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Preface 

The Center on Disabilities at California State University, Northridge is proud to welcome you to 

the third issue of the Journal on Technology and Persons with Disabilities. These published 

proceedings from the Annual International Technology and Persons with Disabilities 

Conference, represent submissions from the Science/Research Track presented at the 30th 

anniversary event held March 2-7, 2015.   

The Center on Disabilities at CSUN has been recognized for sponsoring an event that for three 

decades highlights the possibilities and realities which facilitate the full inclusion of individuals 

with disabilities. Over the years it has truly become the major global platform for meeting and 

exchanging ideas, continually attracting more than 4,000 participants annually.   

We were once again pleased that the third Call for Papers for the Science/Research Track in 

2014 drew a large response of more than 40 leading researchers and academics.  A panel of more 

than 30 highly-qualified peers from around the world formed the program committee and was 

chaired by Dr. Klaus Miesenberger. The expertise of the program committee ensured that each 

contribution was expertly and equitably peer-reviewed and only those submissions of the highest 

caliber were accepted for presentation and publication.  Demonstrating a clear focus on scientific 

excellence, this third Journal and the Science/Research Track at the conference, document 

CSUN’s commitment to involve scientific researchers from all over the world to fulfill its 

mission as a platform of exchange with full cooperation and support of all stakeholders. 

We would like to thank the authors, the Science/Research Track review panel, the Center on 

Disabilities team at CSUN, and the editorial staff for their professional support. As always, we 

are grateful for and appreciate the many participants and partners who have contributed to the 

Annual International Technology and Persons with Disabilities Conference throughout the first 

30 years. As we begin to move into our 4th decade, we will continue to seek out this support and 

collaboration and hope you will join us at our 2016 event where we will rebrand the conference 

as the “CSUN Assistive Technology Conference”. 

Welcome once again to our third publication of “The Journal on Technology and Persons with 

Disabilities.” We hope you will continue to enjoy our endeavors and with your continued support 

of the Center on Disabilities at CSUN and the annual conference we can all work together in our 

mission of “changing the world for people with disabilities.” 

Sandy Plotin 

Managing Director, Center on Disabilities 
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Development of a Math-Learning App for Students with 

Visual Impairments 

Carole R.  Beal, The University of Florida. 

crbeal@coe.ufl.edu 

L. Penny Rosenblum, The University of Arizona.

rosenblu@u.arizona.edu 

Abstract 

The project was conducted to make an online tutoring program for math word problem solving accessible to 

students with visual impairments (VI).  An online survey of teachers of students with VI (TVIs) guided the decision 

to provide the math content in the form of an iPad app, accompanied by print and braille materials.  The app includes 

audio descriptions of images that illustrate the math problems, an integrated Scratch Pad, options to adjust color and 

contrast, hints, and videos showing how to solve sample problems.  In order to provide access to those needing screen 

reading technology or screen enlargement, the app utilizes the Apple built-in accessibility features of VoiceOver and 

Zoom.  A study with 19 TVIs and 29 students with VI was conducted to obtain feedback about the app and materials.  

Comments were generally positive, but both students and teachers reported that the quality of the hints varied and that 

the videos were not very helpful.  Thus, the hints were revised, and narrated videos showing step-by-step solutions 

were added to each problem.  A single subject study is in progress to compare students’ performance when using the 

app and materials with the traditional way they access math materials (print, braille). 

Keywords 

Visual impairment, math learning, iPad app, technology 

mailto:crbeal@coe.ufl.edu
mailto:rosenblu@u.arizona.edu
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Introduction 

Educators, researchers, and practitioners have noted that math learning is often especially 

difficult for students with visual impairments (VI), and that this may contribute to their low 

numbers in math-intensive college majors and professions (Freeland, Emerson, Curtis, and 

Fogarty; Goertz, van Lierop, Houkes, and Nijhuis; McDonnall, Geison, and Cavenaugh).  In 

particular, algebra is a critical “gatekeeper” course.  Students who do not pass algebra are not 

likely to pursue science or engineering.  Often, the problem is that students lack proficiency in 

key algebra-readiness skills such as division, fractions, decimals, and unit conversion.  To address 

the need to help students with VI build their algebra-readiness skills, the present project was 

designed to adapt an existing online tutoring program for use in authentic educational settings by 

students with VI, and their teachers of students with visual impairments (TVIs). 

Discussion 

The AnimalWatch program 

The original online tutoring program (“AnimalWatch”) was developed with support from 

the U.S.  Department of Education (Beal, Arroyo, Cohen, and Woolf).  The program emphasizes 

word problem solving, which is generally considered a key component of mathematics 

proficiency (Koedinger and Nathan).  An efficacy study involving a randomized control trial 

(RCT) design indicated that classroom use of the AnimalWatch software in California middle 

schools was associated with improved scores on the state end-of-year math achievement test 

(Schneider, Beal, Hauk, D’Silva, Li, and Allen).  However, the web-based program was not fully 

accessible for students with visual impairments.  Thus, the project goal was to make the 

AnimalWatch program accessible. 
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Selection of iPads as the delivery platform 

The initial project challenge was to identify the best platform to meet the needs of students 

with a range of visual abilities (low vision to educational blindness) and literacy media used to 

access information (print, braille, audio) (Zhou, Parker, Smith, and Griffin-Shirley; Zimmerman, 

Zebehazy, and Moon).  The Project Team developed an online survey that was open in Spring 

2012 to TVIs.  Results indicated that TVIs (N = 88, from 27 states) believed that the iPad 

platform, which includes Apple-proprietary accessibility features such as VoiceOver, an 

integrated speech option, held the most potential for effective delivery of math instruction to their 

students. 

Features of the app 

 During the 2012-2013 school year, we developed a prototype iPad app (“AnimalWatch 

Vi”) along with accompanying materials, and obtained feedback from students with VI and TVIs.  

Math content.  In its final form, the app includes 24 units covering math topics such as 

fractions, decimals, unit conversion, solving one-variable equations, basic statistics, and basic 

geometry.  Each unit includes six word problems, each with two hints that are available to the 

student after he or she enters an incorrect answer, and a short video showing the problem solution 

that becomes available if the student cannot solve the problem.  Two problems in each unit 

include graphical information such as maps, tables, bar graphs, and diagrams.  Students with VI 

often lack opportunities to work with graphical information, yet this type of information is often 

emphasized on math achievement tests. 

Accessibility features 

 All text on the screen can be accessed in audio form either via VoiceOver or by a two-

finger single tap, which activates the app's internal speech that sounds like VoiceOver to the user.  
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Areas of the screen can be enlarged using the Apple accessibility feature Zoom.  A Settings page 

within the app allows students to select a font color and background combination to maximize 

usable vision, to fade or eliminate decorative artwork, and to adjust the audio speed.  An Answer 

Pad allows the student to enter answers and receive immediate feedback.  The Answer Pad is 

linked to a moveable Scratch Pad available for those with usable vision to do their computation.  

Features of the Scratch Pad allow the student to adjust the line thickness of the pen, undo the last 

pen stroke, or erase the page. 

Accompanying materials  

Hard copies of the word problems are provided in braille.  The graphics (maps, bar graphs, 

diagrams) in each unit are provided in print or braille based on the student's literacy medium.  The 

graphics are also visible on the screen and audio-described.  All materials were reviewed and 

approved by members of the project team, which included experts in math education for students 

with VI, braille transcriptionists, TVIs, and a high school student who is a braille reader. 

Implementation 

 The app is built in the iOS programming language.  Content (word problems, audio files, 

images, videos) is downloaded to the student’s device.  The app is also connected to a project 

database that records user actions (e.g., log files that include incorrect answers, requests to view 

hints or videos) to support the research.  The log files are uploaded automatically to the database 

whenever the device detects that it has Internet access.  The database also allows the research 

team to manage the content by logging in and updating problems, videos, images and other 

features, and to assign specific units to particular students. 
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Feasibility study  

In Spring 2014, we conducted a study to determine if students and TVIs would be able to 

use the app and materials in a classroom setting.  TVIs (N = 19) participated in a two-hour 

training and then introduced the app and materials to their students (N = 29), starting with an 

introductory unit designed to provide an overview of the features of the app and an opportunity 

for students to customize the app's settings to maximize their access.  Students completed six 

units involving appropriate math content that had been selected by their TVIs.  Both groups of 

participants provided feedback via individual telephone interviews. 

The response from users was generally positive.  One TVI of a 6th grader shared, "I love 

the whole thing.  I wish it covered kindergarten through 8th grade or high school… There is 

nothing out there like it.  I want more!" Participants also provided feedback about specific 

features that was used to guide a final round of revision.  For example, students liked the word 

problem hints but reported that the quality of the hints was inconsistent.  Also, the help videos 

were too long and generic (i.e., not specific to the problem that the student was trying to solve) to 

be useful.  One teacher commented, “It would be more helpful to see steps on how to get the 

answer so then on the next problem she might be able to do it.” These suggestions were addressed 

by re-writing all hints to ensure consistency of approach (e.g., Hint 1 provides a guide about the 

operation, and Hint 2 provides more specific guidelines involving the numbers in the problem).  

In addition, each problem now has a brief narrated video showing its step-by-step solution. 

Discussion 

The study results indicated that we were reasonably successful in adapting an existing 

web-based resource for use by students with visual impairments through implementation in the 

form of an iPad app.  Interestingly, however, the app alone was not viewed as sufficient.  Both 
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students and TVIs indicated that the hard-copy materials were a valuable complement to the app.  

Students with low vision typically accessed the maps, tables, bar graphs, and diagrams on paper 

rather than on the small iPad screen.  Students who were braille readers noted that they would 

refer to the braille book as a backup when solving more challenging word problems.  Thus, 

technology alone is not likely to be a complete solution to how to access content such as 

mathematics, which is heavily visually and conceptually based. 

Several challenges remain to be addressed: First, the display of some mathematical 

equations in Nemeth code is not correct when produced via a refreshable braille display.  This is 

complicated by the fact that the United States is transitioning to the Unified English Braille 

(UEB) code.  Decisions will need to be made about whether mathematical content is presented in 

UEB or Nemeth code since that code is being retained in the United States.  Second, the audio 

files generated from the database text files were sometimes inconsistent (e.g., a decimal point 

might be read as “dot” or “point” in different contexts).  Pronunciation was also sometimes 

unclear or incorrect (e.g., “live” was sometimes pronounced as “liv”). 

An evaluation study to assess the promise of the instructional package is being conducted 

in the 2014-2015 school year to compare the app and its materials to the traditional way in which 

the student accesses math content (e.g., print, braille).  TVIs in the study will collect data as the 

student works using an iPhone/iPad app built for the project.  TVIs will record any materials used 

by the student, the amount of help provided, and how motivated and engaged the student appeared 

to be, and their data will be uploaded to the database for integration into the student log files.  One 

possibility is that students will be more successful with, able to work more independently, and 

show a preference for the app, which includes hints and solution videos, whereas static print or 
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braille versions do not.  Alternatively, students may prefer to use the resources that are more 

familiar to them. 

Conclusion 

The project goal was to make the word problems from the AnimalWatch online math 

tutoring program accessible to students with visual impairments.  The design process involved 

soliciting input from teachers to identify the most appropriate platform and features.  The initial 

prototype was then tested in the field with students and TVIs, whose feedback was used to drive a 

second cycle of development to refine the features.  In general, users reported a positive 

impression of the app prototype and its accompanying materials.  Students indicated that the app 

was interesting, its layout was intuitive, and that they enjoyed learning about the animals 

described in the word problems.  The TVIs reported that students were able to navigate the app 

independently, and their knowledge of math content improved.  These positive reports need to be 

confirmed with a study in which measures of student learning are included.  In general, the results 

point to the potential of technology to support access to instruction for students with visual 

impairments. 
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Question-Asking Strategy for People with Aphasia to 
Remember Food Names 
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Abstract 

We have developed a personal vocabulary assistant system as an Android smartphone application for 

aphasic people who can recognize objects and understand what they are but have difficulty finding the names of 

objects. Our system assists these aphasic people so that they can record the names of daily meals. We performed a 

pre-test using the prototype system with one patient and found two reasons for erroneous answers: pushing wrong 

button and the difference between the definition of the food/dish of the database and that of the users. Therefore, we 

proposed a method for dealing with them and implemented the system by improving the database and introducing a 

probabilistic model. When we performed the experiment with three patients, the system was able to lead the user to 

the correct name even when there were some erroneous answers. 

Keywords 

Aphasia, question-asking, Android application, word recall difficulty 
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Introduction 

We have developed a personal vocabulary assistant system as an Android smartphone 

application for aphasic persons who can recognize objects and their meanings but have difficulty 

finding the names of objects.  Our target patients can often recall the names when given clues 

such as written characters.  The system supports aphasic persons by enabling them to take a 

photograph of the food that they want to talk about later and record the name of the object.  The 

aphasic persons can name the food during a chat with their family or friends by looking at the 

photo and the object name displayed on the system. 

The computer-aided visual communication (C-VIC) system is one of the famous 

augmentative and alternative communication (ACC) systems for aphasia (Steele et al., 409-426).  

Many assistant systems are conceptually based on C-VIC (van de Sandt‐Koenderman et al., 459-

474).  These systems support conversation for specific tasks in situations such as shopping or 

visiting a doctor by using images and written text that have been prepared by non-aphasic people 

including speech-language-hearing therapists (ST).  In contrast, our system helps aphasic people 

to prepare the system data that he/she wants to talk about and provides an opportunity to 

communicate.  This paper shows our proposed feature to support recording the object name for 

aphasic persons. 

Proposed system 

The system is used as a personal vocabulary assistant system.  Our proposed feature 

supports aphasic people so that they can record the names of daily meals.  In general, an ST 

skillfully asks specific questions for better communication to get words out of aphasic persons.  

Furukawa et al. (100) studied question strategies to efficiently elicit words from aphasic persons.  

We implemented a question strategy based on this study.  The system generates yes/no questions 

Journal on Technology and Persons with Disabilities 
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and narrows down the candidates in accordance with the answers from the user.  After the user 

has answered some questions, the system shows 5 candidates on the display.  The user can record 

the name by touching one of them if the object name is found in the candidates.   

Fig. 1. Question screen (left) and screen of food name candidates (right). 

Figure 1 (left) shows the question screen.  The system displays a photograph the user has 

taken above the question about it.  Below the question there are three buttons for answering: 

“Yes”, “No”, and “I don’t know”.  The user replies to the question by touching one of the 

buttons.  Then, the system shows the next question.  The user can go back to a previous 

question and reply again by using the “undo” button. 

After the user replies to about 10 to 30 questions, the system outputs 5 candidates as 

shown in Figure 1 (right).  The system saves the name that the user selects from them.  If there is 

no right name, the user can see the next 5 candidates by using the “next” button.  He/she can also 

see the previous 5 candidates by using the “prev” button.  If the candidate is not readily found, 

the user can finish this application by using the “end” button. 

Journal on Technology and Persons with Disabilities 
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We registered data for 600 different kinds of foods/dishes in the database.  As an attribute, 

we prepared the type of food/dish, food genre, cuisine, and ingredients.  The system generates 

questions based on all these attributes. 

Question strategy 

We can calculate the conditional probability of a candidate food/dish name when the 

system observes an answer for a question: 

𝑃𝑃(𝑟𝑟𝑛𝑛|𝑞𝑞, a𝑜𝑜) =
𝑃𝑃(𝑞𝑞,𝑎𝑎𝑜𝑜|𝑟𝑟𝑛𝑛)𝑃𝑃(𝑟𝑟𝑛𝑛)

∑ 𝑃𝑃(𝑞𝑞,𝑎𝑎𝑜𝑜|𝑟𝑟𝑖𝑖)𝑃𝑃(𝑟𝑟𝑖𝑖)𝑟𝑟𝑖𝑖∈𝑅𝑅
 , (1) 

where 𝑟𝑟𝑛𝑛 ∈ 𝑅𝑅 is the food/dish name that is registered on the system, 𝑅𝑅 is the set of names, 𝑞𝑞 ∈ 𝑄𝑄 

is a question, Q is the set of questions, and 𝑎𝑎𝑜𝑜 ∈ A = {yes, no} is the content of an observed 

answer.  Here, 𝑃𝑃(𝑞𝑞, 𝑎𝑎𝑜𝑜|𝑟𝑟𝑛𝑛) is the likelihood of observing an 𝑎𝑎𝑜𝑜 for 𝑞𝑞 given 𝑟𝑟𝑛𝑛. 

We should consider that aphasic persons reply with erroneous answers.  Actually, we 

performed a preliminary test with one aphasic person and found two reasons for an erroneous 

answer.  First, the definition of the food/dish of the user was different from that of the database.  

For example, when the system asked the user “Are there carrots with it?” for Hamburg steak, he 

replied “Yes” though the database had registered “no carrots with the Hamburg steak”.  Second, 

a user might make a reply that was different from his/her intention.  For example, when the 

system asked “Is it Japanese?” for “Sushi”, the user thought “Sushi is Japanese food” but 

touched the “No” button. 

To consider these erroneous answers, we introduce 𝑎𝑎𝑇𝑇 as a random variable expressing the 

true intention of the user to 𝑞𝑞.  Then, we can calculate the likelihood: 

𝑃𝑃(𝑞𝑞,𝑎𝑎𝑜𝑜|𝑟𝑟𝑛𝑛) = � 𝑃𝑃(𝑎𝑎𝑜𝑜|𝑞𝑞,𝑎𝑎𝑇𝑇)𝑃𝑃(𝑞𝑞,𝑎𝑎𝑇𝑇|𝑟𝑟𝑛𝑛)
𝑎𝑎T∈𝐴𝐴

, (2)
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where 𝑃𝑃(𝑎𝑎𝑜𝑜|𝑞𝑞,𝑎𝑎𝑇𝑇) is the term in consideration of the case where 𝑎𝑎𝑇𝑇 is different from 𝑎𝑎𝑜𝑜 and 

𝑃𝑃(𝑞𝑞,𝑎𝑎𝑇𝑇|𝑟𝑟𝑛𝑛) is the term in consideration of the case where the definition of the food/dish for a 

user is different from the definition of the database.  Then, we set formula (3) as constraints: 

� 𝑃𝑃(𝑎𝑎𝑜𝑜|𝑞𝑞, 𝑎𝑎𝑇𝑇)
𝑎𝑎T∈𝐴𝐴

= 1 (3)

We define 𝑃𝑃(𝑎𝑎𝑜𝑜|𝑞𝑞,𝑎𝑎𝑇𝑇) as the probability of observing 𝑎𝑎𝑜𝑜 when the intention of the user 

for 𝑞𝑞 is 𝑎𝑎𝑇𝑇.  For example, 𝑃𝑃(𝑛𝑛𝑛𝑛|𝐼𝐼𝐼𝐼 𝑖𝑖𝑖𝑖 𝑚𝑚𝑎𝑎𝑖𝑖𝑛𝑛 𝑑𝑑𝑖𝑖𝐼𝐼ℎ? ,𝑦𝑦𝑦𝑦𝐼𝐼) refers to the probability that the 

intention of the user was supposed to be “Yes” for “Is it a main dish?”, but he/she mistakenly 

touched the “No” button. 

In this paper, we assume that the error of the answer does not depend on the content of the 

question and answer.  Then, we define 𝑃𝑃(𝑎𝑎𝑜𝑜|𝑞𝑞,𝑎𝑎𝑇𝑇) as follows:  

𝑃𝑃(𝑎𝑎𝑜𝑜|𝑞𝑞,𝑎𝑎𝑇𝑇) = � 𝜃𝜃,       𝑎𝑎𝑜𝑜 = 𝑎𝑎𝑇𝑇
1 − 𝜃𝜃,𝑎𝑎𝑜𝑜 ≠ 𝑎𝑎𝑇𝑇

 ,  (4)

where 𝜃𝜃 is the arbitrary probability.  For simplicity, we wrote 𝜃𝜃 instead of 𝑃𝑃(𝑎𝑎𝑜𝑜|𝑞𝑞,𝑎𝑎𝑇𝑇) when 

𝑎𝑎𝑜𝑜 = 𝑎𝑎𝑇𝑇 in this paper. 

𝑃𝑃(𝑞𝑞,𝑎𝑎𝑇𝑇|𝑟𝑟𝑛𝑛) is the probability of the intention of the user for 𝑞𝑞 given 𝑟𝑟𝑛𝑛.  For example, 

𝑃𝑃("𝐼𝐼𝐼𝐼 𝑖𝑖ℎ𝑦𝑦𝑟𝑟𝑦𝑦 𝑏𝑏𝑦𝑦𝑦𝑦𝑏𝑏 𝑖𝑖𝑛𝑛 𝑖𝑖𝑖𝑖? ",𝑦𝑦𝑦𝑦𝐼𝐼|𝐻𝐻𝑎𝑎𝑚𝑚𝑏𝑏𝐻𝐻𝑟𝑟𝐻𝐻 𝐼𝐼𝑖𝑖𝑦𝑦𝑎𝑎𝑠𝑠) refers to the probability that the intention of 

the user is "Yes" when the system shows “Is there beef in it?” for Hamburg steak. 

The above-mentioned probability will be set based on a large quantity of observation data.  

However, we cannot judge which reason causes the erroneous answer from the observed result.  

Therefore, in this paper, when the definition of the user was different from the database, we 

assumed it was an erroneous answer caused by another reason.  We set 𝜃𝜃 to 0.84 based on 

preliminary experiments in this paper. 
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Using the above-mentioned formulation, the system generates a question with the 

expectation by the user answering that as much information as possible will be extracted.  When 

the system observes 𝑎𝑎𝑜𝑜 for 𝑞𝑞, we can calculate the entropy using formula (1): 

𝐻𝐻′(𝑞𝑞,𝑎𝑎𝑜𝑜) = �−𝑃𝑃(𝑟𝑟𝑖𝑖|𝑞𝑞,𝑎𝑎𝑜𝑜) log𝑃𝑃(𝑟𝑟𝑖𝑖|𝑞𝑞,𝑎𝑎𝑜𝑜)
𝑟𝑟𝑖𝑖∈𝑅𝑅

. 
(5) 

We can calculate the expectation of the information obtained when the system observed 𝑎𝑎𝑜𝑜 for 𝑞𝑞: 

𝐼𝐼′(𝑞𝑞,𝑎𝑎𝑜𝑜) = 𝐻𝐻 − 𝐻𝐻′(𝑞𝑞, 𝑎𝑎𝑜𝑜), (6) 

where 𝐻𝐻 is the current entropy.  In this way, we can calculate the expectation 𝐼𝐼′(𝑞𝑞) of the 

information to be provided by the next expression: 

𝐼𝐼′(𝑞𝑞) = � 𝑃𝑃(𝑞𝑞,𝑎𝑎𝑜𝑜)𝐼𝐼′(𝑞𝑞, 𝑎𝑎𝑜𝑜)
𝑎𝑎𝑜𝑜∈𝐴𝐴

. (7) 

The question displayed by the screen 𝑞𝑞� is chosen using formula (8). 

𝑞𝑞� = argmax
𝑞𝑞∈𝑄𝑄

𝐼𝐼′ (𝑞𝑞). (8) 

In this paper, the system shows 5 candidates when the cumulative probability of them 

exceeds 0.5 or the number of questions reaches 31. 

Experiment with three patients 

We conducted evaluation experiments to confirm whether three aphasic persons could 

record the correct object name using our proposed system for the photographs for which they 

could not name.  For this experiment, we prepared 30 photographs for each subject and selected 

the photographs of the food/dish that they have eaten and thought they could name if they saw 
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the written word.  Table 1 shows the characteristics of the three subjects and each experimental 

condition. 

Table 1. Characteristics of three subjects and experimental conditions 

Subject Age Gender Symptoms Photos for 

Ken 40s Male Sensory 

 

10 

Hiro 70s Male Apraxia of 

 

3 

Hana 50s Female Apraxia of 3 

Results 

Table 2 shows the number of successful trials, average number of questions when 

patients can record the name, and number of trials with erroneous answers.  In successful trials, 

the system made from 11 to 31 questions to show the correct name.  Besides, we confirmed that 

the system always showed all patients the correct names although there were erroneous answers 

for each trial. 

Table 2. Successful trials, average number of questions, and trials with erroneous answers 

Patient Success trials/All trials Average number of 
questions 

Trials with erroneous 
answers 

Ken 9
10� 19.8 4 

Hiro 2
3� 21.3 3 

Hana 3
3� 17.7 2 
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Discussion 

The system successfully provided the right food name in the candidate list 14 times 

during 16 trials for the aphasic persons to select.  In one unsuccessful trial, the system provided 

the right food name, but Hiro could not select it.  In another unsuccessful trial, Ken ended 

answering the questions.  He was not able to continue answering the questions because he 

thought he had answered all the ingredients of the dish.  In this case, the system needed to ask for 

the ingredient that had not been used to narrow down the candidates.  However, it is considered 

to be unable to match human intuition.  

The average number of questions in each trial was 19.7.  In seven trials without 

erroneous answers, the average number of questions was 12.7.  If we use the previous version 

that does not consider erroneous answers in these trials, the average number of questions reduced 

to 9.0.  However, if we use the previous version for all trials, only seven trials were successful 

during 16 trials.  If the number of successful trials increased like this by increasing the number of 

questions by 3 or 4, it can be concluded that the new system is better. 

Conclusions  

We have developed a personal vocabulary assistant system as an Android application for 

aphasic people who can recognize objects and their meanings but have difficulty finding the 

names of objects.  To help these aphasic people remember food names, the system generates 

yes/no questions and narrows down the candidates in accordance with their answers.  

Experimental results showed that three subjects with aphasia successfully recalled the food 

names 14 times during 16 trials using a system that considers erroneous answers.  In the first 

trial, we observed an ST letting out an exclamation of admiration when an aphasic person found 

the right name and uttered it by himself.  Enabling him to do something that he was unable to do 
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alone had a huge impact not only on him but also on the people around him including us.  Now, 

we are planning to improve the system using image recognition technology, which can reduce 

the number of questions asked until presenting the right name.  
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Abstract 

Automatic synthesis of linguistically accurate and natural-looking American Sign Language (ASL) 

animations would make it easier to add ASL content to websites and media, thereby increasing information 

accessibility for many people who are deaf.  Based on several years of studies, we identify best practices for 

conducting experimental evaluations of sign language animations with feedback from deaf and hard-of-hearing 

users.  First, we describe our techniques for identifying and screening participants, and for controlling the 

experimental environment. Finally, we discuss rigorous methodological research on how experiment design affects 

study outcomes when evaluating sign language animations. Our discussion focuses on stimuli design, effect of using 

videos as an upper baseline, using videos for presenting comprehension questions, and eye-tracking as an alternative 

to recording question-responses. 
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Introduction 

Standardized testing in the U.S. has revealed that many deaf adults have lower levels of 

English reading literacy (Traxler).  If the reading level of the text is too complex on websites, 

closed-captioning, or other media, these adults may not understand the content.  More than 

500,000 people in the U.S. use American Sign Language (ASL) as a primary means of 

communication (Mitchell et al. 328-329), and worldwide, nearly 70 million people use a sign 

language (World Federation).  So many individuals can benefit from information conveyed in 

this form; traditionally, this is done by displaying videos of human signers.  However, 

automatically synthesized animations have advantages, including enabling frequent updates 

without re-recording a human performer and supporting dynamic content generation.  

Researchers working on this technology must evaluate whether animations are 

grammatically correct and understandable, typically through participation of signers, e.g. (Gibet 

et al. 18-23; Kipp et al. 107-114; Schnepp et al. 250).  Until recently, the field has lacked 

rigorous methodological research on how experiment design affects study outcomes. Our lab has 

conducted several research projects, surveyed in (Huenerfauth, Learning), to investigate 

experimental methodologies.  Informed by this prior work, including hundred of hours of studies 

with deaf participants, this article summarizes best practices for conducting such evaluations.  

Discussion 

Identifying and Screening Participants 

When humans evaluate a language generation system, it is important for them to be 

native speakers of that language: proper screening is needed to ensure that these judges are 

sufficiently critical of the system’s output (Neidle 15). An ideal participant is a “native signer,” 

someone who learned ASL in early childhood through interactions at home or through 
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significant time in a school environment using ASL.  We have effectively advertised for such 

participants in metropolitan areas through distributing messages to online groups and email lists 

and through hiring recruiters from the local Deaf community.  We have also found that it is 

ineffective to screen potential participants by asking questions such as “How well do you sign?,” 

“Are you a native signer?,” or “Is ASL your first language?” (Huenerfauth et al. 213-214).  Such 

questions could be misinterpreted as asking whether the individual feels personally oriented 

toward Deaf culture. We have instead found it effective to ask whether the potential participant 

has had life experiences typical of a native signer: “Did you grow up using ASL as a child?,” 

“Did your parents use ASL at home?,” “Did you attend a residential school where you used 

ASL?,” etc. 

Controlling the Experimental Environment 

When seeking grammaticality judgments from signers, it is important to minimize 

environmental characteristics which may prompt signers to code-switch to more spoken-

language-like forms of signing or accept such signing as grammatically correct (Neidle 15).   

Many signers are accustomed to switching to such signing in interactions with hearing 

individuals. To avoid this, participants should be exposed only to fluent sign language during the 

study (Huenerfauth et al. 213-214).  Instructions should be signed by another native signer. If 

possible, participants should be immersed in a sign language environment prior to the study, e.g., 

engaging in conversation in fluent ASL prior to the study.  If interpreters are required, they 

should possess near-native sign language fluency (Huenerfauth et al. 213-214). 

As with any study, users must feel comfortable criticizing the system being evaluated. In 

this context, it is important that the participant not feel that anyone responsible for the system is 

sitting with them while they critique it – or else they may not feel as comfortable offering 
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negative opinions about the system. If a native signer is “hosting” the study, it is helpful for this 

person to present themselves as an “outsider” to the technical team that had created the 

animations being evaluated (Huenerfauth et al. 216). 

Engineering Stimuli for Studies 

Inventing stimuli that contain specific linguistic phenomena and measure whether 

participants understand the intended information is challenging – but necessary for effectively 

evaluating ASL animations. For instance, in prior work, we have described how to engineer 

animation stimuli that can be interpreted (ambiguously) in different ways, depending on whether 

a particular aspect of the sentence was successfully understood by the participant (e.g., whether a 

particular ASL facial expression was correctly perceived). In this way, comprehension questions 

can be invented that specifically measure whether this aspect of the animation was correct, 

thereby enabling an evaluation of that specific issue (Kacorri, Lu, and Huenerfauth, Evaluating 

514-516).  To aid researchers, we have published our methods for designing stimuli for a variety 

of linguistic phenomena in ASL, and we have also released a collection of stimuli for evaluating 

ASL facial expressions (Huenerfauth and Kacorri).  
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Fig.1a. Example screens of a stimulus.

Fig.1b. Example screens of subjective evaluation questions. 
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Fig.1c. Example screens of comprehension questions in a user study. 

Engineering Subjective Evaluation Questions for Studies 

To measure user’s satisfaction with sign language animations after viewing stimuli, we 

have asked participants to answer subjective questions concerning grammatical correctness, ease 

of understanding, and naturalness of movement of the virtual human character (Huenerfauth and 

Lu 174-176). To ensure that they are clearly communicated, these questions are explained in sign 

language, and participants select answer choices on Likert scales.  In (Huenerfauth et al. 216-

217), we observed that the scores measuring grammaticality, naturalness, and understandability 

were moderately correlated, which was understandable since the grammaticality and naturalness 

of an animation could affect its perceived understandability.  In other studies, we have also asked 
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participants to rate on Likert scales how confident they were that they had noticed specific 

phenomena of interest in the animations, e.g., a specific facial expression. A questionnaire with 

both types of Likert-scale questions and their answer choices was released in (Huenerfauth and 

Kacorri). 

Engineering Comprehension Evaluation Questions for Studies 

While it is relatively easy to ask a participant to rate subjectively whether they believe a 

particular animation stimulus was understandable, we have observed low correlation between a 

user’s subjective impression of the understandability of a sign language animation and his/her 

actual success at answering comprehension questions about that animation (Huenerfauth et al. 

216-217).  It is for this reason that we have made efforts to include an actual comprehension task

(either a comprehension question about information content in the stimulus or a matching task 

that the user must perform based on this information).  We have discussed how users’ perceived 

understandability scores are not an adequate substitute for this actual comprehension data. 

To obtain reliable scores, researchers must ensure that spoken-language skills are not 

necessary for participants to understand comprehension questions or answer choices.  In prior 

work, we have presented comprehension questions in sign language, e.g. using videos of a native 

singer or high quality animations created by a native signer.  We found that presenting questions 

as video or high-quality animation did not affect comprehension scores (Kacorri, Lu, and 

Huenerfauth, Effect 22-27). To present answer choices, we have successfully used image 

matching (Huenerfauth et al. 216-217), clip-art illustrations for answer choices (Huenerfauth, 

Evaluation 132-133), or definitely-no-to-definitely-yes scalar responses (Kacorri, Lu, and 

Huenerfauth, Effect 2-27; Lu and Kacorri 187-188).   

Journal on Technology and Persons with Disabilities 
Santiago, J.  (Eds): Annual International Technology and Persons with Disabilities Conference 
© 2015 California State University, Northridge 



 Best Practices for Conducting Evaluations of Sign Language Animation 27 

As discussed above, for comprehension scores to be meaningful, they must be engineered 

to probe whether participants have understood the intended information specifically conveyed by 

the aspect of the animation that the researcher wishes to evaluate.  This is particular challenging 

for non-manual components of animation, e.g. facial expressions (Kacorri, Lu, and Huenerfauth, 

Evaluating 514-516).  To aid other researchers in conducting studies, we have released to the 

research community a set of 192 comprehension questions for ASL stimuli with facial 

expressions (Huenerfauth and Kacorri).   

Use of Baselines for Comparison 

In general, the absolute scores recorded from questions in a study are difficult to interpret 

unless they can be considered relative to some baselines for comparison.  This is because the 

absolute scores in a study may depend on a variety of factors beyond the animation-quality, e.g., 

the difficulty of the stimuli and the comprehension questions, participants’ memory skills, etc.  

Thus, in addition to the to-be-evaluated version of an animation stimulus, we include other 

stimuli in a study so that the relative scores can be compared.   

As a “lower baseline” for comparison, we have found it effective to present users with a 

version of the ASL animation that differs from the stimuli by excluding only the features being 

evaluated, e.g., if we are evaluating a method to add a particular facial expression to an 

animation, the lower baseline will lack this facial expression (illustrated in Fig. 2).  A good 

“upper baseline” should represent an “ideal” system output and may consist of a high-quality 

computer animation or a video recording of a human signer (performing identical sentences to 

the virtual human in the animations). We compare both approaches in (Lu and Kacorri 183-189; 

Kacorri, Lu, and Huenerfauth, Effect 2-22). 
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Fig. 2. Example of three types of stimuli in a user study: i) animation without facial expressions 

as lower baseline, ii) animation with facial expressions to be evaluated, and iii) video of human 

signer as upper baseline. 

Eye-tracking metrics in Evaluation Studies 

Researchers sometimes need to measure users’ reactions to animations without 

obtrusively directing participants’ attention to the new features being incorporated; in such cases, 

we have investigates the use of eye-tracking technologies to evaluate stimuli (Kacorri, Harper, 

and Huenerfauth, Comparing; Kacorri, Harper, and Huenerfauth, Measuring 549-559).  We 

divided the screen region where the stimuli appear to three areas of interest: “Upper Face”, 

“Lower Face”, and “Hands”. Figure 3 illustrates these areas of interest for the animations of the 

virtual character and for the videos of the human signer in our experiment.  We found that the 

time-normalized fixation trail length metric should be utilized if seeking an eye metric that 

correlates with participants’ subjective judgments about ASL videos or animations.  
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Fig. 3. Screen regions for the upper face, lower face, and hands AOIs. 

Conclusions 

The article is designed to serve as a resource for future researchers who must design 

experimental evaluations of technology with deaf participants, and it offers guidance on how to 

effectively evaluate sign language animation technologies.  
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Abstract 

In this paper we introduce a PERCEPT based interactive indoor navigation system that enables the visually 

impaired users to independently navigate in subway systems. The user carries an Android Smartphone that interacts 

with the subway environment in which we deploy Near Field Communication tags. Using the navigation instructions 

generated by PERCEPT system the visually impaired users can successfully navigate to their destination.  The 

system has been deployed in Arlington subway station in Boston and has been successfully tested with visually 

impaired subjects. 
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Introduction 

Sixty-one million Americans are considered to be at high risk of serious vision loss if 

they have diabetes, or had a vision problem, or are over the age of 65 (Pascolini et al. 2011). 

According to the American Diabetes Association diabetes is the leading cause of blindness in 

persons ages 20-74. An estimated 12,000 to 24,000 people lose their sight each year because of 

diabetes (American Diabetes Association 2011).  The Veteran Administration estimates that by 

2020, there will be over 1 million Veterans with significant visual impairment and legal 

blindness. 

Independent navigation through unfamiliar indoor spaces is beset with barriers for the 

visually impaired.  A task that is trivial and spontaneous for the visioned population has to be 

planned and coordinated with other individuals for the visually impaired.  A sighted guide, an 

Orientation and Mobility (O&M) instructor, or some other person must be set in place before 

such a task can be successfully completed by someone who is visually impaired. Although 

many improvements and aides are available to assist the visually impaired to lead an 

independent life, there has yet to be developed a system that combines independence with 

accuracy and affordability of indoor navigation. 

PERCEPT system, generation indoor navigation system for the blind and visually 

impaired, developed at the University of Massachusetts (UMASS) 5G Mobile Evolution Lab 

can significantly alleviate the challenges introduced above (Ganz et al. 2014). PERCEPT system 

was developed with the cooperation of the Massachusetts Orientation and Mobility (O&M) 

division from Massachusetts Commission for the Blind (MCB).  

Unlike a typical office building, a subway station has no general flow or layout.  

Moreover, the subway layout can change, depending on the time of day.  For example, gates 

open during high traffic times are closed at other times.   Escalators move in one direction and 
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then the other.  A visually impaired person could receive Orientation and Mobility (O&M) 

training for one route, only to find the route changed at a different time.  Signage is usually 

placed high above eye level, away from the view of those with low functioning vision.  The high 

level of ambient noises in the underground atmosphere makes it harder for the visually impaired 

to use their sense of hearing – to detect openings, follow the flow of traffic, and generally 

navigate through space.   

There are a number of projects that propose indoor navigation systems for public 

transportation venues. In (Flores at al. 2014) the authors introduce an indoor navigation system 

for visually impaired users that includes an Inertial Measurement Unit (IMU) and Barometer in 

a Smartphone. AudioMetro (Sanchez et al 2010) is an audio-based educational software 

program for desktop computers allows blind users to plan and simulate trips in a Metro 

Network before they arrive to the subway stations. AudioTransantiago (Sanchez et al 2010) is a 

handheld application that allows users to plan trips and provide contextual information during 

the journey. ClickAndGo Wayfinding Maps (Duggan 2014) allows the user to download the 

instructions for a specific metro station.  

These approaches have the following shortcomings. The approach introduced in (Flores 

et al. 2014) might provide inaccurate localization due to the nature of cellphone sensors in 

subway environments. Approaches presented in (Duggan 2014, Sanchez et al. 2010) cannot 

provide real-time navigation assistance. AudioTransantiago (Sanchez et al. 2011) asks users to 

input their current location manually, which might be very difficult in reality.  In all approaches 

the navigation instructions have to be hand written. 

In this paper we introduce PERCEPT based system which is a real time, accurate and 

affordable navigation system for the visually impaired in subway stations. PERCEPT system 

was piloted in Arlington Metro Station (AMS) of the MBTA [Dungca 2014).  
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Table 1. Comparison of indoor navigation approaches for public transportation venues 

PAPER
(Flores et al. 2014) 

PAPER
(Sanchez et al. 2010) 
Offline training 

PAPER
(Sanchez et al. 2010) 

PAPER
(Duggan 2014) 

PERCEPT 
(Dungca 2014) 

LOCALIZATION 
TECHNIQUE 

Sensors in 
Smartphones N/A 

User has to 
manually input 
current location 

None 
Near Field 

Communication 
(NFC) tags 

LOCALIZATION 
ACCURACY Not mentioned N/A N/A N/A Within an inch 

NAVIGATION 
INSTRUCTIONS 

Hand-written 
instructions 

Hand-written 
instructions 

Hand-written 
instructions 

Hand-written 
instructions 

Automated 
generation of 
instructions 

HUMAN 
SUBJECTS 

TRIALS 

Three visually 
impaired subjects 

Ten visually 
impaired subjects 

Six visually 
impaired 
subjects 

Not mentioned 
Over 40 visually 

impaired 
subjects 

COST FOR USER 
Low-using 

Smartphone 
application 

Purchasing 
software for 

desktop 

Purchasing 
pocket PC and 

application 
Not mentioned 

Low-using 
Smartphone 
application 

DEPLOYMENT 
COST FOR 

VENUE 

High-payment for 
generating hand 

written 
instructions 

High-payment 
for generating 
hand written 
instructions 

High-payment 
for generating 
hand written 
instructions 

High-payment 
for generating 
hand written 
instructions 

Moderate – NFC 
deployment and 
cost for digital 
mapping the 
environment 

MAINTENANCE 
COST FOR 

VENUE 
(ADAPTATION 

TO CHANGES IN 
ENVIRONMENT) 

High-payment for 
generating new 
instructions in 
case changes 
occur in the 

environment (e.g. 
closing of 
entrances) 

High-payment 
for generating 

new instructions 
in case changes 

occur in the 
environment (e.g. 

closing of 
entrances) 

High payment 
for generating 

new instructions 
in case changes 

occur in the 
environment 

(e.g. closing of 
entrances) 

High payment 
for generating 

new instructions 
in case changes 

occur in the 
environment 

(e.g. closing of 
entrances) 

Low – 
instructions are 

generated 
automatically 

and can 
accommodate 

changes in 
environment 

In contrast to the approaches described in (Duggan 2014, Flores et al. 2014, Sanchez et al. 

2011, Sanchez et al. 2010), PERCEPT can provide very accurate localization and includes 

automatic generation of navigation instructions. A comparison between approaches introduced in 

(Duggan 2014, Flores et al. 2014, Sanchez et al. 2011, Sanchez et al. 2010) is provided in Table 1. 
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The paper is organized as follows. PERCEPT system is outlined in the next section.  We

then introduce the vision free interface and describe the trials.

PERCEPT in Subway Systems 

PERCEPT system incorporates new paradigms, such as: a) “interactive spaces,” which 

interact with users in real time, as well as account for changes of the users’ location and 

transformations in the physical layouts; b) gesture-based user interface on the Smartphone that 

enables visually impaired users to interact with the space; and c) provision of detailed 

navigation instructions which incorporate safe navigation fundamentals.  

The system includes the following components: 

PERCEPT environment 

Near Field Communication (NFC) tags are deployed in the environment at multi-modal 

sensory landmarks determined by the O&M instructor such as entrances, intersections, 

elevators, the subway fare gates, and subway fare machines. (see landmarks 1-8 in Figure 1). 

Using the Smartphone running PERCEPT application the user interacts with the environment 

by touching the NFC tags. 

PERCEPT Server 

The server hosts the system database as well as the instruction generation module. The 

user downloads from the server PERCEPT application and the navigation instructions and 

interacts with the user through the “vision free” user interface.  

PERCEPT application 

The user downloads the application from PERCEPT server prior to his/her arrival to the 

subway station. There is no Internet connection required in the subway station. The user interacts 
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with the application using vision free user interface using Android “Talkback” accessibility 

service (See next section for details). The application flow that is presented in Figure 2 includes 

the following steps: 1) start the application, 2) select the destination using the “vision free” 

interface, 3) scan the NFC tags along the path at specific landmarks, and 4) receive audible 

navigation instructions.   

Fig. 1. Scenario in Arlington Station. 
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Fig. 2. PERCEPT Application Flow. 

To better understand how the user interacts with PERCEPT system we will describe the 

navigation experience of our hypothetical user, Alice, in Arlington Station. Alice carries her Near 

Field Communication (NFC) enabled Smartphone with the PERCEPT application and the 

selected route. The App will provide navigation instructions either when the Smartphone touches 

the tag or when the user swipes the screen for next instructions. To get an idea of how the system 

will work, we will cover the first three landmarks (see Figure 1) in Alice’s journey: 

Entrance 

Once Alice reaches the entrance to the station, she places her phone over the NFC tag 

located at the Entrance.  When the phone scans the tag, the App says: “Your current starting 

station is Arlington, go down one set of stairs and trail the wall on your right side until you reach 

an intersecting wall.  Turn left and trail the wall on your right side until you reach an intersecting 

hallway.  You will find the next tag at the end of your right side wall.  Scan the NFC tag or select 

next instruction button.” 
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Intersecting Hallway 

After Alice identifies the opening she scans the tag and the App says: “Turn right and trail 

the wall on your right side until you reach the metal gate.  This is a long hallway that will lead 

into the main lobby.  You will find the next tag on your right side wall before the metal gate.  

Scan the NFC tag or select next instruction button.” 

Beginning of Metal Gate  

After Alice identifies the metal gate, she scans the tag just prior to it and the App says: 

“Turn right and trail the metal gate on your right side until it ends.  You will enter the lobby.  You 

will find the next tag on the side of the Charlie Card ticket machine.  Scan the NFC tag or select 

next instruction button.” 

Smartphone User Interface 

The visually impaired user interacts with the NFC equipped Android Smartphone using 

“Talkback” accessibility service which is similar to “VoiceOver” on iOS.  The user can navigate 

the device through gestures on the screen as shown in Figure 3. Using this accessibility service 

the users can interact with PERCEPT application as they would with other common applications 

(Mail, Web Browser, Messaging, etc…). 

The user navigates the application by performing touch gestures on the screen  

• Touch: Item touched is read to user 

• Swipe Right or Down: Select Next Item 

• Swipe Left or Up: Select Prior Item 

• Double Tap: ‘Clicks’ selected item 
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Fig. 3. Explore by touch user interface. 

Trials 

The user perspective is particularly important for our project. Given that our system is an 

assistive technology for the visually impaired, it needs to be designed and constantly improved 

with user feedback.  

PERCEPT evaluation includes two phases: In phase A in which we have 5 visually 

impaired subjects we had initial testing which enabled us to understand the improvements 

needed for PERCEPT system. Such improvements include optimization of navigation 

instructions. After this revision we proceed to Phase B in which we called back the 5 subjects 

that attended in Phase A and additional 5 subjects.  We are currently conducting Phase B trials. 

Each trial comprises of the following parts: 

Part I: Hands-on Orientation: it includes sit down orientation and on site 

experimentation: 

1. Sit down orientation: The Instructor goes over PERCEPT app functionality and 

answers any questions the subject has. When the subject is comfortable they proceed to on site 

experimentation.  
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2. On site experimentation: the subject uses PERCEPT App in Arlington station along 

routes that will not be included in the trial. The Instructor answers any questions the subject has 

and when the subject is comfortable we move to Part II described below.   

Part II: PERCEPT trial: we ask the subject to accomplish four tasks that include two 

entrances (to/from) and two subway tracks inbound/outbound (to/from). During the trial the 

subject is asked to complete these tasks relying only on their mobility skills and PERCEPT App. 

The Instructor accompanies the subject at all times but will no longer answer any questions. In 

case the subject cannot proceed without assistance we determine this part of the trial as 

unsuccessful.  Once the subject completes a task, the instructor provides the next task to 

accomplish. The trial ends either when all tasks are complete or the subject decides to stop  

Part III: Post Trial Questionnaire: after the trials we collected the subjects feedback 

and experience using a qualitative questionnaire.  

The results to date demonstrate that all visually impaired test subjects were able to 

navigate independently to all four destinations using PERCEPT.  All participants thought that 

PERCEPT was easy to learn and utilize.  Most subjects felt PERCEPT was very easy to pick up 

and use. The average duration of the orientation session is 30 minutes while some subjects 

required less than 10 minutes of orientation. A significant portion of orientation time was spent 

familiarizing subject with Android Accessibility, instead of actual PERCEPT app itself. We are 

continuing to improve PERCEPT usability through feedback received in the trials. 

Some participants shared that without PERCEPT they would need to rely on sighted aid 

to get to some of the destinations given in the trial.  All participants cited that PERCEPT gave 

them confidence when traveling without sighted aid within the station. All participants said they 

would use this system if it were available in the subway.  
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Conclusions 

In this paper we introduced PERCEPT based navigation system for blind and visually 

impaired users in subway stations. Arlington metro station pilot results were very successful 

encouraging us to proceed to our next research agenda which includes PERCEPT research, 

development and testing for any subway environment including large and diverse open spaces.  

Moreover, we will develop tools that will automate PERCEPT deployment in such environments 

decreasing the installation cost. 
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Abstract 

With the emergence of the first iPad on the market, educators of students with special needs in primary and 

secondary schools have been interested in the device as an assistive technology tool, particularly for students with 

Autism Spectrum Disorder and developmental disabilities.  In the last few years, this interested has extended to 

educators in post-secondary institutions.  This is due to the fact that, the iPad may offer significant opportunities to 

assist students with disabilities in their learning.  The iPad with its provision of accessibility supports and available 

multifunction apps may be an important course accommodation for students with disabilities.  The use of the iPad 

with post-secondary students with disabilities is somewhat untried and unstudied in the post-secondary academic 

environment.  This study examined the use of the iPad by eight post-secondary students with disabilities studying at 

a distance.  How the students used the iPad, the apps they used and did not use, the difficulties they experienced, and 

the supports that they required, were all documented throughout their completion of one course. 
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Introduction 

With the emergence of the first iPad on the market, educators of students with special 

needs in primary and secondary schools have been interested in the device as an assistive 

technology tool, particularly for students with Autism Spectrum Disorder and developmental 

disabilities.  In the last few years, this interested has extended to educators in post-secondary 

institutions.  This is due to the fact that the iPad may offer significant opportunities to assist 

students with disabilities in their learning.  For example, the iPad has a number of built in 

features such as “speech select” that could help students with reading difficulties access their 

course reading materials.  A wide range of applications are available for use that can offer 

functions such as annotation and word prediction that many students require as accommodations 

for learning.  There are also apps where students can change the font size, brightness, and 

background to adjust for their reading needs. 

Several studies in the literature have examined the use of iPads with post-secondary 

students.  Rossing, Miller, Cecil, Stamper (15) found that post-secondary students had a positive 

perception of their iPad use in class.  The iPad aided in group collaboration activities and 

students had increased attention to class material while using the iPads.  The students also 

reported that they could participate in class in ways that enhanced learning (Rossing et al. 16). 

Eichenlaub et al. (19) found that students needed time to learn to use the device, but reported that 

students benefitted academically from using the iPads.  Students reported that the iPad facilitated 

their workflow making them paperless, with more effective time management.  Geist (758) 

explored the use of iBooks on iPads with students, and found that students liked using iBooks for 

course work and appreciated the convenience it afforded.  Bush and Cameron (xvi), in a pilot 

program in three master’s level college courses, found that the majority of students perceived 
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electronic course materials on an iPad in the app, iAnnotate, to be as good as or better than 

printed course materials.  Mang and Wardley (50) explored the academic uses for a tablet 

including reading text, conducting research, completing assessments, social interaction, and note 

taking.  Ninety-six percent of the student participants felt that the iPad tablet had enhanced their 

learning, and ninety-two percent indicated that they would like to use the tool in future courses.  

Although there is a growing body of evidence regarding iPad use by post-secondary 

students, there are few studies that examine the impact and use of the iPad with post-secondary 

students with disabilities.  In one of the few studies that included students with disabilities, Nee 

(vii) reported that students with learning disabilities indicated that the use of e-texts helped to 

improve their academic work, which resulted in increased self-esteem and self-confidence. 

Henderson, Gibson, and Forbes (73) looked at the impact of tablet computers on students with a 

range of disabilities who used iPads for a 3 week period.  The students reported they liked the 

size, weight and portability of the devices and found the iPads engaging and useful as they 

engaged with their academic environment.  Chmiliar and Anton (599) in a pilot study with two 

post-secondary students with disabilities, found that the students actively engaged in the use of 

the iPad throughout their course.  Both students reported that the iPad had significant positive 

impact on their learning and were looking to continue using the device past the conclusion of the 

study. 

The use of the iPad with post-secondary students with disabilities is somewhat untried 

and unstudied in the post-secondary academic environment.  The iPad with its provision of 

accessibility supports and available multifunction apps may be an important course 

accommodation for students with disabilities.  This study examined the use of the iPad by eight 

post-secondary students with disabilities studying at a distance.  How the students used the iPad, 
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the apps they used and did not use, the difficulties they experienced, and the supports that they 

required were all documented throughout their completion of one course. 

Methodology 

This research project followed a Participatory Action Research (PAR) model.  This type 

of research focuses on co-developing a research program with people rather than for people.  The 

student participants were involved in the research process from the beginning of the project, 

through the data gathering and analysis, to the final conclusions.  It is a systematic inquiry, with 

the collaboration of those affected by the issue being studied for the purpose of education and 

taking action or effecting change.  As such, the participants in this PAR, were eight students with 

disabilities who were receiving support for their learning in their post-secondary distance course. 

These students were involved in the research right from the beginning of the project, each month 

during team meetings, and at the conclusion.  

Prior to receiving the iPad for use in their studies, each student participated in a meeting 

with a member of the research team where they discussed their learning needs and identified 

possible apps that might support them in their learning while studying for the course.  Each 

student received an iPad to use for the course that was loaded with their course materials in an 

accessible format, and the apps that they helped to select.  Short video training clips and 

documentation on how to use the iPad and the apps were provided to students on request.  Each 

student met with the researchers once a month to review how the student was using the iPad and 

the apps.  Any problems or issues were addressed during the meetings, and the team worked 

together to map out a plan to maximize the success of the student with the device.  Training and 

support on specific apps were provided as necessary, and the students were also provided with 
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suggestions on additional apps that could be used to support their learning needs.  Additional 

apps could be downloaded by the student or “pushed” out to the student using Meraki software. 

The data collection for this qualitative study primarily involved pre and post interviews 

with the students, and field notes from each meeting with each student.  The data for each 

student experience was organized topically to see: how the student used the iPad; if the iPad, the 

course materials on the iPad, and the apps helped to support the student in their course work; 

what issues arose and how they were addressed; and what kinds of supports the students needed 

to use this tool effectively in their studies. 

Results 

The participants included 1 male and 7 female students with an age range of 31 to 56 

years.  All of the participants were registered in and completing at least one post-secondary 

course by distance (see table 1).  

Table 1. Student Information 

Student Age Disability Technology Owned Apps Most Used 

1 31 Learning disability, 
psychiatric disability 

iPhone 4, Kindle, desktop PC, 
laptop 

Voice Dream 
iStudiez Pro 
Flashcards 

Deluxe Inkflow
Dropbox 

2 55 Learning disability, 
attention iPad Air 2, iPad mini, iPhone 5 

iStudiez Pro  
GoodReader  
Focus Time  

Mental Case  
EndNote
YouTube

3 33 Learning disability, 
attention Smart phone, desktop PC 

Tried some apps but 
did not integrate use 

into learning for course 
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Student Age Disability Technology Owned Apps Most Used 

4 55 
Fibromyalgia, asthma, 

neurological 
condition, pain 

Smart phone, desktop PC 

Educreations 
Evernote

Audionote
Notability 

5 44 Learning disability Desktop PC, iPhone 

Pages 
Flashcards Deluxe 

AnkiApp 
Voice Dream
iStudiez  Pro 

6 40 Psychiatric disability Desktop PC, laptop 

YouTube Safari  
Anxiety Free  

Dictionary.com 
Voice Dream

iStudiez Pro Pages 

7 56 PTSD Laptop, iPhone 5 

Voice Dream 
Inspiration 
iStudiez Pro 

Dictionary.com 
Dropbox 

8 48 Head Injury, pain Laptop, iPhone 4 

ClaroPDF 
ClaroSpeak 

Voice Dream 
iAnnotate PDF 

Dropbox 
EasyBib 

iStudiez Pro 

Motivation for Participation 

The students participating in this research all volunteered to participate for a number of 

reasons.  One student reported that she felt a technology change was coming at the post-

secondary level and felt that participation in the study might help her to be prepared.  Several of 

the students indicated that they were either thinking of buying an iPad or had already bought one. 

They had a desire to learn how to use the device for learning, or in the case of Student 2, wanted 
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to make more efficient and better use of the device.  Another student was looking forward to the 

portability of the device, and still another was looking for anything that would accommodate her 

learning needs and make it “easier.” 

Apps Used 

As indicated in Table 1, each student in the study reported app usage that was quite 

individual.  Students initially chose apps for the iPad that would meet their specific learning 

needs.  Additional apps were added by students or “pushed” to the student, based on their 

specific learning needs and the types of tasks they were required to complete in the course. For 

example, Student 1 added the use of Flashcards Deluxe to study for multiple choice questions 

part way through the course.  Several students also added the use of the Dropbox as they 

progressed through the course, discovering its utility in sharing documents between devices. 

Conversely, students also stopped using specific apps when they were not long useful to them. 

Student 6 indicted that she stopped using the app Anxiety Free as she no longer needed to use the 

app due to reduced anxiety while using the iPad.  Students used the apps for a range of learning 

activities including: reading, planning, organization, writing, note taking, studying, focusing 

attention, reducing anxiety, and comprehension of course content. 

Several apps were consistently used by a number of students.  These apps typically 

provided functionally for the students, were quick and easy to figure out how to use, and 

supported each student in a specific way to meet there needs.  Table 1 identifies the apps most 

commonly used by each student.  There is some overlap in app use and it is noted that the apps 

like iStudiez Pro, Voice Dream, Dropbox, and Flashcards Deluxe were used by several students. 

However, there is considerable variability from student to student.  In fact, on several instances 

an app really liked by one or more students, was really disliked by another.  For example a 
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number of students indicated that they really liked the Voice Dream app, one student did not like 

the Voice Dream app at all, preferring GoodReader instead.  

Apps Not Used 

A number of apps were not used by the participants primarily because they did not have 

need of those apps in the course assignments, or the app did not support a specific individual 

learning need.  For example, students in courses that had no writing tasks did not tried apps that 

supported writing.  Other apps were not used because the students identified them as taking too 

much time and energy to learn.  If a student could not figure out how to use the app right away, 

or had to go through a complicated process to set up an account, they typically did not progress 

further with its use.  Another feature that several students did not like, was having to create an 

account or password to use the app.  Finally, some students were looking for apps that could help 

them accomplish what they currently do on paper.  If the app did not provide them with access to 

strategies they typically use, they were not interested in trying it further. 

Training Required 

A range of training needs were demonstrated by the participants.  Some students were 

familiar with the iOS operating system and adjusted a little more quickly to the use of the iPad 

and the apps.  Several students with no previous experience needed considerably more support to 

get started on the iPad.  Several students needed instructions on how to get started with the iPad. 

One student indicated that she needed basic instructions on how to access and use the basic 

functions in specific apps.  The learning needs changed as time progressed to needing 

information on more sophisticated tasks such as how to save work completed in several different 

apps and how to share or print the work that they had created. 
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Overall Impressions of the iPad 

Overall, the majority of the students had very strong opinions about the use of the iPad. 

They liked the portability of the device, and reported using the device at the hospital, at hockey 

games, at work, and listening in the car.  Several students also talked about the comfort they 

experienced in using this device compared to working at a computer or laptop.  This was 

particularly important for students who experienced pain, who needed to sit in comfortable 

settings or change their position frequently.  Two students indicated that using the iPad reduced 

their anxiety about working on a computer.  Student 2 reported that using the iOS system is 

intuitive.  “I don’t need to struggle to read instructions on how to use stuff.” 

Very few negative comments regarding use of the iPad emerged in the interviews and 

team meetings.  Two of the students felt that working on the iPad was not good for long essays 

or papers, however these students had not worked with apps at that time that could support 

writing. One student indicated that the small screen size was an issue when working on some 

types of tasks.  Several students experienced app specific difficulties in that they were not 

certain how to “save” their work on the iPad.  Several students also struggled with the idea that 

the iPad could share documents with other devices or send to print.  One student tried a number 

of apps, but did not integrate use of the iPad into her study routines.  She felt that she was more 

comfortable with using pencil and paper and that using the iPad was considerably more work. 

Discussion and Conclusions 

All of the students in this research study volunteered, and all indicated an interest in 

looking at the iPad as a learning tool.  All but one of the students found apps that met their 

learning needs and integrated the use of the iPad into their course learning.  Involving students in 

the process identifying their specific learning needs and matching these needs with specific apps 
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lead to significant engagement with the iPad right from the beginning of the study.  This cut 

down on wasted time and discouragement for the student as they did not have to try apps that 

would not work for them or meet their learning needs.  

There is a need to offer post-secondary students with disabilities access to a number of 

different apps that are designed to meet their learning needs.  Each student has very individual 

preferences and learning needs differ.  Assignment and reading demands also differed 

substantially from course to course.  This access to app information needs to be offered on a 

continuous basis, as students evolve to needing and using different types of apps over time.  A 

one-size-fits-all approach is not appropriate for matching apps to student needs. 

The majority of students needed support and training to use the iPad and apps effectively 

for learning.  Some needed basic training on how to use the iPad, several just needed directions 

on how to use specific apps, and several students required more advanced support in terms of 

how to use Dropbox to share documents.  If iPads are to be successfully deployed and used by 

students with disabilities to support their learning, it is essential that a range of training and 

support be provided. 

So, can the iPad be considered as an assistive technology tool for post-secondary students 

with disabilities? As previously indicated, the students used apps on the iPad to support their 

learning in a number of areas including: reading, planning, organization, writing, note taking, 

studying, focusing attention, reducing anxiety, and comprehension of course content.  Here is 

what some of the students had to say.  Student 1 said, “The difference it makes in my abilities is 

surprising.”  This student felt that her capacity to work had increased so much that she felt that 

she had limited herself without one.  Student 2 reported that “some of the apps, I would say, have 

been life-changing.” Student 4 commented “the more I can do on the iPad, the happier I am.” 
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Student 8 said, “It’s helped me psychologically.  It gave me confidence.  Much more confidence 

than I had before.”  

The results of this study were very positive and indicate the possibilities that this device 

might have for post-secondary students with disabilities.  However a limitation of this study is 

the small number of participants in the study.  Nonetheless, it was evident, that for the majority 

of the students in this study, the iPad was an excellent assistive technology tool. 
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Abstract 

Although an increasing number of new assistive technologies are being designed for use with touchscreen 

systems, such as Android or iOS tablets, many users of assistive technology may have upper limb motor 

impairments (e.g. tremors, spasms, or reduced mobility) that make using standard touchscreen technology difficult 

and frustrating.  This work explores alternative approaches to the standard “lift-move-touch” interaction sequence 

on current touchscreens.  To help improve the accessibility of touchscreen technologies, we studied the movement 

patterns of 15 individuals with progressive neurological disorders and upper limb motor impairments.  This paper 

presents the quantitative results of our study, observations of functional compensation patterns, and the personal 

feedback from study participants.  The results of this work are an evidence-based roadmap towards more 

personalized and adaptive touchscreen interfaces, especially for users of assistive technology. 
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Introduction 

 Touchscreen technologies have rapidly increased in sensitivity and availability over the 

last decade.  Most modern mobile devices are touchscreen systems that support multiple 

simultaneous touches and gestural interactions.  The accessibility of these devices, however, has 

not kept pace with the general technological improvements.  Accessibility features for people 

with upper limb motor impairments, in particular, are often limited to switch control, stored 

gestures, and adjustment of click timing.  Users are often programmatically prohibited from 

toggling or adjusting sliding functionality.  Users are also prevented from modifying the 

location, size, shape, and orientation of many buttons and toolbars. 

 It is difficult to quantify the touchscreen usage patterns, needs, and behavioral 

compensation of people with upper limb motor impairments because of the diversity of the 

population and available devices; however, there is a growing body of research in this area. 

Button sizes and spacing effects in layout-specific selection tasks have been compared between 

users with and without motor impairments (Chen et al), and researchers have obtained basic 

usage patterns through surveys (Kane et al) or by watching online videos (Anthony, Kim, and 

Findlater).  Related work has demonstrated the potential advantages of swabbing (i.e. sliding) as 

a selection technique (Wacharamanotham et al) and explored the effects of form factor on 

pointing tasks (Gilliot, Casiez, and Roussel).  No study to date, however, has examined the 

combined effects of handedness and motor impairment on full-screen touch interactions.  In this 

paper, we present the results of a controlled study comparing the touch behavior of left-handed 

and right-handed subjects with upper limb motor impairments as they performed full-screen 

tapping and sliding tasks. 
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Approach 

 We conducted a motor skills assessment study in which participants were asked to play a 

touchscreen game, called “MoGUI” (Motor Optimization Graphical User Interface), that 

involved popping animated balloons by touching them.  We recruited 15 adults (10 females and 

5 males) from The Boston Home, a residential facility for people with progressive neurological 

diseases, especially multiple sclerosis (MS), multiple system atrophy (MSA), and muscular 

dystrophy (MD).  All participants used wheelchairs and had some level of speech and motor 

impairment.  Participants were screened by a speech-language pathologist (SLP) to verify that 

they had adequate hearing, vision, and cognitive abilities to fully consent and complete the tasks. 

The SLP also categorized their impairments and verified that all participants could interact with a 

touchscreen computer using their fingers, hands, or a stylus.  They had a combined average age 

of 56 years, with a minimum of 35 and a maximum of 71.  Seven of the participants were 

left-handed: four naturally and three due to MS.  The remaining participants were right-handed. 

 The tablet computer used in the study was an Asus Transformer TF101 with a 10.1-inch 

diagonal display size at 1280x764 pixel resolution, running Android 4.4.2 with default settings. 

All participants were familiar with touchscreen tablets, but only 8 of them used one on a regular 

basis.  Of these 8 participants, 7 used iPads and 1 used a Kindle.  Although 6 of the participants 

indicated that they wanted to use a stylus, 4 of these participants had difficulties opening their 

fingers and requested that the stylus be placed in their hands.  For these participants, the stylus 

served to separate their hands from the screen to prevent accidental touches from the 

non-pointing portions of their hands, such as their palms or knuckles. 

 When prompted for the most comfortable position to place the tablet, such that they could 

physically touch all areas of the screen, 9 users requested that the tablet be placed on a table in 
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front of them at approximately a 45-degree angle.  One participant asked for the tablet to be 

placed flat on the table.  Two participants regularly used their tablets with wheelchair 

desk-mounts and requested that the study tablet be positioned in the same way.  Two other 

participants requested that the tablet be placed in their laps; one of these participants requested 

that the tablet lie flat and the other requested that it be propped towards him with a rolled up 

towel.  The last participant held the tablet against her body with one arm and used her other arm 

for interaction. 

 Each participant provided data during two sessions, separated by at least one full day of 

rest.  Each session was approximately 30 - 45 minutes long and consisted of 10 levels, with 3 

rounds per level.  During each round, a series of balloon-shaped targets were displayed, labeled 

with consecutive numbers (Figure 1).  One balloon was shown for each round during level one, 

two balloons were shown for each round during level two, three balloons during level three, etc. 

Thus, each session required a participant to touch 165 targets.  Users were asked to touch each 

target balloon in ascending numerical order.  Target balloons were 256x256 pixels in size and 

were randomly generated in one of 16 locations on the screen using a 4x4 grid.  As soon as a 

balloon target was touched, it popped and disappeared from the screen; balloons touched out of 

order did not pop. 
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Fig. 1. Example Screenshot of MoGUI 

In one of the two order-balanced sessions, participants were asked to use discrete 

movements (i.e. tapping or pointing) and avoid touching the screen except to hit a target.  In the 

other session, participants were asked to use continuous motion (i.e. sliding or goal-crossing) and 

avoid disconnecting from the screen as much as possible.  Users were offered a stylus, but were 

also allowed to use their fingers.  Users were encouraged to hit all targets as quickly as possible, 

but also to rest whenever necessary. 
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Fig. 2. Example Interaction Heatmap Generated by MoGUI 
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All interactions with the touchscreen were recorded by the system, including the 

on_touch_down, on_touch_up, and on_touch_move events.  After both sessions were completed, 

study participants were asked the following questions: 

• Did you find any areas of the screen easier or more difficult to reach than others?

• Did you prefer tapping, sliding, a combination of both, or neither?

• Were the balloon targets too big or too small?

• What would you like to see improved in touchscreen tablets?

For the severely dysarthric and non-speaking participants, the questions were rephrased

as multiple “yes or no” questions and combined with pointing: 

• Was this area of the screen easy for you to reach?

• Was this area of the screen difficult for you to reach?

• Did you like tapping?

• Did you like sliding?

• Would you like to use a combination of tapping and sliding?

• Were the balloons too big?

• Were the balloons too small?

• Would you like to use a touchscreen tablet in the future?

• Would touchscreen tablets need to be changed before you could use them?

Study participants were also shown the resulting “heat maps” generated by MoGUI

(Figure 2), depicting their touch interactions with the screen during each session. 

Results 

We observed high variability in motor profiles between participants, especially with 

regard to which locations on the screen had the highest accuracy or fewest misses (Figures 3, 4, 5, 
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and 6) and which areas were fastest or easiest to reach (Figures 7 and 8).  There were also 

significant differences between left-handed and right-handed participants; however, it is 

important to remember that 3 of the 7 left-handed participants were right-handed prior to the 

onset of MS.  For left-handed participants, there were numerous accidental touches, often from 

other fingers or knuckles, on both the bottom and left sides of the screen (Figure 9); for 

right-handed participants, these accidental touches occurred on the bottom and right sides of the 

screen (Figure 10).  The average speed-to-target of left-handed participants was 365 pixels per 

second compared to 429 pixels per second for right-handed participants.  For each handedness, 

there were significant time delays when reaching for targets on the far side of the screen: there 

was approximately a one second difference, on average, between touching targets on the nearest 

versus the farthest side of the screen. 

 

Fig. 3. User Variability with Multiple Taps. 
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Fig. 4. User Variability with Finger Dragging. 

 

Fig. 5. User Variability with Hand Resting. 
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Fig. 6. User Variability with Thumb Usage. 

 

Fig. 7. Mean Speeds-to-Target of Left-Handed Users (Pixels/Second). 
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Fig. 8. Mean Speeds-to-Target of Right-Handed Users (Pixels/Second). 

 There were also significant differences in the average directional speeds for each 

handedness: for left-handed users, moving down and to the left was approximately 1.5 times 

faster than moving up and to the right (Figure 11); for right-handed users, moving down and to 

the right was almost 4 times faster than moving up and to the left (Figure 12).  In general, 

participants were much faster when returning their hands and arms to a natural resting position 

than when moving away from that resting position. 
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Fig. 9. Non-Target Touches by Left-Handed Users. 

 

Fig. 10. Non-Target Touches by Right-Handed Users. 
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 There were speed differences between discrete movements and continuous motion in this 

study, regardless of participant handedness; however, they were not significant.  The average 

speed-to-target of all participants while sliding was 407 pixels per second compared to 392 

pixels per second while tapping.  It is important to note, however, that we saw numerous 

accidental slides during designated tapping sessions, and vice versa.  During designated tapping 

sessions, the average participant tapped 84% of the targets and slid into 16% of the targets; 

during designed sliding sessions, the average participant slid into 57% of the targets and tapped 

the remaining 43%.  This behavior appeared to be caused by physical issues rather than 

confusion: we observed problems with friction, finger humidity, tremors, and spasms. 

 

Fig. 11. Mean Directional Speeds by Left-Handed Users (Pixels/Second). 
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Fig. 12. Mean Directional Speeds by Right-Handed Users (Pixels/Second). 

Discussion 

 At the end of the study, 3 participants said that they preferred tapping the screen, 5 

participants preferring sliding over the screen, 5 participants preferred a combination of both 

input methods, and the remaining 2 participants had no preference.  Ten participants mentioned 

that sliding required planning out a path ahead of time and required lifting your hand or arm to 

see the screen.  Out of all the participants, 8 pointed out that sliding felt “faster” and “easier,” 

but only for short distances.  Over longer distances, participants said that there problems with 

skin friction and difficulties with stylus pressure.  Additionally, this study involved arbitrary 

targets in random locations, which is fundamentally different than a user interface that is 

primarily static and can be learned over time. 
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 One participant alternated hands numerous times during the experiment and explained 

that interacting with a touchscreen required him to use his shoulder muscles, which fatigued 

rapidly.  Another participant rested frequently (approximately 1 of every 5 minutes), but 

explained that it was because of his eyes, not due to upper limb fatigue.  For this individual, 

focusing his vision to read numbers and moving his eyes to search for items on the screen was 

extremely tiring. 

 Certain areas of the screen were especially susceptible to accidental touches.  In 

particular, the Android Action Bar, statically bound to the bottom of the screen, caused 

significant issues for 8 participants and resulted in repeated triggering of Google Now or window 

management functionality.  Rather than starting their finger or stylus at the physical margin of 

the tablet and moving upwards, as they attempted to do naturally, participants were forced to try 

to control their arms enough to touch the middle of the screen and move downwards.  Although 

there were similar problems when participants tried interacting with the top of the screen, these 

problems were observed less frequently. 

 We observed a number of unusual hand positions.  One participant was a former athlete; 

because of his larger physical size and musculature, tremors and spasms were especially severe 

in his upper limbs.  For this participant, the tablet was placed on a table immediately in front of 

him, tilted at a 45-degree angle.  The participant rested his entire hand on top of the tablet, and 

used his thumb to touch the screen; this interaction method made it very difficult to the 

participant to touch items at the bottom edge and lower corners of the screen.  To reach these 

items, the participant needed to push the tablet farther away and rest his hand on the table, then 

try to raise his fingers upwards.  This movement often resulted in hitting the Android Action Bar 
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instead of the targets, activating Google Now functionality or switching between available 

windows. 

 Another participant requested that the tablet be placed in her lap, but not propped up and 

tilted towards her.  Instead, the tablet rested on her thighs and occasionally shifted in angle to tilt 

slightly away from her, triggering the auto-rotate functionality and flipping the screen 

upside-down.  This participant indicated that the position was how she normally interacted with 

her iPad, so auto-rotate was disabled in order to support her preferences. 

 Anecdotally, two participants mentioned that they would appreciate more confirmation 

dialogs on their tablets.  Due to tremors and spasms, they said that they often activate a feature 

or perform an action by accident.  They acknowledged that non-disabled users would probably 

find such repeated confirmation dialogs very annoying, but they would be invaluable for users 

with motor impairments. 

 One of the non-speaking participants used a letter-based Alternative and Augmentative 

Communication (AAC) system that primarily consisted of a QWERTY keyboard with word 

prediction.  During the consent process with this participant, we made several observations 

about how he used his system.  Because of severe motor impairments, this participant often 

made multiple accidental taps on each letter.  He also missed the screen occasionally, perhaps 

due to vision impairments, when attempting to touch a button, resulting in omitted characters. 

This individual also rarely used the space bar to separate words, perhaps to increase 

communication speed, and never used the Text-to-Speech (TTS) functionality.  Instead, 

conversation partners looked over his shoulder at the tablet screen and watched for confirmation 

while trying to guess his intended utterances. 
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Conclusions  

 Current accessibility techniques group users with motor impairments together and assume 

uniform interaction over the entire touch surface.  It is understood that users with motor 

impairments have different touchscreen behavior than non-disabled users; however, there is 

further diversity within the population of users with motor impairments.  Our results show that 

functional compensation and attributes such as handedness have significant effects within this 

population. 

 For right-handed users, both the upper left and lower right corners of the screen required 

significantly more time and effort to reach; for left-handed users, this difficulty was associated 

with the upper right and lower left corners of the screen.  Additionally, all study participants had 

significant amounts of unintentional interaction near the edges of the screen closest to their 

primary hand: for right-handed users, these were the right and bottom edges of the screen; for 

left-handed users, these were the left and bottom edges of the screen.  Unfortunately, current 

touchscreen interfaces have essential system functionality located in almost all of these areas, 

especially the top and bottom edges of the screen.  Because these system functions are often 

activated by sliding gestures, our results show that they are easily triggered by users with motor 

impairments. 

 Simply shifting the positioning of the tablet relative to the user is probably insufficient: 

users would be unable to reach all parts of the screen.  Although our results could suggest that 

the study tablet was too large, users may benefit from a “safety margin” around their particular 

device, or on configurable sides, to mitigate accidental touches.  System functionality should 

also be customizable: statically binding behavior to the top or bottom of the screen can be 

problematic for many users. 
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 There appeared to be an optimal movement area for each user, strongly correlated to both 

handedness and tablet positioning.  For most users, the shape of this area was an arc, 

approximately 3 - 4 inches wide, that could be found by fixating the user's elbow and rotating his 

or her hand across the screen.  We observed reduced performance when attempting to hit targets 

outside of this arc, possibly because our study participants all used wheelchairs and positioned 

their elbows on the arm rests.  Hitting targets outside of these areas required users to depart from 

a comfortable, homeostatic position in order to lift their elbows off of the chair. 

 There may be tangible advantages to departing from grid-based button positions and 

statically located system functionality, especially for users with upper-limb motor impairments. 

For optimal performance, or even acceptable performance in many cases, touchscreen interfaces 

may benefit by allowing users to relocate buttons away from the screen edges and closer to 

optimal touch areas.  Users should also be allowed to toggle or relocate sliding and swiping 

gestures, especially for essential system functionality.  Finally, the results of our study suggest 

that sliding to arbitrary targets is not significantly faster than tapping; however, users with motor 

impairments may benefit from systems that are able to combine the benefits of both movement 

styles, especially given that many users encounter difficulties when restricted to only one 

interaction technique. 
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Introduction 

The W3C Web Content Accessibility Guidelines 2.0 Guideline 4.1 calls for optimizing 

compatibility with current and future user agents including assistive technologies (AT) (W3C 

Consortium 2008).  This requirement does not only concern technical accessibility, but also 

requires that the ICT solution is usable (i.e. perceivable, operable and understandable) with any 

AT that people are dependent upon (Fuglerud et al. 2014).  

Experience shows that adhering to web standards does not necessarily ensure full 

compatibility at all levels between web sites and assistive technologies.  Research also shows 

that conformance to the WCAG-standard does not guarantee fully usable web experiences for 

persons using AT (Power et al. 2012) and (Cooper et al. 2012).  Therefore, we aim to develop 

an online tool for testing compatibility between any website and a range of web browsers and AT 

solutions.  The objective is to develop a comprehensive online tool for developers allowing 

continuous testing of website compatibility with ATs through the entire development process. 

In this paper we will present our prototype Virtual Assistive Technology Lab (VATLab), 

our research leading to the key requirements for this tool and discuss the basic functional aspects 

of the solution.  Furthermore we will give an overview of the accompanying tutorial and 

information material. 

Background 

The United Nations Convention of the Rights of People with Disabilities define universal 

design as, “The design of products, environments, programmes and services to be usable by all 

people, to the greatest extent possible, without the need for adaptation or specialized design. 

"Universal design" shall not exclude assistive devices for particular groups of persons with 

disabilities where this is needed.” (UN 2006).  Assistive devices or assistive technology (AT) 
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can be defined as any equipment, product system, hardware, software or service that is used to 

increase, maintain or improve capabilities of individuals (ISO/IEC Guide 71).  

The information about each element on a website that is exposed to AT by web browsers 

varies between different brands and versions of these. The way the information conveyed from 

the web browser is interpreted and output to the user through e.g. speech or braille also varies.  

In addition to this is the issue of software versions of both screen readers and AT.  This leaves 

us with a complex matrix of web browsers and ATs, as illustrated in figure 1. 

 

Fig. 1. Compatibility challenge - Screen readers vs. web browsers. 

In ”Challenges with assistive technology compatibility in universal design”  

(Fuglerud:2014) we explored the potential for an online tool to facilitate accessibility testing 

with different combinations of web browsers and ATs.  Additionally we discussed results from 
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focus group interviews with web designers and developers, both from the private and the public 

sector.  The focus group participants reported that they felt a need for more knowledge, 

guidance and recommendations about AT compatibility and testing in general.  They also found 

it difficult to adapt the development process to take into account the ever changing versions of 

browsers and ATs.  Lastly, a major challenge in their daily work was that ATs are expensive 

and complex to install and maintain.  

From this we concluded that there is a need among developers for a tool for testing 

website and AT compatibility and that such a tool must be supported by guidance and 

information on the operation of the AT as well as include methods for effective testing.  In 

addition to this there was a strong request for documentation on how many and which AT 

products and versions are in use.  

To our knowledge, the only existing source of information on which ATs are currently in 

use by blind and partially sighted is the Webaim Screen Reader User Survey (Webaim 2015). 

This survey is aimed at an international audience, and does not necessarily represent screen 

reader users in Norway.  Firstly, only 20, 6% of responses were received from European users, 

and secondly, the sample is not controlled and thus does not necessarily represent all screen 

reader users. 

Being aware that the situation in Norway most likely would be different than the one 

represented by this survey, we decided to obtain statistics for Norwegian AT users, especially 

screen reader and magnifier users. Numbers were collected from the Norwegian Welfare and 

Labour Administration (NAV) for Assistive Technologies given to users from 2006 until 2012. 

As these reports consist of vast amounts of information we have simplified and categorized the 

different products into full licenses and upgrade licenses for each product.  Although these 
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numbers do not indicate which ATs are actually used by the individual users, they give a good 

overview of the situation.  As free and open source ATs, along with ATs built into operating 

systems become more widely used, these numbers become less precise as they only represent 

ATs granted by the Norwegian Welfare and Labour Administration. 

As seen in table 1, AT usage numbers are quite different from those indicated by the 

Screen Reader User Survey.  This underpins the need for emphasis on thorough research before 

drawing conclusions on which versions of Web Browsers and ATs to support and/or test. 

Table 1. Screen readers and screen magnifiers in Norway in recent years 

(numbers from the Norwegian Welfare and Labour Administration). 

Type\Year 2006 2007 2008 2009 2010 2011 2012 Sum 

Blindows full license 0 2 1 0 0 0 0 3 

Bigshott full license 2 2 0 0 0 0 0 4 

Cobra full license 0 0 0 0 0 1 1 2 

Dolphin guide full license 0 0 0 0 0 1 51 52 

Hal or Supernova reader full license 6 5 14 8 5 5 3 46 

Hal or Supernova reader upgrade 0 1 6 2 5 3 2 19 

JAWS full license 42 56 40 23 21 20 13 215 

JAWS upgrade 16 63 61.5 97 177 129 194 737.5 

Lunar, Lunar plus or Supernova 
Magnifier 14 7 14 31 27 23 10 126 

Lunar, Lunar plus or Supernova 
magnifier upgrade 1 2 2 6 1 2 1 15 

Magic full license 4 11 5 7 3 1 2 33 
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Type\Year 2006 2007 2008 2009 2010 2011 2012 Sum 

Magic and Jaws full license 5 9 2 13 25 36 27 117 

MyStick full license 0 0 2 3 0 0 0 5 

Supernova magnifier reader and Access 
Suite full license 

59 74 38 50 74 40 23 358 

Supernova upgrade 17 10 49 45 50 31 23 225 

Supernova additional license 3 0 0 0 0 0 0 3 

BAUM Virgo full license 0 0 0 1 0 0 0 1 

Window-Eyes full license 10 15 11 12 15 11 7 81 

Window-Eyes upgrade 0 10 2 12 11 12 7 54 

Zoomtext full license 221 263 203 250 256 237 223 1653 

Zoomtext upgrade 33 51 33 49 48 17 92 323 

The Virtual AT Lab (VATLab) 

There are several practical obstacles for developers when testing websites for 

compatibility with AT in realistic settings i.e. with various combinations of ATs and web 

browsers.  Important obstacles have been identified as the costs of acquiring the AT software 

and hardware, the complexity of installing and maintaining the software and the lack of 

knowledge and experience on using the AT tools in a way that resembles the average AT user. 

The complexity in ensuring compatibility with AT is multifaceted, however one of the 

key challenges is the varying degree to which the AT manufactures are implementing the 

evolving web standards and guidelines e.g. HTML5 and WAI-ARIA into their products.  The 

varying degree of implementations of these standards and guidelines makes it difficult for a 
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developer to predict the end user experience of a certain design choice or coding technique in 

websites. 

Traditionally a web page consisted of static information.  This is no longer the case as 

most websites includes some dynamic widgets where content changes after the page has been 

loaded and parsed by the web browser.  Other websites or web applications are constructed to 

replicate the look and feel of a desktop application.  Such web pages often rely heavily on the 

latest additions to web standards and push the limits of what is possible within the framing of 

HTML and CSS.  These solutions typically include interactive dynamic controls that do not 

utilize standard HTML controls, but are developed through applying specific visual properties 

and attaching scripts to handle their operation.  Such practices requires thorough and systematic 

compatibility testing with various types of AT.  

Another factor contributing to the complexity of ensuring compatibility with different 

ATs is the multiple layers of communication that exist between the website itself and the AT. 

The web browser parses the HTML, CSS, scripts and other web content, renders a DOM tree 

from which information is passed on through an Accessibility Application Programming 

Interface (API) where it is made available to the AT.  Here, incompatibilities may arise on every 

level and at all entity interfaces. 

Recognizing the importance of testing dynamic controls, the VATLab tool must not only 

access a certain page at a given URL.  It should also offer the opportunity to interact with the 

page and thereby to test compatibility with both static and dynamic content.  The aim of 

developing VATlab is to develop a tool that supports testing of compatibility with AT and 

consequently focus is on the technical aspects of web accessibility rather than the user 

experience.  However, ensuring compatibility with ATs is not, and cannot be, restricted to 
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technicalities like semantic markup and focus control.  A precondition for accessibility is that 

the AT user is able to perceive the information conveyed through the web site, operate the web 

pages controls, and understand how to solve user tasks in an equal manner as users who do not 

rely on ATs. 

This led us to consider two approaches for developing VATlab:  

1. Analyzing the behavior of  web sites with various combinations of web browsers and 

ATs in different setups, and based upon this, developing a tool emulating this behavior.  This 

would give a developer a quick way to evaluate compatibility of web sites with a given 

combination of browsers and ATs. 

2. Establishing a technical solution for running the different ATs and web browsers in a 

cloud-based environment, ensuring that there is a quick way to switch between combinations of 

ATs and browsers. 

To ensure that the VATlab tool accurately reflects the divergences in implementation of 

standards and guidelines in ATs we selected the approach of designing a cloud based tool where 

the web developer accesses the real AT and browser software running inside its native 

environment and on its native platform.  This approach also preserves the details in the way that 

information is passed through and from the web browser to the AT, and thereby gives the user of 

the VATLab the most realistic experience. 

Based on these key requirements we developed a prototype that allows the running of any 

combination of the installed web browsers and ATs in a virtualized-based cloud environment. 

The VATlab prototype can be remotely accessed.  In this prototype the screen reader NVDA 

and the screen reader and magnifier Dolphin Supernova Access Suite are installed, but other ATs 

could easily be added to the platform.  We have also installed the web browsers Mozilla Firefox, 
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Google Chrome, Opera in addition to Internet Explorer.  

An easy to use control panel was designed to enable the user of the VATLab to start and stop 

the different AT software, launch the different web browsers, and access our online tutorial on 

testing accessibility of websites with ATs.  

Fig. 2. Start screen of the VATLab Tool. 

Preliminary feedback 

The prototype has been tested and evaluated by a team of developers from The 

Norwegian Directorate of Health, and among their findings are: 

• The VATLab is easy to integrate into the current development process
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• Using the tool enables them to be more efficient in their development processes due to 

shorter testing cycles and less demand for external accessibility evaluations.  

Because of this they feel that their web solutions have a higher level of accessibility 

before user testing begins, and thus, user tests can focus more on user experience than technical 

accessibility and compatibility issues. 

Guidance and information 

Supported by the conclusions of our focus groups to be useful for the average developer 

or web designer the VATlab tool must be accompanied by guidance and documentation on 

a) The usage of the tool itself 

b) The operation of the different AT products 

c) General techniques for reading and navigating websites using ATs 

d) Methods for effective accessibility and usability testing with ATs 

Taking this into account we developed the “Handbook for VATLab - a tool for technical 

accessibility testing with Assistive Technologies” to compliment the VATLab tool.  This 

handbook is so far available in Norwegian only and contains: 

• What is technical accessibility? 

• What kind of ATs exist? 

• How do ATs work? 

• How to test for technical accessibility/compatibility with ATs? 

• Common accessibility problems and suggested solutions 

In our search for related work we have not found any methodology for heuristic 

evaluations of websites specifically from the perspective of an AT.  We have therefore 

identified two possible approaches to such a methodology: 
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1. Heuristic evaluation with the primary focus on solving user tasks taking into account the 

actual user experience for users of AT. 

2. Systematic testing of all components on a website to ensure that semantic information such 

as states, roles and properties are properly conveyed to the user of ATs, and that operation of the 

controls is possible. 

A combination of the above testing strategies is believed to be an effective and efficient 

way to evaluate compatibility between website and combinations of web browsers and ATs, but 

further research is required to develop a complete methodology for this topic. 

Conclusion 

Above we have highlighted some of the important factors to consider when designing a 

tool for developers and designers to ensure compatibility between websites and ATs.  We 

presented a prototype for a tool that we believe can contribute to an increased focus on this 

aspect of accessibility.  Further research is however needed to document the use of different 

types and versions of ATs among web users with disabilities.  Furthermore we have identified a 

need for research to develop a methodology for accessible user experience evaluations, which 

would be a natural next step for the VATLab project. 

 

Journal on Technology and Persons with Disabilities 
Santiago, J. (Eds): Annual International Technology and Persons with Disabilities Conference 
© 2015 California State University, Northridge 

 



   Developing a Tool for Testing Compatibility of Websites with ATs 88 

Work cited 

Consortium, W. W. W. (2008). Web content accessibility guidelines (WCAG) 2.0. 

Cooper, M., Sloan, D., Kelly, B. & Lewthwaite, S. (2012). A challenge to web accessibility 

metrics and guidelines: putting people and processes first. Proceedings of the 

International Cross-Disciplinary Conference on Web Accessibility. 20 pp. 

Fuglerud, K. S., Halbach, T. & Skotkjerra, S. E. (2014). Challenges with assistive technology 

compatibility in universal design. Universal Design 2014: Three Days of Creativity and 

Diversity: Proceedings of the International Conference on Universal Design, UD 2014 

Lund, Sweden, June 16-18, 2014. 55 pp. 

ISO/IEC GUIDE 71 (2014)(E) - Guide for addressing accessibility in standards. 

Power, C., Freire, A., Petrie, H. & Swallow, D. (2012). Guidelines are only half of the story: 

accessibility problems encountered by blind users on the web. Proceedings of the 

SIGCHI Conference on Human Factors in Computing Systems. 433-442 pp. 

UN 2006. Convention on the rights of persons with disabilities. Treaty Series, 2515, United 

Nations. p.3. Available at: http://www.un.org/disabilities/. 

Webaim, 2015. Survey of Preferences of Screen Readers Users. Available at: 

http://webaim.org/projects/screenreadersurvey/ [Accessed April 30, 2015]. 

 

 

Journal on Technology and Persons with Disabilities 
Santiago, J. (Eds): Annual International Technology and Persons with Disabilities Conference 
© 2015 California State University, Northridge 

 

http://www.un.org/disabilities/
http://webaim.org/projects/screenreadersurvey/


89 

Journal on Technology and Persons with Disabilities 
Santiago, J. (Eds): Annual International Technology and Persons with Disabilities Conference 
© 2015 California State University, Northridge 

The Use of e-Textbooks on the iPad to Support Post-
Secondary Students with Disabilities 

Linda Chmiliar 

Athabasca University 

lindac@athabascau.ca 

Abstract 

As e-textbooks become increasingly available, many post-secondary institutions are looking at adopting 

digital text for use in courses.  Research is beginning to emerge as to the effectiveness of digital text for students. 

Unfortunately, there is still limited data regarding the use of e-textbooks by post-secondary students, and less 

information regarding the use of e-textbooks to support students with disabilities.  The purpose of this 

exploratory research was to investigate the affordances and limitations of three e-textbooks apps for post-

secondary students with learning disabilities in reading, from the students’ perceptive.  

Keywords 

e-textbooks, post-secondary, disabilities, learning disabilities, reading 

mailto:lindac@athabascau.ca


 The Use of e-Textbooks to Support Post-Secondary Students with Disabilities 90 

Introduction 

Textbooks have been traditionally been used in post-secondary courses to provide 

students with the majority of the content in courses.  In the last few years, many textbook 

publishers have developed digital versions of their textbooks (e-textbooks) either through their 

own software application, or through another provider (e.g. CourseSmart).  The impact of the 

move to digital textbooks on post-secondary students has received some attention, but less is 

known about the impact on post-secondary students with disabilities.  This study examined the 

perspectives of twelve post-secondary students with learning disabilities as they read passages 

for comprehension in one of three e-textbook platforms.  

Background 

There is a growing body of research that examines the impact on the use of e-textbooks 

with students at the post-secondary level.  The focus of these studies is generally on student 

performance and satisfaction when using e-textbooks.  The results reported are mixed (Chulkov 

and VanAlstine 216).  Chulkov and VanAlstine (221) reported that they did not find any 

significant impact of textbook format on the classroom performance of 158 students.  Falc (1) 

surveyed a group of students regarding their use of an e-textbook on a laptop and found that 

many of the students experienced some frustration and technical difficulties with the e-textbook. 

However, most of the students reported that the e-textbook was helpful for assignments and 

studying.  Rickman et al. in a study with post-secondary students, found that the majority of 

students in their study reported that e-textbooks outperformed physical textbooks and they 

preferred the convenience of the e-textbook (Rickman et al.).  Jesse (235) found that 37% of the 

students in their study reported that e-textbooks had a positive effect on their learning and 41% 

stated there was no difference.  In another study involving multiple post-secondary campuses, 
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Baek and Monaghan reported that more than one third of the students were satisfied with the e-

textbooks and more than one half of the students indicated that the e-textbooks were easy to use 

(Baek and Monaghan). 

For the increasing number of students with learning disabilities in post-secondary 

education, e-textbooks may offer an alternative way to access printed material.  Students may be 

able to take advantage of the built in abilities and functions of the text to support their learning 

(Cavanaugh 56) as they are able to change the size of the text and the page display to meet their 

specific reading needs (Cavanaugh 59).  Digital text may also offer the ability to write and save 

notes, highlight text, and bookmark pages which may help to increase the comprehension of the 

struggling reader.  Dictionaries that allow the user to get a definition instantly can assist students 

with comprehension difficulties (Cavanaugh 60).  E-textbooks that offer text-to-speech 

functionality could also assist students with decoding difficulties to understand text.  These 

unique features and capabilities may be able to provide needed accommodations that “many 

students need to be successful with text-based materials” (Cavanaugh 61).  

One study was found that focused on post-secondary students with learning disabilities 

and e-textbooks.  Nee (vii) conducted a study that examined the experiences of eight 

undergraduate students with learning disabilities using electronically formatted textbooks.  The 

results indicated that the use of the e-texts helped to improve their academic work, leading to 

increased self-esteem and self-confidence.  Nee commented that there is a lack of research on e-

textbooks and learning disabilities and that minimal research exists on the types of e-texts 

students perceive to be most beneficial (4). 

The studies examining the use of e-textbooks with post-secondary settings typically 

focused on the use of e-textbooks on laptop computers.  Little information on the use of e-
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textbooks on mobile devices like the iPad is available.  The number of college students who say 

they own tablets has more than tripled in one year and students “increasingly prefer the devices 

for reading” (Desantis).  Bush and Cameron (71) found that the majority of students “perceived 

electronic course materials on an iPad in iAnnotate to be as good as or better than printed course 

materials” Students and faculty preferred and recommended digital course materials on a tablet 

devices.  In a study by Geist (758), students thought that the iPad was most beneficial as an e-

reader.  Martinez-Estrada and Conoway (125) reported the successful use of Kindle eBooks on 

campus to support learning and course outcomes.  

This study will be one of the first to look at the possible impact of the use of e-textbooks 

on the iPad on post-secondary students with reading disabilities from the perspective of the 

students. 

Method

This qualitative study with twelve post-secondary students with learning disabilities in 

reading, investigated the affordances and limitations of e-textbooks as perceived by the students. 

Each student was asked to read three e-textbook passages in similar or identical books on an iPad 

in either the iBooks, CourseSmart, or Pearson eText app.  The first passage was plain text and 

each participant was asked to read the passage and answer comprehension questions.  The 

second passage was comprised of text annotated by the researcher, and each participant was 

asked to read the passage then answer questions.  In the third passage, the students were asked to 

use the built in functions of the app such as highlighting and note-taking as they read.  The 

students were provided with a demonstration of how to use the functions prior to reading, and 

were given time to practice.  Following each reading task, a semi-structured interview was 

completed that focused on the student’s experiences with the passages and the perceived 
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affordance and limitations of the e-textbook.  The data was analyzed using a qualitative approach 

to develop an understanding of the common themes that explain student’s experiences with e-

textbooks. 

Results 

Seven female and five male students participated in the research with an age range of 22 

to 62 years of age and an average age of 36.  All of the participants had a diagnosed learning 

disability in reading and were registered in at least one post-secondary course (see table 1). 

Table 1. Student Information 

Student Age Gender Disability Technology Currently Owned e-Textbook 

1 35 male Dyslexia, ADHD smart phone, android tablet, 
Kurweil software CourseSmart 

2 32 female reading, ADHD smart phone, desktop PC, 
android tablet, eReader CourseSmart 

3 54 male reading iPhone, android tablet, laptop, 
desktop PC CourseSmart 

4 22 female reading laptop, iPad, iPhone, Read and 
Write Gold software CourseSmart 

5 23 female reading, anxiety iPhone, laptop, desktop PC iBooks 

6 62 male reading iPhone, android tablet, laptop 
computer, desktop PC iBooks 

7 57 female reading, memory Desktop PC, smart phone iBooks 

8 33 male reading, writing Desktop PC, android tablet iBooks 

9 22 female reading Macbook, iPad mini iBooks 

10 56 male reading, ADHD laptop, iPad, iPod iBooks 

11 25 female reading iPad, laptop, desktop PC Pearson eText 

12 43 female reading MacBook Pearson eText 
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Students 1, 2, 3, and 4 all read and responded to textbook passages in an e-textbook in the 

CourseSmart app.  The most consistent concern among these students was that they were not 

able to adjust the background, contrast, font color, or font size in an effective way, and they had 

to scroll off the screen to the right to read if they made any adjustments.  Student 1 was very 

unhappy with the zoom function as it did not remain from page to page.  Student 1 also indicated 

that he likes to adjust the contrast and sometimes read with white text on a black background.  

All of the students found the highlighting function in CourseSmart to be very awkward.  Student 

2 reported that the highlighting was “very irritating” as the block highlights were “not intuitive.” 

Student 3 indicated that she found the highlighting to be “awkward” and that it took her “out of 

the flow of reading.” Student 4 did not like the functionality of the highlighting in CourseSmart 

and said that she likes the ability to highlight in different colors, which was not available.  All 

four students said, that although they like to take notes to study, they did not like the 

functionality of the note-taking as the note-taking window covered the text they were reading 

and wanting to take notes on.  Student 1 summarized his experience by saying that the note- 

taking was “annoying.” Three of the four students indicated that the ability to export highlights 

and/or notes would essential for studying.  Three of the four students also reported that having 

quick access to a dictionary was very important as it helps them comprehend the text.  In 

addition, three of the four students reported that text-to-speech helps them greatly in their 

reading.  The dictionary, text-to-speech, and export functions were not available in CourseSmart.  

All of the students indicated that they were interested in reading textbooks on the iPad, but 

would not want to use the CourseSmart app to do so due to the difficulties that they experienced. 

Students 5, 6, 7, 8, 9 and 10 all read and responded to textbook passages in an e-textbook 

in iBooks.  All of the students reported that the highlighting and note-taking in iBooks was very 
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easy to use.  However, two of the students indicated that they would have to use the tools more 

to become proficient, and Student 6 found that trying to take notes on the iPad while she was 

reading caused her anxiety.  Later in the interview she reported that she could learn how to take 

notes in iBooks if she had to.  All of the students liked how the app compiled the highlights and 

notes, but similar to feedback about CourseSmart, students reported that exporting the notes and 

highlights would be important for study purposes.  Three of the four students indicated that the 

text-to-speech function helped them with their reading, but these students only required this 

support for single words and phrases.  Student 5 found the voice in the text-to-speech to be 

“annoying” and indicated that he would not use the function for that reason.  Student 8 was 

interested in using the text-to-speech even though he thought that the speech sounded very 

unnatural.  Student 5 adjusted the brightness of the screen as he was reading, as normally reading 

on a desk top computer gives him headaches.  Students 6 and 7 preferred the sepia background 

and Student 7 said it was “easier on my eyes.” Student 9 indicated that she liked to dim the 

background when reading, and needs to adjust text size.  Students 9 and 10 found the dictionary 

to be very helpful for reading comprehension and Student 10 liked the search function.  These 

features were all readily accessible in iBooks. 

Students 11 and 12 read and responded to textbook passages in the Pearson eText app. 

Student 11 through that the highlighting in this e-textbook was okay to use, but in order for 

highlights to be useful for her she would like the ability to convert the highlighted notes into 

something at the conclusion of the reading.  This was different from Student 12 who indicated 

that the highlighting in this app difficult and was way too time consuming for her to use.  Student 

11 did not try the note-taking as she prefers highlighting as a learning strategy with reading.  

Student 12 also did not try the note-taking function as she thought that that using the function 
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would distract her from her reading.  Student 12 also reported that the ability to get a definition 

of a word immediately was very helpful for her.  At the conclusion of the reading, both students 

reported that they would not want to read using the Pearson eText app as they would not be able 

to replicate what they do on paper and as Student 12 said “I do not want to expend mental energy 

on things other than retaining what is read.” Both students also indicated that having to scroll off 

the screen to read each sentence something they were not willing or able to do. 

 Discussion and Conclusion 

All of the students thought that completing reading tasks on the iPad was a huge plus for 

them due to the mobility of the device.  One student commented that she liked “not having the 

weight of all those books.” Several students commented that the text on the iPad was easy and 

comfortable to read, and it was almost like reading a book.  A definite preference for reading on 

the iPad versus on a computer or android tablet was expressed.  One student indicated that the 

computer gives him migraines and that he thought that being able to adjust the brightness of the 

iPad screen would help with his reading. 

All of the students found it easy to navigate through the text and several reported that the 

e-textbooks were all very user friendly in terms of navigating from page to page.  The two 

students who had not previous exposure to any mobile technologies found the touch on the iPad 

a bit tricky and indicated that they would have to learn how to tap to navigate before they could 

become proficient users of the features in the e-textbooks.  Other students indicated that they 

would have to practice using the note-taking and highlighting features to be able to integrate 

them effectively into their reading.  

There were considerable differences reported in the use of highlighting while reading 

across the three e-textbook platforms used.  Students found the highlighting function in iBooks to 
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be very easy to use and one student indicated that she found it easier to use than the assistive 

technology Kurzweil program on her computer.  This was very different for the students reading 

in the CourseSmart and the Pearson eText app who found the highlighting function to be very 

awkward to use.  One student reported that trying to use the highlighting function in 

CourseSmart took her out of the flow of reading and she continually had to reread the text to find 

her place.  Another student reported that highlighting was too time consuming in the Pearson 

eText app and she found the highlighting to not be intuitive. 

The students also expressed differences of opinion regarding the note-taking function. 

Several students really liked the note-taking function in iBooks.  They found it easy to use, and 

the function made sense to them.  Several students commented that they “loved” the compiled 

list of notes made in the iBooks and found it to be “wonderful.” Another student thought that the 

note-taking function would help her to not lose her notes, which was a consistent problem for 

her.  Students reading the e-textbooks on the other platforms did not like the note-taking very 

much.  One student indicated that when he used the note-taking function he could not move the 

note to see text underneath.  He thought this would hamper his reading considerably.  Another 

student indicated that when she tried the note-taking she had to start the reading again from the 

beginning.  One student expressed concerns about the move to e-textbooks.  She felt that she 

finally had a note-taking strategy that worked for her that helped her cope with her disability 

and if she moved to e-textbooks she would have to find another strategy.  Several students 

indicated that they would have to learn how to use the note-taking function effectively.  

Another feature that the students identified as helpful was the text-to-speech function in 

iBooks.  Students really liked the ability to have instant access to text-to-speech to read words 
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and phrases they were having difficulty with.  They also liked the ability to change the type and 

speed of the voice, although they found the voice to be a bit unnatural.  

Overall, the post-secondary students with learning disabilities in reading reported very 

positive views of their reading of e-textbooks on the iPad.  One student said, “If this was 

available when I was younger, I would have gone into law school.” Another student reported that 

she would “rather read textbooks on the iPad rather than the computer.” She felt it was easier to 

work on comprehension, easier to sit longer, and the number of pages that she had to read was 

not intimidating.  Still another student said, “I don’t think I would have passed my English 

course without reading on the iPad.”  The research also revealed that not all e-textbook platforms 

are created equal.  The students felt that the highlighting and note-taking functions could be very 

useful supports to them in their reading, but these tools did not function well in some platforms, 

and in some cases became a hindrance or deterrent to learning.  In addition, students reported 

that they felt they needed to learn how to use these functions effectively. 

Post-secondary institutions are moving to the use of e-textbooks in courses. 

Unfortunately, some of the e-textbook platforms have poorly designed features that can cause 

students with learning disabilities to experience difficulties while they are reading.  The quality 

of e-textbooks appears to be steadily improving (Rickman et al) and all three of the platforms 

used in this research study have made steady improvements in the features since this research 

concluded.  That being said, it is imperative that effective and well-designed e-textbook 

platforms be selected for students with learning disabilities, with features that actually support 

and not hinder the reading and learning process. 
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Abstract 

Cellphones, smartphones and tablets offer considerable potential to enhance the independence and social 

and economic participation of people with disabilities.  The rapid proliferation of smartphones and tablets has 

offered new low-cost speech generating options on mainstream platforms for users of augmentative and alternative 

communication (AAC) devices.  Data are presented from the Survey of User Needs (SUN), a national survey on use 

of mobile wireless technology by people across several disability types.  The wireless experiences and needs of 

AAC users are compared with those of other respondents with disabilities.  A total of 38 adult AAC users and 998 

adults with disabilities who do not use AAC completed the questionnaire.  Only 70% of respondents who use AAC 

reported owning or using a wireless device (basic cellphone, smartphone, or tablet), compared to 92% of other 

respondents with disabilities.  More than half (55%) of AAC respondents who do not have a wireless device said 

they did not have the hand function to use one; a third (36%) said wireless devices were not compatible with their 

other aids.  AAC respondents were more likely than other respondents to own a tablet. 
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Introduction 

The spoken or written communication of approximately 1.3% of the U.S. population (4 

million people) is so limited that it cannot meet daily communication needs (Beukelman and 

Mirenda 2013).  Similar percentages have faced this challenge in Canada (Statistics Canada 

2003), the United Kingdom (Enderby and Philip 1986) and Australia (Bloomberg and Johnson 

1990).  Mainstream information and communication technologies (ICT; cell phones, 

smartphones and tablets) offer considerable potential to promote independence and participation 

of people with disabilities (Center for an Accessible Society 2014).  The introduction of mobile 

technologies has “offered many potential benefits to individuals with complex communication 

needs who require AAC, including increased awareness and social acceptance of AAC in the 

mainstream population, greater consumer empowerment in accessing AAC solutions, increased 

adoption of AAC technologies, greater functionality and interconnectivity, and greater diffusion 

of AAC research and development” (McNaughton and Light 2013).  Additionally, Nguyen et al. 

demonstrated that when mobile phones were interconnected with the individuals’ AAC device, 

users were able to use the phone in its many modes of operation, resulting in a sense of 

independence, safety and security (2008).  Mobile phone use also contributed to improving 

communication skills and self-confidence to engage in conversation and social interactions. 

Furthermore, smartphones and tablets increasingly are used to mediate other areas of 

social interaction beyond interpersonal communication.  Shane, et al. (2012) noted that modern 

consumer ICT is used for searching for information, online banking and commerce, 

entertainment (books, news, video), education, health and safety (e.g., telemedicine), personal 

organization tools (address book, calendar, clock) and public services like airport check-in. 

Smart mobile devices, consequently, offer great opportunity of AAC users to “access the world”, 
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while simultaneously creating challenges to ensure that AAC users are not left behind as mobile 

technology advances.  As Beukelman and Mirenda (2013) have observed, for most of us “[…] 

daily communication is so effortless and efficient that you hardly think about it when you 

interact with others face-to-face, over the phone [landline or mobile], through email, by texting, 

or through social media.” For those with complex communication needs, little is known about 

their access to and use of wireless technologies.  Early research by Bryen, Carey and Potts 

(2006) found that adults who have complex communication and mobility needs and who rely on 

Augmentative and Alternative Communication (AAC) have limited access to cell phones.  These 

researchers identified a large gap in cell phone access (20% for their sample of adults using 

AAC, compared to 57% for a nondisabled U.S. population in 2000). 

The purpose of this research is to understand access and use of wireless technologies such 

as cell phones, smart phones and tablets by adults with disabilities who use AAC technologies. 

Data are presented and analyzed from the national Survey of User Needs conducted by the 

Rehabilitation Engineering Research Center for Wireless Technologies (Wireless RERC). 

Originally launched in 2002, the Survey of User Needs (SUN) has been updated 3 times to keep 

up with the pace of technological change.  The results presented in this paper are based on the 

fourth and most recent version of the questionnaire (SUN 4) launched in the fall of 2012. 

Respondents were invited to participate online, on paper sent via U.S. mail, and via telephone or 

face-to-face interview.  SUN 4 is structured around 5 areas of inquiry: 1) demographics, 2) 

disabilities and assistive technology, 3) ownership and use of wireless devices, 4) wireless 

activities, and 5) wireless services and plans.  SUN data have formed the basis for publications 

on general use and usability of wireless technology by people with disabilities (Morris, Mueller, 

Jones 2014), operating system preferences by blind and deaf users (Morris and Mueller 2014), 
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and wireless use by stroke survivors (Morris, Mueller, Jones 2010).  Questions on demographics 

are based on the American Community survey.  Some questions are informed by the Pew 

Research Center’s several surveys on technology use (e.g., Duggan, 2013; Smith, 2013). 

Several core questions are addressed.  Do adults who use AAC also access and use 

mainstream wireless communication technologies at the frequency as others with disabilities and 

the general population? If so, which types of devices (simple “feature” phones, smartphones, 

tablets) do they use? What barriers to owning/using mobile wireless technology do AAC users 

experience? What activities do AAC users engage in with their wireless technology? Use of 

mainstream wireless technologies by adults who use AAC and adults with disabilities who do not 

use AAC are compared. 

Discussion 

The protocol for this study was approved by the local institutional review committee at 

the grant recipient’s home institution.  After IRB approval, information about the revised SUN4 

was sent to individuals who use AAC.  Data were collected from September 6, 2012 through 

October 9, 2013 using convenience sampling to draw a sample of individuals who rely on AAC 

devices for face-to-face communication.  Individuals with disabilities who use AAC technologies 

constitute a small but diverse population.  Furthermore, the developmental and acquired 

disabilities that can lead to complex communication needs are varied, making it difficult to reach 

this diverse population.  Consequently, recruiting a representative sample of adult AAC users 

presents difficulties.  Participants were recruited through the Wireless RERC’s Consumer 

Advisory Network (CAN), a nationwide network of consumers with disabilities.  

In addition, the research team recruited via the Wireless RERC’s internet and social 

media outlets, including the Wireless RERC website, and Twitter, Facebook, and LinkedIn 
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accounts.  Targeted recruiting was also carried out by asking individuals working at national, 

state and local organizations to disseminate the invitation to participate to their networks of 

people with disabilities who rely on AAC, including: the Federal Communications Commission 

(FCC), American Foundation for the Blind, Hearing Loss Association of America, 

Telecommunications for the Deaf and Hard of Hearing (TDI), Coalition of Organization for 

Accessible Technology, Paralyzed Veterans of America, Shepherd Center, and others.  Finally, 

information about the SUN was posted to ACOLUG, an international Listserv for people who 

use AAC and contacting potential participants via email and face-to-face meetings. 

Sampling 

The SUN sample of respondents is small (n = 38) and unequal when compared to adult 

respondents with other disabilities (n = 998).  For these reasons, descriptive statistical analysis 

was conducted instead of inferential statistical analysis.  Data from the two samples (AAC users 

and all others with disabilities) are compared.  The sample of respondents who use AAC was 

about 10 years younger than the comparison sample with more males responding than females 

(Table 1).  They were mostly white, and had household incomes of less than $35,000, which is 

lower than the comparable sample of those with disabilities not using AAC.  Respondents who 

use AAC and others with disabilities who do not use AAC are well educated with more than 

75% and 90%, respectively, having at least some college education.  As such, both samples are 

likely to be highly literate and may over-represent individuals with higher household incomes 

and access to education.  Data from the 2011 American Community Survey show that 33% of 

adults 18 years of age or older with a disability had at least 1 year of college education (Ruggles 

2010).  Similarly, both samples have a relatively strong employment history with higher than 

expected percentages of respondents being either employed full time or part time, or retired. 
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Earlier studies that have been based on samples of adults with disabilities who rely on AAC 

utilized a younger, less educated and less likely to be employed sample (e.g., Bryen, Carey and 

Frantz, 2003; Bryen, Carey, and Potts, 2006).  

Table 1. Demographics of the sample of respondents with disabilities who use AAC and 

all respondents with disabilities Not using AAC 

All respondents 18 years of age or older AAC Users 
(n=38) 

All respondents with 
disabilities NOT using AAC 

(n=998) 

Completed survey on own 65% 90% 

Age mean (standard deviation) 42 (16.44) 51 (14.25) 
Gender (% female) 40% 59% 

Race/ethnicity (%) AAC Users 
(n=38) 

All respondents with 
disabilities NOT 

using AAC (n=998) 

African American 13% 11% 

Asian/Pacific Islander 3% 4% 

Hispanic/Latino 3% 4% 

Native American 0% 2% 

White/Caucasian 74% 82% 

Gross annual household income (%) AAC Users 
(n=38) 

All respondents with 
disabilities NOT 

using AAC (n=998) 

Less than $35,000 62% 46% 

$35,000-$49,999 3% 15% 

$50,000-$74,999 16% 17% 

$75,000 or higher 19% 22% 
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Education (%) AAC Users 
(n=38) 

All respondents with 
disabilities NOT 

using AAC (n=998) 

No high school diploma or GED 11% 2% 
High school diploma or GED 24% 9% 

Some college 16% 20% 

Associates or Bachelors degree 34% 40% 

Graduate degree 26% 30% 

Employment (%) AAC Users 
(n=38) 

All respondents with 
disabilities NOT 

using AAC (n=998) 
Full time 31% 40% 

Part time 22% 13% 

Retired 14% 20% 

Not employed 33% 28% 

Users and non-users of AAC with disabilities both reported having multiple disabilities 

(Table 2).  The two samples reported generally similar frequencies of cognitive (concentrating, 

remember, and making decisions), hearing and seeing difficulties (Table 2).  However, 

substantial greater percentages of ACC users reported difficulty with speech and physical 

function, skills that could be critical to access and robust use of current wireless technologies. 

As expected, AAC users more frequently reported having difficulty speaking than other 

respondents with disabilities (82% and 13%, respectively).  They also reported more frequently 

having difficulty walking, standing, climbing stairs (66% and 38%); using hands and fingers 

(66% and 24%) and arms (61% and 16%).  Overall, those who use AAC appear to have more 

numerous disabilities compared to adults with other disabilities in this sample (3.5 and 1.8 

respectively). 

Journal on Technology and Persons with Disabilities 
Santiago, J. (Eds): Annual International Technology and Persons with Disabilities Conference 
© 2015 California State University, Northridge 



Use of Mainstream Wireless Technology by Adults who Use Augmentative and Alternative  108 
Communications 

Table 2. Difficulties reported by AAC users (%) and Respondents with disabilities who do not 

use AAC* 

All respondents 18 years of age or older 
Adults who 

use AAC 
(n=38) 

Respondents with 
disabilities NOT 

using AAC (n=998) 

Difficulty speaking 82% 13% 

Difficulty walking, standing, climbing stairs 66% 38% 

Difficulty using hands and fingers 66% 24% 

Difficulty using arms 61% 16% 

Difficulty concentrating, remembering, making decisions 21% 25% 

Difficulty hearing 34% 36% 

Hard of Hearing 32% 24% 

Deaf 5% 12% 

Difficulty seeing 21% 28% 

Low vision 13% 16% 

Blind 5% 8% 

*The percentages of respondents who reported blindness and low vision percentages do not add

to the same value as that for “difficulty seeing.” The same applies to respondents with difficulty 

hearing. 

Use of mainstream wireless technologies 

AAC users reported substantially lower levels of ownership or use of mainstream 

wireless technologies compared to other respondents with disabilities – 70% and 92%, 

respectively (Table 3).  Barriers to ownership and use differed considerably between the two 

groups, with AAC users citing several barriers at substantially higher rates than non-users of 

AAC, including: lack of hand function (55% and 12%, respectively); incompatibility with other 

aids (36% and 1%); lack of speech (27% and 4%), and complexity of devices (27% and 6%). 

These data point to considerable accessibility challenges that are unique to the population of 
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AAC users.  Other barriers to ownership/use of wireless technology were cited at similar rates by 

both groups, including: lack of need or desire (18% and 12%) and cost of wireless service (27% 

and 23%).  Notably low percentages of both groups cited lack of sight, hearing and knowledge as 

barriers. 

Table 3. Use of Wireless Devices by Adults Who Use AAC and Others with Disabilities 

Wireless device used by Adults who use AAC and 
other disabilities 

Adults who use 
AAC   (n= 38)* 

Others with 
disabilities 
(n = 998)* 

Do you own or use a wireless device such as a cell 
phone or tablet? (% yes) 70%** 92%** 

Table 4. If you do NOT own or use a wireless device, why not? (Check all that apply) 

Reasons for not owning a wireless device Adults who use AAC 
(n=11)** 

Others with 
disabilities who 
do not use AAC 

(n=82) 

I don’t need or want one 18% 12% 

Devices cost too much 36% 23% 

Service costs too much 27% 23% 

Devices are too complex 27% 6% 

I don’t know how to use one 9% 11% 

I don’t have the hand function to use one 55% 12% 

I don’t have the sight to use one 0% 5% 

I don’t have the hearing to use one 9% 6% 

I don’t have the speech to use one 27% 4% 

They are not compatible with my other aids 36% 1% 

*Percentages do not add to 100 percent, as respondents were asked to check all that apply.
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**The number of AAC respondents who do not own or use a wireless device is small. 

Percentages are reported in order to facilitate comparison with other respondents with disabilities 

who do not use AAC and who do not own or use a wireless device. 

Among respondents who own or use wireless technology, the rate of smartphone use 

among AAC users and all other respondents with disabilities is approximately equal (53% and 

57%), respectively.  The rate of tablet use is actually greater among AAC users than others with 

disabilities (53% and 35%).  In contrast these AAC users own basic cell phones at much lower 

rates than other respondents with disabilities and the general population (13%, 28% and 36%, 

respectively; Table 5).  These results suggest that smartphones and tablets are more accessible 

and/or useful to adults who use AAC than basic cellphones, likely a result of the touchscreen 

interface, larger screens, and wider array of features and functions available on smart devices 

compared to simple phones.  These data also reflect growing use of mainstream tablets with 

specialized AAC apps for face-to-face communication instead of dedicated speech generating 

devices (RERC on Communication Enhancement 2011; McNaughton and Light 2013).  

Table 5. If you own or use a wireless device, what kind do you use? (Check all that apply) 

Device Adults who use 
AAC   (n= 38) 

Others with 
disabilities 
(n = 998) 

General 
population* 

Basic phone (e.g., Motorola Razr, Pantech 
Breeze, Nokia 6350, Owasys) 13% 28% 36% 

Smartphone (e.g., iPhone, Android phone, 
BlackBerry, Windows phone) 53% 57% 55% 

Tablet (e.g., iPad, Kindle Fire, Galaxy 
Tab, Nexus 7, BlackBerry PlayBook) 53% 35% 35% 

*Sources: Rainie, Lee. “Cell phone ownership hits 91% of adults.” Pew Research Internet

Project. 6 June 2013. Web. 22 May 2015. 
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Rainie, Lee and Aaron Smith. Tablet and E-reader Ownership Update, 18 October 2013. Web. 

22 May 2015. 

Response data show that AAC users reported high rates of customization of their wireless 

devices to make them easier to use (Table 6).  AAC users who own or use mainstream wireless 

technology reported high rates of customization of their wireless devices to make them easier to 

use (88%), much higher than other respondents with disabilities who own or use wireless 

technology (53%).  Physical accessories (protective skins, headsets, lanyards, etc.) were the most 

common type of modification (58% and 35% of AAC users, respectively) followed by software 

and mobile apps (35% and 18%).  These data reflect the tendency among the sample of AAC 

users to have multiple physical disabilities in addition to speech limitations, and consequently 

greater accessibility challenges than others with disabilities. 

Table 6. Have you CHANGED OR ADDED anything to your primary wireless device to make it 

easier to use? (Check all that apply) 

Changes or Additions to primary wireless device 
Adults who 
Use AAC 

(n=27) 

Others with 
disabilities 

(n=998) 

No changes or additions 12% 47% 

Physical accessories: protective skin, headset, lanyard, stylus etc. 58% 33% 

Assistive devices: head switch, EMG switch, AAC device, neck loop, etc. 27% 7% 

Software – text-to-speech software, screen reader, app downloads 35% 18% 

Improvised solutions – handstrap, Velcro, wheelchair mount, etc. 27% 3% 

Other 19% 8% 

Despite their greater tendency to customize their devices, AAC users report using a broad 

range of functions on their devices, comparable or to an even greater degree than that reported by 

others with disabilities (Table 7).  Text messaging was by far the most common activity reported 

for both groups (89% and 75%, respectively).  Web browsing, email, and social networking were 
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also highly ranked activities, somewhat more so for AAC users than for other respondents with 

disabilities.  Notably, voice calling was reported by both groups at approximately the same 

frequency (58% and 59%, respectively).  The data do not show how AAC users participate in 

voice calls, whether through direct electronic connection between the AAC device and the 

cellphone, by placing the cell phone or smartphone near the speaker of the AAC device, or some 

other means.  This key question requires further investigation.  Relatively high levels of 

participation in a broad range of wireless activities by AAC users might reflect the high levels of 

education of the SUN sample.  However, it should also be kept in mind that 30% of the sample 

of AAC users had not overcome the initial barriers of cellphone and tablet use. 

Table 7. Do you ever use your primary wireless device to do any of the following? 

(Check all that apply)* 

Primary uses Adults who 
use AAC 

Others with 
disabilities 

Text messaging 89% 75% 

Web browsing 73% 60% 

Email 69% 62% 

Keeping a directory of contacts 69% 64% 

Downloading applications (apps) 69% 48% 

Keeping a calendar of appointments 65% 50% 

Social networking (Facebook, LinkedIn, Twitter, etc) 65% 46% 

Voice calling 58% 59% 

Navigating or wayfinding (using GPS and/or maps) 54% 47% 

Sharing photos or video online 54% 49% 
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Primary uses Adults who 
use AAC 

Others with 
disabilities 

Using voicemail 46% 51% 

Watching video 46% 38% 

Listening to music 46% 38% 

Playing games 42% 41% 

Video calling 39% 22% 

Shopping 35% 30% 

Recording voice notes or reminders 27% 23% 

Monitoring your health 23% 13% 

*Includes cellphones, smartphones, and tablets. Respondents were asked to identify the activities 

they pursue on their primary and secondary wireless devices, if they have either. This table 

displays the responses only for the primary mainstream wireless device. 

Conclusion 

Cellphones (and to a lesser degree smartphones) are still primarily used for spoken 

communication, though this may be changing for younger generations.  Speech limitations often 

are accompanied by physical limitations making access to mainstream technology even more 

challenging.  Ownership and use of mainstream wireless information and communications 

technology is lower among AAC users than others with disabilities.  AAC users who own mobile 

ICT devices have a greater tendency to own smartphones and tablets than simple phones, and 

more commonly make changes or additions to their devices to make them easier to use.  These 

survey data point to considerable barriers that are unique to this population.  
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Abstract 

Changes in memory are one of the most frequently reported cognitive deficits among people with traumatic 

brain injury (TBI) and are one of the factors with the greatest impact on independence and quality of life following 

injury.  Evidence supports the use of external aids in the treatment of memory impairments in adults following TBI. 

This article describes the development and initial user-testing of a mobile app designed to run on Google Glass to 

serve as an external memory aid for people recovering from and living with TBI.  The app works in conjunction 

with Bluetooth low energy (BLE) beacons, small transmitters about the size of an automobile key fob, that are 

carried by friends and family of the person with TBI.  Results from this research and development effort show 

considerable receptivity on the part of individuals with TBI, their family and therapists for a Glass-based memory 

aid using Bluetooth beacons.  Continued development of the Glass platform and beacon technology is needed to 

support easier adoption and use.  Knowledge and experience gained throughout the research will inform 

development of future accessible wearable technologies and apps.  
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Introduction 

Changes in memory are one of the most frequently reported cognitive deficits among 

people with brain injury (TBI) and are one of the factors with the greatest impact on 

independence and quality of life following injury (Mateer, Sohlberg & Crinean 1987).  Memory 

impairments can rob a person of their independence and negatively impact social relationships, 

thereby reducing the quality and quantity of their participation in meaningful activities at home, 

work, school, or in their community.  Mobile apps on smart devices, including new wearable 

devices, may help people compensate for memory deficits. 

Systematic reviews of the literature have generated guidelines for treating memory after 

traumatic brain injury (TBI).  In 2007 the Academy of Neurologic Communication Disorders & 

Sciences recommended the use of “external aids in the treatment of memory impairments as a 

rehabilitation practice guideline for adults with memory impairment following TBI” (Sohlberg, 

et al. 2007).  More recently, the Cognitive Rehabilitation Task Force of the Brain Injury 

Interdisciplinary Special Interest Group of the American Congress of Rehabilitation Medicine 

published a Cognitive Rehabilitation Manual containing a similar practice guideline.  It states, 

“For those with moderate to severe memory impairment, the committee recommends only the 

use of external compensations (including notebooks, electronic devices, etc.) with direct 

application to functional activities” (Haskins 2011).  This manual also contains a practice 

standard recommending the use of external memory compensations for people with mild 

memory impairment. 

The use of external aids is a widely practiced means of compensating for memory 

impairments.  Memory notebooks, pill boxes and alarm watches are described in the literature as 

successful low tech options, while voice recorders, PDAs and pagers are common high tech 

devices.  More recently, the evolution of smartphones and tablet computers, has opened the door 
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to new opportunities for using memory aids (Kim, et al. 2000; Wade and Troy 2001; Dry, et al. 

2006; McDonald, et al. 2011).  The emergence of downloadable applications, “apps”, has 

increased the functionality of mobile devices.  Widespread consumer use makes this technology 

more socially accepted and more available.  Many people own wireless technology that can be 

incorporated into therapy with little delay, potentially relieving some of the financial restrictions 

and other barriers that sometimes impede interventions using external aids. 

The recent proliferation of wearable technology, especially glasses and wristwatches, 

offers the prospect for even more choice for people needing memory aids.  The wearable design 

of these platforms could make memory aids more usable and useful.  Using these devices, the 

person with a memory deficit will have information readily available, rather than having to pull 

out and activate a smartphone or other mobile device that is carried rather than worn. 

This article describes the development and initial user-testing of EyeRemember, an app 

designed for Google Glass to serve as an external memory aid for people living with TBI.  The 

app works in conjunction with Bluetooth low energy (BLE) beacons, small transmitters about the 

size of an automobile key fob carried by friends and family of the person with TBI.  Research 

and development occurred in distinct phases: 1) initial specification of a Glass-based solution for 

memory app; 2) development of a working prototype; 3) focus group and in-depth interviews 

with stakeholders; 4) incorporation of feedback into the beta version of the EyeRemember app. 

Discussion 

Google Glass was chosen as the development platform because its head mounted 

wearable display is designed for brief reference and immediate access to information with 

minimal interruption to ongoing social interactions.  It provides both visual feedback via its 

small prism display, and auditory feedback via the bone-conducting speaker built into the right 

temple of the frame.  Out-of-the-box functions include picture taking, video recording, Google 
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web search, email, phone calling, text messaging, and direction finding.  Many functions require 

a Wi-Fi connection or Bluetooth pairing to a user’s smartphone.  The functionality of Glass can 

be enhanced with downloadable apps known as Glassware. 

Development of the EyeRemember app 

The development team was awarded a competitive grant for initial development through 

Google’s Glass Accessibility Awards program in May 2014.  Additional support was provided 

by the Rehabilitation Engineering Research Center for Wireless Technologies (Wireless RERC, 

Grant number H133E110002), funded by the National Institute on Disability and Rehabilitation 

Research (NIDRR). 

Glass and BLE beacons are both emerging technologies undergoing continued 

development.  Neither has been well studied as assistive technology for people with TBI.  The 

accessibility features of Glass make it attractive as a possible platform to perform assistive 

functions to users, especially users with disabilities.  The design of the current version of Glass 

permits many functions to be completed hands-free with visual and/or auditory prompting to 

access context-specific information at a glance, with minimal interruption to ongoing activities 

and conversations, allowing the user to stay in the moment.  Input options include the use of 

hand/finger swipes and taps on a trackpad, head movements, eye winking and voice input.  

Visual outputs on the screen are complemented by audio outputs through a bone-conduction 

speaker (and optional earphone) which includes chime notification sounds and voicing of text on 

the screen.  It has numerous sensors built into the compact enclosure on the right temple, 

including gyroscope, accelerometer, rotation vector, light sensor, and linear acceleration sensor. 

Initial specifications and design concept of a Glass-based memory app were influenced 

by the existing evidence base on the use of high-tech assistive devices and apps used to support 

memory, the clinically relevant experience of team members, and Glass features and 
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functionality.  End-user input was gathered after this initial design stage.  The novelty of Glass 

made it necessary to build a working prototype of the memory app first in order to be able to 

demonstrate how a Glass-based memory aid would function. 

EyeRemember Architecture 

The EyeRemember app was developed to help people with memory deficits after TBI by 

allowing them to voice-record important information related to individuals in their circle of 

family, friends and caregivers (referred to as “contacts” in EyeRemember).  Users are reminded 

of the recorded information through cued prompts presented when contacts are present and by 

scrolling through a “timeline” of “cards” containing the information.  Contacts are pre-populated 

into the app using the camera and voice input functionality on Glass.  Each contact is associated 

with a specific Bluetooth low energy beacon, which is clipped onto key rings or belt loops and 

carried or worn by the person represented by the “contact card.” Initial setup for each contact 

also includes a field for identifying the relationship of the person to the user.  Once setup of a 

contact is complete, users can add voice-recorded notes containing other important information. 

Later, when a contact wearing a beacon is within a predefined distance established in the app’s 

settings, the app will provide the user with a visual and auditory notification that the person is 

nearby.  The notification cues the user of the contact name, photo, and relationship.  It also gives 

the option to access notes and to have the information on the screen read aloud to them. 
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Fig. 1. Screenflow for adding new contact and view of existing contact. 

The five main EyeRemember settings include: 1) scan time, 2) sleep time between scans, 

3) contact distance for detection/notification, 4) notification away time, 5) off/on toggle for

adding notes for contacts, and 6) on/off toggle for reporting use data to Google Analytics (see 

figure 2).  The first two settings used together allow control to ensure that scanning is successful 

in the user’s local environment (home, clinic, etc.), while simultaneously conserving battery.  

The next two settings (contact distance and notification away time) also are generally used 

together to optimize the app for the user’s particular memory deficit and local environment. 

Controlling the ability to add notes was a late addition to the Setting menu, so that 

EyeRemember could be used just for identification of the user’s therapy team members in a 

clinical setting.  Reporting use data to Google Analytics informs R&D on EyeRemember, and 

could also be used by the therapy team trying to train a patient to use this external memory aid. 
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Fig. 2. EyeRemember settings options. 

Scan time - Duration of scanning for contacts before 

resting 

• settings for 3 to 15 seconds

• shorter scan times save battery

Sleep between scan – Length of time that the app 

rests between scanning again 

• Settings for 3 to 15 seconds

• Longer sleep times save batter, especially when

combined with shorter scan times

Contact distance – Distance of contact from app user 

at which notifications are triggered 

• Options include unlimited distance (as allowed by

broadcast range of beacon), or settings for distance

ranging from 1 to 20 feet

Notification away time – Time between notifications 

of a contact’s presence 

• Allows contact to enter and exit notification range

(contact distance) without triggering new

notifications until notification away time has

expired

Add notes for contacts – On/off toggle for 

controlling ability of user to add notes 

• Setting was added for testing app in a brain injury

day program to test app’s usefulness for reminding

patients of the names and roles of the members of

their therapy team

Toggle reporting – On/off switch for reporting use 

data (number of sessions, duration of sessions, screens 

viewed, etc.) to Google Analytics 

• Can be used for research/evaluation of the app

• Also could be used for therapy

•
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Enhancements to the initial prototype during in-house testing resulted in 6 “builds” of the 

app before it was demonstrated to stakeholders for input. BLE beacons were selected for use 

during stakeholder user-testing based on in-house experiences.  Several beacons were selected 

initially based on online reviews, price and features.  Specific desired features included: constant 

broadcasting of the Bluetooth signal, small size and the ability to be clipped onto a key ring or 

belt loop.  Although several beacons were identified with these features, only 2 of the tested 

beacons were sufficiently durable and reliably broadcasted the Bluetooth signal during testing; 

Pally Smart Finder KF 4A and Tile, both of which retail at about $25. 

Stakeholder Feedback 

EyeRemember is useful in the following contexts: 1) recall of the name, relationship or 

other information about a contact; 2) recall of information to share with a contact (e.g., a 

reminder to tell a spouse that a medication was changed by the doctor during an appointment); 

and 3) recall of information previously shared by a contact in order to support social 

communicative interactions (e.g., a reminder that a friend told the user she got engaged). 

Stakeholder feedback was gathered via focus groups and sit-by user testing.  The protocol was 

approved by the local institutional review board at Shepherd Center. 

Feedback from Clinicians 

Clinician feedback was gathered formally through a 90-minute Focus Group and less 

formally through information provided by attendees at a an brain injury rehabilitation inservice 

on Glass as an assistive technology. Four speech-language pathologists with an average of 9 

years specializing in brain injury rehabilitation, and four occupational therapists with an average 

of 5 years specializing in brain injury rehabilitation, volunteered to attend.  Glass and the 

EyeRemember app were demonstrated followed by a structured discussion. 
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Overall responses were favorable, and all participants indicated they feel Glass and 

EyeRemember have potential to assist people with brain injury.  Concerns expressed throughout 

the discussion included lack of clinician experience with Glass, which would limit their ability to 

train people with brain injury to use the technology effectively and caregivers to provide needed 

support.  Several participants also expressed concern regarding the cost of Glass (the beta 

version was priced at $1500), as well as the potential for loss or damage to the device.  The use 

of an eyeglass neck strap was suggested as a potential intervention to minimize the risk of 

damage from dropping the Glass. 

When asked about recommendations for testing the use of Glass and EyeRemember with 

patients with brain injury, participants in the focus group suggested beginning first in a 

controlled environment, such as a rehabilitation hospital or outpatient therapy clinic, before 

considering take-home-use.  Reasons given for this include the lack of overall knowledge and 

experience about user preferences and abilities regarding Glass use, the desire to minimize 

requirements for caregiver training during exploratory stages of development, and the lack of 

evening and weekend support that would be available to users.  Discussing this recommendation 

uncovered concerns about the broadcast ranges of the two beacons chosen for the study (Pally 

Smart Finder and Tile beacon) which broadcast 150 and 100 feet, respectively.  This resulted in 

an enhancement to the app that allows the proximity of the beacon to be set. 

Clinician feedback was also gathered at an in-service of Shepherd Pathways brain injury 

day program staff, including physical, occupational and recreational therapists, as well as speech 

language pathologists, and clinical psychologists.  Possible uses mentioned across professional 

specialties focused on reminders for task sequencing, scheduling, and note taking.  Additionally, 

therapy professionals suggested that Glass and Google Now provided possible accessibility 

options for individuals with limited gross and fine motor skills. 
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Table 1. Suggestions for additional ways Google Glass and EyeRemember app could be used in 

clinical practice (by therapist specialization) 

Physical Therapists Occupational Therapists 

• Assistance with physical tasks such as

sequencing with transfers/gait (i.e.,

cueing)

• Assistance with home exercise programs

• Reminders for client’s schedule, location

of therapy or orientation information

• Note-taking on therapy sessions

• Listing steps of functional activities like

brushing teeth etc.

• Modified for eye-gaze control for clients

with verbal communication

• Help for clients who have only gross

hand movement for computer access

Recreation Therapists Speech-Language Pathologists 

• Set timers for completion of therapy

sessions or tasks

• Leisure interests - photography,

computer use, socialization

• Use Google translate for written

activities to decrease use of interpreters

in therapy/community

• Therapy session notes

• Google Glass could be used by higher

level clients with mild TBI including

those returning to work or school

• Schedules + schedule reminders, routing

• Prospective memory tasks

Feedback from People with Brain Injury and Their Caregivers 

Three sit-by interviews were completed with people with memory challenges following 

TBI and their caregivers.  Participants included a 21-year-old female and her mom as caregiver, 

a 34-year-old male and his fiancée as caregiver, and a 62-year-old male with his wife as 

caregiver.  Glass and EyeRemember were demonstrated and all participants spent time wearing 

the device and testing the app.  Comments on user experiences and structured interview 

responses were recorded for qualitative analysis.  Participants provided input on the display of 

information on the contact card and notes card.  They also provided feedback on the usefulness 

of including the contact picture on the screen during note-taking input.  Most other comments 
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were made regarding the design and use of Glass.  Concerns noted by participants were primarily 

related to cost and durability.  One participant’s eye was observed to tear slightly after a few 

minutes of use, although he reported he experiences teary eyes periodically throughout the day. 

Other feedback is summarized in the Tables 2 and 3.  Stakeholder feedback was incorporated 

into the beta version of EyeRemember, the eighth build of the app.  Ongoing research includes 

end-user testing of the finalized beta version with clinicians and people with memory problems 

following brain injury in an outpatient brain injury rehabilitation program.  Results may lead to 

in additional enhancements to the app and will be reported to directly to Google at other forums 

in order to promote inclusion of the needs of people with cognitive limitations in ongoing Glass 

development.  The EyeRemember app may also be developed for other wearable platforms, such 

as smart watches. 

Table 2. Feedback and observations of people with TBI 

Age/sex Observations Overall 

Reception 

Would 

wear it 

with peers? 

Overall assessment 

21 

female 

Seemed to 

wear it 

naturally 

Favorable 

Interested 

Yes “It would be a lot easier and faster” 

to use for note-taking 

34 

male 

Struggled 

with 

swipes/taps 

Favorable 

Interested 

Yes “It would help, so I would wear it” 

62 

male 

Intuitive use 

of gestures 

Favorable 

Interested 

Yes “I think it’s a great idea” and 

wearing it all day, “would be 

comfortable.” 
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Table 3. Feedback and observations of caregivers of people with TBI 

Age/Relation Would 

EyeRemember 

be helpful for 

your loved one? 

Would you 

and other 

friends/family 

wear beacons? 

Thoughts on Learning to Use it 

Mom of 

21-year-old 

female 

Yes – she could 

use it to 

remember her 

professors 

Yes – all would 

be willing 

Daughter could learn to use it 

despite poor memory since she 

grew up with similar technology 

Fiancée of 34-

year-old male  

Yes – “It’s great”, 

fiancé could 

really use it to 

help remember 

names 

Yes  “It was kind of easy and user 

friendly.” 

Wife of  

62-year-old male 

Yes – it could 

help him 

remember what 

he talked to the 

MD about 

Yes “It’s like a phone or anything else. 

If you are comfortable with other 

tap and swipe devices it will be 

very easy to learn.” 

Conclusion 

Developing an app for Google Glass has helped to understand more about the potential of 

Glass to be used as an assistive technology for people with memory problems following TBI, as 

well as some of the potential limitations.  Glass appears to have many of the benefits of a 

smartphone and has a slew of accessible features built-in.  A notable difference and potential 

benefit to using Glass as a memory aid vs a smartphone is that it is wearable, which may increase 

accessibility and allow a user to stay “in the moment” when receiving support from the device. 

Because it is a new platform, there may be a steep learning curve for some users which may 

particularly problematic for users with memory impairments that affect learning.  Glass must be 

paired to Wi-Fi or a smartphone or tablet in order to access many of the functions.  The current 

version of Glass is designed only for the right side of the head requiring adequate right sided 

vision, hearing and upper extremity use to swipe and tap the control pad.  The frames do not 
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fold, so storage can be cumbersome.  Battery life may not be long enough to support heavy use.  

Furthermore, the battery heats with use, which may be uncomfortable for users and can 

sometimes cause Glass to become temporarily inoperable when the device requires a break to 

cool down. 

Perhaps the most significant limitation (at the time of this publication) is that Glass is 

experimental and currently unavailable for consumer purchase.  Media reports in January of 

2015 indicated Google is working on “future versions of Glass.” Regardless of whether or not a 

new version of Glass is released and becomes widely available to consumers, it is likely that 

Glass-like wearables will mature rapidly into the marketplace, increasing the value of these 

initial data findings on app interfaces for wearable displays. 



EyeRemember: Memory Aid App for Google Glass 129

Journal on Technology and Persons with Disabilities 

Santiago, J.  (Eds): Annual International Technology and Persons with Disabilities Conference 
© 2015 California State University, Northridge 

Works Cited 

Dry, Abigail, et al. "Technology in the Lives of Women who Live with Memory Impairment as a 

Result of a Traumatic Brain Injury." Assistive Technology: The Official Journal of 

RESNA 18.2 (2006): 170-180. Print. 

Haskins, EC, et al. Cognitive Rehabilitation Manual: Translating Evidence-Based 

Recommendations into Practice. Beta Edition. Reston, VA: ACRM Publishing (2011) 

(pp.41-68). Print. 

Kim, H J, et al. "Electronic Memory Aids for Outpatient Brain Injury: Follow-Up Findings." 

Brain Injury 14.2 (2000): 187-196. Print. 

Mateer, CA, MM Sohlberg, and J Crinean. "Focus On Clinical Research: Perceptions Of 

Memory Function In Individuals With Closed-Head Injury." Journal Of Head Trauma 

Rehabilitation 2.3 (1987): 74-84. Print. 

McDonald, A, et al. "Google Calendar: A New Memory Aid To Compensate For Prospective 

Memory Deficits Following Acquired Brain Injury." Neuropsychological Rehabilitation 

21.6 (2011): 784-807. Print. 

Sohlberg, MM, et al. "ANCDS Bulletin Board. Evidence-Based Practice For The Use Of 

External Aids As A Memory Compensation Technique." Journal Of Medical Speech-

Language Pathology 15.1 (2007): xv-li. CINAHL Plus with Full Text. Web. 25 Apr. 

2015. Print. 

Wade, T K, and J C Troy. "Mobile Phones As A New Memory Aid: A Preliminary Investigation 

Using Case Studies." Brain Injury 15.4 (2001): 305-320. 



130

Journal on Technology and Persons with Disabilities 

Santiago, J.  (Eds): Annual International Technology and Persons with Disabilities Conference 
© 2015 California State University, Northridge 

Methods in Creating the iBraille Challenge Mobile App 

for Braille Users 

Cheryl Kamei-Hannan, Ph.D. 

California State University, Los Angeles 

ckameih@calstatela.edu 

 Tessa McCarthy, Ph.D. 

University of Pittsburgh 

tessam@pitt.edu 

 Benjamin Pomeroy 

 Braille Institute of America 

BPomeroy@brailleinstitute.org 

Abstract 

Authors of the iBraille Challenge mobile app share wisdom gained during software development of a 

mobile app.  An iterative, organic process was used to design the software and ensure accessibility for braille users. 

The app’s flowchart, research data, and details of how problems were addressed.  These lessons learned may be used 

to pave the way for future accessibility of apps. 

Keywords  

Visual impairment, braille, IOS, APP, mobile device, universal design, assistive technology, ipad, braille 

display 

mailto:ckameih@calstatela.edu
tessam@pitt.edu
mailto:bpomeroy@brailleinstitute.org


Methods in Creating the iBraille Challenge Mobile App for Braille Users 131

Journal on Technology and Persons with Disabilities 

Santiago, J.  (Eds): Annual International Technology and Persons with Disabilities Conference 
© 2015 California State University, Northridge 

Introduction 

In recent years, tablets have become exceedingly prevalent in the public education system 

(Murray, 2011, Falloon, 2013, McMahon, 2014).  Some schools, such as Westlake High School, 

have documented their adoption of tablet devices for all students (Foote, 2012).  E-edition 

textbooks are distributed on these devices and numerous apps are used to enhance instruction.  

As teachers and students become more and more proficient with their use, they are finding 

innovative ways to use apps to support instruction (McMahon, 2014).  In this revolutionary time 

of expanding tablet use and app development, universal design and accessibility is paramount to 

the construction of mobile apps.  Some issues in accessibility are easily identified and may be 

addressed at the onset of software development.  However, guidelines for software development 

are minimal (Sapp, 2007), particularly in relationship to mobile app development.  Despite 

efforts to create universally designed software from the onset, many issues with accessibility are 

unknown until the app is in use.  Similarly, teachers, students, individuals with disabilities, 

technology specialists, parents, and users of a particular device may identify a variety of different 

needs and options that make an app user friendly.  In some cases, the app may be fully 

accessible, but successful use of the software requires advanced technology skills (Sapp, 2007), 

and the development team must simplify the user interface.  To address ease of use, the opinions 

of a variety of different users, especially teachers, who have varying experiences and technology 

skills during development is critical (Falloon, 2013).  The purpose of this paper, is to share the 

research-based, iterative, and organic process of development that authors used to create the 

iBraille Challenge Mobile App.  Authors discuss the challenges that were identified from 

research and the problem solving approach they took to address these issues.  
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The iBraille Challenge 

The iBraille Challenge, a 5-year project funded by the Office of Special Education 

Programs (OSEP), is an app created to support reading and writing development in children who 

read braille.  It is delivered on an iPad paired with a Bluetooth refreshable braille display (an 

electronic screen reading tool that provides a braille display of the i-device’s visual output).  The 

iBraille Challenge is based on the existing National Braille Challenge, an academic contest of 

braille readers and writers in which students compete against their peers on fundamental braille 

literacy skills such as reading fluency, reading comprehension, spelling and proofreading, and 

writing speed and accuracy.  The purpose of the iBraille Challenge app is to build on the paper-

based contest and enhance literacy skills of students who read braille by providing immediate 

feedback, monitoring progress over time, and addressing several targeted skills with activities.    

Methods in App development  

During the initial creation of the iBraille Challenge, authors began by assembling a team 

of experts who created the basic blueprint for the app.  The team included 4 experts in braille 

literacy, 2 research experts, 2 technology experts, an individual who was visually impaired, 2 

individuals representing agencies that serve individuals who are blind or visually impaired, a 

parent of a child with a visual impairment, and a child who was visually impaired.  This team of 

experts determined the areas the app should address and identified issues in accessibility with the 

IOS device.  They then created a storyboard for each activity that was going to be developed for 

the app.  The storyboard served as the initial design element and included several pages, each 

page depicting a screen shot of the content and actions that would take place on each page. 

The team considered accessibility at all stages of design.  Considerations in the initial 

blueprint included determining the flow of the screens, organizing the items on the screen, 
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adopting a high contrast color schematic, using colors as visual indicators, placing buttons and 

essential information strategically, labeling/tagging of links and buttons, and routing the cursor 

for ease of the use (see Figure 1). 

Fig. 1. Design Elements. 

Because the app was designed to be dependent on Voice-Over (VO; the IOS’s built-in 

screen reader), standard IOS tables were used to organize and display information.  The use of 

tables allowed for easy navigation using VO by reducing the amount of information presented on 

a page.  Tables also allowed for a simple, high contrast, uncluttered screen.  Another design 

feature that facilitated ease of use was the automatic routing of VO to specific areas on the 
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screen.  For example, if the user was required to choose an option from a list, then VO would 

automatically route to the first option on the list, thus eliminating the need to navigate through 

the headings of the table.  Similarly, instead of presenting the user with options of pages to 

navigate, an intuitive forced selection model was used to automatically determine the order in 

which pages would be presented.  For example, after completing an activity, the user would press 

the “finish” button and the app would automatically route the student to the next item within the 

same activity.  The advantage of this forced routing was that users would not have to navigate 

through a clutter of options from which to select an item.  The disadvantage was that if users 

needed to go to the beginning of an activity after they were half way through with it, they would 

have to navigate through several pages to go back to the beginning of the activity. 

As part of the development, the technology team tested several configurations of 

accessibility settings, and identified the best configuration to use with the various activities in the 

app (see Figure 2; IOS 8.3).  One important setting was the selection of the braille code to be 

used either English Braille American Edition (EBAE) or Unified English Braille Code (UEB). 
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Fig. 2. Settings in IOS Version 8.3. 

In addition to the physical layout of the app, use, and flow of content within the app, the 

development phase included a sophisticated and integrated data management system that 

included multiple media sources designed to support the back-end of the app (see Figure 3). 
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Fig. 3. Flow of Information. 

First, because the app included grade levels 1st through 12th grade, an enormous amount 

of content was written (e.g. the reading comprehension section had over 700 passages, and each 

activity had over 200 individual activities) by a team of more than a dozen writers.  A website 

was developed for these writers to input the content.  Content from this website fed into a data 

chasse and information was housed in several layers, one for each component of the app.  For 

example, reading comprehension, reading fluency, writing fluency, writing proofreading, and 

each activity had its own webpage and fed into a separate section within the data chasse.  During 
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use, the internet dependent app downloaded the appropriate grade level content for the student 

from the data chasse.  This was necessary in order to maintain adequate speeds for the content to 

load on the IOS device.  Also, on the back end of the app, a data collection chasse was created to 

collect performance data for each of the students using the app.  These data included the total 

amount of time the student used the app, the amount of time the student spent in each component 

of the app, and student performance within the contest and activities (e.g. words per minute for 

the fluency, types of reading errors made, number of questions answered correctly versus 

incorrectly, etc.).  The data were used to answer research questions, such as “does the amount of 

time spent using the app make a difference in student performance?” Future research will include 

analyzing general trends in performance and a growth curve analysis of students’ performance. 

Once the app was developed, research was conducted to determine the apps usability.  An 

item-by-item analysis was used to evaluate the content and technical flow of each activity and 

each item within each activity.  The analysis included a 10 question survey for each item and 

focused on the appropriateness of the content (e.g. non-biased, age/grade level appropriate, 

length), technological design (e.g. placement of buttons, correctly labeled tags, navigation of 

pages, automatic routing of the cursor), and braille output (e.g. accuracy of braille, navigability 

using VO with the braille display).  Participants (n = 23) included braille literacy experts (n = 2), 

technology specialists (n = 4), individuals who read braille as their primary media (n = 7; 2 of 

whom were also teachers), teachers (n = 7), an individual with low vision (n = 1), a parent (n = 

1), students (n = 5, all of whom were braille readers), and representatives from organizations that 

serve individuals who are blind and visually impaired (n = 2).  These participants completed the 

item-by-item analysis and provided general feedback about the app including the ease of use 

(e.g. flow of the app, organization of content). All participants underwent three hours of training 
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that included basics of VO, pairing a braille display to the iPad and using the braille display to 

navigate the IOS device, and using the app. Teachers worked with their students by 

implementing the app in weekly instruction for four to six weeks. All participants were given 

ongoing technical support and additional training was provided to those who needed it.  

Findings and Design Revisions 

Results indicated 80% of the participants rated the app as highly useful and of high 

quality, and 98% of the participants felt that the app addressed braille literacy development.  One 

outcome of the data indicated that proofreaders should be hired to identify editorial issues (e.g. 

consistent use of capitalization, punctuation, ability to derive one correct response, elimination of 

duplicate answers).  Other outcomes included that the braille display was not accurately 

translating all of the content, and the programmers of the app had to manually override certain 

characters in order for the IOS device to translate them correctly.  The second and third stages of 

research are ongoing.  The second stage will focus on the efficacy of the app and the third stage 

will focus on mass dissemination. 

Specific issues came about when testing the app’s accessibility.  First, teachers needed to 

be able to navigate the app using a braille display.  A switch was inserted on the homepage of the 

app that indicated that a teacher was using VO.  This functionality was important because the 

audio settings used in the app needed to be altered when VO was being used.  Also, because the 

IOS device cannot record and playback audio clips while using Voiceover, an alternative method 

of recording needed to be created for teachers to use this function in the app.  Users also 

commented on the order in which VO read the labels for the buttons and switches, and a 

consistent schematic for announcing buttons, switches, and headers was created.  Similarly, the 

instructions needed to be more explicit and they were edited to address the users concerns. 



Methods in Creating the iBraille Challenge Mobile App for Braille Users 139

Journal on Technology and Persons with Disabilities 

Santiago, J.  (Eds): Annual International Technology and Persons with Disabilities Conference 
© 2015 California State University, Northridge 

Another finding was that certain braille characters were not displaying accurately on the 

braille device.  The quotation mark was one such character.  When writers imported content from 

the word processing software, the use of a print font with “curly quotes” created an unusual 

symbol in braille.  Thus, the app developer needed to manually program an override for 

quotation marks which transformed the curly quotes into straight quotes.  Similarly the use of the 

Letter Indicator (LI), a symbol used in braille to indicate a single letter as opposed to a whole 

word alphabet contraction, was not accurately translated in all situations.  For example, if a 

single letter was used followed by a period – “Go to room A.” – then the LI was not used, but if 

it were followed by a comma or a semi-colon it rendered fine in braille.  In this situation we 

rewrote the content to never have the single letter followed by a period. 

Discussion 

Educational tablet software developers should consider the needs of individuals with 

visual impairment and blindness, including those who read braille.  Having individuals who read 

braille test the software during the development stage is essential.  Development of this mobile 

app presented unique issues dealing with the braille code that were discovered by proficient 

braille readers who were integral during the initial stages of development. 

One issue had to do with the need to purposely create text with errors in it.  This was 

required of an activity that tested a student’s ability to proofread text.  The activity included 

sentences with errors in them and the student was asked to select the sentence that did not have 

an error in it.  Creating the content for this activity required writers to purposely write sentences 

with errors.  This posed a particular challenge with the IOS translation software which would 

automatically correct some of the braille errors.  For example, if the test writer wanted to test the 

student’s ability to recognize that a word that was incorrectly contracted in braille, the IOS 
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device would contract it [e.g. if the student was asked to identify a word that was incorrectly 

contracted as bro(th)(er), the IOS device would automatically correct it to read bro(the)r].  Using 

the uncontracted braille setting and inputting content in ASCII was a method used to force braille 

errors.  In this activity, the app visually displayed the braille font in simulated braille.  The use of 

the braille font was novel to app development, and posed a few issues with the ASCII 

assignments of braille symbols.  For example, dots 5, 6 and 4, 6 did not have an ASCII 

equivalent, and therefore would not show in simulated braille.  Programmers had to assign a 

keyboard stroke that was not being used to simulate these anomalous characters.  Lastly, also 

related to this issue was the need to write some activities so that contractions would not be used 

(See Figure 4). 
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Fig. 4. Braille Hunt 



Methods in Creating the iBraille Challenge Mobile App for Braille Users 142

Journal on Technology and Persons with Disabilities 

Santiago, J.  (Eds): Annual International Technology and Persons with Disabilities Conference 
© 2015 California State University, Northridge 

For example, one activity, entitled Braille Hunt, was designed to help students improve 

their tactile ability to discriminate between similar braille letters.  In this activity, a string of 

characters was shown that included one anomalous character (e.g. find the letter g in the line 

hhhhhhghhhhhghhhg).  The student was asked to search for the anomalous character and enter a 

key stroke (braille a full braille cell using dots 1, 2, 3, 4, 5, and 6).  Only through testing using 

the braille display was it revealed that the IOS device would automatically translate the “gh” in 

the middle of the string of characters and render the braille contraction for the letters “gh.” 

Because the activity evolved into searching for braille contractions and the instructions in the 

activity needed to be in contracted braille, the uncontracted portion of the activity had to be 

rewritten using characters that did not render contractions. 

Conclusion 

With only 5 years of experience in IOS app development, since the introduction of iPads, 

we are at the forefront of app development and accessibility.  Moving forward, the field of visual 

impairment should form a network to identify issues in accessibility and solutions to these issues. 

Discussions should include topics such as how to use build apps that are compatible with the 

built-in accessibility features of the IOS device, such as VO and design features that enhance 

usability.  Ultimately, stakeholders in the field of visual impairment and blindness should adopt 

guidelines for app developers to follow.  Guidelines are in place for websites, and a website, 

http://www.bobby-approved.com has been developed to test accessibility of webpages (Cogan, 

2015).  Similar guidelines are needed for app development.   

As issues accessibility, including IOS compatibility with braille, are discovered, app 

developers should develop a network to share information.  Several apps are being developed to 

support learning of students who are visually impaired.  The information learned as these apps 

http://www.bobby-approved.com
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are developed could potentially assist all software developers who are creating instructional 

software.  Such a network would also be instrumental in developing guidelines for app 

developers to follow.  Additionally, consumer organizations and organizations representing 

individuals who are blind or visually impaired should work with manufacturers to improve 

functioning of VO and braille translation. 
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Abstract 

This paper describes how students, especially those with learning disabilities, interact with an online 

supplemental mathematics curriculum.  It seeks to understand to what extent, and with what strategies, do students 

engage in reading, comprehending, and learning from such multimodal mathematical texts.  Thirty students in 

grades 3, 4, and 6 worked in an online lesson on fractions.  A keystroke monitor created a database of student/lesson 

interactions, which formed the data analyzed.  The database records where organized and coded to allow types of 

student interactions with the curriculum to be tabulated and for the identification of cycles of student behavior.  Of 

particular interest were quiz cycles, which were defined as the events leading up to and the taking a lesson quiz. 

Analysis of these quiz cycles showed students initially engaging with the lesson with strategies expected by the 

curriculum developers.  However, those students who failed the quiz on their first attempt, adopted different 

interaction strategies, often at lower levels of engagement.  This preliminary analysis supports four general 

observations: students will interact with lesson elements at different paces, they will choose where in a lesson to 

work, at what level of engagement, and they will set their own learning goals. 
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Introduction 

 This paper describes how students, especially those with learning disabilities, interact 

with an online supplemental mathematics curriculum.  It seeks to understand to what extent, and 

with what strategies, do students engage in reading, comprehending, and learning from such 

multimodal mathematical texts.  The results suggest that students exhibit a wide range of 

strategies in such learning environments, behaviors that differ between students, behaviors that 

evolve over time, and behaviors that are often at odds with the expectations of their teachers and 

of curriculum developers.  This in turn suggests that students would benefit from training and 

practice in how to learn effectively online, that teachers monitor student progress and oversee 

that their work requires oversight, and that teachers capitalize on students' penchant for 

individuality and not seek to extinguish it. 

 This research was conducted by the Mathematics eText Research Center (MeTRC) at the 

University of Oregon in collaboration with Texas Christian University, with funding provided by 

The Office of Special Education Programs at the U.S. Department of Education.  MeTRC 

investigates how students with learning disabilities can benefit from reading and writing 

mathematics in “supported text” learning environments (Horney & Anderson-Inman 1999, 

Anderson-Inman & Horney 1998, 2007).  The central paradigm of supported text is that as 

students are studying an expository narrative, that is presented in a multi-semiotic exposition of 

text, notation, and multimedia (Schleppergrell, 2010) they should be able to draw upon a set of 

supporting resources that will assist in their process of reading, comprehending and learning.  In 

doing so, it is expected that the selection and use of these resources will be driven by the 

characteristics of each student, the characteristics of the narrative, and the characteristics of the 

specific reading/learning task at hand.  In the research presented here, these ideas are explored in 
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the context of a group of thirty 3rd, 4th and 6th graders augmenting their study of mathematics in 

an online supplemental curriculum: the Math Learning Companion. 

Math Learning Companion 

 The Math Learning Companion (MLC) is a variant of the HELP Math program, which 

was researched and developed by Dr. Barbara Freeman, a Visiting Scholar at UC Berkeley, and 

Dr. Lindy Crawford of Texas Christian University (Freeman & Crawford, 2008; Crawford, 2013; 

Crawford, et. al, 2012).  HELP Math was developed to provide supplemental mathematics 

instruction for Spanish speaking English language learners.  It was later modified to strengthen 

its teacher interface, resulting in MLC.  Freeman, Crawford and others then conducted a series of 

studies of its use with students with learning disabilities (Crawford, Higgins & Freeman, 2012; 

D’Angelo, Higgins & Crawford, 2014; D’Angelo, Higgins & Crawford, 2014b).  

 MLC consists of a series of lessons that encompass topics of the math curriculum for the 

3
rd

 through 6
th

 grades, such as whole numbers, fractions, decimals percentages, money, graphs, 

basic geometry, and introductory algebra.  Each lesson is divided into six sections: an 

introduction into how the lesson relates to the “Real World,” an overview of new Vocabulary, 

the Learn It section with the primary instruction, practice in the Try It and Games sections, and 

the Final Quiz.  Each of the sections is divided into discrete pages.  Students navigate among the 

pages by NEXT and PREVIOUS buttons and by maps and page markers allowing for non-linear 

jumps.  The instructional animations can be controlled with PAUSE, PLAY and REWIND 

commands.  From any page, students can access a Dictionary, a Calculator, two different Help 

Pages, a page of Formulas, and a Spanish Language Lesson Summary.  Spoken audio, available 

in English and Spanish, is used in the instructional animations, to read words and definitions in 

the Dictionary and Formulas pages and to read questions and answers on the quiz.  Students have 
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access to a NOTEPAD where they can type notes, draw images, and insert common 

mathematical symbols.  Similar compositions can be posted to a WALL where they can be read 

and commented upon by classmates.  Should a student not pass a quiz, they are returned to the 

Vocabulary section and are expected work through the lesson again.  

 MLC also contains multiple tools allowing teachers to control, manage, and monitor 

student progress and a click monitor that compiles an event database of student/MLC 

interactions.  Each record in this event database represents a single student action within MLC 

such as moving from one page to the next, opening the dictionary, answering practice problems, 

writing notes, or taking the quiz.  The results presented in this paper derive from an analysis of 

records from 30 students working in a single MLC lesson introducing basic concepts about 

fractions.  

Participants 

 Participants included 30 students who attended special programs for students with 

learning disabilities or students who were challenged academically.  All students performed 

below grade level in mathematics.  Twenty-four students attended private schools in Texas and 

six students attended a special education supplemental math class in a middle school in Oregon.  

The students came from a variety of backgrounds and instructional circumstances, but all had 

been identified by their schools as either having a learning disability that was expected to 

degrade their ability to learn mathematics or they were otherwise at risk for low math 

achievement: grade 3, (N = 16), grade 4 (N = 8), and grade 6 (N = 6).  Nineteen students were 

male (63%) and 11 were female (37%).  

The Lesson: Math Foundations 1 Lesson 5: Fractions 

 This lesson introduces fractions, presenting ideas around the following terms: fraction, 
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number, whole, group, total number, equal, whole square, whole circle, problem, whole 

rectangle, whole triangle, halves, thirds, numerator, denominator, equivalent, value, equivalent 

fractions, represent, equivalent fraction, and equal parts.  The lesson contains 54 pages:  

Real World: 5 pages presenting a total of 300 seconds of animation showing two 

characters encountering fractions at a football game. 

Vocabulary: 7 pages introducing fraction vocabulary using animated text, dynamic 

graphics, and a voice over reading the text and presentation, taking a total of 

190 seconds; 2 pages presenting a task to reinforce the instruction: and 2 

pages with additional practice problems.  The problems are of different 

types such as manipulation of a figure, matching, or filling in a blank. 

Learn It: 11 instructional pages operating as did the Vocabulary pages and including 

approximately 480 seconds of animation presentation, 11 reinforcement 

pages, and 5 practice pages.  

Try It: 8 pages with practice problems. 

Games: 1 page of practice problems presented as short games. 

Final Quiz: 1 introductory page and 1 page presenting the quiz.  

 

 During the lesson, students were asked to make postings in either the NOTEPAD or 

WALL, such as asking a question about the lesson or answering another student’s question. 

Discussion 

Engagement within MLC Sections 

 The database contains 5,203 records showing the interactions of these 30 students with 

this lesson.  
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Fig. 1. Student Attention by MLC Sections. 

Figure 1 shows a bar for each student, subdivided into their sequence of MLC sections, along 

with the score of each quiz attempt.  The running time of the lesson is on the y-axis.  The 

student-bars have been grouped by the number of times the quiz was attempted: Students 1-18 

passed on their first attempt, with a score of at least 7 out of 10.  Students 19-27 passed on their 

second attempt, Student 28 took the quiz 3 times, and Students 29-30 each took the quiz 5 times. 

The variance among students shown in Figure 1 suggests that: 

 Students worked at different paces: Student 1 passed the quiz after only 30 minutes, the 

shortest time of all students, while Student 27 took the longest time, nearly three hours. 

 Students skipped sections: The bar for Student 8 shows no interaction with the 

Vocabulary or Learn It sections, but a long period in Try It; Student 26 started work in 

the Learn It section, skipping the Real World and Vocabulary sections.  Student 29 did 
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visit all the sections, he did so too quickly to have engaged with the instruction and took 

the quiz the first time after only15 minutes.  

 Students re-took the quiz with little review or additional instruction: Students 19, 20, 21, 

and 22 quickly scanned through the sections in order to retake the quiz; Student 29 took it 

three times without leaving the quiz section at all.  

 The differences shown in Figure 1 suggest student making independent choices about 

how to engage with this MLC lesson.  The largest differences are evident for those students not 

passing the quiz on their first attempt, Students 19-20.  The varying strategies students use in 

working up to a quiz attempt are examined in the next section. 

Engagement within Quiz Cycles 

 A “quiz cycle” is defined as all the events leading up to taking the quiz and ends when 

the score is received.  The bar for Student 2 in Figure 1 shows a straightforward quiz cycle 

pattern.  The student begins with 5 minutes in the Real World section, then 7 minutes in 

Vocabulary, then 12 minutes in Learn It, 5 minutes in Try It, 3 minutes in Games, and 3 minutes 

taking the quiz, receiving a score of 7.  Student 17 follows this same pattern, but takes 

considerably longer finish.  With the exceptions of Students 8 and 29, and allowing for 

differences in pacing, all of the students had adopted a similar strategy during their 1
st
 quiz cycle. 

 When students fail an MLC quiz, are expected to work back through the Vocabulary, 

Learn It, and Try It, before re-taking the quiz.  Thus, 1
st
 and 2

nd
 quiz cycles are expected to 

display similar structures in Figure 1.  However, only true for Students 25 and 27.  The other 

students used other strategies during their 2
nd

 quiz cycles, redoing some sections, but ignoring 

others, and often scanning quickly passed the instruction and practice pages to return to the quiz. 
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This can be seen for Students 19-21 as the small slivers of sectional activity between two quiz 

attempts. 

 These differences among quiz cycles suggest that students are more engaged during some 

cycles, and less engaged during others.  To examine this, a set of rough measures of engagement 

within quiz cycles was developed.  These measures are: 

1. Total Attention – The total time where students attended to the lesson; 

2. The average of the number of pages visited and the number of events performed; 

3. The average of the events per page visit, and the number of switches from one type of 

lesson activity to another; 

4. The average of the number of practice problems attempted; the time spent answering 

them, and the percentage of problems answered correctly; 

5. The number of Vocabulary and Learn It animations watched completely; and 

6. The number of NOTEPAD or WALL messages posted.   

 Together, these six measures describe an operational definition of engagement, based on 

the assumption that students who spend more time and perform more actions within a lesson are 

more engaged with the learning material.  To provide a comparison, a model was then developed 

to estimate the values of the six engagement measures if students worked with this lesson as their 

teachers and the MLC curriculum developers might expect.  The model is based on the features 

of the lesson, such as the total time of the instructional animations, and estimates of the number 

of practice problems presented, the time required to produce answers to those and the quiz 

questions, the time to post messages, and the time to move from page to page.  This model 

estimates that to complete the lesson requires a total of 2738 seconds (≈ 45 minutes), 54 page 
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visits, 121 events, 27 switches, answering 43 of 62 practice problems correctly, and making 2 

postings.  In Figure 1, the model fits between Students 6 and 7.  

 Then, for each measure of each of the 56 quiz cycles shown in Figure 1, a ratio was 

calculated from the student values in relation to the value predicted by the model.  When a ratio 

is greater than 1, then the student was more engaged than what was predicted by the model on 

that measure, and less engaged if the ratio is less than 1.  These six ratios, taken together and 

treated as a vector, represent student engagement for the quiz cycle.  For example, the vector for 

the 1
st
 quiz cycle Student 27 is: [2.42, 1.74, 1.95, 2.63, 1.11, 1.33], showing him to be more 

engaged during that quiz cycle than predicted by the model, across all ratios.  

 These quiz cycle vectors were then analyzed to determine if the quiz cycles could be 

grouped into clusters of similar engagement.  First, 10 quiz cycles were identified as outliers and 

placed in three clusters: (1) The “practice only” cycle of Student 8; (2) two “quiz only” cycles of 

Student 29; and (3) Seven “postscript” cycles containing a few events at the end of a lesson.  The 

remaining 46 cycles were analyzed using the K-Means Cluster Analysis Algorithm (IBM, 2013) 

and four additional clusters were identified.  Each of the seven engagement clusters is shown as a 

line in Figure 2. 
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Fig. 2. Quiz Cycle Engagement Clusters. 

The lines are defined by the average value for each of the six ratios of the members of that 

cluster.  The number of cycles within each cluster is indicated in the Legend and by line weights. 

The cluster labeled “Level 1” contains the two cycles showing the highest engagement: the 1st 

quiz cycles of Students 17 and 27.  The clusters labeled “Level 2” and “Level 3” move in 

parallel, and are close to the model, differing most in the NOTEPAD ratio.  The “Level 4” 

cluster shows students moving quickly, with much less engagement.  

 Figure 3 shows the how the engagement clusters are distributed among the 30 students.  
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Fig. 3. Student Lessons Coded by Quiz Cycle Engagement. 

The bar for each student is divided into quiz cycles, each coded by its engagement cluster from 

Figure 2. The bars are divided into six groups: 

Group 1:    Students working more quickly, at Level 3, but passed the quiz in 1 attempt. 

Group 2:    Students also passing the quiz in one attempt, but working at the higher 

levels of engagement.  A student working at the level of the model would be 

here, between students S5 and S9. 

Group 3:    Students who sustained the higher levels of engagement over 2 quiz cycles. 

Group 4:    The one student who increased her level of engagement. 

Group 5:    Students who dropped to the lowest level of engagement after their 1st cycle.  

Group 6:    Students working at different levels, but always with cycles at the lowest 

level. 
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Figure 3 shows that during their 1st quiz cycle, a majority of students (26/30) were engaged in 

this lesson at Levels 1-3, which are at or above the level predicted by the engagement model.  Of 

the other four, Students 3, 26, and 29 began by scanning quickly to the quiz, and Student 8 

focused the Try It section.  However, this stronger beginning, changed for the 11 students in 

Groups 5 and 6, whose level engagement in later quiz cycles either dropped to the lowest levels, 

or began there.  These 11 students– a third of the participants– adopted strategies of reduced 

engagement.  They evidently did not believe that, having failed the quiz once, they should 

increase their engagement so as to not fail again.  Instead they seem to have shifted their goal 

from learning mathematics, to just passing the quiz by repeated attempts. 

Conclusions 

The data and this preliminary analysis supports four general observations about how these 30 

students interacted with this MLC lesson on fractions: students will interact with lesson elements 

at different paces, they will choose where in a lesson to work, at what level of engagement, and 

they will set their own learning goals.  Next steps in this research include:  

 This data are part of a larger data set, including 46 students, performing 60,000 events, in 

660 quiz cycles, over 23 different MLC lessons.  Analysis of this larger set will show 

how these results are supported, refuted, or extended; 

 Case studies of individuals acting across lessons are needed to see how engagement in 

develops over a sequence of lessoning, and to better show how students differ; 

 The measures of engagement must be improved and extended.  They do not, for instance, 

adequately account for behaviors in the supporting resources such as the Dictionary.  
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 The current engagement model describes the minimal activities needed to complete the 

lesson as designed.  It should be refined to better reflect the engagement needed for the 

successful learning of the mathematical concepts presented; and 

 Student postings to the NOTEPAD and the WALL must be analyzed for their content and 

for any impact on engagement. 

 Should the trends seen here be maintained in this more extensive analysis, it will suggest 

that schools be careful in their use of such autonomous learning environments and make 

provisions to provide direction, leadership, and oversight to help students make the best use of 

such materials.  As part of this, teachers should seek ways to make productive use of students’ 

inevitable choices, rather than fighting against them. 
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Abstract 

Music is an activity primarily associated with the capacity to hear, but in Western forms there is a 

significant emphasis on an orchestral musician’s ability to see when rehearsing and performing. In both of these 

circumstances, the musician relies on being able to see the conductor’s cues in order to translate the physical 

gestures into musical expression, feeling, tempo and musical emphases.  The rehearsal environment is even more 

complicated in that there are often sporadic musical entry-points as the ensemble jumps between sections of a score. 

This paper outlines early-stage research which aims to alleviate some of the difficulties encountered by blind 

musicians in an orchestral environment. 
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Introduction 

Music is an activity primarily associated with the capacity to hear, but in Western Art 

music there is a significant emphasis on an orchestral musician’s ability to see when rehearsing 

and performing within conventional ensemble environments.  In both of these circumstances, the 

musician relies on being able to see the conductor’s cues in order to translate the physical 

gestures into musical expression, feeling, tempo and musical emphases.  The rehearsal 

environment is even more complicated in that there are often sporadic musical entry-points as the 

ensemble jumps between sections of a score.  

Four primary obstacles can be easily identified for the visually disabled musician in such 

circumstances: 

1. Reading traditionally formatted music scores; 

2. Staying apace with the often un-methodological jumping of bar numbers as 

required by the musical director during rehearsals; 

3. Following the conductor’s gestural cues during rehearsals and live performances; 

4. Inputting edits and comments to the score as required. 

The authors are developing a system that will relay relevant information to musicians 

using non-visual means, without impacting on an individual's freedom and ability to hear their 

own performance and that of their peers.  The long-term goal of this research is to package an 

audio/haptic feedback system with conductor gesture recognition into a portable tablet-based 

design that will allow blind musicians to participate in traditional orchestral activities.  

 Preliminary studies on both an auditory feedback system and a gesture recognition 

system have been conducted thus far.  This paper will describe these studies as well as discuss 

the future research avenues proposed for this project.  
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Discussion 

Despite the wealth of literature in the domain of gesture-capture systems, there exists 

little comparative material which focuses on the orchestral conductor.  Previous work has not 

been targeted at professional conductors for use in a rehearsal or live performance, but have 

rather tended to focus on allowing members of the public to control the tempo of prerecorded 

audio.  The ‘Effektorium’(Effektorium 2014) installation at the Mendelssohn-Bartholdy museum 

in Leipzig is an example of this.  ‘Effektorium’ uses a modified baton to allow users to control 

the tempo of a piece of music.  Similar to this is the ‘Virtual Conductor’ in Haus der Musik, 

Vienna that also allows users to alter the playback speed of prerecorded audio by moving an 

electronic baton.   

Gesture Capture Prototype Development 

Though the primary beneficiaries of any system produced as a result of this ongoing work 

are blind orchestral musicians, it has proven necessary to begin this effort by carrying out 

investigations into the nature of gestures employed by conductors and the best way to capture 

them.  To this end, an initial prototype system has been devised which analyses the movements 

employed by the conductor to convey their wishes to the musicians under their direction.  The 

following sections describe this work in more detail. 

Initial Implementation 

An event driven architecture was chosen for the gesture recognition portion of the 

project.  This allows for any detection of movement, as opposed to a polling architecture that 

only detects gestures at specific intervals.  The first implementation aimed to create a set of 

templates for all hand gestures defined during the initial research phase, excluding the tempo 
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gesture.  Tracked joint data was passed to a recognition algorithm that compared this data with 

coordinates in the templates.  When a match was found, an event was triggered. 

GesturePak was used to capture the conductor’s performance of different poses within 

each movement.  Specific joints were specified for capture and tracking, as were the relevant 

axes for each gesture.  A matched triggered an event in real-time that played a sound file specific 

to each gesture.  

Improvements to the Gesture Capture System 

On completion of the initial prototype further refinements were introduced.  The number 

of poses for each gesture composition was reduced to facilitate the Kinect’s frame-rate and 

resulting CPU load in order to improve accuracy.  The Kinect’s maximum frame-rate of 32fps 

proved impractical for all intended poses due to the quantity of data being processed when 

simultaneously tracking 20 joints on the skeletal frame.  

Left hand gestures were added to the tracking process, with minimum and maximum 

duration times incorporated for storage in the XML gesture library.  This allowed the system to 

acquire a more reliable interpretation of motions such as the ‘quieter’ gesture. 

The tracking of tempo gestures proved very difficult to implement using the Kinect.  This 

is primarily due to the variations between the expressions of each gesture, as well as the 

conductor’s personalized performance.  A single expression may have a considerable amount of 

variation due to subtle human inconsistencies, which impacts significantly on the tracking 

system’s ability to adapt.  Ultimately, machine-learning algorithms are probably required to 

improve accuracy in the long term, especially since this data relates specifically to each 

conductor’s stylistic expressions.  However, a short-term solution was implemented using a 
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tempo gesture boundary box, similar to the Mendelssohn Effektorium system.  (Effektorium, 

2014) 

 

Fig.1. Boundary boxes for the Gesture Capture System.  Green horizontal lines boundary pitch of 

gesture; light blue boundary width of gesture for soft expression; purple lines boundary loud 

expressions. 

 Referring to figure 1 above, the green horizontal lines indicate the pitch of a gesture. 

When the conductor’s tempo gesture hand strikes one of these lines, the length of time between 

the current strike and last strike are calculated.  Light blue vertical lines indicate the width of 

gesture using a soft expression/range of motion.  When the width of the tempo gesture is 

between these lines, it indicates a small range of motion/expression, implying that the piece is to 

be played softly.  Purple vertical lines indicate the width using a loud expression/range of 
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motion.  When a tempo gesture has a range outside the light blue lines and inside the purple 

lines, it denotes that the range of motion is large and the indicated piece is to be played loudly. 

Implementing the Tempo Gesture Aid 

The first step in the implementation of the tempo gesture aid was to create a horizontal 

zone that output sound once the boundaries were reached.  This was implemented using a 

method to draw bones and joints every time a movement is detected.  An algorithmic comparison 

was created to compare the location of the right hand joint with the shoulder center joint on the 

y-axis.  A minimum duration was incorporated to prevent constant retriggering while within the 

detection zone. 

It became evident that the boundary box concept for tracking tempo gestures would be 

too far removed from a conductor’s normal use of gestural movement.  Therefore, three different 

zones were created in the x and y space.  Zone 1 was used for minimal expression, zone 2 for 

medium expression, and zone 3 for maximum expression.  Each zone, when entered, triggered a 

sound of different pitch and loudness to provide the most effective means of conveying aural 

information in a noisy environment (Walker et al, pp 2-7).  Shoulder height was estimated to be 

an appropriate height to have the tempo gesture aid.  Zone boundaries were scaled based on the 

distance between right shoulder joint and spine joint.  Gesture movements were mapped within 

each zone boundary box.  The zones are outlined in figure 2. 
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Fig.2. Zone boundaries for the Tempo Gesture Aid.  Zone 1 is represented by an aqua colored 

line correlating with minimum expression; Zone 2 is represented by a purple colored line 

correlating with medium expression; Zone 3 is represented by a yellow colored line correlating 

with maximum expression.  

Both auditory and visual feedback was relayed to users.  Zone 1 displayed an aqua color 

line and played a low pitch sound for feedback.  This range of motion indicated minimum 

expression (play softly).  Zone 2 displayed a purple color line and played a tone that was higher 

in pitch than for zone 1, but lower than for zone 3.  This range of motion indicated medium 

expression.  Zone 3 triggered a pitch that was higher than the other two zones, and indicated the 

largest range of motion, implying that the conductor was expressing maximum volume. 
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Testing the Gesture Capture System 

 Testing was carried out with the assistance of two conductors.  This test procedure 

comprised a Kinect sensor attached to a Windows laptop with an external display.  The Kinect 

was positioned on top of the display.  Gesture diagrams were placed in front of the display so 

that users could see them adequately. 

Participants were familiarized with the system through a user-study information sheet and 

a short demonstration of the available functionality.  A ‘User Guide’ document was produced in 

order to aid participants that described all aspects of how the system functioned, including 

detailed descriptions and diagrams of the gestures in the library.  Descriptions of the user 

interface and of the different modes of system functionality were also explained.  This user 

document was sent to the participants before the testing took place.  This allowed the conductor 

to become familiar with the systems functionality and provided an understanding of the gestures 

in the library. 

During the test procedure, participants were asked to experiment with the system while 

“thinking out loud” in Training Mode.  They were asked to perform a series of gestures in order 

to control an embedded musical piece proficiently.  This provided interesting preliminary data 

and helped the participant to feel more comfortable during the process of testing (Rubin & 

Chisnell, 2008).  Once participants stated that they were familiar with the system, the user-study 

began.  Participant interaction with the system was monitored, and after the testing phase, 

participants were asked to complete a short questionnaire. 

Feedback & Recommendations 

Feedback and recommendations from both conductors was critical in making further 

improvements to the system.  Recommendations included: 
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• A consideration of the fact that during a performance the first beat is often missed by 

musicians.  Although musicians anticipate this initial beat/click, it is quite difficult to 

synchronize immediately as there is no precursor or robust warning.  This results in 

situations where musicians actually start on the second beat/click.  This scenario was 

catered for in the system by implementing a ‘begin’ gesture to precede the use of the 

tempo gesture bar. 

• Facial expression and ‘in-breath’ actions while conducting often display pivotal 

information cues for musicians.  These are often subtle but easily interpreted by 

musicians.  In addition, these expressions are also subtle signs that serve as a precursor to 

a gesture.  

• Conductors felt that the height of the tempo gesture bar was too high and that it should be 

lowered from shoulder height to chest height for a more natural gesture position.  

Auditory/Tactile Attention Cues 

 In addition to the development of the Gesture Capture System, the authors are developing 

a design framework to deliver auditory and tactile feedback to blind musicians, with the intention 

of replacing traditional visual information cues employed in the orchestral context.  

 The first stage of this research focuses on auditory and tactile attention mechanisms in 

noisy rehearsal environments.  A series of studies have been conducted to investigate the 

efficiency of various sonic icons and haptic feedback designs. 

 The first of these studies (Brophy et al., 2015) investigated the effect of varying auditory 

parameters on participants’ reaction times.  Two sound environments were used.  In sound 

environment 1, participants were exposed to an acoustically chaotic environment comprising a 

recording of a youth orchestra rehearsal.  This was relayed to participants using headphones 
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while also presenting to them different auditory cues designed with randomized intervals.  Sound 

Environment 2 formed the benchmark environment comprising only auditory cues without the 

noisy background environment.  After hearing an auditory cue, participants were required to 

press a key on a keyboard.  There were five cues each varying in volume, timbre, or rhythm.  All 

cues were 350ms and increasing linearly in volume for 345ms with 5ms linear decrease.  All 

cues consisted of six harmonic components with a fundamental of 800Hz.  Cue 1 changed only 

in amplitude.  Cues 2 and 3 changed in timbre with cue 2 progressing from consonant to 

dissonant, and cue 3 progressing from dissonant to consonant.  Cues 4 and 5 changed in rhythm, 

with cue 4 comprising even rhythm (70ms bursts) and cue 5 comprising randomized rhythm. 

Results showed no significant difference in reaction times across four of the stimuli, with cue 5 

showing significantly slower reaction time.  

 The second study (Brophy et al., 2015) compared the reaction times of auditory, tactile, 

and audio-tactile combination stimuli.  This was conducted using cue 1 from the previous study 

played over headphones and a vibration motor attached to the inner forearm for relaying the 

tactile stimulus.  Three sound environments were used, increasing by 6 dB increments (Env.1, 

Env. 2 (+6dB), Env. 3 (+12dB)).  Results from this study showed both vibration-only and audio-

vibration combination cues achieved significantly quicker reaction times than the auditory-only 

stimulus across all sound environments.  The reaction time for the auditory-only stimulus was 

also significantly faster in Env. 1 compared to either of the other sound environments.  

Conclusions 

At an early stage, technical issues became apparent whereby the Kinect was not capable 

of recognizing gestures beyond a certain level of complexity.  However, the system was effective 

in its tracking and recognition of the set gestures based on the gesture library.  Further 
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refinement to the library in order to personalize the system to a particular conductor’s style was 

also fruitful when analysis during rehearsals was possible.  Deviation from the gesture library 

without modification, however, remains problematic at this early stage of development. 

Furthermore, some gestures are inherently difficult to track accurately with the Kinect sensor, 

even when included in the library.  For example, the ‘louder’ gesture involves raising the wrist 

from waist to shoulder height, but in order to repeat the gesture the wrist needs to be lowered to 

waist height, which is also an indication for the ‘quieter’ gesture.  Issues also remain with regard 

to the accuracy of the skeletal tracking generally, and the refinement of this aspect is 

fundamental to retaining a reliable level of usability and limiting gesture recognition errors.  

In relation to the auditory/tactile cueing system, results indicate that the use of tactile 

feedback seems to improve participant attention cueing across different background sound levels. 

However, more research is needed to discern the most efficient method of attracting attention in 

a noisy environment.  
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Abstract 

Elder adults can benefit from the usage of social media for its collaborative and interactive nature; 

however, current social media interface design hinders elders who have disabilities/impairments, are computer 

illiterate, and have negative perceptions of technology.  What improvements can be made to existing social 

networking sites to make them more usable?  How should a social networking site be designed for elder users? 

Utilizing past research studies, preliminary results from a usability study, and existing guidelines, a proposed 

redesign of a social networking site interface is presented.  The findings from this study will contribute to improving 

website usability and accessibility for elder adults utilizing social media.   
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Introduction 

Today, more than 40 million people account for elder adults aged 65 and older in the 

United States (Administration on Aging).  This demographic has a growing number of computer 

users, with more than 50% using the internet and email.  Even though there is growth of online 

elders, their social media usage has not drastically increased.  Only about one-third of elder 

adult’s participate in social media like Facebook or LinkedIn, despite the numerous benefits of 

these types of sites (Brenner).  Past studies show that elder adults have an interest in learning 

about social media (Arfaa & Wang; Braun, Gibson, Moncur, Forbes, Arnott, Martin, Bhachu; 

Lehtinen, Nasanen, Sarvas; Xie, Watkins, Golbeck, Huang).  Many elders with immobility and 

health issues could benefit from social networking sites as they allow users to connect with 

family, friends, professionals, and institutions on a platform without logistics and timing barriers. 

In addition, these types of sites house a number of informational resources, which are helpful for 

elders who strive for independence.  Despite these benefits to the elderly, only a small 

percentage engages with social media (Norval).  Research shows that elder adults experience half 

of what younger participants experience (Lustig, Tonev, Hasher). 

 Although best practices and guidelines have been presented in numerous publications 

such as Section 508 compliance (Section 508.gov), Web Content Accessibility Guidelines 

(WCAG), Usability.gov (Usability.gov), and the National Institute of Aging (National Institute 

of Aging & Natural Library of Medicine).  They all agree to incorporate larger text, contrasting 

colors, and limited scrolling.  Preliminary research shows that many of the popular social media 

sites do not incorporate these known guidelines, potentially making a website unusable to people 

with disabilities and the elderly (Arfaa & Wang).  It also has been shown that elders are not 

familiar with social media concepts despite having computer experience (Arfaa & Wang).  
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Therefore, having a website conform to existing guidelines addresses only one aspect of usability 

and accessibility issues.  In response to new technology trends, more research is needed to define 

best practices for elder adults utilizing sites with Web 2.0 features.   

To understand how a social networking site interface should be redesigned to improve 

accessibility and usability for elder adults, an investigation of current best practices and design 

improvements is conducted.  This paper presents a proposed social networking site redesign for 

elders based on existing research, known guidelines and mandates, and preliminary findings 

from a usability study.  

Design Considerations 

Best practices of website design include offering an interface that can satisfy a range of 

users (Leiva).  However, many websites do not adhere to best practices suggested for those with 

disabilities or the elderly.  A past study by Arfaa and Wang showed that many social media 

websites violated guidelines that could possibly render a page unusable for those with 

disabilities.  In addition, existing research and known guidelines and mandates do not 

specifically address Web 2.0 concepts and the nature of these technology trends.  To address 

elderly usability and accessibility needs, guidelines regarding accessibility, formatting, 

multimedia, content, layout, navigation, trust, and perceptions were considered when designing 

the new interface prototype.  Next section discusses in detail how these guidelines are 

incorporated into the newly designed interface.  

New Interface Design 

Accessibility -- Reduce scrolling 

Per the many guidelines that address accessibility, in particular Usability.gov and 

AOA.gov, the redesigned pages were constructed to reduce scrolling and instead incorporate 
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pagination to view additional information on a page.  This need was evident during the 

preliminary usability study (Arfaa & Wang), where many elder adults failed to scroll to complete 

a task that required viewing more information not available on the current screen.  In addition, 

each page was designed so that it could be understood with or without the use of color.  

Formatting  

Inappropriate font size, color, and type were concerns voiced by the elder adults during 

the post-test questionnaire of the preliminary study.  When completing tasks, many were 

observed to move closer to the screen to read items.  In some cases, the font was so light that the 

participants were unable to answer content questions based on their examination of the page.  

To combat these formatting issues, Verdana, a font made specifically for electronic media 

was utilized and text on the page was displayed to be at least 14 point font (WebAim.org). 

Gradients were avoided and text and buttons were fashioned to contrast with the white 

background of the website.  In some instances, key words were highlighted for better visibility, 

such as the word “username” and “password” on the login page (Figure 1).  

 

Fig. 1. Login page with highlighted fields. 
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Multimedia  

Large images were avoided especially on the first screen of a page (Usability.gov). 

Images were used sparingly and only in meaningful situations, such as viewing photos, profile 

pictures, and advertisements. 

Content, Objectives, and Labels  

All pages were equipped with instructions so that the elder users would be able to 

distinguish the purpose of a page.  These directions were written in a straightforward and 

sequential manner.  The organization of content was also scrutinized, so that information 

appeared clear and grouped in ways that made the interface more intuitive.  For example, 

information pertaining to the user was grouped together, such as their favorite music, movies, 

and shows and flowed along with other personal information.  Also, many of the elder adults 

expressed that they were not interested in numerous activities offered by the social networking 

site and instead preferred to view photos and communicate with friends by writing on people’s 

walls.  Therefore, a simplistic approach was taken, and references to games, interest pages and 

groups were removed from the prototype.  In addition, familiar words were used along with 

jargon and technical terminology.  

Buttons were used when possible as studies show that elder adults prefer buttons over 

text and image links (Arfaa & Wang).  To take away any confusion on the button’s destination, 

specific keywords on the navigation buttons were added, such as “Read Next Post” or “Read 

Previous Post” (Figure 2).  
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Fig. 2. Current Design and Proposed Design. 

Layout  

Digital immigrants, people with little technology exposure in their youth, are used to 

viewing items in a serialized fashion.  Therefore, the redesigned interfaces showed elements 

listed in a sequential fashion when possible on the site.  Adequate whitespace was used and 

extraneous text and images were removed to conserve space and improve overall appeal.  

Following past studies, left-hand navigation was incorporated as the main navigation and sub-

navigation links were found adjacent to these links.  The main content of a page was delivered 

into the center of the screen, while the help button was placed at the top-right per Bernard (200). 

To facilitate an understandable layout, content was grouped together by an outlined box (Figure 

3).  
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Fig. 3. Homepage displaying grouped elements. 

Navigation  

To improve navigation, an overview of pages and activities was mapped.  After the login 

page, the main pages included the home, profile, search for friends, notifications, emails, deals 

and ads, and the learning page.  Afterwards, the subpages included common activities such as 

viewing a story or post, viewing a friend or company’s profile page, as well as Web 2.0 trend 

activities such as sharing and commenting on a post, story, or profile.  When navigating to the 

next story or photo, descriptive arrows were used to denote viewing past or future posts.   

Alleviating computer illiteracy  

To address issues with computer illiteracy, the redesign incorporated a number of ways to 

facilitate learning for elder adults.  Instructions were added to each page so that elders would 

understand the purpose of the page and its content.  Tips associated with content from the current 

page were added as well, especially those that related to Web 2.0 terms.  In addition, two 

separate pages “Help” and “Learn about Social Media” were added for independent learning and 
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troubleshooting.  On the login page in the original design, there were many different links which 

proved confusing to the elder adults during the preliminary study (Figure 1).  During the 

usability study, the first task had the elders logging into an existing account by entering their 

username and password.  Instead of clicking on the top right corner’s Login section, the users 

clicked the fields under the “Sign-Up” section.  To eliminate this issue, the login page was 

designed to include instructions and the login and sign-up sections were split to two separate 

pages.  In addition, the username and password fields were highlighted per the elder adult’s 

suggestion of emphasizing important words. 

Alleviating negative perceptions  

The fear of compromised security and privacy is a barrier for elders who want to use 

computers, the internet, and social media.  Therefore, the site was designed to be more 

transparent of each page’s information, links, and intentions.  For example, advertisements were 

given their own navigation tab and page, however were labeled as “Deals and Ads” to spark 

elder adults looking for a deal or coupons (Figure 4).  

 

Fig. 4. Advertising page. 
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In addition, each element was labeled clearly, and tips displayed on a page reminded the 

elders if the information displaying was public.  For the redesign, personal information of an 

elder adult had a learning tip showing that the information displayed was of public view (Figure 

5).  

 

Fig. 5. Profile showing public information tip. 

Discussion 

The newly proposed design tried to follow the guidelines and findings from previous 

literature to accommodate elder adults.  In addition, additional features such as a help and 

training section should be incorporated to assist elder adults that are not familiar with social 

media technology.  Having a section dedicated to addressing Web 2.0 terminology allows elders 

to be independent and to learn at their own pace.  With the incorporation of the guidelines that 

are aligned to the elder adults' need and usage pattern, the authors hope that the newly designed 

interface will help improve the accessibility and usability of the social networking sites for the 

elderly.  A preliminary user study has indicated that the elder participants did prefer the newly 
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designed interface to the original one (Arfaa).  Therefore, incorporating a newly designed social 

media interface could impact elder social media usage.  Having the ability to create and maintain 

relationships as well as access resources and assets could result in greater independence and self-

esteem for the elders. 

Conclusions  

Elder adults show an interest in utilizing social media, however online elders account for 

the smallest demographic utilizing social networking sites.  Therefore, an examination regarding 

the usability and accessibility of these types of sites was investigated through a literature review 

of elder adult usability studies and a preliminary usability study of elder adults utilizing an 

existing social networking site.  It was the goal of this research to distinguish design factors that 

can improve the overall accessibility and usability for elder adults utilizing social networking 

sites.  

It was concluded that a combination of methods can be implemented to improve the 

accessibility and usability of social networking site interfaces.  Social media should be designed 

by utilizing existing best practices found in a variety of guidelines.  However, a site should not 

use guidelines alone to guarantee the ease of use for elders.  Other aspects should be reflected 

including design considerations addressing elder adult social media barriers such as computer 

illiteracy and negative perceptions.   
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Abstract 

We present a study of a wearable alert system for mobility-assistance dogs.  Our focus in this study is on 

assessing sensor and dog activation reliability for the purpose of understanding both system and dog training 

challenges.  We improve on the results from previous work in each of four performance metrics and we present 

solutions to some practical issues necessary for achieving more reliable and consistent experimental results.  We 

also interviewed active service dog users concerning technical, social and canine considerations, the results of which 

may inform future studies. 
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Introduction 

Mobility-assistance service dogs, as defined by assistance dog organizations in the United 

States, are trained to help users who use a wheelchair with tasks of daily living (Fig. 1). These 

can include opening a door, picking up dropped item, and pulling a wheelchair.  In cases where 

the human companion has a condition associated with unpredictable episodes or periods of 

incapacity, such as seizures, the service dog can assist the human to a safe location. 

 

Fig. 1. Mobility assistance service dog. Reprinted with permission from Canine Companions for 

Independence. 

We present a system (Fig. 2) to enable a mobility-assistance service dog to request help 

for humans who, in the case of an emergency, might be unable to request it for themselves 

without additional support.  In this study, we explore the scenario where the owner instructs the 

service dog to "get help" from an individual at a fixed distance within line of sight of the dog.  In 

such a scenario, the dog would locate and move towards the targeted individual to activate a 
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wearable sensor that plays a pre-recorded message.  In the current prototype, the message says 

“My owner needs your attention, please follow me!” 

 

Fig. 2. Service dog wearing one of the early prototypes.  When tugged, the microcontroller on 

the vest plays a message saying “My owner needs your attention, please follow me!”  Reprinted 

with permission from Canine Companions for Independence. 

Related work 

The present work is a continuation of an effort to augment communication of working 

dogs (Jackson et al.,1).  Researchers at the Open University created one of the first examples of 

an alert system for service dogs, aimed at diabetes alert dogs (Robinson et al,1).  This system 

used a tug toy in a static location in the owner’s home and would be pulled in case of an 

emergency.  Building on our previous work, we sought to combine approaches using an 

augmented vest that would allow the owner to call for help in indoors and outdoors 

environments. 
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Method 

Materials 

The main pieces of equipment in the present study were four instrumented dog vests 

consisting of a tug affordance and the associated electronics to produce an audio message when 

it was pulled.  

The tug affordance consisted of either a ‘Kong Wubba’ toy (Fig. 3) or an equivalent 

braided fleece.  We connected these affordances to a flexible stretch resistor by Images 

Scientific, Inc., which acted as a sensor whose resistance changed when stretched (Fig. 4). 

According to the specifications: “when relaxed the sensor material has a nominal resistance of 

1000 ohms per 2.54 cm (1 in).  As the sensor is stretched the resistance gradually increases.” We 

connected it in a voltage divider configuration as shown in Fig. 5 using a 10 K ohm resistor. 

VDD (5 V) and GND can be changed depending on whether one wants the values to increase or 

decrease when stretched.  We selected the former because we deemed it more intuitive to have 

the sensor values increasing when tugged.  The sensor is a “flexible cylindrical cord with hook-

terminals at each end.  The sensor measures 10.16 cm (4 in) long, not including the electrical 

terminals, and .1525 cm (0.060 in) in diameter.” (Images Scientific, 1) 

Fig. 3. Commercial Kong Wubba toy affordance. 
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Fig. 4. Stretch resistor by Images Scientific.  This resistor was used to measure the strength of a 

pull on the tug affordance. 

 

Fig. 5. Voltage-divider schematic.  The 3.3V and GND can be interchanged depending on 

whether one wants the values to increase or decrease when pulled. 

The electronics consisted of four elements.  The first was the Arduino UNO R3 

microcontroller development board based on the ATMEGA328P microprocessor.  The second 

was a companion hardware adapter known as a Wave shield manufactured by Adafruit, Inc to 

store and produce .wav audio files.  Because the Arduino is a digital device, the shield modulates 

the width of different square waves using a technique known as pulse with modulation, PWM, to 
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reproduce the sound necessary to play a given file.  The third and fourth components were a 

speaker and a 9V battery pack, respectively. 

Participants 

To test this system, we conducted a pilot study with n=3 dogs trained for a particular 

task.  These included an inactive assistance dog, an active medical alert dog, and an allergy 

detection dog in training.  They were males ranging between 6 and 7 years of age (Table 1).  We 

did not train active service dogs on using our prototype vests for the purposes of this experiment 

to avoid altering their training.  However, partners of active service dogs were allowed to 

informally train the use of the vests at their own discretion and provide any feedback to improve 

our design.  

Table 1. Subject demographics.  Crosses between Labrador Retrievers and Golden retrievers are 

signified LGX and border collies are denotes as BC. 

 Wearable Alert System for Mobility-Assistance Service Dogs 189 

Journal on Technology and Persons with Disabilities 
Santiago, J. (Eds): Annual International Technology and Persons with Disabilities Conference 

© 2015 California State University, Northridge 

 

Subject S1 S2 S3 

Breed LGX BC BC 

Training Service 

(Released) 

Nosework  

(Training) 

Medical Alert 

(Active) 

Sex M M M 

Age 7 7 6 

Weight  31.75 Kg 21.3 kg 15 Kg 



Procedure 

Each training session lasted at most 30 minutes.  Both S2 and S3 had formal experience 

with the activation sensor from participation in previous studies with similar interfaces.  S1 

required refresher training because he was previously unable to activate a wearable tug sensor in 

prior experiments.  This type of training required becoming familiarized with the sensor and 

included interactions ranging from touching it lightly to biting it and finally tugging.  Unlike 

other subjects, S1’s inclination is not to play by tugging, so this behavior had to be trained prior 

to the experiment.  For consistency, we placed the activation affordance on the left side of all 

dogs. 

Once video recording began for a given trial, the dog was allowed at least three attempts 

at tugging the wearable sensor to determine the optimal angle for the affordance.  Once we 

calibrated the angle, we began the testing phase.  The dog handler instructed the dog to tug the 

wearable sensor through the “get it” command and a hand gesture.  If the dog was able to 

activate the sensor, the handler provided a small food reward to the dog.  The handler repeated 

this process for at least ten repetitions.  

Prototype 1 

When asking service dog partners about using a vest like the first prototype they 

expressed concern that the visible electronic components could be intimidating to by-standers 

(Fig. 6).  If so, this aspect could limit the vest’s functionality because one of its main purposes is 

to communicate a message to unfamiliar individuals.  More importantly, placing the electronic 

components at the center of the vest made the handle unusable (which could impede the dog 

from pulling a manual wheelchair).  We also noticed that the weight falling on the spine made 

dogs’ posture change when they used it for extended periods of time. 
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Fig. 6. Prototype 1 used a Julius K9 vest with electronics components mounted on the top. 

Prototype 2 

The first change we made to address these concerns was to use an opaque enclosure to 

conceal the microcontroller and the battery.  We also routed the wires along the inner seems of 

the vest to conceal and protect them (Fig. 7). We also moved both the microcontroller and the 

battery to the right side of the vest to allow access to the handle.  With these improvements, the 

vest no longer appeared menacing to unfamiliar individuals according to anecdotal reports from 

one user.  Unfortunately, the weight of the electronics (right side) was greater than the weight of 

the tug affordance (left side), which caused unforeseen issues.  For example, every time a dog 

would tug the affordance, the sensor would dangle to a new position.  In some cases, this new 

position was easier to reach, while in others it was more difficult.  
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Fig. 7. Prototype 2 used an official service dog vest.  This design concealed the wires and 

electronic components to achieve a simpler look.  Reprinted with permission from Canine 

Companions for Independence. 

Reachability 

At this point, we began to reconsider the side placement altogether.  One user suggested 

that a dog reaching a tug affordance to their side would be as difficult as a human opening their 

backpack while standing.  To verify this, we decided to test the notion of “reachability” 

independent of any one sensor (Valentin et al, 1).  We tested seven locations and each dogs’ 

ability to reach them (Fig. 8). 

Fig. 8. Seven on-body locations were tested; three locations are illustrated in this image. 
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We observed that although placements on the sides were at a significant speed 

disadvantage to those in the visible parts of the chest and neck, this advantage decreased 

significantly with training (Fig. 9).  Nonetheless, even with training, the side locations still 

exhibited a higher error rate than placements within sight. 

Fig. 9. As seen above, with training, some side placements even achieved faster access times 

than some front placements. 

These findings led us to hypothesize that the main disadvantage of the side placement 

was the undirected nature of reaching for the ribcage area.  Because the dogs did not know where 

to tug or touch, they had to use a trial and error approach.  These insights led us to reconsider the 

“dangling” nature of our tug sensor because its location was unpredictable.  Some dogs got 

around this issue by raising the tug affordance with their leg or swinging it hard to enough to 

bounce it against their body and grab it in midair.  Both of these activities were extremely 

energy-intensive and not suitable for long-term use. 

The second lesson was that placements on the sides did not necessarily mean equal access 

for all the dogs.  Dogs’ anatomy varies more than any other species on earth (Berns, 188); and 
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even within the same breeds, each dog had different sizes and flexibility.  We decided that our 

next prototype should be adjustable for each dog without requiring hardware or software 

modification.  

Prototype 3 

Due to the experimental nature of this prototype we reverted to using a Julius K9 dog 

vest rather than an official service dog harness.  We replaced the plastic enclosure (Otter box) 

with a fabric cover.  The fabric cover provided a lighter weight alternative that could be easily 

attached to the VELCRO strip that is built-into service dog harnesses like the Julius K9 vest.  To 

keep the location of the affordance consistent, we used a fabric tube to keep the sensor in a 

predictable horizontal position, rather than dangling freely (Fig. 10). 

Fig. 10. Prototype 3 being worn by one of the participants.  This prototype has a fabric tube that 

holds the tug affordance in place.  The tube can be angled downwards to provide easier reach. 

Our testing revealed that the fabric enclosures were helpful in reducing the weight, but 

they did not allow access to the electronic ports required for turning on the battery and 

programming the microcontroller.  The VELCRO attachment holding the electronics on the side 
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of the vest was not secure enough for vigorous activity.  Similarly, the saddlebag-style 

placement, where the components on each side counterbalanced the ones in the other, was 

integral for minimizing the shifting of the vest as a whole, which was an issue that increased the 

difficulty of using the first two prototypes. 

The VELCRO-based system, where the tube containing the tug affordance could be 

repositioned and angled from 0 to 45 degrees allowed for necessary adjustments for each dog. 

The tube itself was as long as the affordance and tended to make grabbing it difficult. 

Surprisingly to us, when reaching unsuccessfully for the sensor subject S1 would only manage to 

nudge the tug sensor and, unwittingly, push it further into the tube rather than outwards. 

Prototype 4 

We used a larger fabric box secured by metal snaps to store the electronics, rather than 

VELCRO so that the only VELCRO remaining was the one intrinsic to the Julius vest. 

Fig. 11. Prototype 4 used a large fabric box secured with snaps to house the Arduino UNO, its 

wave shield, and the speaker.  We used screw terminals to secure the wires in case the sensor 

needed to be replaced. 
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We shortened the tube to expose the entire round portion of the Wubba toy and lined the 

inside of the tube with industrial grade felt to act as a stopper so the Wubba toy was not pushed 

in. 

Every time the angle of the tug sensor was changed, the baseline resistance would change 

as well.  Due to the 10-bit analog converted, the stretch values were represented as a number 

from 0 to 1024.  Up to this point, we set the threshold at a 50% level or 512 units for activation 

to be detected and the message to be played.  In the current prototype, a single numerical 

threshold would no longer work.  We needed to analyze changes in the last 10 samples and set 

the threshold accordingly.  In this case, we determined a change of 25 units in the span of 10 

samples to be a suitable threshold (Fig. 12). 

Fig. 12. To account for changes in the orientation of the tug affordance, we determined a change 

of 25 units in the span of 10 samples to be a suitable threshold. 
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Discussion 

Although such considerations were not necessary for everyday use, some critical changes 

were made for the benefit of facilitating experiments.  First, we created two access ports, with 

metal grommets, to connect the battery’s barrel connector and the USB cable that were required 

for re-programming the microcontroller.  For example, reprogramming might be necessary to 

adjust the sensitivity threshold of the sensor or adjust the parameters associated with audio 

playback.  Second, a replacement tug affordance was created in case the original one became 

slippery due to the saliva from repeated activations.  This replacement was necessary if more 

than one dog was to use the vest on a given day (Fig. 13). 

Fig. 13. Prototype 4 had two tug affordances.  Each affordance consisted of a tug toy whose flaps 

were cut, sewn together and attached to a plastic clip. 

In previous experiments, testing dogs of different sizes required multiple vests to be 

instrumented.  In some cases, this issue resulted in three duplicate vests being created and 

simultaneously maintained.  For example, if our testing showed that a vest design required 
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modifications, these modifications had to be duplicated for each vest size.  This limitation made

rapid iterations difficult and limited the speed at which we could try new designs.  For this study,

we devised a simple solution.  It involved attaching a VELCRO strip along the belly strap of a

larger-sized vest such that, if it had to be shortened, it could simply be folded onto itself and 

attached as usual (Fig. 14). 

Fig. 14. The folded strap mechanism was made to account for dogs of multiple sizes. 

Training the “Help” Command 

The training of the “help” command was meant to instruct dogs in the task of activating 

the sensor in the proximity of the human being pointed to.  The dog should move toward this 

individual and alert him or her by activating the wearable sensor (i.e. tug).  The “help” cue given 

by the human should be consistent across trials (a pointing gesture and the word "help"). 

We learned that it was simpler to train the task in two stages.  First, the dog learned to 

leave the handler and request help, without activating the sensor.  We realized that starting with 

small distances yielded better results, especially considering that most working dogs we’ve had 

contact with are hesitant to leave the person they were working with and receiving rewards from. 
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To alleviate this, we discovered that it was beneficial to have the “stranger” reward the dog for a 

successful approach and also have the original human reward the dog when coming back.  Once 

this pattern was successfully established, adding the requirement of tugging the sensor, trained 

separately, was much easier. 

Because training the dogs to leave the human partner required more time than we 

anticipated, we did not compute performance metrics for this portion.  Nonetheless, the insight 

we gained from training this aspect provided some of the most interesting findings.  Although 

not documented, one service dog user was able to train her dog (using the first two prototypes) 

during the span of one week to achieve almost perfect activations to alert familiar individuals 

standing nearby.  We have yet to study the difficulty of alerting unfamiliar individuals who are 

walking within the line of sight of the owner and service dog. 

Audio Considerations 

Our initial prototype used a female voice to communicate alerts; because we 

hypothesized higher pitch voices would carry better in outdoor environments.  Nonetheless, most 

users said they wanted their dog’s voice and sex to match.  Finally, bystanders stressed that 

the “help” message must seem trustworthy (not sound like a prank or practical joke). 

Results 

Following the performance metrics from our previous experiments (Jackson et al.), we 

analyzed the videos and computed the following individual metrics of accuracy for both the 

sensor and the dog. 

Dog Accuracy (DA): DA calculates accuracy for dogs as 

𝑁 − 𝐷 − 𝑆 − 𝐼
𝐷𝐴 = ∗ 100 

𝑁

N = Number of cues from owner to dog 
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D = Deletions, dog did not attempt to activate 

S = Substitutions, dog performed wrong action (such as reaching to the opposite side) 

I = Insertions, dog activated without a cue 

Sensor Accuracy (SA): SA calculates accuracy of the sensor as 

𝑁 − 𝐷 − 𝐼
𝑆𝐴 = ∗ 100 

𝑁

N = Correct attempts (tugs) from the dog 

D = Deletions, sensor did not activate 

I = Insertions, sensor activated without interaction. 

These metrics were intended to handle borderline cases that are not a strict success or 

failure.  These include cases where a dog might reach for a sensor two times but only grabbed

once; cases where the dog grabbed the sensor twice, but tugged once (one incomplete attempt 

followed by a completed attempt).  Other borderline cases involved the dog activating multiple 

times per cue or the dog ignoring a cue altogether. 

Finally, we employ a global metric to quantify the effectiveness of the system in these 

experiments (overall success).  Unlike dog accuracy (DA), this last metric does not decrease with 

multiple successful activations per cue because this behavior would be beneficial in a real-life 

scenario. 

𝐴
Overall Success: 𝑂𝑆 = ∗ 100 

𝑁

N = Handler intents (cues) 

A = Successful Activations 

Compared to our previous results, we were able to improve on all performance areas, 

specifically on sensor accuracy (Table 2).  The marginal improvement on Dog Accuracy is 

expected considering that dog’s understanding and obedience of the task was not affected 
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directly by the vest.  Nonetheless, we note that due to being distracted by the environment S2 

had a lower dog accuracy score despite understanding the task.  Additionally, we tested the 

system for false positives while a dog carried out everyday activities for the span of an hour.  

This included waking, going up and down a set of stairs, playing, and lying down.  No false 

positive activations were detected. 

Table 2. Tabulated results were computed for each performance metric for each dog subject.  

The tug sensor results from this experiment are an improvement over the previous design  

(Jackson, et al.). 

 Wearable Alert System for Mobility-Assistance Service Dogs 201 

Journal on Technology and Persons with Disabilities 
Santiago, J. (Eds): Annual International Technology and Persons with Disabilities Conference 

© 2015 California State University, Northridge 

 

Dog Dog Accuracy Sensor 
Accuracy 

Sensor 
Reachability 

Overall 
Success 

S1 91% 91% 82% 82% 

S2 69% 92% 92% 100% 

S3 90.1% 90.9% 100% 90% 

Current Total 84% 91% 91% 91% 

Previous 83% 60% 87% 84% 

 

Conclusions 

We have presented a series of prototype vests to support the task of alerting or getting 

help by mobility-assistance service dogs.  We improved on the results from previous work in 

each of four performance metrics while maintaining a rate of zero false positives in the span of 

an hour of activity.  We presented solutions to some practical issues necessary for achieving 

more reliable and consistent experimental results.  We have also documented our conversations 

with active service dog users with regards to technical, social and canine considerations, which 

should be useful for future studies.  Further studies should examine the possibility of a system 



that could integrate into a service dog’s existing collar.  This would allow the dog to comfortably 

wear the sensor at home without the need for a full vest.  Some of the challenges to be addressed 

with this approach are the reliable activation of a sensor from the collar and the use of small 

speakers that are sized for a collar yet are still loud enough to convey the required message. Until 

such challenges are addressed, we believe that configurations like the ones examined in this 

study are the most promising. 
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Abstract 

A system capable of detection and localization of objects of interest (OI) in a semi-structured environment 

will enhance the quality of life of people who are blind or visually impaired.  Towards building such a system, this 

paper presents a personalized real-time system called O'Map that runs on Android devices.  Main feature of the 

system is to locate misplaced/moved personal items in a familiar setting.  The system provides auditory feedback 

about the presence and relative position of the query item with respect to known landmarks.  First, we adopted 

participatory design approach to identify users need, functionalities of the system and personalization (i.e., user 

profile and object map of the environment) in collaboration with representative users.  Second, we used the concept 

from system thinking to develop a real-time object recognition engine that was optimized to run on low form factor 

devices.  Finally, concepts from design thinking were adopted to implement the feedback and user interface to 

interact with the system.  Quantitative evaluation demonstrates that O'Map identifies object of interest with an 

average F-measure of 0.9650.  
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Introduction 

The World Health Organization estimated in 2013 that 285 million people are visually 

impaired.  Among those, 39 million are blind and 246 million have low vision.  According to 

project “Cost of vision” conducted by Prevent Blindness America (PBA), the cost of ocular 

disorders was $139 billion for the year 2013 in the Unites States.  While the economic cost is 

well documented yet the personal cost and quality of life remains poor despite the progresses in 

assistive solutions.  People with impairment/loss of sight face difficulties interacting with the 

visual environment, especially in finding misplaced items, navigation, and understanding non-

verbal communication, just to name a few.  A reconfigurable and portable assistive solution can 

make semi-structured environments more accessible.  In recent years, a plethora of systems were 

reported in the literature to improve the mobility, readability and interaction with environment. 

Despite the progresses made most of the systems are not fully accessible and portable.  In 

addition, these systems lack the robustness to be used in natural environment. 

In this paper, we present a novel system, O'Map, to find misplaced/query items (Fig.1) 

and its relative position with respect to reference items (Fig.2) in a semi structured environment.  

 

Fig. 1. Sample Query Item. 
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Fig. 2. Sample Reference Item. 

Users can use either smartphone or Google glass to capture video of the environment and 

to receive feedback.  Though the Google Glass is expensive and not widely available yet, it is 

more ergonomic compared to head or neck mounted cameras and, hence, can be put into 

practical use.  Therefore, we designed the system that can be used on either smart phone or 

Glass.  At first, the users create a personal profile with items that they use frequently (see 

“Profile Creation” section).  The O'Map has an android app, which communicates with a server. 

The android application supports creating and maintaining user profile through a set of utility 

features.  The user can interact with the application via speech command that is processed using 

Google Speech Recognizer.  When the user selects first feature- “find item”, the O'Map starts 

with checking the lighting condition of the environment.  Then, it prompts the user to record the 

name of the item of interest.  The user is then asked to create 360° panorama.  The system assists 

the users to create a panorama using information from the compass and inertial sensor.  The data 

are then sent to the server where matching is performed with “template images” of query item 
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and reference items (described in “Item Matching” section).  The system builds an object map of 

reference items and read out the positions in clock-orientation which is closely located to the 

identified item.  Once the item is found, it keeps the record in log.  However, if the query item is 

not found in the panorama, the user is instructed to move towards a reference item based on the 

past recognition history or user discretion.  The client application is notified to send individual 

video frames which are processed until the item is found.  A demo is available at 

http://youtu.be/GBgO5o8dptM  

Related Work 

A number of systems were reported in the past literature for finding item of interest using 

a wide spectrum of technology such as Audio Signal/Sonar, Human assistance, Computer 

Vision, and RFID/Tag.  Table 1, 2, 3, and 4 shows related works from aforementioned four 

categories highlighting approach used, functionalities considered, key contribution and 

shortcomings.  Works most relevant to the O’Map are presented in Table 3.  

Table 1. Audio Signal/ Sonar based System 

Reference Method Key Findings Shortcomings 

Kao et al. FM sonar is used to 
detect object and the 
distance is calculated 
from reflecting signals 

Detect objects and 
obstacles with depth 
information of open 
space 

• It requires external FM
sonar signal generator
and not robust in
complex and noisy
environment.

• This system cannot be
used to recognize item
of interest
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Table 2. Human Assistance based system 

Reference Method Key Findings Shortcomings 

VizWiz 
TapTapSee 

Captured picture with 
query is sent to crowd 
to receive feedbacks. 

• It enables user to ask
free form query.

• System does not
require any training

• Depends on human
assistances

• Sometimes it takes longer
time to receive response,
especially at night.

Table 3. Computer Vision and Image Analysis Based System 

Reference Method Key Findings Shortcomings 

LookTel 
Recognizer 

Instantly recognize 
objects from recorded 
list. 

• Real time system
• Fast recognition
• Requires no internet

connection

• Less flexibility in
multi-view detection

• No option to provide
user query for a
specific item

ORB Object 
Recognition 

Matches selected 
images from gallery or 
video stream 

Invariant to the 
photometric and 
geometric changes 

Considers single view 
only 

Talking Goggles Provides descriptions 
of familiar objects from 
video stream 

Tells where (shops) 
identified item can be 
found and price 
comparison 

• No option to provide
user query for a
specific item

• Lack of accessibility

Andreas Hub et al.  Sensor module with 
stereo camera is used to 
detect objects based on 
image segmentation 
and color 

Tells about object 
characteristics, 
position, orientation 
and way to navigate 

• Requires extra devices
such as WLAN card to
integrate multiple
sensors

• Not invariant to
photometric changes

• Stereo view processing
takes time
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Reference Method Key Findings Shortcomings 

Caperna et al. GPS and internal 
navigation unit(INU) 
are used to provide 
walking direction in 
open space 

Helps to identify signs, 
landmarks and arbitrary 
objects 

• Provides only way-
finding utility

• No option to provide
user query for a
specific item.

Boris et al. Uses color attribute and 
SIFT feature to find 
item and sonification 
for feedback 

Builds color model 
from large image 
collection 

Color attribute is not 
invariant to the 
photometric changes 

Yi et al. The places where items 
get displaced very 
frequently are equipped 
with fixed camera. 
Images from all 
cameras are matched 
with query Item. 

Integrated hand free 
device 

• Requires multiple
camera and processing
images from all sources
requires time

• Can find items from
arbitrary places

Ricardo et al. Use template matching 
technique to recognize 
item 

Real-time object 
recognition 

Do not help to localize 
items 

Andreas Hub et al.  Sensor data, 3D model, 
shape and color 
information are used to 
detect objects 

It can detect free and 
movable objects 

No option to search and 
localize item of interest 

Tanveer et al. Google glass is used to 
recognize affective 
cues. 

Tells about number of 
people, gender and age 
in small talk 

No option to search and 
localize item of interest 

Alexander et al. Hand free Optical Head 
Mounted Display used 
in traversing large open 
space 

Used to identify salient 
landmarks such as 
doors, exit signs etc. 

• Helps only way finding
• No option to search

and localize item of
interest
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Table 4. RFID/Bluetooth Tag Based System 

Reference Method Key Findings Shortcomings 

Kientz et al. Bluetooth enabled tags and cell 
phones or laptop are used to 
identify items which are attached 
with RFID tag. 

• Can track and
locate objects

• Has wide
coverage

Requires extra tags for 
each items 

FindIt, 
KeyRinger 

SonicKeyFinder 
 FindOne 

Misplaced items are tracked 
using State-of-the-art circuitry 
where one part of paired devices 
is attached with query item and 
other part is placed in safer place 

• Can track and
locate objects

• Has wide
coverage

• Requires extra tags
for each items

• Extra maintenance
cost for battery

• Not free

A survey with visually impaired people revealed that an effective and usable object 

recognition system must address accessibility issue, focalization and cropping problem, and will 

be invariant to the photometric and geometric changes.  Past research fell short addressing all 

these requirements.  This observation led us to design the O’Map described below. 

Assumption, Design, and Development of O’Map 

We adopted principles from participatory design to understand the user’s needs and 

applied ideas from System, Design, and Assistive Thinking to optimize system performance, 

increase usability and reduce complexity.  The distribution of targeted users and their ability to 

receive O’Map’s service was accounted in system design.  Although smartphone is widely 

available and preferred device, some hands free device like Google Glass is a rare commodity, 

especially in the rural area.  To reach a largest possible number of users, we decided to develop 

O’Map on multiple platforms- either on standalone smartphone or a combination of smartphone and 

Google Glass with a remote server (or cloud).  In the alpha version, O’Map assumes that sighted 

people will help to create personal profile.  The beta version enables visually impaired users to 

enlist items by themselves (cf. “Profile Creation” section).  We also assume that, the dimensions 
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of each item are known, which are necessary to estimate the approximate distance between 

identified item and user (cf. "Distance Estimation" section). 

Personal Profile creation:  

To personalize the application we account for user’s preferences through profile.  

Initially, with or without the assistance of sighted person, the user creates her profile that 

contains a list of items with their name, approximate size (height and width), and images.  In the 

alpha version, four utility options such as “View”, “Add”, “Edit”, “Delete item”, were used to 

create personal profile which are shown in Fig.3.  

Fig.3. Personal Profile Creation 

In the beta version, O’Map enables visually impaired users to create profile using 

voiceover command.  The “Add” option allows user to enlist a new item with associated 

parameters with the help of a beep sound and speech feedback.  For example, the system prompts 
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the user to “speak the name of the item after beep,” then the name is recorded.  O’Map suggests 

to add multiple images covering all views (see Fig.4) of an item to get robust recognition 

irrespective of the user’s searching direction.  However, the symmetric view does not contribute 

to improve matching accuracy and waste storage.  So, the redundant images of symmetric views 

are eliminated by comparing color histograms.  Fig.5 shows two symmetric views of a water 

bottle and their color histograms.  When the color histogram of a new view matches with any of 

the existing ones by 75%, it is discarded.  

 

Fig. 4. Views of a sample item. 

 

Fig. 5. Symmetric view detection.  Bins are in x-axis, number of pixels in y-axis. 
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When the server receives a request for adding a new item, it creates a new group to 

reduce search space.  In order to build robust and invariant recognition system, SURF [1] 

(Speeded Up Robust Features) features and descriptors are extracted from item images.  SURF 

descriptor is a 128-dimensional vector consisting of sixteen eight-bin weighted histograms of 

gradient orientations.  A K-D tree [2] is built from the feature descriptor to optimize matching 

time (O (log n)).  A hash table with item name as key and K-D tree index as value is built and 

saved in persistent storage to eliminate pre-calculation time during search period.  

Implementation Details 

 The O'Map consists of two main modules: 1) Client-Interface that handles data 

acquisition, communication, and feedback and 2) Server-Object recognition engine (see Fig.6).  

 

Fig. 6. Architecture of Search Module. 
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 In data acquisition module, to collect input parameter efficiently some utility features 

such as automated detection of lighting condition, guidance to create panorama exploiting 

compass and rotational information, has been integrated.  Google Glass requires customization to 

implement some of these features.  The rationality of including these features is discussed in 

detail below.  

Checking Light 

 The lighting condition of surroundings needs to be sufficient to analyze captured images.  

Since it is very difficult for visually impaired people to infer the lighting condition, the system 

automatically examines it by calculating color histogram.  Fig.7 shows the images of a dark and 

well-lit room and their corresponding intensity histogram.  In the dark image histogram, first few 

bin contains most of the pixels, while for the lighted image, pixels are distributed all over the 

histogram.  So we applied this simple logic, if the first five bins of histogram contain 80% of 

pixels then the user is informed about inadequate lighting condition. 
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Fig. 7. Checking lighting condition. 

Voice Enabled Interface 

The accessibility issue was addressed using voiceover interaction utility from Google 

Speech Recognizer (see Fig.8).  Only single-word input parameter is allowed to record which 

eliminates parsing task for raw text.  Google speech recognizer sometimes generates erroneous 

text, especially for the non-native English speakers.   
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Fig. 8. Voice over input interface. 

Object Map 
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The object map, which contains reference item’s name and corresponding clock position, 

of a semi-structured environment is created from panorama (see Fig.9).  
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Fig. 9. Sample panorama and Object Map. 

The benefits of using panorama are: 1) it helps users to construct mental map of the 

environment; 2) solves focalization and cropping problem; 3) reduce processing time of 

continuous frame, if item is found in the panorama.  Focalization is aiming camera in the right 

direction.  The 360° panorama is created by stitching 18 frames which are captured in 20° apart 

with wide Vertical (42.6°) and Horizontal (54.8°) field of view angle of camera.  The 

consecutive frames have large overlapping area, which generates adequate correspondence that 

result seamless blending of frames.  However, creating a panorama becomes difficult and picture 

might get blur, if camera shakes abruptly or the user rotates too fast.  We provide a speech 

feedback “too fast” when user crosses an angular velocity threshold (empirically found 20°/sec) 

to prevent blur in image.  The rotational angle is read out 20° apart with major four directions 

(North, East, West and South) during panorama creation because they usually have difficulty in 

inferring area covered. 
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 Handling Query 
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When a user-request arrives with data, a multithreaded server extracts SURF descriptors 

from panorama and finds correspondences with reference items using FLANN [8] (Fast Library 

for Approximate Nearest Neighbor search) matcher.  The FLANN matcher is initialized with 

pre-calculated K-D tree indices at the beginning and kept updated based on changes in views. 

The sparse object map is built based on index of matched keypoints and centroid of bounding 

box of reference item.  If the width of panorama is 𝑤𝑤 and pixel index of a keypoint or centroid 

is 𝑥𝑥, and start position of rotation is 𝑆𝑆𝑖𝑖, then position of that reference item, 𝑃𝑃𝑖𝑖𝑡𝑡𝑒𝑒𝑚𝑚 can be 

calculated using following formula: 

𝑥𝑥 × 360°
𝑃𝑃𝑖𝑖𝑡𝑡𝑒𝑒𝑚𝑚(𝑑𝑑𝑒𝑒𝑔𝑔𝑟𝑟𝑒𝑒𝑒𝑒) =  𝑆𝑆𝑖𝑖  ± 𝑤𝑤

The ± symbol is for clockwise and anticlockwise rotational direction respectively.  The measured 

value of 𝑃𝑃𝑖𝑖𝑡𝑡𝑒𝑒𝑚𝑚 is then converted in clock-orientation because visually impaired users are more 

comfortable with this mode of feedback.  Then, it performs matching for query item and if it is 

found within the reference item bounding box, it generates feedback like “item on top right”, or 

“item on top left” etc. depending on position.  The detailed steps for client-server communication 

and item matching are presented in Fig.10, Fig.11 and Fig.12. 
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Algorithm 1 (Client) Finding missing Item in semi-structure environment 

Notation: F is a image matrix of gray level pixel value, total N number of pixels 
Input: Item name 
Output: Items relative position 

1: Capture frame(F) on camera preview mode 
2:  Calculate intensity histogram (H) from captured frame 
3: N ← width(F)*height(F) 
4: pixelCounter ← 0 
5: for i = 1 to 5 do 
6: pixelCounter ← pixelCounter + H(i) 
7: end for 
8:  if pixelCounter/N ≥: 0.8 then 
9: Turn ON Torch 
10: Notify user using text to speech service 
11: end if 
12: create panorama from frames at 20° apart 
13: provide feedback about 360° coverage 
14: instruct user to provide speck item name 
15: start Google speech recognizer Intent 
16: parse item name from voice over input 
17: encode and compress input data and transmit 
18: listen to port for the feedback 

19: if item not found in panorama start sending individual frame. 

Fig. 10. Algorithm for data acquisition module. 
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Algorithm 2 (Server) Finding missing item in semi-structure environment 
Notation: P is a matrix with gray level pixel value of panorama, queryltem is the missing item, 
startPosition is angle from of rotation(clock wise=0, anti-clockwise=1), ObjectMap holds reference item 
position in clock-orientation. from which user start rotating to create panorama, panoRotation is direction of 
rotation(clock wise = 0, anti-clockwise = 1), ObjectMap holds reference item position in clock-orientation. 
Input: image frame/panorama, item name, start position 
Output: Items relative position in object map 

1. Initialize FLANN matcher with precalculated SURF descriptor of reference items 
2. listen to port for client data 
3. panoramaChecked ← false; ObjectMap ← nil P ← nil; queryltem ← nil 
4. startPosition ← 0 ; panoRotation ← 0 
5. if panoramaChecked=false then 
6.  P ← create a image matrix from decoded data 
7.  set queryltem, startPosition, panoRotation from frame's header 
8.  extract SURF features descriptors from panorama 
9.  for each reference item descriptor do 
10.   find correspondences with panorama 
11.   find location (x) of correspondences keypoint 
12.   refItemPosition ← GetPosition(width(P), 
13.  startPosition, panoRotation) 
14.   ObjectMap(refltem) ← refltemPosition 
15.   Send speech feedback about item and position 
16.  end for 
17.  Load K-D tree index for query item 
18.  panoramaChecked=true 
19.  find correspondences between panorama descriptor 
20.  and K-D tree descriptor of query item 
21. if item found in panorama then 
22.   provide feedback about relative position to reference item 
23.   keep record in log history 
24.  else 
25.   notify user item is not identified in panorama 
26.   if history log is not empty then 
27.    suggest probable area from log history 
28.    provide direction from object map 
29.   Notify client app to transmit individual frame 
30.   else 
31.    Take user preference 
32.   end if 
33.  end if 
34. else 
35.  if item not found & panoramaChecked=true then 
36.   calculate SURF descriptor from individual frame 
37.   find correspondences between frame & query item 
38.   if item found in individual frame 
39.   provide feedback about relative position 
40.   keep record in log history 
41.  end if 
42. end if 

Fig. 11. Algorithm for Item recognition module. 
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Algorithm 3 (GetPosition) Calculate position of an item 
Input: frame width, start position, rotational direction 
Output: Items relative position in clock orientation 

1: tmpAngle ← 0 
2: if panoRotation is clock wise then 
3:  tmpAngle ← startPosition + x*360/width(P) 
4:        tmpAngle ← tmpAngle%360 
5: else 
6:        tmpAngle ← startPosition – x*360/width(P) 
7:  if tmpAngle < 0 then 
8:                 tmpAngle ← tmpAngle+360 
9:  end if 
10: end if 
11: convert angle to clock- orientation and return 

Fig. 12. Algorithm for position calculation. 

Item Matching 

The correspondences between pre-calculated template and panorama or individual frame 

descriptors were established using Brute-Force search at the beginning.  Later, it was optimized 

using K-D tree with k-nearest neighbor (KNN) search.  The false and weak correspondences are 

eliminated by two types of ratio test: 1) distance ratio test- ratio of distance between first and 

second closest neighbors of template patches; 2) scale [7] ratio test- ratio of scale of two matched 

keypoint (shown in Fig.13 & Fig.14).  From a pilot study with RGB-D Object Dataset and some 

custom samples, we found that 99% of false matching is removed if the threshold for distance 

ratio is set to 0.54.  Fig.15 shows that 42 out of 4267 dominant pairs survived after the distance 

ratio test.  We also found that, if the matching is correct, the ratio of scale for every pair of two 

matched key points remains almost identical.  So we removed all the pairs which have a large 

divergence in scale-ratio from baseline, (shown in Fig.15).  Further, matching performance is 

improved by filtering outliers using random sample consensus (RANSAC) method.  The 

correspondences are verified using homography transformation.  
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Fig. 13. Sample Item Matching. 

 

Fig. 14. Matching after ratio test. 
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Fig. 15. Findings in ratio test. 

Distance Estimation 

In addition to relative position, we measured the approximate distance of the identified 

item from the user’s position.  We have adopted two simple and computationally efficient ideas 

from [6, 9].  Neither approach estimates distance with high accuracy but are reliable within 4 

meter.  The equations for both approaches are explained in Fig.16 for the sake of clarity.  
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Fig. 16. Distance estimation. 

Quantitative Evaluation 

In order to evaluate the system objectively, we selected representative data set (RGB-D 

Object Data and custom samples) that account for variabilities that may occur in indoor settings.  

The dataset includes items with different shapes, texture, shade, surface reflectance, background 

clutter and occlusion.  We formulated some case studies and each of the cases has been 
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thoroughly examined with 30 indoor items.  Those cases are: 1) Reduction of matching time- 

Matching time is reduced by 24% using k-d tree over Brute-Force (Table 5).  2) Finding Robust 

Correspondences- The system performance is improved by the distance and scale ratio test, 

which is shown in two ROC curve (Fig.17).  

Table 5. Matching time optimization using K-D tree over Brute-Force 

Item  
Name 

#Keypoint in 
Template 

#Keypoint in 
Panorama 

#Matches 
using K-D 

#Matches 
using B-F 

Time Gained 
(ms) 

Jar 10899 2819 14 37 515.58 

Wallet 9351 3568 55 86 438.47 

Bookshelf 10991 3711 19 30 84.67 

Key 3672 3265 14 30 56.05 

Coffee mug 10241 3745 40 124 1090.4 

 

 

Fig. 17. ROC of system performance.  a) before scale ratio test b) after scale ratio test. 
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The average F-measure before and after scale ratio test is 0.9362 and 0.9650, 

respectively.  The overall recognition accuracy is 95%, which outperforms the system proposed 

by [3, 10].  Two ROC curves views that area under curve is 0.987 and 0.989, which are near 

perfect 3) Correctness of object map- The object map was created and evaluated from 50 

panoramas, which contained three reference items (table, bookshelf, computer desk).  The 

system measured the items location with 3.01° Root Mean Square Error (RMSE).  In Fig.18 

correctness of the object map is shown for two sample items.  Panoramas were captured from 

arbitrary position and direction.  The actual angle and distance between items and the user were 

measured using smartphone compass and meter scale.  We can see from the graph that the 

calculated values using two approaches are very close to actual one.  4) Feedback Time- The 

round trip feedback time after panorama creation is 4-6 second when item is found in the 

panorama.  The used server configuration is: CPU 2.53 GHz, Memory 6.GB, 64 bit windows 7 

and during matching it used 60-84% CPU. 
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Fig. 18. Correctness of Object Map (top: computer desk; bottom: table). 

Discussion  

 We started designing O'Map by collaborating with a group of visually impaired people at 

Mid-South Access Center for Technology (Mid-South ACT).  Since visually impaired people are 

included in design cycle to assess usability, accessibility and usefulness of O'Map and the system 

performs robustly, we believe that the indoor environment will be more accessible using O'Map.  

During the development cycle, we discovered and handled some challenges such as designing 

interactive interface to create personal profile, providing proper guidance and feedback.  The 

participatory design revealed that speech feedback is more preferable than sonification or 

vibration because it requires no training to understand. 
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Conclusion 

 We present a new approach to find and locate missing items.  The key contributions of 

this works are: 1) integration of object map to help visually impaired people to create a mental 

map of the environment; 2) solving focalization problem by panorama; 3) improvement in 

template matching using scale ratio test to build recognition engine on low form factor devices.  

Although the prototype system is successful, yet there are many improvements necessary to be 

meaningful for a wide range of users.  One of the participants suggested adding navigation and 

way finding utility to this system.  We also have plans to conduct large-scale usability study 

using subject with various degrees of disability.  However, our work is not beyond limitations.  

One of the participants said that, sometimes the visually impaired people don’t receive assistance 

from sighted individuals.  So, in those scenarios, personal profile creation becomes difficult. 
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Abstract 

Because of limited local disclosure of accessibility information for people with disabilities, it may be 

difficult to determine the accessibility of public facilities.  To increase the availability of this information, 

information from paper-based assessments written by disability services experts must be extracted and shared.  In 

this paper, we evaluate a schema that facilitates the sharing of accessibility information for people with disabilities.  

The schema allows crowd workers to upload handwritten accessibility information, which can then be presented in 

an easily readable format; the schema also provides an information sharing interface.  The evaluation results indicate 

that crowd workers accurately enter the data using our interface.  However, they cannot enter data for more detailed 

scenarios because of information shortages on written accessibility assessments.  To improve this situation, the 

system should provide crowd workers with supplemental media content such as pictures and diagrams. 
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Introduction 

Although public facilities and routes have become more accessible in recent years, 

visually and physically impaired people may have difficulty acquiring accessibility information 

for these places.  This is mainly the result of limited local disclosure of this information.  To 

address this situation, an increasing number of online resources now share accessibility 

information.  The Eco-mo Foundation provides information related to public transportation, 

including the interiors of train stations, through the Station & Terminal Information Search 

website (Eco-Mo Foundation, n.d.).  Public administration offices also provide a collection of 

links to accessibility maps for prefectural capitals (Cabinet Office, n.d.). 

However, these online resources only include downtown areas.  In addition, it is 

occasionally impossible for mobile phone users to read accessibility maps because of unreadable 

formats.  Volunteers and non-profit organization (NPO) members have performed accessibility 

data collection and sharing for some uptown areas, as well as downtown areas.  Maps of 

multipurpose restrooms can be mentioned as a successful case (Maps of multipurpose toilets, 

n.d.).  However, this accessibility information is still insufficient, because most of it is only 

provided on paper media.  This paper-based information is commonly added to assessments 

written by disability service experts and volunteers.  Experts can excerpt basic information from 

the assessments and add it to accessibility maps.  This process can provide easily understandable 

accessibility information to people with disabilities; however, it can also result in limited 

information disclosure. 

In contrast, the prevalence of mobile and cloud computing technologies provides an 

environment in which people can accumulate, share, and browse various accessibility data for 

many places.  In response, various research efforts have aimed to facilitate the effective and easy 
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sharing of accessibility information.  Holone et al. proposed a system that can superimpose 

accessibility annotations utilizing OpenStreetMap.  However, for continuous use of such a 

system, security issues must be addressed (Holone and Misund, 2008).  Hara et al. and 

Tarkiainen et al. reported on systems in which volunteers check accessibility conditions using 

Google Street View (Hara et al., 2013), and a system in which volunteers can verify brief 

information about accessibility conditions in Finland (Tarkiainen et al., 2011).  Although these 

systems can reduce barriers and difficulties related to accessibility information sharing, some 

frontline experts from disability service offices have been reluctant to adopt them, despite their 

recognition of the importance of accessibility information sharing.  Thus, it is important to 

propose a scheme that does not place an unnecessary burden on the experts and can support the 

sharing of detailed information written in natural language.  We assume that this scheme can be 

achieved through crowdsourcing (Howe, 2006. Kittur et al., 2013).  However, key issues must be 

addressed: 

Q1. Can the reliability of accessibility information entered by crowd workers be guaranteed? 

Q2. What are the characteristics of input data entered by crowd workers, compared with data 

generated by field assessment volunteers? 

Q3. What element types can be used to improve the quality of crowd worker data entry? 

In this study, we evaluate a schema that facilitates the sharing of accessibility information 

for people with disabilities.  The schema allows crowd workers to upload handwritten 

information, which can then be presented in a readable format; the schema also provides an 

information sharing interface. 
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Fig.1. Concept to share electronic accessibility information by crowd workers. 

Discussion 

Schematic concept to share accessibility information 

Figure 1 shows the schematic concept for sharing handwritten accessibility information 

with internet users.  First, assessment results written by experts engaged in disability services are 

scanned and uploaded, then stored in document formats such as pdf, txt, and jpg files.  

Subsequently, crowd workers check these files, extract the relevant accessibility information, and 

enter the information using an interface specifically designed for accessibility information 

sharing.  In this paper, we decided to use the interface described below. 
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Fig. 2. Examples of user interfaces displayed on Webkit-based browsers such as Google Chrome 

(Left), and magnified map UI with marker definitions (Right). 

Interface for inputting brief and specific accessibility conditions 

The user interface (UI) for sharing accessibility information is shown on the left side of 

Fig. 2.  The system was implemented using Google App Engine, and can be accessed via web 

browsers on most devices.  The left side of Fig. 2 shows examples of the UIs, which are 

displayed using Google Chrome on a Windows PC.  This view of the system includes a map UI 

and a post UI. 

The map UI manages information presentation.  This UI includes a search area, a button 

for obtaining the user's current location, a map view containing a map and markers, and a view 

of comments on selected markers.  After a location name is entered in text form, the search area 

provides relevant maps and barrier conditions at the indicated location.  When the current 

location button is selected, the user's current position can be acquired through the specific and 

coarse locations identified via GPS and Wi-Fi.  The map view displays a map of the current 

position; hovering markers represent accessibility information. 
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A magnified image of the map UI is illustrated on the right side of Fig. 2; a legend that 

defines the markers is included on the map.  These markers summarize barrier information using 

three colors: red (dangerous/impassable), yellow (caution needed), and blue (safe/passable).  The 

information is classified into two categories — subjective and objective — to facilitate easy 

information sharing for both sighted and visually impaired people.  It is relatively easy for 

sighted people to determine what types of assistive systems are installed; conversely, people with 

visual impairments may only have a vague impression of their surroundings.  Furthermore, some 

volunteers may wish to post accessibility information about a particular place for specific groups 

of people; for example, some slopes are installed not for wheelchair users, but for the 

conveyance of equipment. 

The subjective information includes users' impressions of locations, which identify 

accessibility situations using icons representing people with visual, auditory, and physical 

impairments.  The objective information includes the existence of slopes, elevators, multipurpose 

toilets, and flat entrances to interior and exterior places.  When users select markers, detailed 

information about those markers is displayed in the comment window at the bottom of the map 

UI.  These markers represent not only the information stored in the system, but also the 

accessibility information openly available on the web.  For example, a green marker with a train 

icon contains a link to information about the barrier-free conditions at all Japanese train stations, 

provided by the Station & Terminal Information Search website (Eco-Mo Foundation, n.d.). 

The post UI allows users to submit accessibility information.  This UI contains a box 

indicating marker locations, a pull-down menu containing information targets, a pull-down menu 

containing brief information on accessibility, and a text box for entering specific information.  

When a user enters or posts any barrier information from a location, the corresponding 
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coordinate on the map is indicated on the marker location indicator box.  The target information 

pull-down menu lists the targets for the information provided, with tags for people with no 

impairments and for people with vision, auditory, or physical impairments.  Brief information on 

accessibility — including subjective information such as whether an area is passable and whether 

it is dangerous or safe, as well as objective information — can be selected from the appropriate 

pull-down menu.  The text box used for entry of specific information accepts information about 

particular situations. 

Evaluation of the system for data entry by crowdsourcing  

In order to evaluate the system for crowdsourcing data entry, we cooperated with the 

Disability Service Office (DSO) of the University of Tokyo to gather information related to 

accessibility for people with disabilities.  They assessed the accessibility conditions on campus 

irregularly in 2012 and 2013, with the objective of renewing an outdated accessibility map.  

Approval for the evaluation was obtained from the university's Office for Life Science Research 

Ethics and Safety. 

Participants 

Six females were recruited to participate as crowd workers.  They were informed that 

they would be compensated according to the number of entries they created.  All participants had 

experience in volunteer activities that assisted people with disabilities.  They used their own 

personal computers to enter accessibility conditions. 

Materials and methods 

We asked the participants to enter data from accessibility assessments and campus 

accessibility maps, as shown in Fig. 3.  These data were created by four experts, including two 

wheelchair users, and two volunteers with physical disabilities.  The experts included DSO 
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officers and employees of an accessibility consulting firm.  The data from these accessibility-

related materials were generated after scanning the paper originals of the released prints (2 

pages) and the draft prints (16 pages) of a campus.  The draft prints were handwritten by officers 

of the aforementioned DSO after assessing the campus. 

 

Fig. 3. Crowdsourcing evaluation materials: a portion of a campus accessibility map provided by 

the DSO (Upper) and handwritten drafts of the map (Lower). 

Fig. 4. Campus accessibility information accumulated via crowdsourcing. 

The participants were asked to enter accessibility information using the aforementioned 

interface, after checking the files shown in Fig. 3 and visually confirming accessibility 

conditions.  When entering character input, they were asked to enter as much detail as possible 

about the accessibility conditions.  They were also instructed to add tags indicating whether 

information was subjective or objective.  These tags specify whether handwritten information 

mainly conveys the impressions of the assessors, or provides objective perspectives and 

quantitatively measured data.  A subjective example might describe an area that is “difficult to 

go through by wheelchair users” while an objective example might identify a “steep slope with 
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rough road conditions.” Subsequently, the experts were asked to briefly check the entries, and to 

provide their impressions regarding the accuracy of the entries.  Based on those answers, we 

analyzed the reliability of the accessibility information, as mentioned in Q1.  Afterward, the 

participants were asked to describe any difficult points in the experiment, which was conducted 

over a one-month period. 

The characteristics of the entries, as mentioned in Q2, were analyzed by comparing them 

against entries obtained during our previous field assessment study (Yabu et al., 2014).  The 

comparison studied the content and length of the entries.  In the field assessment, volunteers and 

DSO experts checked the conditions of a different campus, and entered the information into the 

web-based application shown in Fig. 2 via their smartphones and personal computers. 

The answer to Q3 was determined using the results of these analyses. 

Results and discussion 

Overview of entries and evaluation by the experts 

Fig. 4 shows information collected by the crowd workers.  There were 538 entries in all, 

including 212 subjective and 362 objective entries, and 29 entries for other types.  The remaining 

entries contained information about facility locations that were not directly related to 

accessibility, such as ATMs, parking areas, and construction sites that could not be entered.  This 

information also included the opening times of some gates, public phone locations, smoking 

areas, and busy streets.  

According to the evaluation comments by the experts, most of the shared entries were 

useful, while some of them were merely acceptable; these comments were based on a 

reassessment of the campus’ accessibility.  However, we note that these entries were created 

during an experimental procedure, and contain information gathered by conscientious volunteers 
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who are committed to assisting others.  In large-scale information gathering, it is necessary to 

implement methodologies that ensure data quality, such as a mechanism to screen crowd workers 

effectively. 

Characteristics of entries: subjective information 

The subjective information included 11 and 201 entries for visually impaired people and 

wheelchair users, respectively.  There were 148 and 94 entries for "impassable" or "caution 

needed" situations and safe situations, respectively.  The subjective information for the visually 

impaired included locations with textured paving blocks, audio assist systems, and roads that 

were difficult to walk on.  Differences between the passable and impassable information that was 

entered were observed through their complementary information: the number of characters in the 

passable information (mean: 28.7 letters, S.D: 27.4 letters) was lower than that of the impassable 

information (mean: 32.1 letters, S.D: 28.9 letters); however, there were no significant differences 

(Tukey-Kramer's test: p > .10).  These results were different than those in our field-assessment 

test (Yabu et al., 2014): the number of characters in the impassable information was significantly 

higher than that of the passable information.  This difference in significance might have been 

caused by condition differences: the crowd workers could not access supplemental information 

about the assessment places and could only enter described content.  In the assessment test, the 

information about passable places tended to include the names of corresponding buildings and 

places, while the information about impassable places included not only the names, but also what 

types of barriers existed and how difficult these barriers were to pass.  However, in this 

crowdsourced test, we can observe the same tendencies in the information related to passable and 

impassable places.  These results and the comments by the participants suggested that crowd 

workers accurately entered the data, but could not enter information about more detailed 
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situations because of information shortages.  To address this problem, the schema should present 

crowd workers with supplemental media content, including pictures and diagrams. 

Characteristics of entries: objective information 

The objective information included 251 assistive instruments installed at an outside 

location and 46 facilities with barrier-free conditions.  Similar to the text length tendencies of the 

subjective information, the number of characters in the convenient instrument information 

(mean: 13.5 letters, S.D: 19.2 letters) was lower than that of the with-caution instruments (mean: 

38.7 letters, S.D.: 66.6 letters); however, there were no significant differences (Tukey-Kramer's 

test: p > .10).  The reasons for this may be similar to the subjective information case. 

Other remarkable results and participants’ comments 

In this evaluation, we observed effective cooperation between crowd workers.  In one 

case, a crowd worker entered information about an inconvenient library entrance condition for 

wheelchair users and commented that he did not know their substitutional routes; subsequently, 

another worker added the correct substitutional route for them.  This scenario indicates that our 

system is useful for people with disabilities, because it can improve accessibility information by 

making use of collective knowledge.  To improve information quality, the system should contain 

functions that facilitate this type of cooperative work. 

Categorizing information as either subjective or objective proved useful for entering and 

browsing information, when the differences in this information were described in detail.  After 

comparing the comments by the experts and the crowd workers, however, when a large amount 

of information was entered, it was difficult to browse the desired information.  To address this 

problem, this system should provide the ability to display particular markers. 
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According to a comment from one of the participants, a marker for mixed information 

should be provided, because some places have multiple accessibility drawbacks.  For example, 

construction sites are inconvenient for wheelchair users and totally visually impaired people, but 

they have different inaccessibility issues: the former mainly suffers from uneven roads while the 

latter suffers from sound localization difficulties caused by a noisy environment.  A simple input 

form and a user-friendly display method should be implemented for managing specific complex 

accessibility conditions. 

Conclusion  

In this study, we evaluated the idea that crowd workers could facilitate the sharing of 

handwritten accessibility information created by disability services experts.  The conceptual 

system provides functions that can accumulate and present electronic versions of handwritten 

accessibility assessments, and can facilitate the sharing of accessibility conditions corresponding 

to focal points on a map.  The evaluation results indicated that crowd workers could accurately 

enter data using our interface, but could not enter data for more detailed situations because of 

information shortages on accessibility documents.  To improve this situation, the system should 

provide crowd workers with supplemental media content, including pictures and diagrams. 
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Abstract 

In the United States, the Americans with Disabilities Act mandates aural-to-visual access such as sign 

language interpreters for Deaf and Hard of Hearing (DHH) students who request it.  

While sign language interpreters provide visual access to lecture aural information for DHH students, it is 

difficult to for them to pick an optimal distance for both the lecture slides and the interpreter.  The student has to 

pick his or her preferred distance.  If the student sits close by, he or she can see the interpreter’s signs clearly, but the 

lecture slides are likely not clearly visible.  Alternatively, the student can sit further away from both visuals, so as to 

see both the interpreter and classroom visuals, but then the student will not be able to see the interpreter’s signs 

clearly. 

We evaluated DHH students’ preferences for viewing distance from the interpreter or slides at 5 or 15 feet.  

The evaluation results showed that DHH students preferred different viewing distances between interpreters and 

lecture visuals.  While viewing interpreters, DHH participants reported that they best understood interpreters at the 

closer distance of 5 feet rather than 15 feet.  On the other hand, the participants reported that they best understood 

classroom slides when they viewed it at the farther distance of 15 feet rather than at the closer distance of 5 feet. 
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Introduction 

Federal law requires educational institutions to provide equal learning access to deaf and 

hard of hearing students (Kushalnagar).  It is difficult to provide classroom support for 

DHH students.  They are a low incidence population that is uniformly distributed.  Surveys have 

shown that over 95% of post-secondary institutions serve between one to two deaf students.  This 

implies that instructors rarely encounter deaf students and the classroom environment designers 

are not aware of deaf student’s needs.  Therefore, there is little research related to accessibility 

needs of deaf and hard of hearing consumers in higher education. 

Fig. 1. Field of View. 

Another consequence of the lack of accessibility design and effective accessible 

technology is that less than 25% of DHH students graduate from all post-secondary institutions.  

Only 16% of DHH students complete a bachelors’ degree, far less than the 30% hearing student 

graduation rate (Erickson, Lee, and Von Schrader).  The impact of visual accessibility on 

learning for deaf students is well documented (Antia, Sabers, and Stinson; Marschark, Lang, and 
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Albertini; Marschark et al.; Kushalnagar, Trager, and Beiter; Kushalnagar, Kushalnagar, and 

Manganelli; Kushalnagar et al.). 

Visual Accessibility in Classroom 

Part of this disparity in graduation rates between deaf and hearing students can be 

attributed to lack of visual accessibility in the classroom.  Lectures today increasingly 

incorporate multiple visual information sources in addition to the teacher, such as sign language 

interpreters, captions, white boards, multimedia overheads, and demonstrations.  This partly 

occurs as technology makes it easier to create more visuals, but also because it helps in student 

learning.  Mayer et al. (Mayer, Heiser, and Lonn) analyzed how the distribution of redundancy 

across two channels (visual and auditory) makes learning easier by processing in parallel in both 

channels and the effect is complementary.  The presenters could either emphasize key terms or to 

explain in parallel. 

Although these multiple sources of information aid in information acquisition and 

retention, DHH students find it difficult to find an optimal position to view these multiple 

sources.  An optimal view for some visuals does not necessarily translate to an optimal view for 

other visuals especially an aural-to-visual accommodation.  In general, students usually get the 

best view by being opposite and close enough to each of the multiple sources of information. 

Visual noise is less important than bad acoustics for hearing participants as they rely on 

auditory context to fill in their gaps in visual learning, but this is not the case for DHH 

participants, who rely far more, if not exclusively on visual learning.  We investigate viewer 

preferences for video capture distance for people.  Even with visible accessibility, the viewing 

distance may be an impediment to learning. 
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Visual Accessibility of Lecture Visuals and Interpreters 

While visual accommodations improve accessibility for DHH participants, these 

accommodations are not entirely functionally equivalent.  Though these accommodations can go 

a long way in improving deaf students’ inclusion and outcomes in higher education classrooms, 

it is not sufficient, because of poor visual accessibility.  Research has shown these individuals 

lose substantial lecture information due to two main factors largely unaddressed by the 

accommodations: cognitive limits on processing the visual translation of audio simultaneously 

with other visual information sources, and poor viewing accessibility.  As a result, they lag 

behind hearing peers, and miss a substantial amount of information (Kushalnagar and Trager; 

Marschark et al.). 

o
Most people have both a wide field of view of up to 180  with relatively low resolution, 

o
and a high-resolution focus of about 2 .  The visual perceptual process temporally multiplexes 

the fovea information over the field of view and overtime to give the illusion of high-resolution 

focus everywhere, as shown in Figure 1.  Most people focus on the interpreter using their fovea, 

which has high resolution, but has a narrow field of view.  They also monitor the classroom 

using their peripheral vision, which has a wide field of view with low resolution (Eli Peli).  

Visual Dispersion is displayed on Figure 3. 

• If FOV < 10˚, usually eye movements are enough to switch between visual information

sources. 

• If FOV > 10˚, usually head movements are needed to switch between visual sources.
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Fig. 2. Example of a classroom with visual access issues. 

Most classrooms have visuals spread around and at varying distances, which reduces 

visual access as shown in Figure 2.  The spread and varying distance of visuals can be an 

impediment to learning (Cavender, Bigham, and Ladner).  The deaf student has to keep all 

visuals in their peripheral vision and choose and switch between them. 

The naïve way for the student to keep all visuals within the peripheral vision is to be 

positioned further away.  Then the student can see all visuals, but the distance often prevents 

students from reading the slides or understanding fingerspelling consistently.  As a result, the 

signer will sign with more restrictions to be clearly understood. 

If there is too much information, “tunnel vision” is induced which reduces sensitivity to 

the changes occurring within the periphery (Schwartz et al.; Williams).  We explore an alternate 

approach in which the goal is to increase the visual resolution and to reduce the amount of visual 

information presented. 

Moreover, by sitting up front, their field of vision narrows so they cannot even take in the 

whole panorama.  The interpreter (and DHH student) has to also deal with a lot of depth change, 

which leads to eye-fatigue.  For example, the general presentation style of art courses tends to 
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have much more visuals that students have to analyze and examine for some time; which means 

interpreters have to pause for a while and then summarize when the student is ready to look at 

the interpreter again. 

On the other hand, engineering courses have tend to use and discuss detailed visuals, but 

usually focus on parts of the whole, so the interpreters have to wait less for the student to re-

establish eye contact and to repeat smaller summaries. 

Auditory Cues 

Unlike hearing students, deaf students cannot depend on auditory cues to decide when to 

switch from the overhead slides to the interpreter or vice-versa.  The participants also lose 

auditory context, and have to scan for visual information.  Due to the inability to distinguish 

auditory cues, deaf participants cannot tell when and which other participants are talking.  They 

have to rely on indirect visual cues that indicate that someone is talking such as simultaneous 

face turning toward the speaker. 

The classroom-related barrier to full visual access is problematic for the deaf participant 

who depends on visibility of interpreter in addition to presenter and slides or demonstrations.  In 

order to see everything in the classroom, the deaf student would have to sit in the back of the 

classroom to position everything within their peripheral vision.  A problem with this set up is the 

need for sign language interpreters to remain within instructor’s proximity so to maximize their 

ability to clearly hear spoken information and see the slides. 

Clearly, deaf students who choose to sit in the rear to keep the multiple information 

sources within their field of view will nevertheless experience difficulty reading or 

comprehending sign language interpreters at a distance. 
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Another issue is that the team (DHH participants and interpreter) often sit separately in 

the front row of the classroom next to the instructor, which often leads to awkward viewing 

angles to the slides or whiteboard.  The team can feel vulnerable sitting apart in this space 

physically separated from the other students; the seating arrangements for accessibility can 

emphasize the accommodation and difference. 

Discussion 

To evaluate the optimal distance for interpreters and for the lecture visuals, we compared 

DHH students’ preferences at two distances, either from the interpreter, or from the lecture 

slides.  We picked the following distances: 5 or 15 feet. 

We minimized perceptual variables in terms of lighting, zoom, angle and compression 

quality by recording the lecture for use in the evaluation.  We recorded a 13-minute long video of 

a teacher presenting a mathematics lecture on sequences, using slides from 5 or 15 feet.  Next, 

we also recorded a video of the sign language interpreter, who listened to the teacher’s 

explanation. 

We chose to record and use a lecture on mathematical sequences, because it was an 

accessible and comfortable concept for most deaf and hard of hearing college students.  The 

minimum entry requirements meant that these students would be familiar with numerical 

sequences, Moreover, the topic is not very technical, and is highly visual.  We then divided the 

13-minute long video into two equal segments so that we could show the videos on a large, life-

sized monitor at four distances in a balanced, repeated measures design without modifying the 

actual order of the lecture.  The participants were also shown a short 30 second introductory 

video to familiarize themselves with viewing at the four pre-defined distances.  A certified sign 

language interpreter listened to the speaker and conveyed the translation clearly. 
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Evaluations 

We recruited 47 DHH participants, ages 20-45 (24 female) for a study.  All participants 

could not understand audio alone, and all preferred to follow classroom lectures via sign 

language.  We also screened for students who typically requested accommodations in the 

classroom. 

After completing a short demographic questionnaire to determine eligibility for the test, 

the participants watched the lecture slides and interpreter, using two life-sized, 60 inch TV 

screens.  One of the two TV screens displayed the interpreter at the same size and proportion 

they had in real-life.  The other TV screen displayed the slides at the same size and proportion in 

a standard classroom. 

For one quarter of the participants, we set the distance of the slides and interpreter 

screens to five feet away.  For the second quarter of the participants, we set the distance of the 

interpreter screen and slide screens to 15 feet each.  For the third quarter, we set the distance of 

the slides screen to 15 feet, and the distance of the interpreter screen to 5 feet.  For the final 

quarter of students, we set the distance of the slides to five feet, and the interpreter screen to 15 

feet. 

Analysis 

The participants rated the near and far views by answering the questions: “What is your 

rating of how easy was it to understand the signer?”, and “What is your rating of how easy was it 

to understand the slides?” 

We also asked students an open-ended question to solicit their thoughts and feedback at 

the end of each video, and then enforced a one-minute break to ensure that they were not 

mentally fatigued from the previous video. 
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Results 

We used a chi-square test to evaluate the students’ preferences at varying distances, as 

the sample size is large enough, and the variance was normal. 

For first question on how easy it was to understand the interpreter, there was a significant 

preference difference for viewing at 5 feet versus 15 feet: χ2 = 16.81, p < 0.001. 

For the second question on how easy it was to understand the slides, there was a 

significant preference for viewing at 15 feet versus 5 feet: χ2 = 10.37, p < 0.005. 

In the open-ended question, one common theme (12 of 18) reported that they felt that it 

was too tiring to change focus from near to far between the interpreter display and slides display. 

Conclusions 

The results of this study on optimal distance for lecture visuals has implications for signers, 

whether teachers or interpreters.  Students clearly prefer to have the signer at a close distance, 

but on the other hand, they prefer to have the slides at a distance, in order to be able to read 

easily without being overwhelmed. 
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Abstract 

Visualization tools provide authors with the ability to present large amounts of data in a way that allows the 

user to gain understanding of the data through a simple glance.  This strategy, while useful to the sighted population, 

presents obvious barriers for blind or visually impaired individuals.  Identifying a solution to this problem has 

become more vital, as ever more publicly funded agencies turn to data visualization as a tool for conveying 

information to the public.  In this paper we present a solution based on previous research that allows a system to 

conduct automatic analysis of a line chart visualization to extract and then present it’s intended message.  Previous 

advancements in this area, an implemented prototype of the proposed solution and a description of the platform in 

which it was built are presented, as well as a discussion of the implications of this research and future work. 
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Introduction 

Type the term “visualization” into a web-based search engine, and it is not surprising that 

more than fifty million results are returned.  Clearly, visualization is a huge component of this 

golden age in multimedia.  There are tremendous visualization tools available.  These tools are 

colorful, aesthetically pleasing, even glamorous - but most importantly, they are (and should be) 

informative.  Visualization tools give authors the ability to present huge amounts of data in a 

way that allows the user to gain an understanding with just a glance, and provides an appealing 

solution to a worsening problem known as information overload.  Information visualizations are 

increasingly becoming adopted as a solution for large data dissemination.  Though information 

visualization as a method for information dissemination is incredibly useful for individuals with 

the necessary visual faculties, this method presents obvious barriers to understanding for 

individuals who are blind or visually impaired.  This problem, a lack of accessibility by this 

population to the presented information, is often ignored by organizations and website 

developers.  Recent legal action by groups advocating for comprehensive website accessibility 

has many organizations, particularly those who receive public funding, scrambling to provide 

accessibility [1] that meets the WCAG 2.0 guidelines, which are currently the gold standard [3]. 

In this paper, we present a description of a novel user interface prototype, for the creation 

and manipulation of accessibility features directly within a visualization and analysis system.  

This work is implemented within Weave, which is an open-source web-based analytic and 

visualization platform.  Weave is an ideal candidate for this project because it is open source, 

freely available, and is currently deployed and widely used by a diversity of organizations (many 

of which are publicly funded).  The users of the sites of many of these organizations are 

potentially also individuals who currently do not have access to the information being provided 
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using Weave [4].  The work described here is meant to be employed by website administrators as 

a way to advance a website towards realization of WCAG 2.0 guidelines. 

The user interface provides the administrator with tools to both manipulate and access 

either system -or user- generated textual descriptions of visualizations within Weave.  Access to 

these descriptions must be practical and cost effective.  Users cannot be expected to spend any 

more time or money than a typical user would have to, to obtain the same information.  The 

resulting information is therefore designed to be accessible by technology that is already widely 

adopted by the target population; screen reading software, particularly JAWS [13].  However, 

because of the nature of the implementation, this work is compatible with all types of screen 

reading software. 

The user interface can be used to create visualizations and Weave overview descriptions 

using a manual method, an automatic method, or a combination of these.  The basic case 

provides a novel method for allowing the user to create and adjust manual description 

components.  The advanced case allows the inclusion of automatically generated description 

components.  This system prototype is loosely based on the message category and recognition 

work done by Greenbacker et al [5][6].  Once a message is identified, it is made available via the 

systems graphical user interface as an option for inclusion in the final description.  More detailed 

descriptions of these functionalities and the theory behind them follow in section 4.  We will 

discuss how the chosen software platform extends the usefulness and functionality of related 

work, and creates new research possibilities in section 5. 

Related Work 

There are many approaches to providing alternative methods for accessing graphics, both 

practically and in recent research.  On the Internet, current standards call for website designers to 
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provide a short description via the alt attribute [17], but developers may not always provide this 

information.  Manual creation of descriptions, although a great start, may be inaccurate and 

clearly does not scale.  The automatic components we propose in this paper addressed these 

issues. 

Researchers involved in the SIGHT project [2] have a well-developed system for line and 

bar charts providing high-level summaries of these graphs when they are encountered in 

documents, with additional details on demand.  This research is ground-breaking, but is only 

suitable for static images, thus missing out on the potential to provide users with a better 

awareness of a visualization that has interaction or animation.  It is also focused on providing a 

graph summary after the visualization has been created as an image, thus missing out on the 

potential benefits that our system may offer to a visualization designer, particularly one with a 

specific goal in mind.  SIGHT is also implemented as a browser extension, thus requiring the 

user to download and install additional software, contrary to the system prototype presented in 

this paper.  Further graph summarization methods have been researched, however these are 

either too granular [10] or too general [11] for practical use with a screen reader. 

In the SAGE [14] system, an automatic caption generator for charts was implemented.  

The communicative goal of the graphics is gained by given data points.  SAGE differs from 

SIGHT in that the communicative goal is deduced by reasoning about the communicative signals 

in the graphic [16]. 

The iSonic system, a sonification system for data exploration that was built for blind 

users, allows the user to explore geo-referenced statistical data [12].  This approach takes into 

account interaction but not animation, is limited to geographical data, and is more of a data 

exploration tool rather than a high-level summarization tool. 
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Weave 

Weave is a visualization and analysis platform that is web-based and open source.  It was 

developed by a team of researchers and developers at UMass Lowell in collaboration with the 

Open Indicators Consortium, a diverse team of public and non-profit organizations from across 

the United States.  The size and diversity of the Open Indicators Consortium as a group of 

system stakeholders has resulted in a system that performs well for a multitude of different 

purposes.  This has aided progress toward realization of the Weave mission: to enable anyone to 

visualize any available data for any purpose. 

Progress toward this goal however has been directed at the 85% of the population that is not 

permanently disabled.  This focus on the able-bodied potential user population is also the case 

for most software development projects [7], however by ignoring the 15% of the population that 

is permanently disabled; the Weave project not only loses out on a large potential user 

population, but also fails to achieve its mission. 

Weave is built as a windowing system in much the same way as Microsoft Windows.  In 

any instance of Weave, there can be as many or as few visualizations and data sets as the user 

wants or requires.  Users can add, delete, resize, and minimize windows.  Windows usually 

contain visualizations or visualization components but may also contain explanatory user-

generated text or more complicated functionality such as statistical tools.  As an open-source 

system with a diverse set of stakeholders and users, it is necessary for site administrators to have 

the ability to configure the level of complexity available to the end users. 

Thus, Weave can be as simple or as complicated as necessary, depending on the use case 

which ranges from basic visualization for display/presentation purposes, with all or almost all 

Implementation Platform 
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complicated functionality disabled, to data exploration and analysis, with functions such as 

interactive probing, window configuration, data import/export/subsetting and statistical tools, in 

addition to much more available to the user.  Weave instances can be viewed either as an 

independent web page, or they can be embedded into webpages as just one of many components. 

 

Fig.1. Weave visualization of Foreclosures in Lowell, MA 

Weave’s Users 

Weave was brought to fruition with the support of the Open Indicators Consortium (OIC) 

[4].  The OIC funded and guided most of the development of the Weave platform by 

participating in an agile development process.  Due to the diversity of individuals and 

organizations within the OIC, Weave has been developed to fit the needs of a broad set of users.  

As a result, Weave is suitable for users ranging from a random internet-browsing individual who 

happens to land on a web page that is running Weave, to an academic researcher using Weave to 

analyze complicated heterogeneous data.  Three types of Weave users are defined with an 

accompanying description of how the user interface will uniquely benefit this type of user. 
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Use Case: Typical Internet User 

The simplest case we present here is when an individual with average computer skills 

visits the website of a publicly funded entity, such as a city or town website.  In this case, it is 

reasonable to assume that the user is visiting the site to retrieve information or to perform an 

action that they know this site provides.  This person may encounter an instance of Weave 

embedded into the HTML of this page.  Regardless of the complexity of each instance of Weave 

embedded within any website, the visualization(s) within it have likely been placed there to 

convey a message, probably a message pertaining to the relative data and mission of that 

organization.  In this case, the system described in this paper will aid the user who is accessing 

this page with screen reading software that retrieves the intended message of each instance of 

Weave within that page - extending the reach of that website to include internet users with 

impaired vision.  It also assists the user who does not have the necessary visual literacy to 

interpret a particular visualization or group of visualizations. 

Use Case: Data Analyst 

This use case is “advanced” in that the user is exploring a dataset to try to uncover 

meaning, and in doing so, she or he will probably make use of Weave’s more advanced statistical 

features and visualizations.  Exploration of data sets (visual or otherwise) is a cognitively taxing 

and complex task.  In fact, system design and methods that aid in the task of knowledge 

discovery and data analysis are a major research area and are being approached from many 

angles.  The system described in this paper is uniquely beneficial to this type of user as well.  As 

a visual analyst explores a data set, s/he is constantly changing and refining the visualization 

with which s/he is working.  The automated component of the system described produces 

dynamically generated message components that adjust to reflect changes made to the 
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visualization.  This may support the data analyst by providing a textual interpretation of the 

visual scene. 

Use Case: Website Author or Administrator 

 In this case, the user may be charged with the responsibility of creating or maintaining 

the website of a publicly funded entity such as that of a city or state government or a government 

agency such as the Department of Education.  This user will be using Weave as a website 

component in order to tell a story or to provide a constituent with information, and this person 

may also find it absolutely crucial to ensure that the information or story being provided visually 

using Weave is also available in a more accessible form.  This can be achieved by providing the 

information within the HTML of the webpage, however; design considerations may prohibit this.  

Here, the system being presented allows this user the freedom to make use of both manual and 

automatic components in order to provide the website viewer with a description or story that 

matches exactly with her or his goals.  This description, once created, may have some, all, or 

none of its components automatically generated by the system and, and therefore will change 

dynamically.  Once the description is satisfactory, the website administrator can access it as a 

string variable, using it to populate any text-based areas of a webpage, including regular text 

areas, popup text, or as the alt and longdesc attributes associated with that instance of Weave.  

Automatically generated components of that description will propagate through Weave, updating 

the variable, thus being reflected in the webpage wherever that variable is being used. 

Discussion 

Screen Reader Compatibility  

Weave is a visualization system designed to run on the web.  Most screen readers today 

are compatible with HTML and Flash content, and are able to read textual information from 
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within them.  However, screen readers are not capable of reading images, charts or other 

graphical elements by themselves.  The web standards state that alternative text descriptions 

must be provided for those visuals via the alt attribute.  Those attributes are usually non visible 

on a webpage and read by screen readers in place of the graphic they represent.  Through the 

Weave Javascript API, Weave is able to communicate a sessioned variable back to its containing 

interface to provide the textual information for screen reader.  A sessioned variable is simply any 

runtime variable within Weave that is to be stored in the session state.  We created two variables 

of this sessioned type, one to represent a short description (basic description, explained in section 

4.2) and one to represent a long compound description.  A test webpage was set up to test the 

functionality of this framework, confirming that these string variables are indeed accessible 

outside of the instance of Weave itself from the webpage using common HTML elements.  This 

test webpage was then accessed using the Jaws screen reading software as well as the Mac built 

in screen-reading software, VoiceOver [15], to confirm that screen reading software can indeed 

gain access to the text and properly utilize it.  Additionally, we were able to dynamically link the 

session variables to the alt attribute content for a more streamlined description into the page. 

Automatically Generated Descriptions  

With any graph, there are often a number of levels of descriptions that are possible.  

Consider for example scatter plots.  First is the overall trend which one can think of as the trend 

or regression line and its range, useful for a first pass overview.  A user may want the spread, one 

or two standard deviations; one may want to see an interpolation curve, perhaps focusing on 

inflection points and varying spread.  A user may want to select one or more points and have a 

description of these points, much like probing or brushing.  Each requires a different set of 

messages, each with more detail and requiring more user interactions or specification. 
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In our implementations, we create mathematical algorithms for each description category.  

As stated above, trend messages (increasing, decreasing, steady etc.) are generated using 

regression lines.  Once a best-fit model is obtained, we can further study the inflection points of 

the chart, using first and second derivatives. 

Spreads and/or cluster information are identified using various clustering algorithms, and 

using various clustering metrics such as the Dunn Index.  These metrics allow the system to 

determine whether a given cluster or data partitioning are perceptually relevant to a potential 

user.  For line graphs, the same holds true: overview and range, spread, details on demand, and 

user selection and interaction response [18].  

Thus we see a pattern of information to be conveyed for any visualization.  This can also 

be extended to provide some perceptual interpretations.  For example one could say that the 

slope of the regression line is 2 whereas the data’s actual slope is 1 thereby implying that an 

exaggeration in the actual representation of the data has been made. 

The Weave architecture is based on the concept of session states.  All actions made 

within the system, including visual parameter settings, tool properties and user interactions are 

recorded and this “snapshot of history” is stored as a session state [9].  The session state contains 

all of the information required to restore a given Weave visualization, or instance, to the screen.  

To create a visualization that is accessible to visually impaired individuals, it can be used to 

generate a description of the visualization. 

The session history feature of Weave allows the programmatic creation of specific 

descriptions of visualizations on the fly, even as they are being modified or animated, since the 

parameters in the session state change when the visualization changes.  To do this we use the 

session history to automatically detect certain features of the visualization such as data change 
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and columns replacement.  This data information is then sent to the R statistical package using a 

plug-in to the Weave architecture, which then computes and sends back the necessary Weave 

statistical information that is used to determine and construct messages about that visualization.  

This process is inspired by and partially based on the work of Demir et al [2].  To date we have 

slope information computed statistically, minimums, maximums and standard deviations.  

Currently this process has been implemented for simple instances of line charts for the messages 

of increasing, decreasing, and stable trends as message categories defined in the work of 

Greenbacker et al [5].  An example of an automatic visualization description component 

produced by our prototype system is: “Scatter plot showing GDP by Date, The chart has an 

increasing trend.” 

Fig. 2. A simple scatter plot showing GDP with system generated description, Weave. 

User-Generated Descriptions 

A basic graphical user interface tool was built to facilitate the creation of user generated 

textual descriptions.  This functionality is provided both for the creation of Weave instance 

summarizations, within the main Weave preferences, and for the creation of individual 
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visualization summarizations, within each individual tool’s preferences.  This GUI allows the 

user to manually type in descriptions of visualizations or the entire instance of Weave that is 

accessible from outside of Weave. 

A Weave instance summarization, or an overview summarization, is considered in this 

interface to be a basic description and is referred to as such.  This description is expected to have 

the least amount of detail as it may describe a complicated Weave instance with multiple 

visualizations and is restricted in length to fifty or fewer characters.  An example of a basic 

description is: “Three visualizations showing Obesity prevalence data in the US.” 

 

Fig. 3. General Weave Descripton: Obesity Prevalence in United States – Weave. 

An individual visualization (or tool) description is referred to as a manual visualization 

long description component.  A manual visualization long description component may be more 

detailed than a basic Weave description because it is only representative of, at most, one 

visualization and thus is expected to summarize potentially fewer details.  A manual 
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visualization long description component is also restricted to fifty or fewer characters.  An 

example of a manual description is: “Map showing the obesity prevalence in 1995 in 

Massachusetts.” This type of manual description may be desirable for the interjection of the 

author’s domain knowledge, to emphasize specifics, or human readability. 

Fig. 4. Custom tool Description: Obesity Prevalence in Massachusetts – Weave. 

Compound Extended Descriptions  

Long descriptions are a user-determined combination of the basic description, manual 

visualization long description components, and automatic visualization long description 

components.  For each component that is defined using the interface, a control is dynamically 

created within the long description (aka compound description) interface.  These controls are in 

the form of radio buttons that only appear in the interface once that particular description 

component is defined by the user or generated by the system.  These are designed to allow 

manipulation of the final long description text by toggling the individual description components 

into or out of the long description. 

The order of the components in the long description is determined by the order in which 

they are added or subtracted using the GUI.  The end result is a series of sentences appended 
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together, which may or may not contain the overview sentence or any of the individual tool 

description (manual or automatic) sentences, according to the user’s choice.  An example of a 

long description that has a basic description, a manual visualization tool description, and an 

automatic visualization tool description included may be: “Three visualizations showing BMI 

data in United States.  Line chart showing skyrocketing obesity.  This line chart has an overall 

increasing trend from 1995 to 2010.” 

 

Fig. 5. Compound Extended Description: Obesity Prevalence in United States - Weave 

In addition to the GUI, the long description is also manually editable.  This allows the 

user to adjust the flow of the long description once the necessary elements have been edited.  

This allows complete control over the final long description without forcing the user to re-type or 

remember each of the components.  An example of how this may be used would be to edit the 

example long description sentence above to read “Three visualizations showing Obesity data in 

the US.  Line chart showing skyrocketing obesity, an overall increasing trend from 1995 to 2010. 
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 Alternative approaches – sonification 

The research presented in this paper thus far has primarily considered the use of text-

based equivalents of graphical information.  However, one of the disadvantages of using text 

alone is that, while it can make the content technically accessible, the results can place 

significant cognitive demands on the user, particularly when describing extremely complex 

charts and graphs containing a large amount of data that updates dynamically over a short period 

of time.  Indeed, we recognise that providing a literal, detailed, text equivalent may even have a 

negative effect on accessibility, as users may have to trawl through vast amounts of data to 

identify particular values or to gain an understanding of detailed trends, which may be time 

consuming and possibly even likely to be unsuccessful.  Hence, in order to approach parity with 

visual users by moving away from mere descriptive feedback towards fostering exploration of 

the data, additional approaches may be required.  

One possible approach is the concept of sonification [20] in which the underlying data is 

presented through non-speech audio rather than visually or through text.  An example is the 

Sonification Sandbox hosted at the Sonification Lab at the Georgia Institute of Technology [21].  

Using sonification, data are mapped to multiple auditory parameters (such as pitch and 

timbre/tone), thus essentially providing an auditory “sweep” of the underlying information.  For 

example, the shape of a chart can be mirrored through a dynamically changing pitch (i.e. low 

pitch tones for low values and high pitch tones for higher values), thus providing the user with an 

overview of where there are peaks and troughs, and hence allowing the user to very quickly 

identify where there are outliers or any other oddities which may be difficult to convey in text 

format – particularly if the data is regularly updated at a rapid rate. 
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However, while a significant amount of research has been carried out investigating the 

potential for sonification [22], its application to the Web in the wild is arguably still highly 

experimental at best, and too time consuming and/or expensive to develop at worst.  This is 

compounded by the fact that, while there are some very helpful resources to assist developers to 

provide appropriate equivalents for graphs and charts [23], such resources often only consider 

“flat”, reasonably simple, and predominately static images which convey only a small amount of 

data that can be easily provided in alternative formats such as a simple text-based description or 

a table.  On the other hand, resources which provide practical and pragmatic advice on sonifying 

highly complex, dynamic, graphs and charts to foster exploration rather than description are 

fewer and far between.  Furthermore, there is no “true” standard for creating graphs and charts, 

making it technically very difficult to apply a single approach to sonifying data across different 

environments; for example, graphs may be created as scalable vector graphics (SVGs), using 

tools such as Flash, or even presented as a series of animated static images in JPG or PNG 

format.  

Yet, as graphical information on the Web becomes more complex, there is an argument 

that moving beyond mere text-based equivalent descriptions is becoming increasingly vital to 

ensure that all users are able to understand and benefit from the underlying information. 

Conclusion 

In section two of this paper we presented a comprehensive review of screen reading 

software, sonification, and graph summarization, and explained how these works differed from 

and contributed to the work presented in this paper.  Section three described the software 

platform in which this work was implemented, presenting three different use cases and 

explaining how the work presented in this paper is useful in each of those three cases.  In section 



 Implementing Accessibility in a Widely Distributed Web-Based Visualization and Analysis Platform-Weave   273 

Journal on Technology and Persons with Disabilities 

Santiago, J. (Eds): Annual International Technology and Persons with Disabilities Conference 
© 2015 California State University, Northridge 

four we described the implementation and theory behind this work and gave examples of the 

output produced by each part.  In section five, we argue that additional methods, in particular 

sonification, may be required when content becomes increasingly difficult (not to mention 

demanding on the user) to describe in text format. 

The work presented in this paper describes one of the first automatic visualization to text 

graphical user interface implemented within a visualization and analytic system.  It was designed 

specifically to work with the tools available and already being used by visually impaired 

individuals, specifically screen-reading software.  

However, there are several areas to explore as future work.  First, the work will be 

extended for advanced line charts, which need more message categories for description.  This 

work provides the user with the ability to both manually and automatically adjust a description of 

visualization, but the implications of this hybridization of content contribution have not yet been 

studied.  Since this system automatically generates message text, it may also have interesting 

implications and applications in report generation.  Because the Weave software platform was 

built using a session state based architecture, this work has access to both the visualization and 

analysis parameters in addition to the raw data.  In the future, this may allow us to adjust our 

methods to compute messages about both the visualization and the data, possibly allowing the 

viewer to make comparisons between the two and to gain insight into the truthfulness and 

accuracy of the visualization being presented. [19].  We also intend to study the effect that the 

availability of a dynamically changing high-level message has on a visualization designer, by 

presenting designers with a basic goal and observing the design process to see if it is affected by 

an accurately changing message. 
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Abstract 

Survey data shows that people with vision impairment are less likely to be in employment than the 

general population.  This is particularly true for younger people, with secondary data analysis suggesting that 

42.8% of those aged 16-25 in the UK Labour Force Survey who have vision impairment (VI) are NEET (not in 

employment, education or training).  Research evidence has identified potential barriers and enablers which can 

influence whether a young person with VI successfully makes the transition from education into employment.  

One of the most significant enablers identified is being equipped with the skills to be able to independently 

access information.  Researchers working on the Longitudinal Transitions Study have observed a movement 

away from specialist devices and software by young people with VI, towards the use of mainstream devices 

with inclusive design.  The young people are finding that not only are these devices accessible to them; they can 

also use them as assistive tools.  

These findings also have implications for educators and policy makers in guiding the young people how best to 

use this equipment in educational settings, whilst still ensuring that they leave education equipped with the 

range of skills required once in the workplace.  
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Introduction 

Background 

Research evidence shows poor employment outcomes for people with VI.  Drawing 

upon survey research, we know that the UK employment rate of people with VI is very low 

(just 33% for those registered as blind or partially sighted) in comparison with 75% of the 

general working-age population (Douglas et al, 2009; Clements and Douglas, 2011).  Around 

0.2% of the UK population aged 16-25 is estimated to have a VI of sufficient severity to 

require specialist educational support (Morris and Smith, 2008), and/or for them to meet the 

Disability Discrimination Act definition of long-term disabled (Meager and Carta, 2008).  

Recent secondary data analysis of the UK Labour Force Survey suggests that 42.8% of young 

people who are long term disabled with a seeing difficulty aged 16-25 year olds were NEET 

(not in employment, education or training); this compares to 21.7% of in the general 

population (Hewett, 2015).  

Previous research evidence has identified factors which are thought to indicate a 

successful transition into employment for a young person with VI.  These include: 

educational qualifications; mobility; computer/low vision access skills; independent living 

and learning skills; and social networking skills (e.g. Douglas et al 2009; Clements and 

Douglas, 2011; Capella McDonnall, 2011; Cmar, 2015; Wolffe 2000; and Wolffe and Kelly, 

2011).  Traditionally, information access skills for a person with VI would include their skills 

for using assistive technology, reading braille and using specialist tools like low vision aids.  

Recent research evidence demonstrates that it is also important to consider the use of 

inclusively designed mainstream technology (Hewett et al 2014).  Inclusive design can be 

defined as “The design of mainstream products and/or services that are accessible to and 

usable by, as many people as reasonably possible…without the need for special adaptation or 

specialised design” (British Standards Institute, 2005).  Arguably, good design has always 
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been inclusive, but recent attitudinal, legislative and technical developments have meant that 

there are many more inclusively designed technologies now on the market.  As these 

technological advancements are recent, evidence of their use has tended to be anecdotal.  

The Longitudinal Transitions Study was conceived by UK based charity Royal 

National Institute of the Blind in response to concerns relating to the employment outcomes 

of young people with VI.  Conducted by the Visual Impairment Centre for Teaching and 

Research, this study has been following the transition experience of 80+ young people with 

VI since summer 2010 as they left compulsory education (aged 16) and moved into further 

education, higher education, apprenticeships and employment.  As skills for access to 

information has been identified as a key indicator in a successful transition of a young person 

with VI into employment, this is something we have focused on in various data captures.  

This paper looks specifically at our findings relating to the participants use of mainstream 

technology. 

Method 

Eighty two participants were recruited through local authority education services 

based in the midlands regions of England and Wales.  Prior to recruitment the study received 

ethical approval through University of Birmingham Ethics Committee, along with all 

subsequent interview schedules.  To be eligible for recruitment it was necessary for 1) the 

participants to be receiving support in education in relation to their VI; and 2) for participants 

to be able to independently complete a questionnaire.  This means that we have recruited 

participants with a broad range of a vision impairments (from those who have high levels of 

functional vision to those who would not have any light perception) and also that we have not 

recruited any participants with complex learning difficulties.  Participants were aged 13-16 at 

time of recruitment. 
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The participants have been interviewed twice a year through semi-structured 

telephone based interviews which were audio-recorded, transcribed, and then analysed 

through basic summary statistics and thematic analysis.  Due to the nature the study, not all 

participants have taken part in each data collection, and over time some participants have 

either withdrawn, or the research team have lost contact with them.  Findings to date have 

been presented in a series of technical reports (see Hewett, et al 2011; 2012; 2013; 2014).  

Table 1. Overview of some key characteristics of the participants (N=82) 

Characteristic Total (N) Total (%) 

Gender 

Male

Female

37

45

45%

55%

Preferred reading format 

Normal to large print (pt 12-17)

Large print (pt 18-27)

Very large print (pt 28+)

Braille

37

27

4

14

45%

33%

5%

17%

Type of school at time of recruitment 

Mainstream/mainstream school with attached resource base

Special school

Mainstream/mainstream school with attached resource base

66

16

66

80%

20%

80%

Additional Special Needs 

Yes

No

Unknown

13

58

11

16%

71%

13%

Statement of Special Educational Needs 

Yes

No

Unknown

54

18

10

66%

22%

12%

Table 1 provides an overview of some of the key characteristics of the 82 participants. When 

making comparison to the population from which we recruited, we note there is a slight 

overrepresentation of participants who read braille. This overrepresentation is partly because 

we recruited from a specialist school which was very supportive of the research, and also 
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intuitively we would also expect those with more severe VI to be more likely to participate as 

they are more likely to find the research of relevance to them.  Two thirds of participants 

reported having a Statement of Special Educational Needs (this is a legal document used in 

the UK which details how a young person with special educational needs was to be supported 

by and beyond the school).  

Research questions 

This paper addresses the following research questions: 

1. What mainstream devices do young people with VI use?

2. What do young people with VI use mainstream devices for?

3. In what ways do young people with VI use mainstream devices as assistive tools?

Findings 

A movement towards mainstream devices 

Throughout the longitudinal study we have noted a general movement by the 

participants towards the use of mainstream technology.  By this we mean devices which have 

been designed for use for the general population, rather than specialist devices which have 

been designed specifically for a person with some form of disability.  As examples: instead of 

choosing to use specialist magnification software, the young people would instead use 

functions available on their computers (e.g. enlarging text or icons); instead of using a 

computer with a specialist screen reader, they would use a computer which has speech 

software built into its operating system.  Similarly, in the autumn 2014 interviews, while all 

of the participants reported using mobile phones, only one used a mobile phone which had 

been specifically designed for people with vision impairment.  Additionally, almost half 

reported using mainstream devices like tablet computer, e-readers and MP3 players.  
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Table 2: In what ways do the participants prefer to access a computer? (N=62) 

Access a Computer Total (N) Total (%) 

Computer with no adjustments 18 29% 

Computer with basic adjustments 15 24% 

Computer with specialist software/equipment 22 35% 

Computer with inbuilt accessibility options 7 11% 

Total 62 100% 

The participants would use this technology for a variety of tasks.  For example, those 

participants who spoke of using their mobile phones for activities such as: texting (37); 

making phone calls (29); social networking (22); using the internet (18); games (8); Email 

(7); listening to music (7); using the camera (5); listening to audio books (4); and navigation 

and travel (3).  Tablets were used for similar purposes, and also work/study (4). 

Accessibility of mainstream devices 

The participants spoke of how these devices had proved to be particularly accessible 

to them as a young person with VI.  Beneficial features they identified included: 

zoom/magnification options; inbuilt screen readers; the ability to adjust text size; the ability 

to change the screen contrast and brightness; and voice recognition.  Table 3 summarises the 

features the young people identified (and gives further explanation of these features, and 

example quoted responses).  What is of particular note is that the features that the young 

people spoke of are standard within these devices, meaning that it is not necessary for them to 

download (and pay for) additional software or apps.  In fact, several of the features they 

benefit from would be used by the general user with normal vision (e.g. zooming in on the 

screen and adjusting the text size and screen brightness). 
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Table 3: Features identified which make mainstream devices more accessible to young people 

with a visual impairment 

Feature (N) Explanation Example response from 

participants 

Zoom option A common feature on touchscreen 

devices, where you can use your 

fingers on the screen to control the 

level of magnification on the 

screen.  Within some devices there 

is also an option to specify a certain 

level of magnification that you 

wish to use, and the device will 

automatically zoom in to that point 

when directed.  

“And you can just zoom in by 

touching it.  It’s so much easier.  

Cos when I was using my laptop 

and having to magnify things it 

was so frustrating it really 

frustrated me, when you’re trying 

to get work done.  You’ve got to 

keep moving the mouse around to 

get the magnifier in the right order, 

it’s just an absolute nightmare! 

Whereas with the iPad you can put 

it where you want, and you can 

move it across slightly, it’s so 

much easier.” 

Inbuilt screen 

reader 

This speech technology comes built 

into the devices operating system, 

and therefore there is no need to get 

additional software installed on the 

device.  

 

“But I do use, now and again, on 

all three devices, the voiceover 

feature.  That’s sometimes if my 

eyes are tired or the text is really, 

really small rather than my 

magnifier.  So I just turn that on 

and use that.” 

Ability to enlarge 

text 

Built within the operating system of 

many devices it is possible to 

change the default font size that is 

used, so the text of, for example 

emails, will be displayed at the 

preferred size of the user 

“I use my Kindle regularly.  

Because I can make the font size 

whatever size.  If my eyes get tired 

I can get it to read to me, and also, 

when I go blind [..].  I love reading 

so my ways of reading books 

haven’t gone as well.” 

Ability to change 

contrast/brightness 

Many devices have the option to 

adjust the screen brightness and 

also to change the colour contrast 

(e.g. white text on a black screen, 

inverted colours)  

“I mean, I have changed colour 

schemes, where the contrast is 

different with my phone, so the 

writing is more visible…” 

Voice recognition This includes being able to dictate 

messages through voice 

recognition, and also the ability to 

give verbal instructions to the 

device to do something, rather than 

having to input instructions via the 

touch screen / keyboard. 

“Yeah.  I have the voice control 

thing, so if my eyes really hurt I 

can talk to it and it will do what I 

want it to do.” 
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Mainstream technology being used as assistive aids 

Over 60% (38) of the young people who took part in the autumn 2013 interviews said 

that they would use mainstream technology as assistive tools to help them with their VI.  By 

this we mean that they would use their device to help them access information that they 

would not have been able to access independently otherwise, in the same way they would use 

specialist assistive tools such as low vision aids.  Of the sixteen who said that they would not 

use their devices in this way, in some cases they seemed unaware of the options that may be 

available to them.  For example, one young person said that she would not use her iPhone to 

read for a long period of time, as the writing was too small, and then continued by saying that 

she did not have any “magnifying stuff on there”.  In fact, the inbuilt accessibility options on 

iPhone has a zoom function and an option to change the text size, as referred to by a number 

of the other participants.  Those who said that they would use their mainstream devices as an 

assistive aid were asked to give examples.  The responses that they gave have been grouped 

together into themes and are presented in Table 4.  
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Table 4: Examples of ways in which the participants would use their devices as assistive aids 

 

Feature (N) Explanation Example response from 

participants 

Using devices to 

make it easier to 

access text 

(N=21) 

Using mainstream technology to 

help them read text that they would 

struggle to access otherwise.  This 

could include adjusting the font size 

on their devices to one which they 

were more comfortable with, using 

magnification tools to enlarge text, 

and using their device as a means of 

accessing electronic books.  

“If I had to do any reading, 

research on the internet and things, 

that I will use my iPad, because I 

can just zoom it in, and stuff.  I 

used it on UCAS [Higher 

Education application system] 

because UCAS is really difficult to 

reformat it, so my iPad can just 

zoom it in… Oh yeah, and music.  I 

have some piano music on my 

iPad, so I can zoom in on it, instead 

of printing off reams and reams of 

paper!” 

Using screen 

readers to access 

information/text 

to speech to input 

information 

(N=9) 

Using either inbuilt screen readers 

in their devices to be easily able to 

access information, or use text to 

speech to input information. 

“Like I have used, on the S3 mini, 

the phone, I have used the text to 

speech, as well as the speech to 

text, which helps to read the 

emails, as well as read text, it will 

say, and I can tell it what I want, 

and the message and send it.” 

Navigation/travel 

(N=11) 

Using their devices to help them 

with navigation and travel.  This 

ranged from planning routes, to 

using GPS and accessing train 

times.  

“[..] Navigating around the town.  I 

don’t need it for much else as far as 

assistance goes.  But it’s a lot 

cheaper to buy an iPhone with 

some speech software on it, than it 

is to buy a Trekker Breeze 

[specialist navigation device] as a 

separate purchase.” 

Using inbuilt 

camera as a 

magnifier (N=8) 

Using the inbuilt camera in their 

devices as a form of electronic 

magnifier. 

“What I tend to do is take a picture 

of the [train departure] board, and 

then zoom in on my phone.  Which 

I guess is using it as a tool.” 

Using specialist 

apps (N=6) 

Using specialist accessibility apps 

which have been designed 

specifically for people with visual 

impairments, and are available in 

the form of apps which can be 

downloaded to their devices for a 

minimal charge.  The apps used by 

the participants included colour 

detectors, text recognition, scene 

recognition apps, and braille tuition 

apps. 

“I use something called ‘Tap Tap 

See’, which is an app where you 

can take a picture of something and 

it will give you a sort of description 

of what you have taken a picture 

of.” 



 Inclusive Design- Its Impact on Young People with Vision Impairment 286 

Journal on Technology and Persons with Disabilities 

Santiago, J. (Eds): Annual International Technology and Persons with Disabilities Conference 
© 2015 California State University, Northridge 

 

Discussion 

We consider the implications of these findings in three contexts:  

1. Implications of findings: for specialist teachers 

For those working with these young people, and in particular specialist teachers of VI 

children, it is important they are knowledgeable of developments in mainstream equipment.  

The fact that these mainstream devices are accessible for young people with VI is something 

to be celebrated, as it gives them the opportunity to use the same devices as their peers.  

However, we have anecdotal evidence that specialist teachers in the UK do not have 

sufficient resources to learn about these advancements and instead they are learning about 

them through the young people themselves (a good thing, but not sufficient in itself).  Whilst 

the devices are inclusive, training may be required for the specialist teacher to be able to 

teach the young person how to most effectively use the equipment, and also to guide class 

teachers in how to best use the equipment in the classroom. 

2. Implications of findings: for policy makers 

These findings are significant to policy makers making decisions regarding the 

funding of equipment for young people with disabilities such as VI.  For example, the 

Disabled Student Allowance (DSA) scheme for students in Higher Education in England 

would generally only fund specialist devices like braille displays, or devices such as laptops 

to run specialist software.  However, generally DSA would not fund equipment that is 

deemed to be used by the general population.  Our research demonstrates that whilst young 

people with VI use these devices in similar ways to their sighted peers, they have also 

provided evidence of how they benefit from using their devices as assistive aids, which can 

help them overcome barriers that they may face associated with their VI.  

3. Implications of findings: for future of specialist technology and software 
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Finally, these findings could be used to argue that specialist equipment may become 

redundant.  We would urge some caution in reaching such conclusions.  Many of the 

participants were still using specialist devices for some tasks – refreshable braille devices in 

particular were highly valued by students in higher education as it enabled them to follow 

both the lecture notes and also listen to the lecturer.  However, they would use this specialist 

technology in conjunction with their mainstream devices, with one complimenting the other.  

Recent developments of inclusive design by manufacturers of mainstream technology have 

provided more choice, and greater flexibility.  

Conclusions 

Our research findings show that young people with VI are using a range of 

mainstream devices in order to access information.  Not only have they discovered that there 

are features within these devices which make them to be accessible, they have also 

discovered often imaginative ways in which these devices can be used as assistive aids, to 

help them independently overcome challenges which they may face as a result of their VI.  

For young people with VI in education this is something which they have welcomed, as they 

have the opportunity to use the same equipment as their peers, removing that perception of 

being ‘different’.  

At the same time the evolution of inclusively designed technology promotes some 

challenges.  For educators, and in particular specialist teachers of those with VI, they need to 

be provided the opportunity to understand these developments.  They need guidance on how 

best this equipment can be applied in education, and how best this can be incorporated into 

the educational curriculum.  There is also a need for research into developing best practice for 

balancing the use of mainstream devices and specialist equipment in the classroom, to ensure 

that the students leave education with a range of skills which they can draw upon.   
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Some of the young people became reluctant to use specialist software and equipment, instead 

preferring to use their mainstream devices.  Whilst this may be appropriate in education, it 

does raise the question of whether once in employment their preferred means of accessing 

information will be sufficient.  We will continue tracking these young people and observing 

the technology which they use once they reach the workplace. 
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Abstract 

Individuals with neuromotor speech disorders due to conditions such as Multiple Sclerosis , Parkinson 

Disease and Cerebral Palsy have soft and slurred speech. These individuals require intervention to increase vocal 

loudness and to reduce speech rate. Traditional therapy is successful in a clinical setting but does not readily 

generalizable to daily conversations. Technological innovations may help address the need for in-the-moment 

feedback. In previous work, we developed SpeechOmeter, a Google Glass application that allows users to monitor 

and increase their vocal loudness by providing visual feedback in real time. To incorporate speech rate feedback in 

the visual design, we modeled a set of user interface designs that simultaneously provide feedback about vocal 

loudness and speech rate. We then evaluated the efficacy and efficiency of these different designs and discovered a 

set of rules that may help to create unobtrusive visual feedback on small displays for individuals with cognitive and 

visual symptoms associated with neuromotor speech disorders. 
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Introduction 

Dysarthria is a speech impairment that accompanies neuromotor disorders such as 

Multiple Sclerosis (MS), Parkinson Disease (PD) and Cerebral Palsy (CP). It impacts strength, 

speed, range, steadiness, tone, and accuracy in one or more of the speech subsystems: 

respiration, phonation, resonation, and articulation (Duffy; Kathryn M. Yorkston et al.). 

Although different speech disturbances are found across dysarthria types, a common feature is 

reduced speech clarity (Duffy). Decreased intelligibility can lead to reduced communicative 

participation (Baylor et al.), defined as “taking part in life situations where knowledge, 

information, ideas, and feelings are exchanged” (Eadie et al. 309). Many patients consider the 

impaired ability to communicate to be one of the most difficult aspects of having dysarthria. Soft 

voice, monotone, breathy, hoarse voice quality, and imprecise articulation (Darley, Aronson, and 

Brown, “Differential Diagnostic Patterns of Dysarthria.”; Darley, Aronson, and Brown, “Clusters 

of Deviant Speech Dimensions in the Dysarthrias.”; Logemann et al.) contribute to limitations in 

communication in the vast majority of individuals (Pitcairn et al., “Non-Verbal Cues in the Self-

Presentation of Parkinsonian Patients.”; Pitcairn et al., “Impressions of Parkinsonian Patients 

from Their Recorded Voices.”). Therefore, many speech interventions aim to increase speech 

intelligibility to enhance social participation and life fulfillment (Eadie et al.; O’Halloran, 

Hickson, and Worrall). 

In a client-clinician setting, clinicians typically use two intervention strategies to increase 

speech intelligibility: 1) reducing speech rate (Kathryn M. Yorkston et al.; Yorkston and 

Beukelman; K. M. Yorkston et al.) and 2) increasing speech loudness (Solomon, McKee, and 

Garcia-Barry; Ramig et al.; Theodoros et al.). Lee Silverman Voice Treatment (LSVT), which 

focuses on speech loudness, has shown to improve speech clarity for individuals with PD (Ramig 
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et al.) and has also shown promise for individuals with MS (Sapir et al.), CP (Fox and Boliek), 

and Down Syndrome (Petska et al.). These treatments have limited efficacy because 1) clients 

have difficulty adhering to treatment in the absence of clinician cues, 2) LSVT requires maximal 

effort at all times which can be fatiguing, and 3) clinicians have limited insight into treatment 

adherence and performance. 

SpeechOmeter 

SpeechOmeter (Pervaiz and Patel) is a heads-up interface that provides users with real-

time visual biofeedback cues regarding their vocal loudness when engaged in daily conversation. 

It allows users to speak at less than maximal effort by measuring the ambient noise level and 

motivating users to speak up to 5 dB higher by displaying the vocal loudness on the heads-up 

display. The display represents the target loudness range of 5 dB as 8 bars such that when a user 

speaks at 5 dB above the ambient level, all bars turn green. It also provides users and clinicians 

with performance and adherence statistics that can be computed over a few minutes to a full 

week so that clinicians can customize training.  

Feedback Design 

Inclusion of speech rate feedback required modification to the SpeechOMeter interface. 

The original SpeechOmeter interface only provided loudness cues in the form of a stack of 8 bars 

that turn green in proportion to the user’s loudness level. The dual loudness and rate feedback 

display needed to account for cognitive and visual limitations associated with neuromotor 

disorders such as decreased information processing speed and diminished attention (Chiaravalloti 

and DeLuca; Berry). As a first step, we designed four feedback schemes and evaluated the 

efficacy of each on the target population.  
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Fig 1. Feedback-1 illustrating speech rate with a thick solid arc and a needle sliding across from 

left to right and speech loudness by height of the colored fill underneath the arc. 

The first scheme (Feedback-1) in Fig.1, illustrated speech rate in the form of a 

speedometer: a thick solid arc (180° degrees) with a needle slid across from left to right. The arc 

was divided into three equal regions of different color to show ideal and less than ideal speech 

rates. Speech loudness in Feedback-1 was represented by the height of a colored fill underneath 

the arc.  

 

Fig 2. Feedback-2 illustrating speech rate with a 30 degree arc sliding over a curved path 

while speech loudness by height of the colored fill underneath the arc. 
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In Feedback-2 (Fig. 2), a 30° arc replaced the needle from the previous visual, slid over a curved 

path, and changed color when speech rate was too high. Meanwhile, the loudness visual 

remained unchanged from Feedback-1. 

Fig 3. Feedback-3 illustrating speech rate with the fill of a 220 degree arc increasing from left to 

right and speech loudness by number of visible bars underneath the arc. 

In Feedback-3 (Fig. 3), the fill of a 220° arc increased from left to right to show speech rate. 

Loudness was indicated by the number of visible bars, with up to 8 bars filled, that were 

stationed underneath the arc. 

Fig 4. Feedback-4 illustrating speech rate with the number of visible steps of a discrete arc and 

speech loudness by the number of visible bars underneath the arc. 
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In Feedback-4 (Fig. 4) the arc from Feedback-3 was divided into 20 discrete steps and to show 

less than ideal speech rate it changed color beyond the 13th step (from the left). Loudness was 

again indicated by the number of visible bars, but the distance within the loudness bars was 

increased. 

User Experiment 1 

Five participants with speech disorders resulting from secondary progressive Multiple 

Sclerosis (MS) were recruited at The Boston Home, which is an assisted living facility for 

individuals with MS. Participation was voluntary with no compensation. Two participants were 

female and 3 male, with a mean age 58 years (range: 49 – 65). Participants were diagnosed 

between 20 and 40 years (mean: 31.6) previously. 

Participants wore the Google Glass system in four 9-minute sessions. In each session, 

they viewed one feedback style and were asked to inform the experimenter if/when they noticed 

a change in speech rate or loudness feedback, where feedback was altered 10%, or 20%, or 30%. 

At the end of each session participants completed a SUS (System Usability Scale) questionnai re 

(Lewis and Sauro), a ten-item Likert scale that provided a global view of subjective assessments 

of usability. 

Results 

The results (Table 1) indicated that participants rated Feedback-1, with a needle sliding 

over an arc to represent speech rate, the highest (average score of 46.4 out of 50), and Feedback-

4, with discrete speech rate and loudness, second highest (average score of 42.4) in terms of 

preference. 
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Table 1. Average SUS Scores 

Feedback 1 Feedback 2 Feedback 3 Feedback 4 

Average SUS scores 46.4 31.6 39 42.4 

During interviews, participants stated that Feedback-1 reminded them of a speedometer of an 

automobile. Individuals in the experiment favored Feedback-4 because it was easier to perceive 

changes when provided in discrete steps. Participants also appreciated the change in color when 

speech characteristics were not ideal. 

Experiment Limitation 

One limitation with this experiment was that participants continuously gazed at the 

feedback screen, which was not particularly naturalistic. Since typical conversations are more 

engaging, we modified the experiment to simulate a more realistic conversational interaction. 

 User Experiment 2 

In Experiment 2, we documented the same 5 participants’ input and gaze to the feedback 

screen during conversation for each of the four 9 minute sessions. To record participant input and 

gaze we developed two mobile applications: 1) User input recorder, and 2) User gaze monitor. 

The user input recorder allowed participants to tap on the phone screen every time they observed 

a change in the feedback. The user gaze monitor allowed researchers to monitor participant gaze 

by continuously touching the phone screen as long as the participant maintained their gaze to the 

feedback screen. 

The Google Glass device displayed feedback to the participant who, instead of verbally 

informing the experimenter about the feedback change, recorded it through the user input 
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recorder. The experimenter documented the duration of a participant’s gaze shift towards the 

Google Glass display on the user gaze monitor. During this experiment the researcher engaged 

the participant in conversation and asked questions to elicit continued dialogue. The number of 

misses (every time a participant missed a feedback change) and gaze duration towards the 

feedback screen were tabulated. 

Results 

The results (Table 2) showed that the percentage of misses and gaze percentage for each 

feedback were 86.2%, 73.7% (Feedback-1), 27.5%, 43.5% (Feedback-2), 24.5%, 41.7% 

(Feedback-3), and 17.7%, 38.2% (Feedback-4), which indicates that Feedback-4 had lower 

misses and lower gaze percentage. 

Table 2. Average % misses for feedback change, and average % gaze towards UI screen 

Feedback 1 Feedback 2 Feedback 3 Feedback 4 

% Misses 86.2% 27.5% 24.5% 17.7% 

% Gaze 73.7% 43.5% 41.7% 38.2% 

Discussion 

In experiment-1, participants preferred Feedback-1 (Fig. 1) the most because it reminded 

them of an automobile speedometer, an entity that they are familiar with in real life. They also 

liked different color representations in the user interface for ideal, and less than ideal, 

performance. Participants found that it was easier to recognize changes in the feedback if the 

change was in discrete steps as opposed to continuous change. 

Some of these results are not generalizable to daily conversation because during 

experiment-1 the participants continuously gazed at the feedback displayed by the Google Glass 
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device. This is not an acceptable behavior in a real conversation where conversational partners 

maintain eye contact. As a result, in the second experiment we elicited a conversation from the 

participants while changing the feedback. The participants were then asked to monitor visual 

feedback in their peripheral vision.  

From experiment-2, we determined that despite the visual appeal of Feedback-1, this 

design performed poorly when participants were engaging in regular conversation. Participants 

missed a higher percentage of feedback changes, despite frequently gazing the UI screen. In 

contrast, participants were able to monitor feedback change better in Feedback-4 (Fig. 4) while 

spending less time gazing at the UI screen. Besides Feedback-4, Feedback-2 and Feedback-3 

also performed better than Feedback-1. The reason Feedback-1 had higher error rate was because 

it is difficult to monitor a small needle in peripheral vision.  

Conclusions 

We applied user center design process to extend the SpeechOmeter interface to include 

speech rate feedback for individuals with neuromotor disorders. The extended system will 

provide training for two commonly used speech intervention strategies 1) increasing speech 

loudness and 2) reducing speech rate. In a daily conversation, users will be able to monitor 

speech loudness and to increase speech clarity. The ultimate goal is that these online visual cues 

will improve their social participation and life fulfillment.  

 With regards to interface design, the current user experiments suggest that visual 

feedback for users with neuromotor disorders and concomitant motor and visual impairments 

should be simple and easy to view. Performance changes in feedback should be in discrete steps 

and unsuccessful performances should be highlighted by a change in color. Additionally, for 

ecological validity, we learned that user experiments should be performed while engaged in 



 Speech Biofeedback on Google Glass for People with Neuromotor Speech Impairments  300 

Journal on Technology and Persons with Disabilities  

Santiago, J. (Eds): Annual International Technology and Persons with Disabilities Conference 

© 2015 California State University, Northridge 

conversational dialogue. 
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