduction
Reading in spatial domain is crucial for comprehension and learning. Decoded
information in spatial medium is meant to be read by readers with sight capabilities.
Conveying spatial reading experience for IBSVI is an open research area that needs
researchers attention, especially that IBSVI may not be aware with their need to access
spatial reading materials.
The main research question that we investigate is: how to transform reading materials in its
spatial format to a medium that is accessible for IBSVI? Our goal is to render text audibly
as it is touched on the iPad surface, and we hypothesize that with the appropriate design,
the user will be able to fuse the textual information (‘what is on the page’) with the
location of touch (‘where the information resides on the page’). This overall hypothesis
leads us to several categories of sub-questions that relate to: 1. The text format on the
screen, the structure of the tactile overlay, and the inter-relationship between them. How
to render the text? What is the unit of rendering that can provide smooth reading? How
much text can be rendered on the touch screen? Also, we need to investigate the
pattern of the overlay and the landmarks that can facilitate page navigation for IBSVI.
What is the relationship between the overlay pattern and the text beneath? Must they be
aligned? Can IBSVI find text that is not coincident with the tactile lines? 2. The underlying
architecture of the system. Our hypothesis is that the spatial information that should be
conveyed to IBSVI is the document structure on both the macro and micro level (i.e. lines
within a page, and pages within a chapter). After defining the spatial information, we
need to know how to convey them. If audio feedback is to be used, how to design it?
And how would it interact with the audible speech? 3. Technology support for reading
itself. How can the system help the user to keep her finger on the reading line? How the
system should respond to accidental position shifting from the reading line? 4. Interaction
issues relating to reading. What kinds of interaction IBSVI can use effectively to read on a
spatial touch surface? How IBSVI can read using a touch screen for reading at her own
pace? What interaction modalities can be used to navigate the document?
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Motivation and Related Work
Reading is a complex cognitive activity that requires decoding of symbols in order to
obtain meaning. Modern learning and psychology research shows that visual-spatial
access [2; 9] is critical to reading of typographical information. The way books and
printed text are laid out assumes that the readers have sight capabilities. Dividing the
page into paragraphs and printing titles in big fonts, are examples of layouts that have
the purpose of conveying specific meanings for the readers, where IBSVI are not enabled
to access such meanings. This is because the text is delivered to IBSVI using two general
codes: Braille and Audio. Braille is spatial in its nature; however, Braille books are nonportable because of its weight, and digital Braille displays highly reduce its spatial feature
because the Braille display is composed of only one refreshable line of Braille. Moreover,
90% of IBSVI in USA are Braille illiterate according to the American Federation for the Blind
[1]. Electronic audio books provide IBSVI with portability but they are sequential and lack
spatial indexing. Researchers tried different approaches to enable IBSVI to access digital
books. Velazquez et al. [8] innovated eBook reader with a tactile display, called
TactoBook. Despite its functionality as a translator from English to Braille, its display area is
relatively small (20 x 9.8 x 5 cm), meaning that only a very small window of information
may be presented at any time. Groups of researchers tried to deliver Braille on different
media, such as small tactile display [3], and on skin [5] by generating progressive waves
with deformation patterns. Also, vibration was investigated as a perception aid to display
Braille on touch screens [4]. Commercial solutions for reading information on touch
devices do not fulfill the needs of IBSVI [6; 7].

Statement of Hypothesis
Our hypothesis is that IBSVI may benefit from their spatial capabilities in their active
reading if they have access to a well-designed system that enables them to read in a
spatial domain. We propose using the iPad to render text on its surface and as the user
touches the words, a speech module will speak them aloud. We claim that augmenting
the iPad with a tactile overlay may help IBSVI to locate their place on the screen and
help them move horizontally to follow the lines of text. The interaction design should
support continuous touch, multi-touch, and avoid finger lifting as possible, to help IBSVI
keep place.

Research Plan
The research plan consists of four stages. The first stage started with developing an
informed design of the reader system and the overlay. We tested both the preliminary
system and the overlay with IBSVI from the local community in a series of pilot studies. The
learned lessons had taken our system to the second level where we believed it could be
used by IBSVI with a minimal training. However, our experiments showed us that usability
issues prohibited IBSVI from using our system adequately. In the third stage of our research,
we attacked the usability issues and tested the system in a longitudinal study. We then
analyzed the data we collected in this study to discover the weakness points of the
system. At the fourth stage, we will embed statistical models in our reading system to
empower its supportive interaction for IBSVI. A usability study will then be conducted to
test the added statistical models and the zooming function.
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Methodology
We designed and developed a system that is composed of five modules: text renderer,
audible page mapping, multi-touch handling, reading finite state machine, and speech
modeling. Together, the five modules determine which word(s) on the screen is touched
by the user and sends this word(s) to the speech module, which in turn speaks it aloud.
The development of this system involved two design-test cycles. In the first cycle, we
developed an early prototype and engaged a small group of IBSVI consultants to test
and give suggestions on the design. The key goals were to explore the interface layout
that includes the structure of the tactile overlay (see Figure 1), the layout of text to be
read, and other general interface design issues. Using the lessons learned from the first
cycle, we improved our prototype, and engaged 16 IBSVI to test different combinations
of layout configurations, text layout (i.e., our page model), and overall interaction design.

Figure 1. Our tactile overlay on the iPad surface

Conclusions
The critical goal of our approach is to enable IBSVI read with the same self-pacing that
individuals with sight have when reading a text. However, the reading process requires
comprehension of the coded symbols. Our envisioned contribution to the accessibility
field is to enable IBSVI use their spatial cognition, aural capabilities, and touch senses in a
temporal and dynamic way, in order to read. In the future, we plan to increase the
interaction robustness of the system in addition to increasing the text density in the page
within the limits of the iPad screen by enabling zooming for the IBSVI. We aim to enable
IBSVI to access the reading materials in its original format without any layout distortion, so
that they may have equal opportunity in learning to the sighted readers.
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Abstract
Facial expressions are a necessary and important part of the grammar of American Sign
Language (ASL) sentences. However, current computational linguistic software cannot
produce a huge portion of ASL constructions that include facial expressions. Here we
summarize our research motivations, proposed plan, and potential contributions in the
accessibility field. Our research aim is to formulate signer-independent models of facial
movements for various types of linguistically meaningful facial expressions in ASL
animation. This project summary also includes a brief description of current progress and
future research plans.

Introduction
Software to generate American Sign Language (ASL) animations yields significant
accessibility benefits for many signers with lower levels of written language literacy in the
USA [Huenerfauth, M. and Hanson, V., 2009]. However, it is still challenging for modern ASL
animation software to support accurate and understandable signing virtual human
characters.
State of art ASL animation tools focus mostly on the accuracy of manual signs, not facial
expressions. However, facial expressions such as furrowed or raised eyebrows, pursed lips,
and movements of the head and upper body reveal linguistically significant information in
ASL. When applied they can also indicate the grammatical status of phrases or entire
sentences. E.g., the only way that a yes/no-question, a wh-question (question phrases like
‘who,’ ‘what,’ etc.), a negation or a topic is conveyed is with nonmanual components
such as the face and head movement. Figure 1 illustrates an example where two ASL
sentences with the same sequence of signs performed by hands are interpreted
differently based on the accompanying facial expression.
Thus, the production of grammatical facial expressions and head movements in
coordination with specific manual signs is crucial for the interpretation of ASL sentences.
There is a significant difference in deaf users’ comprehension of ASL animations when
linguistically and emotionally meaningful facial expressions are supported [Huenerfauth et.
al., 2011].
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Figure 2: Differentiating an ASL statement (a) from an ASL question (b) based on the associated facial
expression.

Suppose a detailed input is provided to an ASL animation system. This would include: (i) a
script specifying the sequence of the ASL glosses; (ii) the associated facial expressions;
and (iii) the corresponding facial expressions’ start- and end-glosses (as shown in Fig.1).
There are still a number of challenges to overcome, each of which leads to some
research questions (Q1-Q4 below).
Performing the facial expression: A facial expression is not just a mask but also a dynamic
movement requiring careful “choreographing” of numerous parameters of facial
landmarks. [Q1]: How should the face be articulated to perform, with accuracy, the
linguistically meaningful facial expressions that are part of ASL grammar?
Synchronizing the facial expression to hand-movements: Manual signs are precisely
coordinated with associated nonmanual expressions (e.g., in yes/no-questions, eyebrows
typically rise in advance of initial co-occurring manual signs; they return to neutral position
slightly in advance of the end of the final manual sign.) Failure to do so can result in
misinterpretations or slower comprehension. Synchronization of facial expression intensity
with manual signs is also complex [Neidle et. Al., 2000]. [Q2]: How should the facial
expressions and hand movements be temporally coordinated?
Transitioning between sequential facial expressions: This usually requires complex transition
rules to describe the blending between facial expressions, not captured by simple
interpolation (e.g., in Fig. 2 yes/no question marking follows topic marking). [Q3]: How
should the onsets, offsets, and transitions of these movements be produced?

Figure 3: Sequential facial expressions in an ASL sentence.

Performing multiple simultaneous facial expressions: An example is shown in Fig. 3 where
a yes/no-question marking co-occurring with a negation marking follows a topic marking.
Learning the underlying rules for overlaying one facial expression onto another is crucial.
[Q4] How should multiple simultaneous facial expressions be combined?
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Figure 4: Simultaneous facial expressions in an ASL sentence.

No ASL animation tool fully supports the above. Therefore, these features could extend
the state of the art in ASL animation technology and provide measurable benefits for
deaf users.

Research Goals
This project goal is to raise the understandability and perceived quality of the ASL
animations through the inclusion of facial expressions; specifically, we will design
computational models for use in ASL-animation software and ask native signers to
evaluate the result. Wh-question, yes-no question, rhetorical question, negation, and
topicalization are the facial expressions to be studied. Our work will be based on a set of
linguistically annotated video data collected from human signers and provided by
collaborators of at Boston University (BU). Other collaborators at Rutgers University will next
use computer vision techniques to track the facial landmarks of the humans in the videos.
Our animation platform is based on an open source software library/toolkit, EMBR [DFKI,
2012], produced by collaborators at DFKI. EMBR allows for detailed control of an
animated human character, and we are helping to extend it with standard MPEG-4 Face
Parameters [SNHC, 1998]. This project tentative research plan is summarized as follows:

•

Creating parameterized facial models based on MPEG-4.

•

Training machine-learning models based on linguistic hypotheses from BU
team for use in animation generation. Features that are critical to the timing
and intensity of facial expressions provided by the Rutgers team will be
considered.

•

Building ASL scripting infrastructure, prepopulating the infrastructure with
animated ASL signs, and creating stimuli with the assistance of native ASL
signers.

•

Designing and conducting experiments with native ASL signers to evaluate
animations based on our models.

•

Revising and retesting our hypothesized models iteratively, based on the
results of experiments with native signers.

Current Progress
Initial research conducted during the past year includes: (i) investigation of the newly
available EMBR toolkit for synthesizing the animations in this research project; (ii) software
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development, used this summer by interns at our lab to create new ASL signs; (iii) conduct
of studies on the effects Effect of presenting videos of actual human signers as a baseline
during American Sign Language animation evaluation studies with native ASL participants
[Lu and Kacorri, 2012]; (iv) familiarization with ASL and basic aspects of American Deaf
Culture.
During the summer, the lab provides summer research opportunities for deaf students
[Huenerfauth, 2010]. This summer, we worked with one undergraduate student and three
high school students who are all native ASL signers. Together, we (a) populated the ASL
animation lexicon by building new signs, (b) designed sentences/stimuli for use in
upcoming experiments, and (c) created animation for these sentences in EMBR as
experimental stimuli for the project.

Conclusions
Limitations in the grammatical-correctness and naturalness of facial expressions have held
back the understandability of ASL animations. The main contribution of this project is the
creation of high quality models of the movement of virtual humans in ASL animation. The
proposed techniques should also be applicable to animations of other sign languages.
Other contributions of this work include: (1) providing an evaluating methodology for
research studies on the understandability and naturalness of ASL animations with facial
expressions, (2) contribute with a collection of empirical data on facial expression
preferences and comprehension rates of ASL animations by native ASL signers, and (3)
give motivation for future computational linguistic work on ASL.
This material is based upon work supported in part by the US National Science Foundation
under award number 1065009.
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Abstract
There has recently been interest within the HCI community concerning both current
practices and digital tools for reminiscing. Several systems have been developed to
trigger and / or capture reminiscence content; however very little is known about the
overall process of reminiscing and few design efforts have been directed to the needs of
the elderly. For my dissertation I have investigated when and how older individuals
reminisce and am currently designing and evaluating prototype systems that can
enhance and maintain records of their reminiscing.

Motivation
Reminiscing – “the act or process of recalling the past (Butler, 1963)”- is a core activity for
any society. Research shows that the desire and practices for reminiscing can be traced
back to early civilizations where the elders of the community were responsible to know
and share the history of their community (Butler, 1995; Cruikshank, 1992). However times
have changed and the oral tradition of reminiscing has faded into an occasional telling
of stories that are heard on special occasions. This raises a clear opportunity for
investigating ways to better evoke and support reminiscing.
My research is motivated by two complementary research elements: an interest in the
human-computer interaction (HCI) needs and preferences for elderly individuals, and a
design research interest in digital tools for building legacy artifacts. Previous research has
explored systems that allow children and elders to develop oral histories (Ellis & Bruckman,
2001); that enable community members to construct an online community history (Carroll
et al., 2009; Carroll, Convertino, Farooq, & Rosson, 2012); and the creation of biographies
on DVDs to assist elders who have declining memories (Smith, Crete-Nishihata,
Damianakis, Baecker, & Marziali, 2009). However there is still relatively little known about
whether and how elders might reminisce digitally, particularly in an era when Web 2.0 has
greatly expanded options for content generation and authoring.

Statement of Problem
Current technologies for Computer Mediated Communication (CMC) are being recruited
in a piecemeal fashion for reminiscing. For example sites exist that allow individuals to
share pictures (Flickr, Facebook, Photobucket), movies (YouTube), and even details of
their daily lives (Facebook, Twitter). However none of these systems were developed
specially for reminiscing nor do any of them currently cater to storytelling and history
archiving. None of them were developed specifically with elderly populations in mind. But
these sites do offer a glimpse into some of the complexities that will need to be addressed
when creating a system for online reminiscing, including attention to the users’ prior
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knowledge and experience with technology, and privacy concerns that may emerge
when personal stories are stored online. Furthermore, while these sites support the
uploading, sharing, and annotation of a variety of electronic media, none have been
specifically developed to assist in conversion of physical media (e.g., old photos,
videotapes or other memorabilia) into a digital environment. Whereas for elderly
individuals, much of their personal histories are currently archived using more traditional
media and thus that an important aspect of support needed by a digital system will be to
make the conversion of such media into digital form as seamless as possible.
HCI research in the area of reminiscing has investigated ways to trigger and elicit
memories (Carroll, 2005; Gaver & Dunne, 1999; Hofmeester, Dunne, Gaver, Susani, &
Pacenti, 1999). For example, Pensieve is a reminiscing system that prompts users with
photos or status that they have previously posted to social networks (Cosley et al., 2009).
Palaver Tree Online (Ellis & Bruckman, 2001) was a system through which children and
elders collaborated on the creation of oral histories. Apted, Kay and Quigley (Apted, Kay,
& Quigley, 2006) developed a tabletop digital photo sharing system. Other systems have
been developed to allow individuals to document their entire life (Sellen et al., 2007) as
well as being prompted to reminisce based on old posts to social networking sites (Cosley
et al., 2009).
As the examples above show, there is growing interest within the HCI community about
people’s current practices for reminiscing and digital tools that can support reminiscing
(Cosley, Mulvenna, Schwanda, Peesapati, & Wright, 2011). My dissertation research
responds to this interest with two complementary elements: an interest in the humancomputer interaction (HCI) needs and preferences for elderly individuals and a design
research interest in digital tools for supporting reminiscing. My work will develop an
understanding of how the elderly reminisce, as well as user requirements that are tied to
the special needs of older individuals.

Research Goals and Methods
My dissertation project is directed towards the elderly with the goal of developing user
requirements for digital reminiscing systems that meet their needs. The research is being
conducted within the methodological framework of scenario-based design (SBD)(Rosson,
2002). I chose to use SBD not only because scenarios are an effective representation for
human-centered design (Rosson & Carroll, 2008), but also because stories are a simple
method for illustrating and discussing usage possibilities with elderly individuals. Thus I
intend to use participatory sessions as part of my design envisionment and refinement
process.
Another reason for using SBD is that my project will include the creation of design rationale
that analyzes and documents hypothesized consequences of central design features; in
other words, I intend to develop not just a novel software design but also a body of design
rationale that connects the system’s design to existing literature and to empirical data
gathered as part of the project. As an instance of SBD, I will be following a process that
can be divided into three phases of development.
Phase 1 – Requirements Analysis - “How do elders currently reminisce?” Before developing
a system to support digital reminiscing, I must generate an synthetic understanding of how
elderly people currently reminisce, whether in a physical setting (e.g., scrapbooks, oral
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storytelling) or using digital tools of some sort (e.g., digital photos shared via email).
Specifically, I have investigate what memories they are they sharing, as well as with
whom, why, when, where and how the sharing is done. In parallel I have explored the
design preferences and requirements for a digital reminiscing system for the elderly. I have
conducted interviews and artifact analyses, synthesizing my findings as personas that
capture key features of the elderly and problem scenarios that capture my
understanding of their current practices. From these interviews a number of themes have
emerged. For example, a system that has a minimalistic interface is collaborative and has
the ability to produce a physical artifact. A more detailed account of this preliminary work
can be found in (Thiry & Rosson, 2012).
Phase 2 – Design – “How can features of a digital reminiscing tool replicate, expand upon,
and enhance the creation of legacy artifacts by older adults?” I will use the personas and
problem scenarios resulting from phase 1, along with initial technology ideas drawn from
current systems or my own design concepts to develop new design scenarios for digital
reminiscing. These design scenarios will then be realized through multiple prototype digital
reminiscing systems. Following a scenario-based design method, these prototypes were
documented via claims analysis that connects salient design features to hypothesized
positive and negative consequences.
Phase 3 – Evaluation – “What are the actual benefits and drawbacks of the features of
the proposed in the multiple paper prototypes?” Once the claims analysis is complete, a
specific set of design scenarios and rationale will be developed to characterize the
central design features of each prototype. A user study was then conducted to
understand the benefits and consequences of the features.

Expected Contributions
I anticipate that the feature prototype systems will change reminiscing practices of the
elderly who participate in the study. In particular, I will produce findings that address not
only reminiscing practices but also more general guidelines for how to develop software
for older adults. The contributions of this research will include:
• Empirical knowledge of how older adults current reminiscing, their motivations for doing
so, and the design implications for how to translate these into and digital system.
• Design principles and paper prototype designs of features for a system that supports
older adults’ creation of legacy artifacts.
• Design rationale for such a system for the creation of legacy artifacts across multiple
domains.
• A preliminary model of legacy artifacts construction by older adults’ and the concerns
of creating digital legacy artifacts.

Conclusions
I am currently working from the initial themes that emerged in phase 1 – in combination
with an analysis of existing technologies and other findings and theories related to
reminiscing – to create personas and scenarios of elderly individuals engaged in
reminiscing as it happens now. Additionally, I am developing design requirements through
a scenario envisionment process, wherein I will work from the activity contexts provided
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by the problem scenarios to explore innovative design features that might enhance users’
experiences. In parallel with this development I am also currently working on a project
investigating how older adults use a reminiscence tool that uses a time-line metaphor for
triggering and organizing memories.

References
Apted, T., Kay, J., & Quigley, A. (2006). Tabletop sharing of digital photographs for the
elderly. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems (pp. 781–790). New York, NY, USA: ACM.
Butler, R. N. (1963). The life review: an interpretation of reminiscence in the aged.
Psychiatry, 26, 65–76.
Butler, R. N. (1995). Foreword: The Life Review. In The Art and Science of Reminiscing:
Theory, Research, Methods, and Applications (pp. xvii–xxi). Taylor & Francis.
Carroll, J. M. (2005). The Blacksburg Electronic Village: A Study in Community Computing.
In P. Besselaar & S. Koizumi (Eds.), Digital Cities III. Information Technologies for
Social Capital: Cross-cultural Perspectives (Vol. 3081, pp. 43–65). Springer Berlin
Heidelberg.
Carroll, J. M., Convertino, G., Farooq, U., & Rosson, M. B. (2012). The firekeepers: aging
considered as a resource. Universal Access in the Information Society, 11(1), 7–15.
Carroll, J. M., Rosson, M. B., Van Metre, C., Kengeri, R., Kelso, J., & Darshani, M. (2009).
Blacksburg Nostalgia: A Community History Archive. In A. Sasse & C. Johnson (Eds.),
INTERACT 1999: Seventh IFIP Conference on Human–Computer Interaction.
Amsterdam: IOS Press/International Federation for Information Processing (IFIP).
Cosley, D., Akey, K., Alson, B., Baxter, J., Broomfield, M., Lee, S., & Sarabu, C. (2009). Using
Technologies to Support Reminiscence. In Proceedings of the 23rd British HCI Group
Annual Conference on People and Computers: Celebrating People and
Technology (pp. 480–484). Swinton, UK: British Computer Society.
Cosley, D., Mulvenna, M., Schwanda, V., Peesapati, S. T., & Wright, T. (2011). Bridging
Practices, Theories, and Technologies to Support Reminiscence. In CHI ’11
Extended Abstracts on Human Factors in Computing Systems (pp. 57–60). New
York, NY, USA: ACM.
Cruikshank, J. (1992). Life Histories and Life Stories. In J. Cruikshank (Ed.), Life Lived Like a
Story: Life Stories of Three Yukon Native Elders (pp. 1–20). University of Nebraska
Press.
Ellis, J. B., & Bruckman, A. S. (2001). Designing Palaver Tree Online: Supporting Social Roles
in a Community of Oral History. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (pp. 474–481). New York, NY, USA: ACM.
Gaver, W., & Dunne, A. (1999). Projected Realities: Conceptual Design for Cultural Effect.
In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(pp. 600–607). New York, NY, USA: ACM.
Hofmeester, K., Dunne, A., Gaver, B., Susani, M., & Pacenti, E. (1999). A Modern Role for
the Village Elders. In CHI ’99 Extended Abstracts on Human Factors in Computing
Systems (pp. 43–44). New York, NY, USA: ACM.
PAGE 27

SIGACCESS NEWSLETTER, ISSUE 105, JAN. 2013

Rosson, M. B. (2002). Usability Engineering: Scenario-Based Development of HumanComputer Interaction (1st ed.). San Francisco: Academic Press.
Rosson, M. B., & Carroll, J. M. (2008). Scenario-Based Design. In The Human-Computer
Interaction Handbook: Fundamentals, Evolving Technologies, and Emerging
Applications (pp. 1042–1060). CRC Press.
Sellen, A. J., Fogg, A., Aitken, M., Hodges, S., Rother, C., & Wood, K. (2007). Do LifeLogging Technologies Support Memory for the Past?: an Experimental Study Using
Sensecam. In Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems (pp. 81–90). New York, NY, USA: ACM.
Smith, K. L., Crete-Nishihata, M., Damianakis, T., Baecker, R. M., & Marziali, E. (2009).
Multimedia Biographies: A Reminiscence and Social Stimulus Tool for Persons with
Cognitive Impairment. Journal of Technology in Human Services, 27(4), 287–306.
Thiry, E., & Rosson, M. B. (2012). Unearthing the Family Gems: Design Requirements for a
Digital Reminiscing System for Older Adults. In CHI ’12 Extended Abstracts on
Human Factors in Computing Systems (pp. 1715–1720). New York, NY, USA: ACM.
About the Author:

Elizabeth Thiry is a Ph.D. Candidate in Information Sciences and
Technology at the Pennsylvania State University studying HCI with a
focus on user experiences and interface design for distinctive
communities and purposes. Her research focuses on old adults
reminiscing and the creation of digital legacy artifacts for future
generations. She has also conducted research by creating an online
supportive community for young women to explore computer science
as a career choice and investigated scientific collaboration
communities and online dating communities.

PAGE 28

SIGACCESS NEWSLETTER, ISSUE 105, JAN. 2013

Towards Human-Centered Optimization of
Mobile Sign Language Video Communication
Jessica J. Tran

Electrical Engineering | DUB Group
University of Washington
Seattle, WA 98195 USA
jjtran@uw.edu

Abstract
The mainstream adoption of mobile video communication, especially among deaf and
hard-of-hearing people, is heavily reliant on cellular network capacity. Video compression
lowers the rate at which video content is transmitted; however, intelligibility may be
sacrificed. Currently, there is not a standard method to evaluate video intelligibility, or a
good communication model on which to base evaluation. I am developing a better
theoretical model, the Human Signal Intelligibility (HSI), to evaluate intelligibility of lowered
video quality for the purpose of reducing bandwidth consumption and extending cell
phone battery duration. The goal of my dissertation is to advance mobile sign language
video communication so it does not rely on higher cellular network bandwidth capacities.
I will conduct this work by (1) identifying the components in the HSI model that make up
intelligibility of a communication signal and separating those from the comprehensibility
of a communication signal; and (2) using this model to identify how low video quality can
get before the intelligibility of video content is sacrificed. Thus far, I have evaluated the
use of mobile video communication among deaf and hard-of-hearing teenagers;
developed two new power-saving algorithms; and quantified battery savings and
evaluated user perception when those algorithms are applied.

Introduction
Mobile video is becoming a technology of choice for communication among deaf and
hard-of-hearing people in the United States because their native language is American
Sign Language (ASL), which is a visual language. Most major U.S. cellular networks no
longer provide unlimited data plans, or are throttling down network speeds in response to
high data consumption rates. This limits mainstream adoption of mobile video
communication because video users consume network bandwidth faster than average
data users. Currently, cellular phone companies do not subsidize the extra cost of mobile
video communication used by deaf and hard-of-hearing people.
The goal of my dissertation research is to use video compression algorithms to reduce
bandwidth consumption and increase battery duration for mobile sign language video
communication. My research will answer how low video quality can get in terms of bitrate
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and frame rate before intelligibility is compromised, and will quantify how much battery
life can be extended. These findings will make mobile video communication more
accessible while providing intelligible content, reducing bandwidth consumption, and
extending cell phone battery life.

Related Work
Measuring human intelligibility and comprehension of a signal (audio or video) is
challenging because it relies on multiple factors such as common ground [4]; signal
quality; and the environment in which signals are transmitted. Researchers have
attempted to link higher objective signal quality to greater intelligibility of content,
assuming that the user has sufficient knowledge and perception abilities for
comprehension [3,5]. One such measure of signal quality is peak signal-to-noise ratio
(PSNR), which measures quality of image reconstruction after lossy compression. Thu and
Ghanbari [10] have demonstrated that PSNR is a reasonable measurement when used
across the same content; however, PSNR may not necessarily reflect comprehension,
which is most important for sign language communication. Other researchers have
focused on measuring signal intelligibility with the intent that if one finds the signal
intelligible, then comprehension of content may follow [6,7]. Often human intelligibility
and comprehensibility are used interchangeably to validate signal quality. Furthermore,
existing communication models only focus on the communication channel itself [9]
without considering the environment or the human sender and receiver. Models that
have attempted to do so have been poorly defined and do not clearly identify the
components of video intelligibility and comprehensibility [1,2].

Proposed Solution
A clear theoretical model designed for evaluating signal intelligibility and signal
comprehensibility is lacking. I am developing a better theoretical model, the Human
Signal Intelligibility (HSI), which distinguishes the components of signal intelligibility from
signal comprehensibility for evaluating communication signals. The HSI model will (1)
extend Shannon’s theory of communication [9] to include the human and environmental
influences on signal intelligibility and signal comprehensibility, and (2) identify the
components that make up intelligibility of a communication signal and separate those
from the comprehensibility of a communication signal as demonstrated in Figure 1.
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Figure 1: Block diagram of the Human Signal Intelligibility Model. Note that the
components comprising intelligibility is a subset of signal comprehension.
The distinction between signal intelligibility and signal comprehension is important
because signal intelligibility does not imply signal comprehension. Intelligibility depends on
signal quality, specifically how the signal was captured, transmitted, received, and
perceived by the receiver. Comprehension relies on signal quality and the human
receiver having prerequisite knowledge to process the information. In the HSI model, the
components that comprise intelligibility are a subset of the components that comprise
comprehension. Identifying where intelligibility breaks down is important to determine how
much video quality can be reduced. For the purpose of this work, I will focus on mobile
sign language video.
Motivated by the HSI model, I will investigate how low sign language video quality can
get before intelligibility is sacrificed. Specifically, I will reduce the frame rate and bitrate at
which video is transmitted because these directly impact bandwidth consumption and
the battery power needed to capture, transmit, and receive video.

Progress and Future Work
My Master’s work created two new power saving algorithms; quantified battery savings;
and evaluated user perception when those algorithms were applied [11,13]. The major
finding was that the algorithm that extended the battery life the most (reducing both the
frame rate and the frame size of video content) resulted in the least amount of perceived
changes in video quality. I have also led a pilot field study with deaf and hard-of-hearing
teenagers investigating use of an experimental smart phone application, MobileASL, that
transmits video at extremely low bandwidths [8]. My colleagues and I found that mobile
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video communication was preferred over text messaging; however, participants
expressed that the short battery life limited their use of the technology. This and other
findings further motivate the need for longer battery duration for successful mobile video
communication.
Future work will conduct a full factorial mixed-methods study to investigate how lowering
video quality by reducing the rate at which video is transmitted (specifically, bitrates of
15, 30, 60, 120 kbps and frame rates of 1, 5, 10, 15 fps) will impact intelligibility of sign
language video and resource consumption. In a web study, I anticipate finding two
specific frame rate and bitrate pairs: one where video quality begins to affect intelligibility
too negatively and one where increasing resource allocation no longer provides
significant gains (i.e., a point of diminishing returns). The laboratory study will use a subset
of parameter settings between these frame rate and bit rate pairs to evaluate
intelligibility. In pairs of two, participants will be video recorded signing to each other over
MobileASL at lowered video qualities. In post analysis, intelligibility will be measured by
counting the number of repair requests; average number of turns associated with repair
requests; and the number of conversational breakdowns. Finally, battery life will be
quantified once transmission rates are known.

Contributions
I foresee my research contributing to effective mobile sign language video
communication and to the theory of video signal intelligibility and signal comprehension.
This work builds on my prior work presented at ASSETS 2010 [11] and ASSETS 2011 [12],
which demonstrates the continued importance of making mobile communication more
accessible to everyone.

Goals for the Consortium
My proposed dissertation research was approved by my thesis committee in June 2012.
Although the main goals are set, there is much to be determined in the specifics of the
study design such as how to control variables that make up the HSI model, and how to
measure the effects of varied video quality on intelligibility. Validation of the HSI model is
reliant on my proposed web and laboratory studies. Feedback on the HSI model and
learning of best practices for the study design will increase the validity and model
robustness. From the DC, I would like to explore future directions and applications of the
Human Signal Intelligibility model.

Conclusion
While I have made progress in my dissertation research, I believe the ASSETS 2012 Doctoral
Consortium is the ideal community to present the Human Signal Intelligibility model and
empirical study designs. I am eager to receive feedback to make the model more robust;
meet fellow researchers in the accessibility field; and contribute to thoughtful discussions.
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Abstract
Best practices in accessibility are usually implemented, both on a technical and linguistic
level, during the preliminary phases of the web development cycle. However, when a
web site needs to be made multilingual, the transfer of textual accessibility becomes an
imperative task during the localization (i.e. translation and adaptation) process. This
research focuses on how localizers can obtain a degree of linguistic accessibility in the
target-language web site comparable to that achieved in the source one, especially
regarding text alternatives for visual content. Our ultimate goal is to develop a
methodology through which expert and automated evaluation practices are merged by
means of a controlled-language checker for Spanish and English web content.

Introduction
The World Wide Web Consortium (W3C) launched the "Web Accessibility Initiative (WAI) in
1997 to promote and achieve Web functionality for people with disabilities. They
published the seminal Web Content Accessibility Guidelines (WCAG) as a
Recommendation in 1999, and version 2.0 in 2008, with significant additions and
redefinitions [2]. This key document is structured around four principles of accessibility
(webs must be Perceivable, Operable, Understandable and Robust –the POUR principles),
twelve guidelines to help implement these principles, and 61 different testable success
criteria, in order to determine the degree to which each guideline is met
(http://www.w3.org/TR/WCAG/).
In this context, what happens when a website needs to be made multilingual? Are
internationalization standards enough to achieve the same degree of accessibility in both
source and target web products? Internationalization aims at making a product ready to
work in a different environment with different users, a definition that also applies to
accessibility, where an “original” product should be made to work properly on any
assistive technologies, for functionally diverse users. However, “as a language” or
“culture” [5], accessibility also needs to be transferred (the content must also be
adequately accessible on the target side), and accommodated not only to the local
variants, but also to the local (social, legal...) context and reality. At the same time,
accessibility approaches have proved to help with localizability [3], since that “language”
that needs to be translated, particularly the more cultural and linguistic (communicative)
aspects of it, appears more transparent and better structured to the localization
professional, thus facilitating the process.
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Current Scenario
The first conclusions drawn from one of the studies conducted by Ultan Ó Broin [5] place
emphasis on the existence of common interests between localization and accessibility,
such as the linguistic and extra-linguistic processing of images and multimedia content, or
the production of clear and understandable text for all. Similarly, Gutiérrez y Restrepo and
Martínez Normand [1] presented the WACG 2.0 requirements that, on the basis of their
extensive work experience with web accessibility and technical translation, they believed
to be most relevant for web content localization. However, no further information is given
regarding how localizers can achieve the correct level of accessibility in the target
product and how to assess the degree of success obtained.
From a linguistic point of view, the vagueness of language-related accessibility
techniques has influenced their evaluation, including the definition of linguistic patterns to
be recommended or avoided. Consequently, web evaluation tools present important
limitations concerning language accessibility, not only in terms of the depth and
completeness of the analysis carried out, but also regarding the transparency of the
results, since the production of error messages by the accessibility checking software
often prevents the evaluator to know whether an important aspect has been omitted in
the process. Current accessibility checkers mainly focus on making sure alternative or
simpler representations exist for components that can only be perceived, operated upon
and understood by means of particular sensory capacities or intellectual conditions [6];
for instance, they look for the presence of text alternatives for visual-only content such as
images. During the localization process, images are given special attention, as they
complement or substitute information conveyed in the text [7], and often need to be
adapted to the target audience. However, localization in general and localizers in
particular have shown little awareness of accessibility matters, and lack of specialized
knowledge could result in undesired loss of accessibility. We believe, therefore, that further
research is needed in order to help localizers identify not only the existence of text
alternatives, but also its correctness, based on accessibilitybased and language-specific
lexical, syntactic and pragmatic formalizable rules [4].

Solutions Proposed
Broadly, our research aims at complementing current Translation-Oriented Localization
Studies with an innovative accessibility-based localization approach, by means of an
evaluation methodology based on controlled-language rules integrated in a content
authoring tool.

General objectives
-

Development of a new theoretical proposal based on the concept of
“intercommunity translation” and its specific application in the context of new
technologies.

-

Implementation of a new linguistic approach based on semiotics and communicative
value [8] to help localizers to analyze the accessibility needs of web content.

-

Creation of an automated testing model of web verbal content in a multilingual
context.

Specific objectives
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-

Study of language as an accessibility barrier in web design and localization.

-

Presentation of web localization as a form of accessibility and mediation between
user communities.

-

Definition of existing techniques for developing accessible web verbal content.

-

Improvement of current linguistic accessibility techniques and formalization of
accessible linguistic patterns in Spanish and English.

-

Development of Human-Oriented Controlled Language (HOCL)-based rules to
automatically validate linguistic accessibility of textual alternatives for images in
multilingual EN-ES websites.

-

Establishment of the level of manipulation executed by the localizer in order to make
web pages accessible (study of the role of the translator specialized in localization as
an author and a web content developer).

Expected Results and Future Impact
Theoretical Contribution
On one hand, the results of this piece of research would allow us to establish a new
methodological approach in the teaching of localization techniques. Knowledge on
accessibility would offer the localizer a perspective which is more akin to translation
concerns, as it deals more with the way communication (and interaction) can be
adjusted so that particular users can make the best use of it. By incorporating accessibility
into the localization curriculum, we are improving the chances for a broader participation
of the localizer in the whole development cycle too, and given the similarities between
both activities, knowledge and awareness of each one of them would certainly benefit
the other.
On the other hand, our research findings would also benefit the industry of localization,
both current and potential professionals, since they would be able to combine different
linguistic, cultural, social and technical approaches in their jobs. These would contribute
to optimize localization services, reduce costs of adaptation and adjustment of linguistic
and extra-linguistic content in translation and web accessibility projects, and achieve
greater efficiency and effectiveness.

Practical Contribution
From a web accessibility evaluation perspective, the development of a linguistic
accessibility validator through different NLP modules would bridge the current gap faced
by accessibility human and automated evaluators when dealing with language-related
issues, particularly in the case of text alternatives for visual content. This would contribute
to the improvement of current automated techniques, as well as benefit both experts and
non-experts on linguistic accessibility during the web assessment process, since our
proposed solution not only would identify inexistent or successfully implemented
accessible linguistic patterns, but also provide hints on the communicative value
embedded in those patterns and the images they describe.

PAGE 36

SIGACCESS NEWSLETTER, ISSUE 105, JAN. 2013

References
[1] Gutiérrez y Restrepo, E. & Martínez Normand, L. (2010). ‘Localization and web accessibility’.
In Revista Tradumàtica, n.8. [online], available: http://bit.ly/W5tBbI [accessed 6 Dec 2012].
[2] Harper, S. & Yesilada, Y. (2008). Web Accessibility: A Foundation for Research. London:
Springer.
[3] Ishida, R. (2007). ‘Hints for Designing International Web Pages’. W3C, available:
http://bit.ly/TPEYTF [accessed 6 Dec 2012].
[4] O’Brien, S. (2003). ‘Controlling Controlled English: An analysis of several controlled
language rule sets’, in Proceedings of EAMT-CLAW-03, Dublin, Ireland, 15-17 May 2003, 105-114
[online], available: http://bit.ly/14yupm [accessed 4 Jun 2012].
[5] Ó Broin, U. (2004). ‘Accessibility is just another language’. In Multilingual Computing and
Technology (Idaho: Multilingual Computing, Inc.), Volume 15/3, 17-20.
[6] Rodríguez Vázquez, S. & Torres del Rey, J. (2012). ‘A communicative approach to evaluate
web accessibility localisation using a controlled language checker: the case of text
alternatives for images’. In Localisation Focus. The International Journal of Localisation.
Volume 11/1, 27-39.
[7] Tercedor Sánchez, M. et al. (2009). ‘Images as part of technical translation courses:
implications and applications’. Journal of Specialised translation, 11, available:
http://bit.ly/QZlUQr [accessed 7 Dec 2012].
[8] Winograd, T. & Flores, F. (1986). Understanding Computers and Cognition. A New
Foundation for Design. Norwood, New Jersey: Ablex.
About the Author:
Silvia Rodríguez Vázquez works as a professional translator for different
UN agencies and, at the same time, is pursuing a Joint Doctoral Degree
in Multilingual Information Processing and Translation and Intercultural
Mediation at the University of Geneva, Switzerland, and the University of
Salamanca, Spain, respectively, advised by Dr. Pierrette Bouillon and Dr.
Jesús Torres del Rey. With a background in localization and translation
technologies, Silvia’s PhD aims at providing a new localization strategy
based on the use of linguistic software to help improving the transfer of
textual accessibility during the localization process.

PAGE 37

SIGACCESS NEWSLETTER, ISSUE 105, JAN. 2013

Semantic Disambiguation of Non-Syntactic and
Continuous Motion Text Entry for AAC
Karl Wiegand

Northeastern University
360 Huntington Ave
Boston, MA 02115, USA
wiegand@ccs.neu.edu

Abstract
Many people with severe speech impairments use icon-based augmentative and
alternative communication (AAC) systems. These systems typically present users with
hierarchical arrays of icons that are sequentially selected to construct messages, which
are then voiced by text-to-speech (TTS) engines. For the people who use these systems, it
is important that the message construction task be fast and physically comfortable;
unfortunately, current systems are often slow and require repetitive physical movements
that are fatiguing. The current work aims to examine three main assumptions that are
commonly made during the design of icon-based AAC systems. These assumptions may
contribute to design decisions that place the major burden of work on the user rather
than the system. This work aims to remove these assumptions from the design process and
address the resulting problems with a systematic set of algorithms and design
approaches. By mitigating the need for these fundamental design assumptions, it may be
possible to shift work from the user to the system and allow for faster, less fatiguing
communication. The removal of some of these assumptions may also enable future
innovation in the field of icon-based AAC, and AAC in general, especially when
leveraging continuous modalities, such as brain waves.

Background
Many individuals with speech impairments severe enough to preclude spoken
communication also have physical impairments that limit the use of sign language or
written forms of communication (Matas et al, 1985; Light et al, 2003). Alternative and
augmentative communication (AAC) systems are the primary way for these individuals to
communicate. Although letter-based AAC systems allow for fully generative utterances,
icon-based AAC systems are advantageous because they have the potential to increase
message construction speed (Todman et al, 1994). They are also useful for non-native
speakers and people with limited or emerging literacy skills (Beukelman & Mirenda, 2006).
Within the scope of this document, the term “icons” will be used to refer to both icons and
words. Similarly, the term “icon-based AAC” will be used to refer to AAC systems that
primarily use icons or words. Many such systems provide users with the option of displaying
any combination of icons and associated labels.
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Motivation
Current icon-based AAC systems are often designed with three assumptions, which may
be enforced to varying degrees during the design process:
1. Syntactic Order: Users will select icons in the syntactically correct order of the
target language;
2. Intended Set: Users will select exactly the icons that are desired, no fewer or more;
and,

3. Discrete Entry: Users will make discrete movements or selections, either physically or
with a cursor.

Syntactic vs. Non-Syntactic Order
Evidence of the Syntactic Order assumption can be seen when an AAC system outputs
an utterance that is not syntactically correct in the target language, but preserves the
order of the icons that were selected by the user. For example, if a user selected
“hamburger,” “I,” and “want,” such a system might output “hamburger I want” instead of
“I want hamburger,” which follows the active voice, subject-verb-object syntax of
American English. Detecting semantic ambiguity becomes a problem when icons are
selected in non-syntactic order. Some verbs, especially the semantic frames containing
those verbs, are non-directional with regard to their subjects and objects. For example,
the utterance “X is near Y” is roughly equivalent in meaning to “Y is near X.” Other verbs,
however, are directional, and the meaning of an utterance containing such a verb can
change dramatically by switching the subject and object. For example, the utterance “X
likes Y” has a different meaning and different implications than “Y likes X.”
The Syntactic Order assumption is problematic for a number of reasons. First, there is
evidence that users do not always select icons in syntactic order (Van Balkom & Welle
Donker-Gimbrere, 1996). This may be because of motor impairments, which often
accompany speech impairments, that make it difficult for users to make complex or
repetitive movements with their hands and arms. Second, communication with AAC
devices is slow (Todman, 2000; Wolpaw et al, 2002; Muller & Blankertz, 2006) and one way
to increase communication speed is to minimize the distance the user's hand or cursor
travels on the screen. Minimizing this distance may involve selecting icons in non-syntactic
order, depending on the layout of the interface. Third, many users may have limited or
emerging literacy skills in the target language, making them unfamiliar with all of its
syntactic rules. Finally, there are social implications when listeners detect incorrect syntax
in generated speech.

Subset and Superset Selection
The Intended Set assumption is often absent from the design of letter-based text entry
systems, especially for non-AAC users and especially on mobile devices. Such systems
often account for scenarios in which the user types fewer letters than desired, exactly the
letters desired, or more letters than desired. All of these scenarios can be addressed with
dictionary-based strategies in a letter-based system; however, there are not currently any
such strategies for icon-based systems. In icon-based AAC systems, removing the
assumption of Intended Set results in two problems: (1) subset completion, in which the
user has selected a subset of icons in the desired utterance and the system is tasked with
providing the missing icons; and (2) superset pruning, in which the user has selected more
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icons than desired and the system is tasked with removing the undesirable icons.
Currently, most systems provide the user with methods of adding and removing words
from the utterance before it is finalized; however, there are currently no automated
strategies for detecting highly unlikely selections (i.e. supersets) and there are only a few
automated strategies for detecting possible missing selections (i.e. subsets).
Current strategies for subset completion focus on missing function words, such as
prepositions and conjunctions (McCoy et al, 1998; Van Den Bosch, 2006). These strategies
avoid semantically salient words and often operate under the Syntactic Order assumption
(Van Den Bosch & Berck, 2009). Requiring exact selections implies that there is no
prediction or auto-correction, both of which are functions commonly available to nonAAC systems. Without prediction, AAC users face the problem of slow message
construction, which is especially relevant for real-time interaction. Without autocorrection, AAC users with fine motor impairments are burdened with the task of trying to
avoid accidental selections.

Discrete Entry vs. Continuous Motion
While Intended Set specifies that users will select only the desired icons, Discrete Entry
describes how those selections will be made: by a series of discrete movements from one
desired icon to another desired icon. These movements are often executed via a cursor
that is manipulated physically, such as with a finger, hand, or eye; however, research has
been conducted on other ways of manipulating an on-screen cursor, including vowel
sounds (Guenther et al, 2009; Brumberg et al, 2010) or brain waves (Wolpaw, 2007). The
assumption of Discrete Entry implies that the path of the cursor between desired icons is
irrelevant to the selection of those icons. While it may be tiresome and sub-optimal for
users with motor impairments to perform combinations of moving and clicking, such as
with a mouse, the Discrete Entry assumption has not traditionally been a major factor in
communication speed. Recent work, however, has produced letter-based text entry
systems that do not make the Discrete Entry assumption; instead, these systems allow
continuous motion, shifting the burden of disambiguation from the user to the system
(Goldberg, 1997; Rashid & Smith, 2008). This type of work has demonstrated commercial
success, especially on mobile platforms and for non-AAC users (Kushler & Marsden, 2008).
Because of this recent progress, it is possible that removing the assumption of Discrete
Entry for AAC systems may allow for advancement in the areas of usability, mobility, and
communication speed. In particular, the use of continuous motion may relieve the
physical burden faced by AAC users with motor impairments. Additionally, support for
continuous motion as a new type of input modality may allow for stronger integration with
input mechanisms that are naturally continuous, such as vowel sounds, brain waves, or
electro-muscular signals.

Proposed Solutions
Some work has been done in the area of non-syntactic message construction (Patel et al,
2004), especially using a verb-first approach in combination with semantic frames. We
have expanded on this work recently by demonstrating that semantic frames provide a
viable approach to non-syntactic message construction, even when allowing users to
change the verb during message construction (Wiegand et al, 2010). This work, called
RSVP-iconCHAT (Figure 1), is currently being integrated with a brain-computer interface
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intended for users with locked-in syndrome, and we intend to supplement this work with ngram statistics for determining syntactic order.

Figure 1:Screenshot of RSVP-iconCHAT creating the sentence "Boy brushing his teeth."

We have provided evidence that it is not only possible to suggest semantically salient
words in a subset completion scenario, but that accurate suggestions can be made
without assuming a prescribed order for the input words (Wiegand & Patel, 2012). We
have also recently developed a related approach for accurately pruning supersets of
icons, also without assuming syntactic order. Our approach uses sentence-level cooccurrence supplemented by semantic frames to determine statistical outliers during
message construction. The viability of this work will be shown via performance, accuracy,
and coverage tests on corpora representing the types of messages currently constructed
by AAC users, as well as corpora representing the types of messages AAC users would
ideally like to construct.

Figure 2: Screenshot of SymbolPath creating the sentence "I need more coffee."

We have recently completed a prototype icon-based AAC system that demonstrates the
removal of all three design assumptions presented in this paper. This work takes the form
of an overlay system that may be integrated with existing icon-based AAC devices,
allowing for continuous motion input of superset selections in non-syntactic order
(Wiegand & Patel, 2012). This work, called SymbolPath (Figure 2), will be tested with

PAGE 41

SIGACCESS NEWSLETTER, ISSUE 105, JAN. 2013

current AAC users in a variety of configurations. The results will be used to help quantify
the benefits to users of addressing each of the three common assumptions: Syntactic
Order, Intended Set, and Discrete Entry.
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