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A Note from the Editor 

 

Dear SIGACCESS member: 

Welcome to the January issue of the SIGACCESS 

newsletter. The eleven articles included in this 

issue report the research work of the students 

who attended the ASSETS 2011 doctoral 

consortium. An overview of the doctoral 

consortium was written by Clayton Lewis and 

Faustina Hwang, the co-chairs 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 

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. 

Material may be reproduced from the 

Newsletter for non-commercial use with 

credit to the author and SIGACCESS. 

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 2011 Doctoral Consortium 

 

The ASSETS 2011 Doctoral Consortium was held at the School of Computing, University of 

Dundee, Scotland on Sunday, October 23, 2011, the day before the ASSETS conference.  

Participating in the DC were 11 PhD students studying in 6 different countries, and a panel 

of experienced researchers comprising Jeff Bigham (University of Rochester), Peter Gregor 

(University of Dundee), Faustina Hwang (University of Reading), Clayton Lewis (University of 

Colorado), and Shari Trewin (IBM T. J. Watson Research Center). Faustina Hwang and 

Clayton Lewis served as co-chairs and organizers of the event.  

The event provided an opportunity for the doctoral students to present their research, 

pose questions for discussion, and to receive feedback on their work from peers and the 

faculty panelists.  The feedback and discussions were highly-animated and covered a 

diverse range of topics; they examined the students‘ research scope and direction, 

provided pointers to related work, considered their research methodologies, and offered 

encouragement for taking the work forward.  The day also included a session dedicated 

to addressing questions the students had with respect to career options and planning.  

The day concluded with a relaxed meal and a taste of Dundee‘s local hospitality. 

For the three days that followed, 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. 

Feedback from the Doctoral Consortium participants included: 

―The DC has really been helpful in seeing what points other people are looking for to be 

addressed... I‘ve realized that I need to focus on and define my evaluation methods quite 

concretely.‖ 

―The DC allowed me to gain confidence in my subject by getting feedback. It was useful 

to hear other research going on and apply ideas and feedback to my own.‖ 

―Feedback definitely will help me scope and refine the presentation of my work.‖ 

―I received some really good ideas that will hopefully make my dissertation more 

successful and actually easier to complete as well as more impactful.‖ 

―The opportunity for networking with peers was terrific, and I can see these new friends as 

potential future colleagues.‖ 

―I liked the opportunity to mingle with and meet other DC participants and panel 

members.‖ 

―The feedback that I have received during the DC and from the other attendees of 

ASSETS will be crucial to focus the goal and the methodology of my PhD thesis.‖ 

―I better understand the constraints I need for my dissertation.‖ 

 The ASSETS 2011 Doctoral Consortium was funded by the National Science Foundation, 

Grant Number IIS-1132409. 
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Evaluating auditory graphs  
with blind students in a classroom 

Benjamin K. Davison 
Georgia Institute of Technology 

654 Cherry St., Atlanta, GA 30305, USA 

davison@gatech.edu 

Abstract 

Graphs are an important part of mathematics education. 30 years of auditory graphs 

research has led to a better understanding of their potential. However, questions remain 

about the effectiveness of auditory graphs in a classroom setting. I will be defining success 

criteria for a system based on graphing problems from an introductory high school math 

class. These criteria will shape the development and evaluation of an auditory graphs 

system. 

Introduction 

Graphing is a major portion of primary and secondary mathematics education. A quick 

examination at the Georgia Performance Standards (GPS) mathematics curriculum shows 

graphing as part of about 10-20% of the curriculum items in elementary, middle, and high 

school. Blind students cannot see visual graphs, so they require different formats to access 

materials. Tactile graphics are typically used today. However, tactile graphics are not 

compatible with computers, require braille reading skills, and are not used in later 

employment environments. 

Auditory graphs are electronically rendered and are often based on the same data that 

would make a visual graph. They also do not require braille reading skills. While the past 30 

years of auditory graphs research has created interesting findings in auditory displays, 

accessibility, and cognitive models, we still do not know how to be compatible with a 

school‘s curriculum, testing constraints, teachers, or students. Auditory graphs software 

already available at United States schools for the blind do not allow blind students to 

create or evaluate graphs in a way that could be used in class or on a test. 

My dissertation explores how to use auditory graphs in a high school classroom at a local 

school for the blind. I will find the graphing goals and operations taught in the first math 

course at the school for academic-track, visually impaired high school students, 

Mathematics 1A. I will then build and evaluate a tool that provides some of these 

operations and goals to blind students. My work is primarily concerned with blind students, 

which I define as students who use tactile graphics at a school for the blind. 

Related Work 

Initial studies in auditory graphs were motivated as an assistive technology for the blind 

[3]. Early results showed blind and blindfolded participants perform similarly with auditory 

graphs and tactile graphs with the tasks of identifying slope, shape, monotonicity, 

convergence, and symmetry [3]. A review of the more basic research is outside of the 

scope of this paper; I will only mention the results of lines of auditory and multimodal 
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research have led to the development of many graphing tools, including IC2D [2], Graph 

Builder [4], and the Sonification Sandbox [1]. 

Evaluation has remained largely outside of the classroom with two notable exceptions. 

Upson explored how sighted students could use auditory graphs (SoundGrid) in an after-

school setting [7]. Students reacted positively to the tool, but the study did not have a 

meaningful quantitative evaluation. Rassmus-Grohn‘s thesis evaluates an audio-haptic 

system with blind students in an after-school setting [6]. The students created maps with 

the AHEAD software and had positive comments about the system in interviews. 

The works of Upson and Rassmus-Grohn are a useful starting point, but they each are 

missing an underlying curriculum or problem set, a definition of success criteria, and 

quantitative results demonstrating effectiveness. Also, in education, there are often 

specific constructs that need to be evaluated; changing the operation in certain ways 

may lead to testing something other than what was intended (more on testing 

accommodations can be found in [5]). This could lead to the technology not being used 

on tests or in class. In other words, creating a solution before knowing the initial ways 

people do the problem may lead to programs that cannot be used in a class, either 

because students can‘t do the problem, or because they provide too much support or 

scaffolding for the problem. 

Proposed Solution 

I propose that auditory graphs are an acceptable alternative to visual and tactile graphs 

for blind high school students in terms of curriculum compatibility, student performance, 

and teacher satisfaction. My target population is high school students entering 

Mathematics 1A for the 2011-2012 school year at a nearby residential school for the blind. 

Mathematics 1A covers graphing topics on a Cartesian plane, including plotting points; 

drawing and interpreting linear, parabolic, and absolute value functions; and creating 

best fit lines. I have the following research questions: 

R1. What graphs and graphing problems are used in high school mathematics textbooks? 

R2. What steps are conducted to solve graphing problems?  

R3. What auditory graph alternatives can be used to replace the traditional steps? 

R4. What impact do auditory graphs have on classroom learning? 

R5. What impact do auditory graphs have on student performance on an examination? 

R1 and R2 identify the problems and the steps needed to complete the problems. This 

process starts by capturing graphing examples from the Mathematics 1 textbook. I will 

then identify the goal or goals of the problem (such as ―plot points from a table‖). Each 

goal will then be broken down into a series of steps or operations. These operations are 

then compared with task analyses from teachers and blind students doing the same 

graphs. 

R3 concerns the actual creation of the parts and whole of the auditory graph alternative. 

My approach is to first create alternative operations which can be run on a typical 

laptop, without any visuals necessary for the user, and follow the construct in the original 

operation. Once the tool is created, it will be evaluated through a cognitive walkthrough. 



 

PAGE 6                                                                                     SIGACCESS NEWSLETTER, ISSUE 102, JAN. 2012 

We will verify similar operations as the tactile graphics by creating a task analysis based 

on blind students using the new tool. We will also look for new operations uncovered in the 

course of students using the tool in a classroom situation (such as asking others about the 

right answer). 

R4 and R5 evaluate the tool in terms of classroom and performance impact. We will 

observe the time it takes to complete problems in the class. I will also collect feedback 

from teachers concerning the effectiveness in class. Finally, blind, low vision, and sighted 

students will do a Mathematics 1 graphing examination with visual, tactile, and auditory 

graphs. 

Accessible graphs for education must also be compatible with a classroom situation. My 

mixed methods approach has the following contributions to accessibility research: goal 

and operation criteria for accessible graphs in a high school classroom, classroom impact 

of auditory graphs, and performance impact of auditory graphs. 

Stage of Research 

R1 and R2 are currently being explored. Further operation evaluation (R2) will be 

conducted through the end of 2011. 

The Mathematics 1A schedule at the school for the blind for the 2011-2012 school year has 

three blocks of graphing, starting in September, December, and April. These will act as 

iteration deadlines for R3. After an iteration is complete, it will be used at the GAB at least 

two times per month, either in class or after school. These sessions will answer R4, 

classroom impact. System building will be simplified with the use of an existing graphing 

toolkit extended from the Sonification Sandbox [1]. 

I expect to conduct the final examinations (R5, performance impact) in May-August 2012. 

I then expect to defend my dissertation in December 2012. 

Committee Contributions 

The ASSETS doctoral consortium committee assisted me with many aspects of my 

research. I was at a key point at the second half of 2011: at the point of dissertation 

proposal. I was in the middle of this work in October, and feedback about related work, 

methods, analysis, and presentation will directly affect the quality of the work I can bring 

to the ASSETS and larger communities.  

The ASSETS committee made the following valuable suggestions. 

1. Don’t get caught up in testing accommodations. Focus on allowing blind students to 

do the graphing tasks in a manner similar to sighted users, but don’t prove it. 

2. When analyzing the examinations, focus on confidence intervals instead of 

statistical significance. In this evaluation, it is acceptable to have equal mean 

averages, which cannot be proved with a t-test. 

3. Recognize the usefulness of existing tactile graphics, while still emphasizing the 

need of your computerized tool. 
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I am thankful to the ASSETS consortium and organizers for the opportunity to present my 

research, and their useful feedback. 
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Accessibility for Individuals with Color Vision Deficiency 

 

David R. Flatla 
Department of Computer Science, University of Saskatchewan 

Saskatoon, Saskatchewan, Canada, S7N 5C9 

david.flatla@usask.ca 

Abstract 

Individuals with Color Vision Deficiency (CVD) are often unable to distinguish between 

colors that individuals without CVD can distinguish. Recoloring tools exist that modify the 

colors in an image so they are more easily distinguishable for those with CVD. These tools 

use models of color differentiation that rely on many assumptions about the environment 

and user. However, these assumptions rarely hold in real-world use cases, leading to 

incorrect color modification by recoloring tools. In this doctoral consortium, I will present 

Situation-Specific Models (SSMs) as a solution to this problem. SSMs are color differentiation 

models created in-situ via a calibration procedure. This calibration procedure captures 

the exact color differentiation abilities of the user, allowing a color differentiation model to 

be created that fits the user and his/her environmental situation. An SSM-based recoloring 

tool will be able to provide recolored images that most accurately reflect the color 

differentiation abilities of a particular individual in a particular environment. 

Problem and Motivation 

Color vision deficiency (CVD – commonly called color blindness), is a condition in which 

the affected individual cannot differentiate between colors as well as individuals without 

CVD. CVD can result from congenital, acquired, or situationally-induced  causes. Up to 8% 

of the male population experiences genetically-caused CVD [Birch 2001] and it has been 

speculated that 10% of the general population may have some degree of CVD [Stone 

2003]. Considering that human color differentiation varies substantially with age 

[Knoblauch 2001], this is not unreasonable. 

Color adaptation tools (or recoloring tools) modify the colors used in an image to improve 

the discriminability of colors for individuals with CVD [Wakita 2005, Rasche 2005, Jefferson 

2006, Kuhn 2008]. These tools rely on models of color vision that provide predictions 

regarding the differentiability of colors (differentiation models). These predictions allow 

recoloring tools to identify colors that individuals with CVD cannot differentiate, but those 

without CVD can. Colors that present differentiation problems for individuals with CVD are 

replaced with more differentiable colors. As a result, the discriminability of colors used in 

images is improved for individuals with CVD, thereby increasing image accessibility for 

these individuals. 

Currently, the color differentiation models used in recoloring tools are based almost 

exclusively on early research that simulates the appearance of images for individuals with 

a particular form of CVD called dichromatism [Meyer 1998, Viénot 1995, Brettel 1997]. This 

work assumes a carefully-controlled viewing environment (controlled ambient lighting), 

calibrated graphics system (OS, graphics card, monitor), and that the type of CVD to be 

simulated is known. However, in real-world situations, lighting is rarely controlled or 
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constant, graphics systems are rarely calibrated, and few individuals with CVD have been 

accurately diagnosed with the type and severity of CVD they have. Additionally, there 

are many other factors that influence color perception (e.g., presence of cataracts or 

depression, Viagra, age) that are not reflected in these simulations. Newer models that 

simulate a larger range of CVD types have been proposed (e.g., [Machado  2009]), but 

still rely on the assumptions of earlier models and require even more detailed information 

about the type and severity of CVD to be accommodated. 

Solution 

To address the limitations imposed by current differentiation models, I propose a Situation-

Specific Model (SSM) of color differentiation. This model represents the color differentiation 

abilities of an individual in any environment by sampling the individual‘s color 

differentiation abilities using an in-situ calibration procedure. By performing a calibration 

in-situ, every factor that influences color differentiation (congenital, acquired, and 

situational) is automatically included in the model, thereby overcoming the restrictions of 

current assumption-based color differentiation models. 

This solution began with my Master‘s thesis research [Flatla 2009], in which the preliminary 

design, implementation, and evaluation of an in-situ model of color differentiation was 

presented. My doctoral research will be comprised of the following: 

1. Revise the implementation and design of the model presented in [Flatla 2009], with 

a more extensive evaluation, and apply it specifically to color use in information 

visualization. Resulting model has a 30 minute calibration procedure. 

2. Reduce the calibration time and improve the accuracy of the SSM from 1) by using 

discrimination ellipsoids [Poirson 1990] within a perceptually-uniform color space 

(CIE Luv). To evaluate this model, its calibration time and prediction performance 

will be compared to the version 1) in a user study. 

3. Further improve accuracy by refining the model‘s internal representation of the 

user‘s color differentiation abilities. Also reduce the time taken to make a color 

differentiation prediction. Will also incorporate game elements into the calibration 

procedure to reduce tedium [Flatla 2011]. To evaluate this model, its prediction 

accuracy and prediction time will be compared to the version from 2) via a user 

study. User preference regarding the game-based calibration procedure will also 

be explored. 

4. Construct a full SSM-based recoloring tool for information visualizations. This will be 

the final evaluation of the SSM as a color differentiation model for recoloring tools 

for individuals with CVD. Using a comparative performance-based user study, the 

performance of this recoloring tool will be compared to two existing recoloring 

tools, in multiple situations that induce CVD, with CVD and non-CVD participants. 

Stage of Research 
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Regarding my program of study, I have fulfilled the course requirements for my PhD, and I 

have presented a small proposal to my committee, which they approved. I have yet to 

present my comprehensive examination, after which a formal proposal is required. Once 

these milestones are completed, I will need to present a department seminar, then 

prepare and defend my dissertation. 

Regarding my PhD research, I have now completed all of the items in the solution list 

above. Item 1) was presented at CHI 2010 [Flatla 2010], and received an Honorable 

Mention Award. Item 2) was presented at ASSETS 2011, where it received the Best Paper 

Award [Flatla 2011]. I combined items 3) and 4) (except for the game elements 

component) this past summer and the resulting work is currently in submission. 

Contributions 

The primary contribution of this research is a model that frees recoloring adaptation tools 

from the restrictions of current assumption-based models of color differentiation. This new 

model provides rapid and accurate predictions of the differentiability of any two colors 

for a particular individual in a particular environment. 

Secondary contributions include: 

1. The general approach of using in-situ calibration to overcome the limitations 

imposed by current modeling techniques. 

2. Proposed extension of SSMs to reduce the frequency of calibration by making all 

previously-generated models available to every user (presented at the Dynamic 

Accessibility workshop at CHI 2011 [Flatla 2011]). 

3. As SSMs can represent the color differentiation abilities of any individual, CVD arising 

from acquired or situationally-induced causes can also be modeled. This allows 

recoloring tools to be used by any individual that experiences difficulties 

differentiating colors. 

My Hopes for the Doctoral Consortium 

Attending the ASSETS 2011 Doctoral Consortium will present a number of opportunities for 

me. First, I will have the opportunity to present my research to faculty and fellow students. I 

appreciate any chance I have to describe what I do to others. Second, this presentation 

will likely illicit feedback from those listening. This feedback will contribute to my general 

growth as a researcher, to my production of quality research in the future and to the 

overall quality of my PhD dissertation. 

Third, the consortium will present networking opportunities with senior researchers in this 

field as well as my future colleagues. These are the individuals I will be working under and 

with for the remainder of my career. Fourth, potential career paths and opportunities may 

arise from these discussions. As an example, I will be looking for a post-doctoral position in 

the near future, and the senior researchers in this field are potential supervisors for this 

position. 

Finally, the consortium will allow me the opportunity to provide feedback to fellow 

students regarding their research and presentation styles. I enjoy these opportunities to 
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understand other researchers‘ work, and to provide insights that I have gained from my 

own research. 
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Summarizing Multimodal Documents in Popular Media 
for People with Visual Impairments 
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Abstract 

People without visual impairments often skim a document and look at the graphics it 

contains before deciding whether to read it in detail. While this is easy for sighted people, 

it is far more challenging for people with visual impairments, especially since the graphical 

content is largely inaccessible. We propose to increase the universal accessibility of 

articles in popular media containing both text and graphical elements for people with 

visual impairments by automatically generating an abstractive summary of the entire 

multimodal document. Our goal is to enable users to quickly access the high-level 

content of a multimodal document, and to decide whether to commit to reading the full 

article. 

Motivation 

Articles in popular media such as magazines and newspapers frequently contain 

graphical content in addition to the document text. These graphics often convey a 

message that is not repeated in the article text. For example, an article entitled ―The Black 

Gender Gap‖ in the March 3, 2003 issue of Newsweek described the professional 

achievements of black women. It included a line graph (Figure 1) showing an end to the 

historical income inequality between white and black women, yet this important message 

does not appear anywhere in the article text. 

 

 

Figure 1: A line graph from Newsweek. 
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Individuals with sight impairment are at a disadvantage when deciding whether to read a 

multimodal document (a substantial commitment for lengthy articles), or when simply 

trying to get a sense of what the article is about. Sighted people can skim the text and 

glance at the graphics to quickly get the gist of a document or decide whether it 

warrants further attention. However, people with impaired vision must consider the text 

and graphics separately in a cumbersome fashion, while existing summarization systems 

ignore the graphics entirely, thus important content is lost. 

Traditional summarization techniques use extractive methods, by which the sentences 

deemed most important are extracted from the original document and reassembled to 

form the summary. However, the available text does not necessarily capture the content 

conveyed by the graphics, so the user may miss out on an important part of the 

document‘s message. We are developing a framework for abstractive summarization 

which will allow us to convey a multimodal document‘s semantic content, originally 

presented in both text and graphical formats, as a textual summary. Although our 

framework is general enough to accommodate any modality (e.g., photos, video), the 

prototype implementation focuses on information graphics such as the bar charts and 

line graphs that can be processed by the SIGHT system. 

SIGHT [3] generates textual summaries of the high-level message content conveyed by 

information graphics in popular media. In doing so, it identifies the graphic‘s intended 

message and the salient informational propositions it conveys. In our work, a unified 

semantic model of the document is constructed using the content extracted from the 

graphics by SIGHT together with the output of a semantic parser applied to the text. This 

model is subsequently analyzed to determine what information is most salient, which then 

forms the basis of an abstractive summary (with a variable length set by the user) 

generated from the semantic model. 

Related Work 

Research into providing quick access to a document's content for people with visual 

impairments has included attempts to present the same information gleaned by sighted 

readers while skimming [8], while the JAWS screen reading software [4] only allows users to 

increase the reading speed or review just the first line of each paragraph. However, these 

approaches do not consider the non-textual components of a document. Previous work 

in the SIGHT system has involved the generation of summaries for information graphics [2], 

but until now these summaries have not incorporated content from the document text. 

Efforts toward summarizing multimodal documents including graphics have generally 

involved naive approaches relying on captions and direct references to the image in the 

text [1], but have not considered the actual semantic content of the graphics themselves. 

Method 

Concepts extracted from the text by a semantic parser1 and from the information 

graphics by the SIGHT system are combined into a single semantic model of the entire 

multimodal document. Concepts in this model are then evaluated to determine which 

                                                 

1 https://code.google.com/p/sparser/ 
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are most important, according to criteria such as concept completeness, connectedness 

with other concepts, document structure, and graph salience. Next, concepts are 

selected one at a time for inclusion in the summary, and iteratively re-weighted to boost 

related concepts while discounting redundant ones. To generate the abstractive 

summary, we derive linguistic constructions from three different sources. The parser 

records the various phrasings used to express the concept in the original document. 

Predefined realization forms cover the finite proposition types conveyed by information 

graphics. These constructions are augmented by built-in templates for common semantic 

relationships (such as "is-a" and "has-a"). All together, we are guaranteed to have at least 

one way to express every concept in the semantic model, and we often need to choose 

from among several options as surface output is generated for those concepts selected 

for the summary. Since these realization forms are formalized as synchronous tree-

adjoining grammar derivation trees, semantically-related concepts can fit together 

syntactically via substitution or adjunction, while concepts that are not directly related 

can be realized in separate sentences or linked using intermediate concepts. The end 

result is a truly abstractive, natural language summary of the most salient concepts in the 

multimodal document. This text can then be verbalized for the user by screen reading 

software, or read by the user with a screen magnifier. (See [5] and [7] for more details 

about our methodology.) 

To make this work as beneficial for users as possible, we are extending the SIGHT system 

beyond simple bar charts by enabling it to analyze line graphs as well. To determine what 

information should be included in summaries of these graphics, we collected a corpus2 of 

965 human-written summaries of 23 different line graphs [6]. The items in this corpus will 

inform our evaluation of saliency within a line graph and offer example phrasings for use in 

the generated summaries. 

Discussion 

The prototype implementation is currently in-progress. Semantic content is being obtained 

from text and graphical sources, and brief summaries of documents are being produced, 

but several components remain to be completed and fully integrated with the rest of the 

system. The output produced by the system also needs to be evaluated, especially by its 

intended end users, in order to ensure ecological validity. The envisioned contributions to 

the accessibility field include a new means for conveying text and graphical information 

together in a verbal format, as well as a useful tool that increases access to such 

multimodal documents for people with visual impairments. By participating in the ACM 

ASSETS 2011 Doctoral Consortium, the author hopes to share and discuss his work with 

other researchers in the accessibility community, and to receive feedback that will help 

improve the overall quality of this project while increasing its effectiveness for people with 

disabilities. 
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Abstract 

This paper discusses our research project for using an intercommunity approach to 

combine technical web solutions from many online communities into one tool that can 

provide simplified web pages to users with cognitive disabilities who find traditional 

websites difficult to use. We discuss our current progress, future directions, and benefits to 

the accessibility community as a whole. 

Introduction 

The number of web users has risen steadily over the past decade and continues to do so 

both in the United States and worldwide [Miniwatts 2010]. More users are not only 

accessing information online, but are using online tools for more tasks including sharing 

produced content and interacting socially, supplementing offline, face-to-face 

relationships [Lampe 2006]. However, users with cognitive disabilities often find the web 

complicated and difficult to use. As more of our daily tasks move online, an inaccessible 

web becomes a barrier not just for information access, but a barrier to important aspects 

of our lives including the creative and social. 

Although the web accessibility community has acknowledged these new forms of web 

interactions and has focused research agendas on them accordingly, it has done so 

using traditional methodologies with a strong intra-community focus. Following a focus 

that centers on a stronger technical influence from communities outside of the web 

accessibility field can provide significant impacts. Web communities that do not directly 

address accessibility issues have often solved related problems and have much to offer 

the accessibility community but these benefits often go unnoticed. 

Our research focuses on incorporating knowledge and technical solutions from web 

communities that are not primarily accessibility driven to make the web easier to use for 

people with cognitive disabilities. Several examples and a research direction are 

discussed for combining the work of cloud-based and crowd-sourced technologies into 

robust and viable solution for a simpler web interface presenter. 
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Intercommunity Approach 

Simplifying web interfaces and web content is a difficult and multifaceted problem. 

However, many communities have solved specific challenges within the domain. 

Combining the techniques used across the following communities can provide a 

simplified web interface that is more robust than any one approach alone. 

Mobile Computing 

One example of where intercommunity research benefits users with disabilities is mobile 

computing. The prevalence of mobile phones has led to a surge in simplified mobile-

oriented versions of websites. The mobile versions of many websites tend to be 

streamlined by removing rarely used items, simplifying content, reducing advertisements, 

and reducing available input elements and features. This often results in a simpler, less 

cluttered, and less distracting interface. 

Our initial research has shown that, on average, mobile versions of websites have 

approximately half the content of their desktop equivalents usually making them easier to 

read and understand. Providing access to the mobile versions of sites via a standard 

desktop environment could greatly help users that prefer less complicated versions of 

websites without encountering the physical drawbacks of a small mobile device. 

Advertisement Filtering 

In many cases, the most distracting elements of a webpage are not part of the main 

body of content. Rather, advertisements embedded on a page often include animations, 

sounds, contrasting colors, and large sizes. Although these characteristics are often used 

by design to attract the attention of web users, they can be very problematic for those 

with cognitive disabilities and result in much more than a slight nuisance. Additionally, 

tools that process content non-visually, such as screen readers, must process 

advertisements and are often not of direct use to the end user. 

Determining which elements on a webpage are advertisements automatically is 

incredibly difficult due to the large number of advertisement providers and techniques for 

inclusion. However, a very robust community has evolved that has addressed this issue by 

using frequently updated, crowd-sourced lists of advertiser URLs, element source patterns, 

and browser plug-ins that hide most advertisements on a webpage on an ad-hoc basis. 

Main Content Extraction 

For some users template elements on a webpage, such as headers, footers, navigation 

areas, and sidebars, can be distracting or confusing. These elements also create the 

same issues for automated AT and screen readers as advertisements do; they can 

interfere or are often routinely skipped to reach the main content block of a page. 

Fortunately, several services and tools have arisen that handle main content and article 

extraction to separate the most desired blocks of text from auxiliary content. However, the 

focus of such projects is often not for accessibility concerns, but rather for convenience in 

providing content for consumption at a later time. For instance, the Instapaper and Read 

It Later services automatically detect the main article on newspaper webpages, amongst 

others, and can save the text for later reading by a user on a desktop or mobile device 

[Instapaper, Read It Later]. 

Cloud-Based Solutions 

Hoehl%20-%20DC%20-%20SIGACCESS%20Newsletter.docx#_ENREF_2
Hoehl%20-%20DC%20-%20SIGACCESS%20Newsletter.docx#_ENREF_5
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As the web community, as a whole, has embraced and focused on cloud computing 

technologies, its benefits continue to grow for producing accessibility technologies as 

well. Cloud-based AT can provide the same benefits that cloud computing does in other 

domains and can make a significant impact in usability needs. 

For instance, the aforementioned tools for retrieving mobile content, filtering 

advertisements, and content extraction can all be implemented as desktop applications. 

However, if one were to create cloud-based solutions, a user could take advantage of all 

of the implemented features from many computers, on many platforms, without the need 

for repeated configuration or setup. This can be especially important when a user must 

use a computer that he or she does not normally interact with since it can avoid long 

periods of installation and configuration of familiar accessibility software. 

As developers generate enhancements, or as crowd-sourced content is updated, the 

user needs to take no additional actions to get newer benefits; everything would be 

handled on the server and eliminate the need for more technical knowledge, work, and 

time to routinely update client software. This can be especially crucial when users view 

the technical maintenance of software as not just a nuisance but rather a barrier to use. 

Proposed Solution 

Our proposed implementation of the intercommunity approach to creating simpler 

presentations of web content is a cloud-based tool that incorporates mobile web 

viewing, advertisement removal, and content extraction. The tool would reside on a web 

server and provide an online interface to allow users to enter websites and browse the 

web with the option of selecting which simplification options the user prefers and what 

customizations of those features are desired by the end user. The architecture would be 

based on the WebAnywhere project that provides an online screen reader for blind and 

low-vision users [Bigham 2008]. 

Current Research Progress 

Our research has focused on prototyping and proving the feasibility of the 

intercommunity approach. Data analysis has been conducted comparing mobile 

versions and desktop versions of websites and has revealed that providing mobile versions 

of content could be very beneficial on the desktop environment. 

A prototype of a WebAnywhere-based online web browser has also been created to 

prove the feasibility of a cloud-based tool that could process webpage requests and 

process the content on demand. The prototype has shown to be effective at dynamically 

changing the mobile user agent to provide various mobile web pages and current work is 

in progress to test content extraction scripts with the current architecture. 

Current work is also being done on making the prototypes more robust and usable in 

preparation for user testing. 

Future work will include incorporating advertisement removal, allowing the user to 

dynamically adjust settings, performing user tests, and incorporating user feedback into 

the system. 

 

Conclusion 
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This paper has introduced an intercommunity approach to web accessibility research 

and highlighted an example of its implementation to make a simpler web browsing 

experience available online. By creating a system that can provide simpler web 

presentations to users with cognitive disabilities, we hope to ensure that the web remains 

accessible and usable to the greatest number of people possible. 
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Abstract 

More and more people interact with mobile devices whilst walking. This new interaction 

paradigm imposes a novel set of challenges and restrictions to mobile users, 

denominated Situationally-Induced Impairments and Disabilities. The tremor originated of 

such contexts results in inaccurate movements and erroneous actions. These difficulties 

are particularly visible in recent touch interfaces that lack the tactile cues and physical 

stability provided by their keypad-based counterparts. Nevertheless, these difficulties are 

not new to the accessibility community, particularly for those studying motor impaired 

users. In fact, both user populations (situationally and physically impaired) seem to share 

similar interaction problems. This work aims to thoroughly understand to what extend 

technology can be transferred between those domains. Unlike the embryonic stage of 

mobile research, the accessibility community has the accumulated knowledge of more 

than two decades of research. Building a relationship between these domains will 

contribute towards a more inclusive and universal design approach, which will benefit 

and bring closer two distinct research communities. 

Introduction 

Over the last decades mobile devices have become increasingly personal and 

ubiquitous, thus altering our lifestyle in several domains: work, entertainment, shopping, 

communication, leisure, transportation, etc. Indeed, these small, yet powerful tools are 

always near us and therefore, used on many different contexts. These have evolved from 

the static and controlled environments of our offices to the increasingly complex and 

dynamic contexts of our daily lives. 

Indeed, both the environment and users‘ activities can hinder the interaction process, 

leading to the so called Situationally-Induced Impairments and Disabilities (SIID) [Sears 

2003]. Particularly, motor abilities are often the target of situational impairments, for 

instance whilst mobile or in a subway train. The tremor originated from speed changes 

hinders the users‘ performance with mobile devices, resulting in inaccurate movements 

and erroneous interactions. These difficulties are even more evident in recent touch-

based devices, which lack both the tactile feedback and physical stability provided by 

their keypad-based counterparts. 
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Understanding SIID 

Several works have studied the impact of mobility on users‘ performance with mobile 

devices. Mizobuchi et al. [Mizobuchi 2005] showed that walking adversely affects text-

input speed and error rate. Additionally, it appears that text-entry tasks also affect mobility 

tasks, as it generally requires people to slow down. More recently, Schildbach and Rukzio 

[Schildbach 2010] studied target selection tasks within an navigation course, showing that 

cognitive load increases when walking, while performance decreases, reaching 30% error 

rates with standard target sizes. 

This body of work suggests that motor abilities are affected by mobility conditions, 

resulting in a loss of precision and accuracy. However, these challenges are not new to 

the accessibility community. Movement, precision and dexterity difficulties have been 

studied for more than a decade on motor impaired users [Trewin 1999]. In fact, both user 

populations (situationally and physically impaired) seem to share similar interaction 

problems [Chen 2009]. Therefore, we believe that similar solutions can be transferred with 

minor adjustments between domains. 

An Unifying Approach 

To deal with SIID, we will study the feasibility of transferring technology designed for motor 

impairments users. Particularly, we will focus on walking conditions and tremor disorders 

[Anouti 1995] (e.g. essential tremor, intention tremor or Parkison‘s disease). By modeling 

users as a set of abilities, independently of their impairment, will allow us to see if 

situational and health induced impairments affect them in similar ways. However, despite 

their apparent similarities, it would be also interesting to identify their main differences. 

Depending on the results achieved in this phase, solutions previously designed for motor 

impairments could be transferred with minor adjustments to users of mobile technologies, 

creating a relationship between both domains.  

Some of the advantages of this approach are: 1) encourage the reuse of knowledge 

between research domains; 2) avoid the duplication of work; 3) leverage more and 

better research on assistive technologies; 4) motivate designers to gain interest in 

accessibility; 5) reduce the costs and increase the availability of accessibility solutions. 

Thus, my research hypothesis is: 

“Solutions designed for health-induced impairments can be applied to situational-

induced impairments, increasing the users‟ performance, by assessing their capabilities 

within real mobile contexts” 

Similar Problems? 

In order to people with health or situational induced impairments benefit from similar 

solutions, there must be a thorough understanding of what problems they face when 

interacting with traditional touch interfaces. Therefore, the first step of our research plan is 

to characterize the users‘ abilities. To achieve our goal, we will focus on observing users 

performing text-entry tasks, since this is a common and essential task on many mobile 

applications, however one of the most demanding on touch-based devices. Indeed, 

previous work has shown that there are some similarities between situational and motor 

impaired users when interacting with keypad-based devices [Chen 2009]. Nevertheless, 
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touch interfaces, particularly virtual keyboards remain unexplored. Moreover, the 

proposed research will focus on a specific impairment factor, i.e. tremor. 

We will study both user populations performing text-entry tasks and assess their main 

similarities and differences through the type and magnitude of committed errors (e.g. 

long key press, additional key, missing key, dropping, bounce, and transposition [Trewin 

1999]). The results gathered from this experiment will allow us to answer crucial questions: 

―Do both user populations experience similar problems?‖ Furthermore, ―When does this 

happens?‖ Depending on the answers to these questions, similar solutions may be 

transferred between domains, empowering a true universal design. 

Leveraging Accessibility Solutions 

After identifying the main problems experienced our target users, we will be able to 

choose a set of solutions that can fit the users‘ needs. Different types of text-entry solutions 

can be chosen: 1) filters (language independent) [Trewin 2002], 2) word correction 

algorithms [Kane 2008], 3) adaptive keyboards, and 4) alternative methods. 

Additionally, with all the data gathered in the previous stage of our research, and through 

an informed design, we will have the opportunity to provide a novel and enhanced text-

entry solution that can benefit both user populations. 

Text-Entry Whilst Mobile 

In order to complete the first phase of our work, a study was performed to understand 

how walking conditions affect text-input. Participants were submitted to three different 

walking conditions: control (seated), walking at normal pace (2 steps per second), and 

walking at slow pace (1.3 steps per second). Also, this study featured 3 hand postures: 

one-hand portrait, two-hand portrait, and two-hand landscape. All interactions with the 

QWERTY keyboard were logged for later analysis. Also, data from accelerometer sensor 

was gathered in order to characterize motor demand (i.e. experienced tremor) and 

create possible correlations with participants‘ performance. We intend to present these 

results within the consortium, and discuss them with fellow students and expert 

researchers. Particularly, we are very interested in the feedback of those who work closely 

with motor-impaired people, so we can identify probable similarities and differences 

between these two domains. 

Current and Future Work 

The next stage of our research plan is being prepared, which will focus on studying users 

with tremor disorders. Following this, we will chose and design text-entry solutions that fit 

both user populations‘ needs. This doctoral consortium may be a great opportunity to 

discuss some ideas and create professional relationships for future collaborations. Finally, 

in order to assess the feasibility of technology transferring between the accessibility and 

mobile research fields, we will evaluate several solutions with both users. 
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Abstract 

Social Networking Sites (SNSs) have seen rapid growth in popularity over the last few 

years, but despite this, adults over 65 years of age still make up a relatively small 

percentage of users on many of these sites. Previous research has suggested that a 

perceived lack of purpose is one of the key issues, however with social media constantly 

being highlighted in the news during natural disasters and crises, more in-depth research is 

proposed. This research aims to discover if it is possible to design a SNS to be inclusive for 

older adults by avoiding some of the common issues and negative perceptions of such 

sites. With suggested psychological benefits, especially during a life transition such as 

retirement, SNSs may be a powerful technology for ageing adults. Further investigation is 

required, however, to gain a deeper understanding of reasons for low participation, and 

how SNSs can be brought more in-line with older adults‘ perception of communication. 

Introduction 

At the end of 2010, a statistics website which tracks user numbers on SNSs reported that 

Facebook ended the year with 585 million active users and demonstrated that adults over 

65 were the fastest growing demographic group of that social network. Despite this 

statistic, adults over 65 made up just 2% of Facebook users, compared with 32% of the 

users between the ages of 18 and 24[1]. Since that report, the number of active users on 

Facebook has increased to over 800 million[2]. Considering that over eleven percent of 

the world‘s population are actively engaging with this SNS, uptake amongst older adults 

remains comparatively low, and the gap is not getting smaller. Participation on online 

social networks in general are also low, with approximately just 10% of Americans over 65 

engaging with this technology[3][4], and lower percentages in the United Kingdom, with 

reports ranging from approximately 2.5-5% of the adult population over 65 using 

SNSs[5][6][7]. 

Studies have suggested that concerns about privacy, security and a perceived lack of 

purpose are some of the issues leading to a low uptake amongst older adults[8][9], but as 

SNSs evolve into more than just websites for sharing photographs and talking with friends, 

people are finding that the concept of online social networking can be used for other 

purposes, such as sharing up-to-date news, participating in charity work and assisting 

organization during accidents or disaster relief. Such social networking, bestowed with a 

purpose beyond general social interaction, is an indication of how important it is that 
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everyone should be able to participate in online social networking. Examples could be 

seen with Hurricane Katrina (New Orleans), the Haitian earthquake and the 2011 tsunami 

in Japan, where social media played an important role in communication and distribution 

of information while other media were hindered by prevailing adverse conditions. 

SNSs designed for older adults do exist, but without great uptake. These sites do little to 

address privacy issues, design problems and security concerns, therefore not providing an 

easy-to-use alternative where older adults can feel comfortable while discussing 

community news, sharing personal information with close friends and family, organizing 

social gatherings and building community. Research is therefore proposed to discover 

these barriers more in-depth, gaining a better understanding of the factors which cause 

the age divide on SNSs. With a better understanding of these issues, websites can be 

created to target the over-65 age category, providing a safe and secure place for older 

adults to interact in a social way on the internet. 

Research 

Outline 

The purpose of this research is to analyze the reasons for low uptake of older adults, 

suggest possible solutions and trial these changes on a mainstream social networking sites 

using the available Application Programming Interface (API) tools. While there has been a 

limited amount of research on this topic, there are several issues which have not yet been 

investigated, and this will be the base of the research. Focus groups and a questionnaire 

will initially be used to investigate suggested barriers and issues, highlighting the variance 

of importance of these issues for different categories of participants: Current Users, Ex-

Users, Indifferent Non-Users and Reluctant Non-Users. From the analyzed results, a 

prototype application will be designed to integrate with one or more of the mainstream 

SNSs, at which point evaluations and anonymized usage analysis will measure how the 

users engages with such a site and desired functionality for future implementations. 

Progress 

A thorough literature review has been written, and several areas have been highlighted 

as important for the next steps of research. The current focus is to construct a 

questionnaire which will help us understand the strengths and variations of different issues 

for each of the categories of participant mentioned above, identifying issues which are 

consistent across all four categories, individual to one category or across some but not 

others.    

As part of the research, two focus groups were held to gauge some of the reactions and 

opinions of social media. The participants of the first were all over 60 years of age and 

internet users of varying ability. Most of the participants demonstrated extreme caution 

toward the idea of an un-moderated site with social functionality. Most of the participants 

used Skype to communicate with their relatives, and while nearly all participants talked 

about one SNS, Facebook, with a degree of hesitation after regular negative media 

coverage, one participant demonstrated enthusiasm about using it.  

“If you use Facebook appropriately and you're careful how you set it up there's nothing 

wrong with it. I use it all the time. My sons and their girlfriends are in London, so we're all 

communicating, but I don't get any rubbish now.” 
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Some of the participants had tried Facebook, before deleting their account. One person 

described the feeling of invasion after creating an account and finding that it had 

accessed the contact list in their email address. Features such as these portray a negative 

image of SNSs, however these are not the defining characteristics of this technology, and 

therefore it should be possible to create such a site without the functionality that alienates 

the generations of people over 65. 

The second focus group invited seven participants over 60 to take part in a discussion on 

the technology. All participants, with the exception of one, was a social networking site 

user, with four of the six participants who used SNSs mentioning that they logged on to 

their profile every day to view status updates and pictures. Despite this unexpected 

frequency, all of the participants who were users contributed “very rarely”, and simply 

observed the updates and messages that were sent.  

With a perceived lack of purpose being commonly mentioned in past literature as one of 

the key reasons for the lack of participation, it is hoped that by understanding the 

purpose of those who do use such sites we can discover why that purpose is not relevant 

to others who choose not to use them. A key theme in technology to all of the users of 

both focus groups (users and non-users) was to keep in touch with family members, 

however, it is not known to what extent the location of family members in relation to the 

participants‘ home towns played a role in whether the participants used or did not use 

social networking site. We hope to discover this in the future, alongside why other 

platforms, such as the use of Skype, were so widespread for most of the participants 

regardless of the distance between their family members and themselves. 

Future Work 

In other research, Gibson et al. noted that a custom-made SNS using the Ning platform 

demonstrated a degree of success within a computing club, suggesting that this could be 

due to the SNS having a clear purpose, providing information about upcoming events 

and classes[8]. With a lack of purpose being identified as a barrier, it is proposed that such 

a site be designed around a community, such as a neighborhood or a club, or around an 

extended family.  

Our future plans for research involve using the qualitative results of the focus group to 

construct a questionnaire, which will hopefully provide quantitative values for a wider 

sample. This questionnaire attempts to measure the impact of various barriers, opinions 

and features that were discussed in the focus groups, while categorizing the participant 

as either a current-user, an ex-user, an indifferent non-user or a reluctant non user. By 

comparatively analyzing these categories we can measure the strength and distribution 

of each of these opinions based on their categories, allowing us to measure common 

trends, such as opinions that are widespread across all categories, unique to one 

category and present in some but not others. This will hopefully allow us to understand 

why some users do use social networking sites and why some don‘t, as well as other 

interesting points such as why the majority of ex-users have left, how non-users differ from 

current users and the reasons behind indifferent non-users being uninterested in this kind 

of technology. 

By gaining an understanding of older adults and social networking sites and gathering as 

much information as we can on the topic, we then hope to build an independent 

platform that can integrate with other social networking sites, such as Facebook, Twitter or 
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Google+. Using the APIs we can construct new interfaces, test new features, avoid 

common barriers and design for the needs indicated by our participants, while still 

allowing the users to tap into the resource of the hundreds of millions of users currently on 

these sites. By doing so, we aim to make social networking sites more inclusive and 

enjoyable for all generations of people. 

 

Conclusion 

With an increasing number of websites implementing social functionality, it is hoped that 

understanding the boundaries of what is seen as acceptable and what should be 

avoided will allow developers to cater for wider audiences. Understanding these issues will 

allow social media to reach new audiences, avoiding the alienation of users over 65, who 

may have negative perceptions of social networking sites.  

Studies have found that SNS usage has psychological benefits, such as increased social 

capital, reduced loneliness and improved psychological well-being, especially during a 

life transition[10][11]. Many older adults may experience more psychological benefits of 

SNS usage than younger adults, due to going through retirement, moving home or the 

death of a spouse or friend. Such an online service may prove to be a significant platform 

for support and information, helping people through difficult times and giving them an 

opportunity to talk about sensitive issues with people in a similar circumstance. 

By attempting to understand the main barriers and opinions of this technology, we hope 

to have control over an existing mainstream social networking site through the use of the 

provided API tools. By doing so, we aim to provide adults over 65 with a platform for 

communication which fits around the needs of that person, making social networking sites 

more inclusive and relevant to a wider audience of people. 

 

References 

[1] Facebook in 2010: 7.9 new account registrations per second!, SocialBakers, 2011. 

Available at: http://www.socialbakers.com/blog/109-facebook-in-2010-7-9-new-account-

registrations-per-second. [Accessed on 20 June, 2011].   

[2] Facebook Statistics. Available at: http://www.facebook.com/press/info.php?statistics. 

[Accessed on 14 November, 2011]. 

[3] Madden, M. Older Adults and Social Media. Pew Internet & American Life Project, 

Washington D.C., (2010).  

[4] Purcell, K. Trends in Teen Communication and Social Media Use. 2011. Available at: 

http://pewinternet.org/Presentations/2011/Feb/PIP-Girl-Scout-Webinar.aspx. [Accessed on 20 

June, 2011] 

[5] Ofcom. Communications Market Report. 2010. 

[6] Ofcom. Digital Participation 2010. 2010.  

[7] Theme, U.K. Internet Access 2010. 2010.  



 

PAGE 29                                                                                     SIGACCESS NEWSLETTER, ISSUE 102, JAN. 2012 

[8] Lehtinen, V., Näsänen, J., and Sarvas, R. ―A little silly and empty-headed‖: older adultsʼ 

understandings of social networking sites. British Computer Society Conference on Human-

Computer Interaction, 2009, 45-54. 

[9] Gibson, L., Moncur, W., Forbes, P., Arnott, J., Martin, C., and Bhachu, A.S. Designing 

Social Networking Sites For Older Adults. British Computer Society Conference on Human-

Computer Interaction, 2010.  

[10] Burke, M., Marlow, C., and Lento, T. Social network activity and social well-being. 

Conference on Human Factors in Computing Systems, 2010, 1909-1912. 

[11] Ellison, N.B., Steinfield, C., and Lampe, C. The Benefits of Facebook ―Friends:‖ Social 

Capital and College Students‘ Use of Online Social Network Sites. Journal of Computer-

Mediated Communication 12, 4, 2007, 1143-1168. 

 

About the Author: 

Chris Norval is a PhD candidate at the University of Dundee, 

Scotland, where he also holds the position of Seminar Organizer 

within the School of Computing. After completing his 

undergraduate degree at the same university, he joined the SiDE 

research project, investigating social networking sites and older 

adults. Chris‘s research aims to understand the barriers and 

motivations of older adults toward using social networking sites, 

and if changes to mainstream sites could be applied in order to 

make these sites more compatible with the views of 

communication of adults over 65, thus hopefully making these 

sites more inclusive. 



 

PAGE 30                                                                                     SIGACCESS NEWSLETTER, ISSUE 102, JAN. 2012 

Multimodal Display Integration for 

In-Vehicle Assistive Technology (IVAT) 

 

Julia DeBlasio Olsheski 
Sonification Lab 

Geogria Institute of Technology 

654 Cherry Street 

Atlanta, GA 30332 

julia@gatech.edu 

Abstract 

While it is well documented that multimodal integration has facilitatory capabilities at the 

neural, cognitive, and behavioral levels, the extent to which these enhancements could 

aid those with traumatically induced impairment is not well understood. IVAT (in-vehicle 

assistive technology) is an in-dash multimodal interface borne out from a collaborative 

effort between the Shepherd Center assistive technology team, the Georgia Tech 

Sonification Laboratory, and Centrafuse™. The aim of this technology is to increase driver 

safety by taking individual cognitive abilities and limitations into account by tailoring 

support to meet specific individual needs. While the potential applications of IVAT are 

widespread, the initial population of interest for the current research is survivors of a 

traumatic brain injury (TBI). Persons who have survived a TBI can experience a variety of 

impairments that may limit their ability to drive. IVAT is aimed at enabling the individual to 

overcome these limitations in order to regain some independence by driving after injury.  

Introduction  

Much of what is understood about normal perception has been derived from unimodal 

studies, as these were traditionally the focus within perception research. Though the body 

unimodal studies have contributed greatly to our understanding of perception, its 

overemphasis has left a critical hole in perceptual theory [1]. Daily interactions within the 

environment are almost never truly unimodal. Though the sensory channels are 

differentiated, the experience is not of a fragmented collection of sensations, but rather 

an integrated perception [2]. Sensory information from multiple modalities must be 

integrated online and continuously despite vast differences in initial cognitive encoding 

[1]. Audiovisual integration research has the most direct implication to modern display 

design, particularly so in the context of driving which is a heavily visual task. 

The IVAT research team is particularly well suited for tackling issues with driving after TBI. 

The Shepherd Center, a private, not-for-profit hospital specializing research and 

rehabilitation for people with spinal cord injury and brain injury, is recognized as one of the 

nation‘s leading rehabilitation centers. The Sonification Laboratory at Georgia Tech 

focuses on the development and evaluation of auditory and multimodal interfaces, 

paying particular attention to Human Factors in the display of information in complex task 

environments. Centrafuse™ is a software company that has developed a framework for 

applications in emerging computing environments. That is, environments in which a 
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traditional keyboard and mouse are not practical. In the current research, an in-vehicle 

PC is utilized with Centrafuse Application Integration Framework software that merges 

connected car technology and IVAT in a multimodal in-dash interface with touch screen 

display (see Figure 1). IVAT utilizes driver interaction and multimodal positive reinforcement 

to improve and sustain behaviors known to increase driver safety.  

 

Figure 1. IVAT in-dash display. 

Multimodal Performance Facilitation 

Enhanced performance in the presence of bimodal versus unimodal stimuli is widely 

reported. Generally, it is thought that the redundancy of multimodal stimuli leads to 

performance enhancement, or the so-called target redundancy effect. Facilitatory 

performance effects include faster reaction time, increased accuracy, and decreased 

detection thresholds [3][4]. Each of these are of critical import to the driving task, most 

especially reaction time. Intersensory facilitation of reaction time is a term specifically 

given to the behavioral result of more rapid RTs to multisensory compared to unisensory 

events. Single-cell recordings of multisensory Superior Colliculus (SC) neurons have 

revealed that neural response to multimodal stimuli is greater than that to unimodal stimuli 

in a manner that is sometimes superadditive (i.e., greater than the sum of unimodal inputs 

alone) [5]. The degree of multimodal neural enhancement increases with degree of 

spatial overlap such that stimuli fall within the same receptive field excitatory regions, 

increase with perceived synchrony of the multi-modal inputs due to maximal overlap in 

respective periods of peak activity, and increases when multimodal stimuli are presented 

at or near their respective response thresholds [6]. The implications for multimodal displays 

are such that the wrong placement of signals in time or space can have detrimental 

consequences. Outside spatial and temporal multisensory integration boundaries lie an 

inhibitory region where perceptual processes may act to suppress neural response thus 

degrade the signal in order to disambiguate separate external events [5]. The range of 

the spatial and temporal windows necessary for audiovisual integration will vary by both 
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task-demands and observer capabilities. Moreover, the number and complexity of inputs 

influence the driver‘s ability to maintain situational awareness (SA) [14]. 

Driving After Traumatic Brain Injury 

The level and type of limitations resulting from TBI depend on characteristics of the injury: 

severity, mechanism, and location. The most common causes of TBI include violence, 

transportation accidents, construction mishaps, and sports injuries [7]. Brain concussion, 

cortical contusions, intracranial hemorrhage, and axonal shear injury may occur with both 

open and closed head injuries. Driving after TBI has been identified as a critical 

component of achieving autonomy and reintegration into the mainstream community 

[9]. Despite great potential risks, the percentage of individuals who return to driving after 

TBI is believed to be as high as 60% [8] of the more than 2 million new cases in the U.S. 

each year [10] and less than half of these (37%) ever receive professional driving 

evaluation [8]. Cognitive, behavioral, and physical sequelae commonly associated with 

TBI that have been shown to have negative effects on safe driving include: information 

processing speed, psychomotor speed, visuospatial ability, and executive function 

including meta-awareness of one‘s self limitations [11][12]. Assessments of these key 

symptoms have been shown to validly predict safe-driving ability after brain injury [11] and 

successful rehabilitation must address these population-specific needs. Training that 

focuses on visual scanning, spatial perception, attention focusing skills, and problem 

solving is believed to significantly improve driver awareness of shortcomings and driving 

abilities (anosognosia) [11].  

IVAT Design 

During our needs assessment process, an over-arching challenge that emerged was the 

propensity for individuals with TBI to forget that they are driving mid-task. This stems from 

executive functioning deficits and can be observed by a ‗glazed over‘ look and the 

onset of defensive driving practice neglect. IVATs initial design was inspired by the 

Shepherd Center‘s Electronic Driving Coach (EDC) device, which was specifically 

designed to address this need by keeping the individual engaged in the driving task [13]. 

To achieve this, the driver is trained to register each time they find themselves practicing a 

defensive driving behavior (e.g., mirror scanning, active space maintenance, and speed 

checking) by pressing a corresponding button on a console box.  Once the driver‘s input 

is registered, the system speaks a positively reinforcing message related to the specific 

defensive driving practice. For example, ―Great job checking your speed! It‘s easy to 

accidentally drive faster than the posted limit.‖ Additionally, the system is programmed 

with a time-out function that automatically prompts the driver if he or she has not 

registered any defensive driving behaviors within a specified length of time. Focus groups 

with users up to a year after EDC implementation reveal that they find themselves better 

able to remain engaged in the driving task and have seen a decrease in driving-related 

issues such as traffic violations [14].  

The limitations of the physical button box that became clear through focus groups with 

users of the EDC. To address these limitations, we developed a more flexible software-

based system as part of the IVAT project [14]. The current system addresses the executive 

functioning deficit and has had great anecdotal success. There are two goals for the next 

phase of the IVAT project (see Figure 2). The first is to corroborate our initial anecdotal 
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success with objective data collected during simulated driving. A second aim is to 

expand functionality to address other identified classes of cognitive limitations such as 

information processing speed, psychomotor speed, and visuospatial ability. We believe 

that the solution to addressing these needs lies within multimodal perception theory. 

 

 

 
Figure 2. Future goals for the IVAT project. 

 

Proposal 

Understanding the implications of audiovisual integration has application for information 

delivery, alert notification, and related performance effects. We propose to measure 

driving performance, subjective workload, and SA levels in a simulated driving task 

conducted in the Georgia Tech Simulated Driving Facility. Performance during simulated 

driving has successfully been measured in the past via breaking RT, lane deviation, and 

following distance maintenance [16]. The Situation Awareness Global Assessment 

Technique (SAGAT) is a simulation-freeze technique where the driver is queried in order to 

assess his or her degree of SA [15]. For example, ―How many cars have you passed in the 

last 60 seconds?‖ Finally, subjective workload will be measured using a mental demand 

rating scale. We hypothesize that drivers will show enhanced performance, increased SA, 

and decreased subjective cognitive demand with the use of IVAT. Further, we 

hypothesize that these facilitatory effects will be greater for TBI than non-TBI drivers. The 

ability of multimodal stimulation to facilitate performance has promising implications for 

individuals who drive following TBI. However, defining the spatiotemporal boundaries for 

this population is the critical next step for expanding IVAT system functionality. 
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Abstract 

While mobile technologies, such as smart phones offer the benefits of portability and 

ubiquity, the small visual display can introduce a variety of challenges for users. Tactile 

feedback provides one solution to reduce the burden on the visual channel. However, 

the vibro-tactile signals presented by existing commercial mobile devices are relatively 

simple in nature and limited in number and hence cannot communicate broad set of 

semantic meanings or commands used in mobile applications and technologies. The 

research proposed in this paper, focuses on investigating how tactile feedback can be 

designed specifically for mobile interfaces, with the aim of improving and enriching user 

interactions when the visual channel is blocked or restricted (e.g. for blind or situationally-

impaired users). More specifically, the aim is to investigate ways to widen the tactile 

bandwidth, through the manipulation of the parameters of touch. The resulting effects will 

be integrated within a range of mobile applications, and evaluated under a variety of 

common scenarios where distracters exist, to address the efficacy of the tactile icons 

developed. A framework of assistive tactile icons will be developed for mobile interface 

designers for reference, when aiming to improve non-visual access to mobile 

applications. 

Introduction  

As mobile technologies reduce in size and price, and offer more sophisticated 

functionality (e.g. email, web, GPS, and other applications), these devices provide a 

feasible alternative to performing tasks on a desktop PC. Much of the information 

presented via the mobile interface is visual in nature, requiring the user to focus visual 

attention on the screen. However, there are scenarios where the user‘s visual channel 

may be restricted by the environment (e.g. using a handset at night), or affected by 

contextual factors (e.g. when using a mobile device while in motion or in a noisy 

environment) as the situation itself places demands on the user and results in situational-

induced impairments and disabilities (SIID) [1]. Challenges are also faced when accessing 

a mobile interface if visual channel is blocked (e.g. blind users). To address the 

accessibility problems, tactile feedback have been developed to inform or alert users of a 

specific event. Compared with auditory icons, tactile information can be presented 

discretely, and can be perceived in loud surroundings. However, current mobile handsets 

only have limited number of vibration signals for use and those vibration signals are rather 

simplistic in nature. Research has examined ways in which structured tactile signals 

(tactons) can be developed for interaction by manipulating multiple dimensions of touch. 
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In a study on tacton perception, Hoggan and Brewster [2] found that recognition rates 

varied depending on the parameter manipulated: 94% for waveform, 81% for frequency, 

and 61% for amplitude modulation. Brown and Kaaresoja [3] demonstrated that users 

were able to achieve the recognition rates of 72% when presented with tactons 

constructed using two parameters communicated through a mobile interface. While 

previous studies have been valuable, research has yet to focus on the development of a 

framework of tactile effects which can be used for augmenting interaction with mobile 

interfaces, and the extent to which this framework can be extended through the 

manipulation of individual properties of tactile feedback. The intended research aims to 

widen the tactile bandwidth, and map tactile cues to graphical icons and functions, to 

address the challenges faced when the visual channel is blocked or restricted. 

Design Challenges 

 Designing distinctive, memorable tactile icons using a range of parameters (e.g. 

amplitude, frequency, waveform, duration, spatial location), and ensuring these 

resulting multi-parametered tactons can be distinguished from one another. 

 As the human sense of touch is limited with regard to spatial and temporal sensitivity, 

design would have to account for ways to effectively transmit information through the 

cutaneous sense. 

 Designing tactile icons which present a sense of meaning to the user. The goal is to 

make the meaning associated with icons obvious to the user, and aesthetically-

pleasing to touch, to reduce annoyance or distractions when performing mobile tasks. 

 Studies on tactile interfaces are often conducted under controlled settings, where 

users are seated in a quiet room, away from distractions. The research will determine 

ways in which to evaluate tactile feedback in situationally-distracting scenarios. 

Research Goals & Contributions 

The main research goal would be to investigate how the tactile feedback can be 

designed specifically for mobile interfaces, with the aim of enriching user interactions 

when the visual channel is blocked or restricted.  

There would be two main contributions arising from the research: 

 The development of a participatory approach, to encourage mobile technology users 

to suggest tactile cues to map to graphical icons and functions on a mobile interface. 

The approach would offer a range of realistic scenarios whereby tactile cues could be 

tested (e.g. perceiving tactile feedback in the presence of street noise). Mobile 

interface developers would then be able to replicate the design and test procedures 

for their own mobile applications.  

 The development a tactile framework, providing developers with a range of effects 

which can be presented by different mobile technologies. Design guidelines would 

also be presented to design mobile interfaces for individuals who are blind and face 



 

PAGE 38                                                                                     SIGACCESS NEWSLETTER, ISSUE 102, JAN. 2012 

situational-induced visual impairments. The framework aims to contribute to the limited 

body of knowledge on tactile interface design for mobile interfaces. 

Methodology 

Participants will initially be presented with a range of multi-parametered tactons (varying 

the levels of intensity, duration, intervals and spatial location), within a user laboratory 

environment. They will be asked to identify the parameters within each tacton, and 

examine whether they can discern cues from similarly-structured tactons. The aim would 

be to identify the range of tactile feedback which can be presented via a mobile device. 

The resulting cues would then be tested under a range of scenarios (e.g. perceiving 

feedback while walking or when in the presence of ambient sounds) with the aim of 

determining whether these cues would be perceivable under inhospitable conditions.  

Low-cost hardware will be used in our experiments. Examples include controlling boards 

such as the Arduino Bluetooth board, which can communicate with external actuators 

and sensors as well as mobile devices wirelessly, commercially-available mobile phones 

such as the Nokia N95, and portable external vibration actuators which can be attached 

to different sites on the body using tape.  The prototype designed for our study (Figure 1), 

enables information from the mobile screen to be presented in tactual format to the 

user‘s wrist, using Arduino technologies.   

 

Figure 1:   Design of prototypeFrom left to right: an Arduino Bluetooth Board connected 

to external vibration actuators; a commercial Mobile Phone controlled by the Arduino 

Board wirelessly; and external vibration actuators attached to human wrist. 

 

We will then extend our research to the general use of tactile signals. Workshops will be 

conducted to gain design suggestions from a range of mobile phone users (including 

individuals who are blind) and mobile application developers. A scenario-based 

technique will be used to ensure that feedback would be perceivable within a range of 

different contexts. Scenarios would include accessing mobile devices with tactile 
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feedback when walking, driving, commuting via public transportation, and when working 

out. 

Tactile feedback developed through the participatory workshops would be integrated 

within a range of mobile interfaces, which would be evaluated under common scenarios 

where mobile technologies are used. Data will be captured both automatically through 

logs (e.g. recognition rate, task time taken), and through observation with participants 

within their natural environments. Prototype refinement will be conducted in order to 

improve the quality of cues presented, and to augment the user experience when 

interacting with the tactons.  

A longitudinal study would also be performed to develop a more comprehensive 

understanding of the daily usage of tactile icons when performing mobile tasks. Data 

would be collected through diaries maintained by participants, listing the events and the 

challenges faced when interacting with tacton-based applications. Interviews would then 

be conducted to follow-up comments made within diaries. 

Current Status of Research 

Two studies have been completed to date: 

The first was conducted to identify the most distinguishable set of tactile cues from a set 

presented via a cellular phone [4]. Seven sets of tactons were developed by 

manipulating the pulse duration and interval of vibrotactile signals. Tactons were classified 

into three categories; static, dynamic and mixed. Static tactons consisted of a fixed pulse 

duration and interval, while dynamic tactons were designed with linearly 

increasing/decreasing values in one of the two dimensions. Participants were presented 

with pairs of tactons, and asked to differentiate between the icons that comprised the 

pair and to rank their perceivability. Results suggested that a pair of static tactons was the 

most effective way to convey tactile information on a mobile interface when compared 

with dynamic or mixed tactile cues. 

As mobile phones are accessed in environments where background/environmental 

sounds are present (e.g. sound of traffic when walking on the street), a study was 

developed to examine how realistic conditions affect the perception of tactons when 

presented through a mobile device [5]. Eighteen participants were presented with pairs of 

tactons, while street noise, music and white noise were introduced. Findings indicated 

that experiencing music and street noise while performing tactile perception tasks 

resulted in a decrease in recognition accuracy and an increase in recognition times. 

Using white noise, which is often included in studies to block the sound of the vibrations, 

did not appear to influence the perception of the tactile icons, but does result in 

increased levels of cognitive workload. Results have provided an insight into the 

challenges faced when simulating audio for testing tactile icons. 

 

Conclusions 

Using mobile devices in distracting environments with restricted vision create accessibility 

challenges for both individuals with and without disabilities. It is proposed and confirmed 

in our preliminary studies that tactile feedback integrated into mobile applications can be 
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a solution to free the mobile device user‘s visual channel. Future work will involve a set of 

studies, including (1) investigating user information needs when interacting with mobile 

devices in contexts when vision is restricted, (2) identifying and extending parameters of 

touch through the use of portable low-cost vibration actuators to spatially distribute 

information, (3) evaluating tactile icons developed through the research in real world 

scenarios in the field, and (4) studying the mapping of semantic information to tactile 

icons. Contributions of the proposed research include the development of a participatory 

approach to assist mobile HCI researchers in studying tactile perceptions and a tactile 

framework to provide mobile application developers implications and guidelines 

regarding how to embed tactile feedback into mobile interactions effectively. 
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Abstract 

The goal of this research is to make textual content in the Web --especially in Spanish and 

English-- more accessible to people with dyslexia. The techniques that we will use to make 

the Web more accessible are Natural Language Processing (NLP) for its content (text) and 

Web design guidelines for its layout. To find out which solutions tackle better our purpose 

we will test a diverse set of Web pages examples. The main methodology to evaluate 

these examples will be eye tracking using regular and dyslexic students. In the case that 

our findings show that there are strategies that make the Web more accessible for 

dyslexic users, we plan to develop and application which includes such results, 

transforming a regular Web site into a dyslexic friendly Web site. 

Introduction 

Broadly, this thesis addresses a real world problem: Web accessibility for dyslexic users. 

Given that dyslexia is a learning disability that affects language, we can assume that 

accessibility can be approached from two dimensions:  (1) form --HTML layout-- and (2) 

content --text--. Although there are applications that make the Web more accessible for 

dyslexic users, these only modify its design but not its content. 

In particular, this Ph.D. thesis explores text accessibility for dyslexic users. This leads to 

diverse scientific challenges where some of them will be tackled for the first time. We will 

first study how dyslexia affects the different levels of language and find out which linguistic 

properties of the text are useful for our goal. Then, we will explore which of the existing 

and potential NLP techniques have a beneficial impact on accessibility. The results will be 

used for the development of a tool, DysWebxia, which will output friendly Web pages for 

dyslexic users.  

Motivation 

There are three main factors that led to my choice of topic: (1) its social relevance, (2) its 

scientific challenge, and (3) its usefulness. 

First, dyslexia is a universal neurologically-based disorder [11] and, unfortunately, it is a 

fairly frequent condition (according to the National Academy of Sciences, 10-17% of the 

U.S. population has dyslexia [9]. We made an estimation of the presence of dyslexic texts 

in the Web to know the real impact of dyslexia and our results show that at least 0.28% of 

Web pages in English has dyslexic text [1]. Since dyslexia is a learning disability that affects 

the acquisition and the processing of language, learning periods become crucial to 

overcome it.  

mailto:luz.rello@acm.org
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Second, our approach is novel considering the related work. Although there is already 

software (e.g., spell-checkers) designed specifically for dyslexics, most frequently visited 

Web pages currently offer no accessibility options for their dyslexic users. Moreover, most 

of the various studies that take into account dyslexia from the Web accessibility point of 

view are focused on the design characteristics of the Web page [8], e.g. special text 

formats for dyslexic users [7]. Although there are some recent studies that use NLP 

techniques (text simplification) for people with special needs [4], to the best of our 

knowledge, the use of such strategies considering dyslexic users together with eye 

tracking has not yet been approached. So our focus is on the content, not in the design 

of Web pages, although we will take into account the extensive literature to design the 

layout of our prototypes. 

Finally, a tool that makes the Web more accessible for dyslexic users will be beneficial for 

all people, since dyslexic-accessible practices redress difficulties encountered by all 

Internet users [8]. There is a common agreement in related work that the application of 

dyslexic-accessible practices benefits also the readability for non-dyslexic users [10, 8], as 

well as other users with disabilities such as low vision [6, 7, 5]. The development of this tool 

would improve the access of dyslexic people to information content, being a help for 

overcoming dyslexia during the learning process. 

 

 

Figure 1. Ph.D. summary. 
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Methodology 

Our research include threes main stages (see Fig. 1). Stage A includes the state of the art; 

the motivation and a linguistic description of dyslexia to find out the linguistic components 

that potentially improve accessibility. During Stage B a set of Web pages examples will be 

created taking into account different NLP techniques, linguistic knowledge and design 

strategies. 

We will explore the effectiveness of each strategy by testing the examples using eye 

tracking considering two groups of students: (i) regular native students --control group—

and (ii) dyslexic students --with dysphonetic dyslexia [3]. To complement the findings of 

eye tracking we will use crowdsourcing (e.g. Amazon Mechanical Turk) and user 

engagement measures. Once we know which results help dyslexic users to read and 

access information, we will (stage C) develop the actual software that could take into 

account the strategies devised and integrate them into browsers. 

Status of the Research  

This PhD is on its early stage of research as I am in my first Ph.D. year. So far I am finishing 

the accomplishments of stage 1 (Section Methodology). I have reviewed the literature to 

find out the open problem and I have worked on the motivation of this thesis estimating 

the impact of dyslexia in the Web [1, 2]. At this moment I am working on the detailed 

linguistic description of the problems that people with dyslexia experience and the 

experimental design [3].  

Envisioned Contributions  

The expected contributions of my Ph.D. Thesis are:  

    — A description of the state of the art of dyslexia related to accessibility, linguistics and 

natural language processing.     

    — Studies about the presence of dyslexia in the Web using Web mining 

methodologies.     

    — Finding of features that contribute to make the text more accessible for dyslexic 

users. 

    — The adaptation and development of the NLP techniques that benefits accessibility 

for dyslexics. 

    — A beta version of a tool for making Web sites more accessible.      

 

Doctoral Consortium 

I expect to gain from the doctoral consortium: (1) a constructive criticism to my Ph.D. 

proposal which I hope to put into practice; (2) advise from experts in accessibility since 

the topic is fairly original and some questions have risen throughout my research so far; 

and (3) meet researchers in this field, which is new for me, who come from a NLP and 

linguistics background.  
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Abstract 

While assistive technology focuses on providing function to help people with disabilities 

overcome barriers to access, awkward and clunky designs often draw unwanted 

attention to the user. In this way, assistive technologies are not always designed with 

social situations in mind, and may contribute to issues of in-access, particularly in social 

situations. I am defining and developing a new approach, Design for Social Acceptance, 

to incorporate social acceptance into the design of assistive technology. The goal of my 

research is to make assistive technologies more socially acceptable to alleviate social 

misperceptions of assistive technologies and people with disabilities through improved 

design processes. I will conduct this work by (1) defining what design elements make up 

socially acceptable designs, and (2) by adapting and developing design techniques to 

incorporate social acceptance into the design process for assistive technologies. Thus far, 

I have conducted studies exploring how people with disabilities feel about using their 

technologies in social and professional contexts to gain an understanding of the socio-

technical relations arising around assistive technologies. 

Introduction 

Assistive technologies are purposefully created to provide access to information and 

services for people with disabilities. These technologies are designed for specific functions, 

depending on the information and services they are providing access to. For example, 

Braille display devices give people with visual impairments access to text information. 

Assistive technologies must serve a specific functional purpose, and may or may not be 

successful at providing access for people with disabilities based on the provision of this 

function. This focus on function has often led to a lack of focus and expectation 

surrounding aesthetic and social issues. Further, the design and function of assistive 

devices are often unfamiliar to people without disabilities, perpetuating misperceptions 

about what people with disabilities can do, especially in social and professional situations. 

New advances in technology and the prevalence of personal mobile technologies have 

created a world where technology use is not only functional and personal, but also social, 

public, and observable. For example, unfamiliarity with how an assistive technology works 

may make a person uncomfortable and they may be unsure of how to approach a 

person with a disability. This leads to the need for social acceptance—the extent to which 

a technology augments, rather than detracts from, social situations and a person‘s ―social 

self‖— to be incorporated into the design of assistive technologies. 
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My research focuses on defining, measuring, and incorporating social acceptance into 

the design of assistive technologies. The goal of my research is to find ways to design 

technologies that are not only functional, but that also alleviate misperceptions around 

assistive technologies and the people who use them.  

Related Work  

Oftentimes, assistive technologies are abandoned at high rates for a number of reasons 

[5], including: meaning attributed to technology, usability, cost, issues with function and 

social roles and activities [6]. In fact, oftentimes, assistive technology design lacks 

consideration for the social space in which people live [4], and assistive technology use 

may draw unwanted attention to the user and their disability [3]. Unwanted attention and 

misperceptions about assistive technologies and people with disabilities and may 

contribute to inaccessibility in social situations [10]. My Master‘s work highlighted the 

desire a blind person has to not stand out in social situations [9]. More recently, I 

presented work at CHI 2011 exploring how misperceptions of what people with disabilities 

can and cannot do are perpetuated by the incorrect perceptions nondisabled people 

had of assistive technologies [10]. Participants in that study had an awareness of the 

perceptions that nondisabled people brought to social interactions, and the ways in 

which these perceptions might influence social and professional interaction when assistive 

technologies were in use. 

Additionally, there have been longstanding arguments to inclusiveness in the design of 

mainstream technologies [2], however, few mainstream technologies are sufficiently and 

adequately accessible. Therefore, if assistive technologies are not designed with social 

acceptance in mind, and if mainstream technologies are not designed with accessibility 

in mind, nondisabled people may be unfamiliar about how people with disabilities might 

have access with such technologies. 

Proposed Solution  

To address the issue that awkward and unappealing assistive technology design 

perpetuates misperceptions about people with disabilities, and that mainstream 

technologies should be made accessible when possible, I propose an approach, Design 

for Social Acceptance, focusing on defining and incorporating social acceptance into 

the design process for assistive technologies. This approach adopts foundational 

perspectives toward socio-technical relationships discussed in HCI literature [1,11,12], that 

the combination of social situations and technology form a unique relationship. Therefore, 

I will first gain an understanding of what the design space for socially acceptable design 

looks like, particularly as defined by people with disabilities. Then, I will develop ways to 

incorporate social acceptance into design practices, processes and tools.  

First, I will define what is socially acceptable design. This will involve a mix of qualitative 

and quantitative approaches, including subjective assessments by people with disabilities 

of various assistive and mainstream. This may include quantitative analyses borrowed from 

psychometric evaluative methods which may help to simplify the definition and 

operationalization of what it means to have a design that is ―socially acceptable.‖ With 

these techniques, my goal is to flesh out a design space that adequately defines what 

design for social acceptance would look like. 
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Then, I will adapt various design techniques to determine efficient and cost effective ways 

of incorporating socially acceptable design into design practices. Creating a process that 

is efficient and effective is one way to encourage realistic adoption in practice. 

Determining such an approach includes adapting existing design techniques, such as 

making paper prototyping accessible for people with visual impairments, or borrowing 

principles of participation from Participatory Design that can be encapsulated to reach 

people remotely. My goal is to develop a process or suite of tools and methods to more 

efficiently build social acceptance into the design of assistive and mainstream access 

technologies. 

Progress and Future Work  

My previous work investigated the kinds of technologies used by a blind college student 

[8,9] and investigated when people with disabilities feel uncomfortable when using 

assistive technology around friends, coworkers, or strangers [10]. Thus, work to date 

focused on exploring and understanding how people with disabilities feel about using 

assistive technologies in social, professional, and public contexts. In addition, I have 

perused literature on related issues, including assistive technology, disability studies, HCI, 

and design. I am currently focused on finding ways to define what design elements 

comprise social acceptance for people with disabilities. Future work includes 

encapsulating the design space into a usable framework that can incorporate social 

acceptance as a design component in creating assistive and accessible technologies.  

Contributions   

The successes of my past work are encouraging and have given me opportunities to 

discuss my research at relevant venues. The ASSETS 2007 program committee selected my 

paper for submission to the CACM, where it became the cover story in August 2009 [8,9]. I 

took second place in the ASSETS 2010 Student Research Competition [7]. More recently, 

my work was fortunate to receive a Best Paper Award at CHI 2011 [10]. I believe these 

experiences sharing and presenting my work have given me practice in discussing and 

reflecting on my and others‘ work. I believe in this way, I am prepared to make reflective 

and helpful contributions at the Doctoral Consortium. 

Participating in the ASSETS 2011 Doctoral Consortium will complement my prior 

achievements, and assist me in refining my ideas. My ideas were considered promising 

enough to warrant an NSF Graduate Research Fellowship Honorable Mention in 2009. Yet, 

had my ideas been more refined and had I been better at communicating them, I might 

have won the Fellowship. Since then, I have worked hard to understand the relationships 

people have with their assistive technologies, and how people and technology interact in 

social contexts. However, as I embark upon the dissertation process, I am looking for 

further feedback on the ways in which I define concepts like social acceptance, on my 

choice of methods, such as selecting appropriate scales and instruments for measuring 

concepts like social acceptance, and on the ecological validity of design processes. I 

believe the Doctoral Consortium could help me make progress on these fronts. 

Conclusion 

While I have made headway into my dissertation topic, I believe I am at a crossroads in 

ensuring my work is done correctly and conscientiously. As I embark on my next steps, I 
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believe the ASSETS 2011 Doctoral Consortium is the ideal community to test ideas, receive 

feedback, and interact with others about research being done in accessibility. 
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Abstract 

Mobility of blind and visually impaired people always suffers from various hindrances while 

walking indoor and outdoor, due to unaware distributions and properties of obstacles. In 

our research, we propose to use a 3D TOF camera to detect the surroundings, which not 

only obtains precise distance and orientation of obstacles, but also analyzes more 

properties (e.g. size, hanging height) through a 3D segmentation algorithm. Furthermore, 

a novel touch-sensitive tactile display is employed to present the 3D spatial scene into a 

2D perspective. The non-visual representation let visually impaired users sense the 

distribution of obstacles precisely and explicitly, as well as the surroundings environments. 

An evaluation plan has been addressed to compare the effectiveness of audio and 

tactile representation, and investigate the feasibility of extending the while cane. 

1. INTRODUCTION 

No matter if travelling outdoor or indoor, various obstacles and hazards are located 

everywhere. A sighted pedestrian is able to locate and avoid them because of visual 

perception. People who are blind and visually impaired fail to avoid most of the 

obstacles, such as hanging objects at the height of the head. Better perception of the 

surrounding space beyond the end of the white cane may improve mobility and allows to 

find a safe path independently.   

We are investigating a novel approach to detect and represent the surrounding 

environment, in particular potential obstacles while being able to present a tactile map to 

the user. Tactile maps have shown to be very useful to blind people when planning some 

walk and in combination with GPS devices they are supporting macro-navigation.  

In our approach, we integrate an off-the-shelf 3D time-of-flight (TOF) camera to detect a 

larger field of view, with a touch-sensitive tactile display that provides possibilities of 

representation of 3D spatial scene, and allow interaction with the projection of the current 

environments on the display surface. The combination of 3D TOF camera and a large-

scale tactile display enables users to perceive the dynamic surrounding situation better. 

Generally speaking, there are two main challenges, one is how to obtain the properties of 

the obstacles precisely, like distance, orientation, hanging or not, etc, and the other is 

how to render the detected spatial results in a non-visual interface while preserving their 

spatial relationship. Additionally, the evaluation of such a system should be paid more 

attention as well.  

2. Related work 
2.1 Detection of obstacles 
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In previous research, researchers utilized different kinds of hazards including the ground-

based, the hanging and the descending as well. Since the 1960s ultrasonic sensors and 

infrared sensors have been developed as a probe for the blind, but due to wide 

wavelength, a system consisting of one ultrasonic sensor is not enough to obtain a precise 

location of objects in surrounding environment. Aiming at detecting a larger field of view, 

multiple sensors may be assembled together, but depth remains undetected. A linear 

automatic laser scanner, as another approach, is used in mobile robots to locate 

obstacles [1]. Also, a digital camera enables to detect obstacles in images [2], but it‘s 

hard to obtain both distance as well as orientation precisely and fast while avoiding the 

necessity for changes of the infrastructure. 

2.2 Representation of obstacles 

Representing the surrounding obstacles in a non-visual interface will help the visually 

impaired understand and find a path to avoid dangerous objects independently. 

Auditory rendering is a very popular method [3], but competes with other sound, in 

particular in traffic situations. In addition, the audio output fails to describe the spatial 

information clearly. Tactile representation is an alternative method, which doesn‘t 

interfere with the sense of hearing. Vibrating motors are able to inform on the spatial 

environment [4], for example, in the 2nd Tyflos prototype [5], when results detected by a 

stereo camera system, activates motors in a 4 by 4 vibrator array. Different frequencies 

indicate the orientation and distance of the obstacle. Other actuation than vibrating 

motors against skin, a refreshable miniature tactile display with 8 by 8 actuators that can 

be raised and lowered against the fingertips, has been utilized to render obstacles‘ 

locations from a stereo camera system, in a simple edge-like representation [6].  

3. A 3D obstacle detector  

In order to detect a large field of surroundings and locate different obstacles indoor and 

outdoor, we propose to use an off-the-shelf 3D TOF camera and a corresponding 

segmentation algorithm enabling to obtain the properties of obstacles, such as its 

orientation, distance, size, and if its ground-based. Specifically, this approach would 

indicate how height of hanging obstacles to the floor, that enables users to know whether 

it‘s safe to pass. More interestingly, the algorithm can separate a wall or door from 

background, even object recognition [7]. Figure 1 illustrates the data flow of the 3D 

obstacle detector, after capturing the real 3D scene the proposed segmentation 

algorithm will find out the properties of obstacles, that prepares reliable data for the next 

step of processing.  

As the following step, a novel touch sensitive tactile display, named HyperBraille display 

with 7200 pins (60 by 120) [8] [9], is initially employed to investigate an effective method to 

present the spatial 3D obstacles in a 2D view, as well as the surroundings. The tactile 

display renders the obstacles detected through raised and lowered pins, as well as audio 

description of the situation. More importantly, the large touch sensitive surface of the 

display provides possibilities of interaction and collection more information on the 

surrounding environment, beyond the distribution of obstacles. 
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Figure 1. The data flow chart of the 3D obstacle detector. 

Because of the differences to the acoustical interface and vibro-tactile output, the large 

tactile display not only would represent the precise distributions of multiple objects 

surrounded at the same time, but also would provide explicit sense of touch against 

fingers. Thus, it‘s able to help the blind to establish a mental scenario of surrounding 

environments more easily, beyond the task to locate obstacles.  

Furthermore, how to render the multiple properties of objects through 2D tactile displays is 

challengeable, which is not just to represent direction and distance of obstacles. As 

illustrated in Figure 1, the proposed clustering algorithm enables to analyze the properties, 

such as distance, orientation, type and size. In order to present all of them, we proposed 

to design specific tactile obstacle symbols. For instance, the number of raised pins in row 

indicates the height of an obstacle, and the number of raised pins in column means the 

width.   

 

Figure 2. A wearing 3D TOF camera around waist (left) and a tactile symbol-view of 

obstacles on HyperBraille display (right)3. 

Figure 2 shows an overview of the system consisting of 3D TOF camera that can detect in 

7 meters and works outdoor due to its interferential filter. Considering the restricted field of 

view, the camera is unable to detect a closer area while mounted higher, like in front of 

the chest or on the hand. A tactile symbol-view is rendered with several tactile symbols 

which indicate the layout with distance and orientation, as well as the type (e.g., ground-

based or hanging-based), on a tactile display. The symbols are updated periodically 

                                                 
3 the obstacles are in red circles, and location of 3D TOF camera is in green rectangle 
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while walking. Obviously, the demonstrated HyperBraille display is too heavy to be used 

while on the go, thereby, we are going to employ a mobile version with a smaller size in 

the future.  

 

4. Evaluation plan 

In addition to the evaluation of the 3D segmentation algorithm, our long-term evaluation 

plan is to ask blind users to finish involved indoor and outdoor tasks. We design the first two 

tasks in an indoor controlled environment to discover the effectiveness of audio and 

tactile representation on a tactile display, and the third task in real outdoor scenario. At 

the beginning of each task, participants will be trained and we expect further learning 

effects with each task. The three tasks are described briefly as (see Table 1):  

1. The purpose of the first task is to compare the accuracy of locating obstacles through 

audio and tactile representation. In the controlled environment filled with a couple of 

obstacles, participants need to find a specified obstacle with only audio or tactile 

interaction in two similar scenes. The users‘ behaviors, like success, error, spending time 

and other problems will be analyzed.   

2. In the second task, users‘ performance in avoiding obstacles while walking by 

representing surroundings in only audio, only tactile and mixed both in 3 scenarios 

respectively. As in the first task, users‘ behaviors will be recorded.  

3. The future third evaluation is conducted on a portable tactile display in a real outdoor 

environment. The participants will wear all of the components and avoid hindrances 

on their way. Like in the second task, the performances of 3 kinds of representation will 

be evaluated.  

Table 1. The Evaluation Plan 

Test Participants Indoor/Outdoor Scenario Task 

1 

Visual impaired 

& blindfolded Indoor Controlled Locate Obstacles 

2 Visual impaired Indoor Controlled 

Avoid obstacles 

while walking 

3 Visual impaired Outdoor Real 

Avoid obstacles 

while walking 

    

5. General discussion  

Although there are a number of possible sensors to detect obstacles, like ultrasonic, laser, 

digital cameras, etc, we propose the new 3D TOF camera which would measure precise 

distances pixel by pixel quickly, even in a dark environment. Certainly, the depth imaging 

processing is one of the most important steps in order to calculate reliable results timely. 

Therefore, the performance of relevant algorithms should be paid more attention, such as 

precision of segmentation, and time cost.   
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How to render spatial obstacles to the blind is still challengeable, even if there are many 

different solutions like audio output or vibro-tactile output. Those solutions have been 

investigated several decades, therefore, it‘s necessary to try new approaches to learn 

more. Besides, here are 3 key reasons why we chose the new 2D Braille display:  

 Aiming at satisfying the increasing requirements from the visually impaired users 

towards to understand their surroundings environments, and improving safe and 

independence while on their way. The 2D Braille display is able to render complex 

surroundings environments precisely, as well as the type and size of objects/obstacles. 

But audio/vibro-tactile output is hard to reach those performances.  

 The two basic components (obstacle detector and representation) should be 

interdependent. Because we decided to employ the new 3D TOF camera which 

would detect a large area with accurate distances and find out the type (e.g., head-

level, ground-level, holes) and work in dark place, currently we though the 2D Braille 

display was a suitable platform to render those precise spatial information. On the 

other hand, for example, the ultrasonic canes are unable to detect precise distance 

and direction, thus those systems usually use vibrators to indicate rough distance and 

direction, instead of precise representation. Thus, the users don‘t know if they should 

turn left or right to avoid obstacles.  

 The multiple lines Braille display as an emerging assistive device has become 

commercial products recently, like the company Metec AG, Japanese KGS. Those 

large scale Braille displays will provide new interaction experiences to access 

graphics, maps, and other spatial information. Our group is very interested in 

researching on how to render spatial information (e.g. spatial distributions of 

obstacles) for the blind, and finding out a suitable representation and interaction.   

 

There is another problem, the system will increase users‘ cognitive overload to touch the 

large surface and symbols on the go. Thus, we will have further researches how to reduce 

cognitive load through specific designs. For instance, currently most of blind users don‘t 

want to give up white canes, even they expect one day in the future. It‘s possible to utilize 

a vibrated cane to inform users firstly while closed to obstacles. Then users would touch 

the surface to find out a safe path.  

 

In addition to designing and implementing the proposed system, the detailed evaluation 

plan has to be taken into account ahead. Meanwhile, it‘s significant to define several 

criteria scientifically how to assess the performance and effectiveness, such as spending 

time of each task, number of errors of subjects. As a new kind of electronic travel aids 

(EATs) for the blind, it is also necessary to compare with others during evaluation, like 

ultrasonic canes.      

6. The envisioned contributions 

In general, there are 3 main contributions from our proposed method. The first one is the 

3D TOF camera based segmentation algorithm will be implemented, to detect and 

obtain much more properties of obstacles in real-time (e.g. distance, orientation, size, 

ground-based or hanging, even the hanging height). Another contribution is to 

investigate possible approaches to present the 3D surroundings environments into a 2D 

view through a tactile display. At last, we will design and implement a non-visual 
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representation of obstacles, by which the users who are blind and visually impaired, are 

able for better micro-navigation and interact with the surrounding environment. 

7. Conclusions 

We proposed to utilize an off-the-shelf 3D TOF camera and an emerging multi-line tactile 

display, to detect and represent the surroundings environments as well as closed 

obstacles for the visually impaired. In addition to development of effective segmentation 

algorithm to obtain properties of objects, we investigated how to render the 3D scene 

precisely into a 2D view. Besides, the design of tactile symbols has been figured out to 

render obstacles with multiple properties. At the same time, an initial long-term evaluation 

plan has been released, aimed at gathering direct feedback from end users.  
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