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Abstract 

Visual programming languages are commonly used to help novice programmers learn 

introductory computer science, but accessibility is lacking. Most people who are blind use screen 

readers to convey the information displayed on the computer screen, but the keyboard support and 

the graphical blocks used in programs make block-based programming inaccessible.  Source code 

is traditionally text-based, and thus can be conveyed by a screen reader when the user is 

programming in text editors or several accessible programming environments (e.g. Visual Studio, 

Eclipse).  As part of our ongoing work to make block-based programming accessible to users with 

visual impairments, we explore the role that audio can have as cues to help users understand the 

structure of their code.  In doing so we compare different types of audio cues and ascertain those 

which are useful and preferred by users. The participants conduct a set of tasks using a mock-up 

based on Google Pencil Code. Our initial feedback with three participants indicated that while 

speech could convey a programs contents, the use of earcons was preferred. 
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Introduction 

 In computer science education, learning traditional text-based programming languages 

can be difficult for beginners, whether they are sighted or blind.  Currently, sighted individuals 

also have the option to learn programming through block-based, visual programming languages 

(VPLs) such as Scratch (Wikipedia, 2014).  The differences between the two types of 

programming paradigms lies in how programs are created and represented. In traditional text-

based programming, languages require the programmer to construct a program via text and 

according to the language’s syntax.  VPLs in turn represent the language’s components as blocks 

whereby the program is represented as a list-like structure of blocks, where each represents a 

command, structural component, or other programming construct.  In order to add a block to a 

program, the user locates the desired block within a menu that is usually organized by block 

type.  Additionally, the skeuomorphic representation of commands as colorful blocks (often 

resembling rectangles or polygons) helps sighted programmers distinguish different kinds of 

blocks from each other. 

Block-based languages for blind or visually-impaired programmers may seem 

paradoxical, but the benefit of block-based languages is both sighted and visually impaired 

programmers – the programmer can focus on the semantics of the language rather than the 

syntax of the language (Ludi and Spencer, 2017).  Also, block-based programming user 

interfaces and programs are more structured than conventional text-based programming 

languages.  Thus, the more structured programming languages increases efficiency of navigating 

through programs (Baker, Milne, and Ladner, 2015). Therefore, block-based languages facilitate 

an easier programming experience in general due to the discrete, block-like structures, which are 

usually visually represented. The block-based structure’s separation of information can allow 
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block-based languages to also be conveyed through audio (if the programming environment is 

designed correctly). In other words, block-based languages can allow programmers-in-training to 

learn the semantics of programming before they learn syntax, allowing them to focus on learning 

computer science concepts (Bau et al., 2015).  Learning the semantics and paradigms of 

programming is more important for beginners because everything else in computer science stems 

from this. The primary feature of block-based languages reduces the need to learn syntax as it is 

encapsulated within the blocks, thus allowing programmers to find, drag, and drop the block into 

their program, as sequence of blocks. This eliminates the need to recall the syntax for a certain 

command, which is an essential aspect of all text-based programming languages.  The missing 

piece is to design the features needed in the block-based programming tools to provide access to 

persons with visual impairments. 

 As blind programmers cannot view either the text or blocks, the need to audibly represent 

the content and structure of their programs exists.  The use of screen reader persists in terms of 

user interface navigation and information conveyance.  So far, the block-based environment we 

are basing our mock-up on is Pencil Code, which is open source (Pencil Code, 2015).  

Technically Pencil Code is a hybrid as the user can seamlessly move between a block and text 

representation (Bau et al, 2015; Weintrop and Holbert, 2017). The reason we chose Pencil Code 

as our target environment lies in its technical implementation. One of the most popular VPLs 

today is Scratch. However, it is currently implemented using inaccessible technologies, making 

screen readers are unable to access them (Resnick, et al, 2009).  On the other hand, Pencil Code 

is used less than Scratch, but because it is written in HTML5, it is compatible with screen 

readers. Furthermore, its ability to switch between editing programs in blocks and text 
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(specifically, the Python programming language) assists learners in making a smooth transition 

from visual programming to traditional text-based programming (Weintrop and Holbert, 2017}.  

 Pencil Code is comprised of three different sections.  The first section is block selection, 

which is where a user can choose blocks to add to their program. Each block represents a certain 

command. For example, a user wishes to use the command “move forward.” The second section 

is the program, where each “line of code” (in text-based programming language terms) is a code 

block, and a block represents a certain command. If the user added the “move forward” block to 

the program, then a turtle would move forward. This turtle indicates the position of the program 

on the output grid, which is the third section of Pencil Code. Its origin is at the middle of the 

grid. The turtle lies on the grid and starts at the origin facing upwards. It can be controlled with 

various commands from the program that make the turtle move around the grid, wear something, 

change in size, or draw something with a pen as it moves. This grid is two dimensional. Having 

the pen enabled at the start of a program can allow the movement of the turtle to draw various 

geometric shapes in different colors and different thicknesses.  While the scope of this paper uses 

the general design layout of Pencil Code in a mock-up that simulates a block-based environment, 

future work will focus on other user experience aspects (e.g. navigation, keyboard support). 

 The scope of this paper concerns the role that auditory cues that can serve to help in the 

understanding of the structure of code via code navigation – a persistent challenge to persons 

who are blind (Albusays, Ludi and Huenerfauth, 2017).  Three different types of auditory cues 

were compared: speech (from the screen reader), earcons, abstract musical sounds; and 

spearcons, sped-up speech. Our research questions about the effectiveness of these auditory cues 

are: 
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1. What is the most effective usage of each type of auditory cue, in this experiment 

speech, earcons, and spearcons, in code traversal? Which one is most intuitive? Most 

pleasing? 

2. What is the most effective auditory cue for block identification? 

3. What is the optimal placement of auditory cues to facilitate navigation of block-based 

code? 

Related Work 

 Two areas of interest in this paper relate to the use of audio cues in user interfaces, as 

well as in the task of programming.  In the early stages of earcons, Brewster, et. al investigated 

the effectiveness of each individual property of sound in order to determine which properties 

were most distinguishable from each other. They determined that differing musical timbres were 

more effective than varying simple tones. However, there was no statistical difference between 

the effectiveness of musical earcons compared to “simple” earcons (i.e. sine waves, square 

waves, sawtooth, and a combination of the three). Furthermore, musicians were no better at 

recognizing different timbres than non-musicians. However, this experiment reveals that 

musicians were indeed better at recognizing pitch than non-musicians. The author attributes 

musicians’ pitch training to their higher accuracy in pitch recognition. Therefore, to create 

earcons accessible to everybody, they should have differing timbres. 

 The structure of code can be likened to a hierarchy of commands and related structures.  

The Yalla, Pavani and Walker study explores how visual menus are currently designed and 

function, then extrapolating proposed methods to represent these menus through auditory cues. 

The two main menu types are simple and hierarchical: the former would simply be a listing of 

choices (items), while the latter is a tree-like structure and has multiple levels (depth) and items 
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at each level (breadth). For visual hierarchical menus, the optimal balance of depth versus 

breadth depends on the screen size of the screen used to display the menu. To help make menus 

more accessible, this paper initially explores systematic ordering. Alphabetical ordering is the 

most intuitive, while ordering by frequency is another plausible option. However, beyond order, 

there are bigger issues associated with traversal of menus: feedback of where they are and faster 

text-to-speech of the menu’s content are needed. Two earcon schemes are proposed to determine 

traversal of a specific level. The first is to incrementally increase the pitch as menu traversal 

proceeds. The second uses two beeps per item hovered over, one for the location and another 

reference beep for the last beep; as the first beep sounds increasingly similar to the other, the 

traversal of a certain menu is getting closer to the end. For depth traversal, there are three 

proposed earcon methods. The first proposal has the top level playing one sound, with each level 

below that playing its unique sound added to the top level’s sound, and so on. The second 

proposal is similar to the first, except each level depth plays the same sound. The third proposal 

retains unique sounds for every single level but does not combine previous levels’ sounds like 

the first. These varied proposals offer a variety of choices for optimizing accessibility of menu 

usability.  We considered these options as we designed our audio cues. 

 As our team’s project seeks to improve the coding skills of blind and visually-impaired 

users via audio cues, the study by Murphy, Bates and Fitzpatrick explored how auditory displays 

assisted users in improving the understanding of mathematics (which can also be complex and 

require an understanding the whole and the component parts). In the study, 56 users took a 

survey in which they heard auditory cues and presented alternatives to these sounds based on the 

action associated with the sound. This study also attempted to use auditory cues that were not 

speech-related simply because speech-related cues are known to be a larger burden on the user, 
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who must process the speech information before recognizing the action. The study utilized 

sounds to represent brackets (a short beep-like earcon with glissandos to symbolize opening and 

closing), fractions (spearcon ‘frac’ played from left to indicate beginning and right to indicate 

end), and superscripts/subscripts (spearcon ‘sup’ manipulated by changes in bass and treble 

frequency). Results showed that visually-impaired persons were significantly more likely to be 

able to “read” the equations with the auditory cues that the sighted group. Additionally, words 

“begin” and “fraction” had high recognition rates while the word “end” was confused with “in” 

and “and”. “Superscript” was also confused with “pseudo-script” and “subscript,” indicating that 

using spearcons for similar words may not be the best choice when using auditory displays in 

mathematics.  In order to sonify mathematical notation, Murphy, et. al used a combination of 

novel auditory cues, spearcons, and binaural spatialization were created and used. Of particular 

note is their use of brackets. An opening bracket was represented by an upwards glissando in the 

left ear and a closing bracket was represented by the opposite, a downwards glissando in the 

right ear. This utilization of binaural spatialization was especially effective among participants 

(70% recognition) because it was intuitive. The spearcon “frac” was used to denote a fraction. A 

binaurally spatialized spearcon were used for superscript and subscript: “sup” and “sub”, 

respectively. However, these spearcons were confused with other words and recognition was 

only at 50%. Perhaps a less ambiguous choice of spearcons would have increased recognition. 

However, binaural spatialization, when intuitively implemented, is very effective. 

Stefik, Hundhausen, and Smith et al. presented work on a tool called Sodbeans based on 

NetBeans IDE for (text-based) Java programming, to help convey certain information to students 

who are blind. Sodbeans includes a custom screen reader, talking debugger and programming 

language called Hop. The tool used audible cues to convey programming concepts to blind 
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students. These cues were designed to be browsed in a hierarchical tree manner, to support 

navigation.  In a study by Stefik, Hundhausen, and Patterson, the usability of audio cues was 

explored to show the lexical scoping relations between textual coding statements in a program. 

The relationship between statements was found to be dynamic, and different cues were played 

when a change in scope was detected. The cues were short the end goal was to integrate them 

into a larger programming tool via an assistive plug-in.  Our work expands on their work in 

audio cues but explores applicability in block-based programming. 

Simulated Block-Based Environment’s Design 

 A low-fidelity mock-up based on Pencil Code was created to allow for feedback of the 

use of auditory cues with sample blocks, as shown in Figure 1.  Our mock-up emulates the layout 

of Google’s Pencil Code as closely as possible. We used Twitter Bootstrap for structuring the 

layout and implementing responsive design into our prototype. The left side of the screen is for 

block selection, while the right side is where code navigation occurs. Block selection is 

comprised of two menus: categories and blocks. Pencil Code organizes each block into eight 

categories. Only one category's blocks are listed at a time. To select a block, a user would click 

on that block's category and then find their block within the second menu. The visual user 

interface was intentionally plain as the audio perspective was the focus of the experiment.  This 

approach is due to the fact that Pencil Code itself is not accessible so the considerable effort 

involved to facilitate that would not be done in time for this study. 

Three types of auditory cues for potential inclusion in the study were devised: speech, 

earcons, and spearcons.  The control is the speech-generated by the participants' screen readers, 

since participants will be familiar with listening to information via screen reader for this 

experiment.  Earcons were created by team members via Apple’s GarageBand.  An earcon was 
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designed to represent ‘identify block’ for the purpose of working with blocks in the workspace, 

as well as in the block selection menu. Earcons were created for identify category, identify block, 

select category, select block, open nesting, and close nesting. The Studio percussion sound kit in 

GarageBand was used for the first four, while a digital piano in GarageBand was used for the last 

two. While each of the identification earcons were comprised of one note, the select category 

earcon had two notes and the select block earcon had three notes. Earcons to represent the 

nesting of code utilized binaural spatialization, which was implemented with Audacity. Binaural 

spatialization is the practice of selectively playing audio through a certain channel to convey 

meaning (Murphy, Bates and Fitzpatrick, 2010). In other words, playing audio through only the 

left ear or right ear. A goal is to utilize binaural spatialization in order to intuitively convey 

nesting information to the user if it is shown to be effective. The open nesting earcon was panned 

to the left, meaning it sounded on only the left audio channel, while the close nesting earcon was 

panned to the right.  This may be intuitive because Western texts are written and read from left to 

right so the mental model would hold.  Spearcons were created by feeding words into Apple's 

Speech Synthesis API and then saving these to AIFF files (later being converted to MP3 files) 

through an AppleScript program written by one of the authors. 
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Fig. 1. Screenshot of Our Pencil Code-Based Mock-Up. 

 These auditory cues were then integrated into a mockup of Pencil Code, shown in Figure 

1. The mock-up implements the block selection and code navigation sections of Pencil Code, but 

does not include the output grid because its output would not be able to be sonified to blind or 

visually-impaired programmers. Instead, we intend to have programmers imagine the changes 

made by the program to the grid for this experiment. 

 Code navigation is comprised of the source code for a program, which in Pencil Code is 

an ordered listing of each constituent code block. To navigate the code, the participant focuses 

onto the first code block and advances through the program by pressing tab. The focused element 

has a thicker border to clearly show where the focus is on. Each time the focus changes to 

another block, the newly-focused block is sonified through one of the three auditory cues. For 

speech and spearcons, the name of the block and its parameter's values are sonified. Since it 
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would be unfeasible to assign a unique sound to every single block, the identify block sound is 

played when the selected auditory cue is earcon, and in order to hear the block name, the user 

presses the slash (/) key on their keyboard to hear the description of the block through speech. To 

hear the nesting level of the currently-focused block, the user would press the period (.) key. 

(Nesting is a concept in computer science that applies to structures such as if statements, for and 

while loops, functions, etc.) Such a diverse array of sounds was then tested on the prototype to be 

evaluated for accuracy, efficiency, and likeability. 

 Our mock-up uses JavaScript, including the jQuery JavaScript library, and an audio 

handling library called Howler.js. Additionally, this prototype also uses the Web Speech API in a 

limited fashion. While the Web Speech API is experimental, it is supported by all recent versions 

of popular browsers Chrome, Firefox, and Safari, as of July 2017.  To ensure screen reader 

support, this prototype makes use of WAI-ARIA specifications.  Spearcons use pre-generated, 

sped-up audio files that represent a category name or block name. For command parameters, 

which are user-defined, they are sonified on the spot by the Web Speech API because it would 

not be feasible to pre-record the infinite possibilities of words and numbers.  

Methodology and Design 

 The experiment was conducted remotely via Skype, with persons who were either blind 

or whose vision was low enough that a screen reader was used on a regular basis.  One at a time, 

the participants performed tasks that would be needed to select blocks to add to a program, as 

well as to navigate an existing program.  The code navigation tasks were completed one at a 

time, randomized by each exercise type. 
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 At the onset of the experiment, our team conducted a sound check training exercise to 

confirm that the subject would be able to accurately hear the subsequent auditory cues. Also, we 

verbally provided the participants with a short briefing regarding the definition of speech, 

earcons, and spearcons, as well as instructions on how to navigate through the prototype website, 

so that the user could comprehend the model’s basic functions before proceeding to the 

documented tasks. 

 In addition to our data logging and observations, the participants provided feedback via 

SurveyMonkey due to its accessibility for screen readers.  At the beginning of each participant 

trial, we completed the initial checks of the participant using a compatible browser (Firefox, 

Chrome, or Safari), had stereo audio (two channels) and was wearing headphones, ensured that 

the participant was in a closed environment and had the survey and prototype website pulled up, 

and instructed the participant to enable screen sharing so that we may record their computer’s 

screen and the participant’s voice with QuickTime.  

 Each participant completed exercises 2 sets of code navigation exercises (hereafter 

referred to as Exercise 3 and 4).  The first exercise consisted of the participant interaction with 3 

source code files where each file used a different auditory cue.  The 3 files were completed in a 

random order for each participant. 

 In the first set of exercises (Exercise 3), each program’s contents was presented with 

either speech only, earcons + speech, or spearcons + speech. The sonification method was linked 

to each program and did not change per participant. In other words, the source code that used 

spearcons + speech for one participant was the same for the other participants – it was the order 

of the files that differed.  The participants were asked to determine what each program does 

(their “perceived function”). For instance, a valid answer might be “this program drew a 
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triangle.” The time needed for a participant to identify each participant’s perceived function of 

the program was recorded to determine which auditory type was most effective in conveying the 

source code’s contents as a means of assisting in the determination of the program’s 

functionality.  The perceived function was then compared to the actual function of the program 

to ascertain the accuracy, as well as determine whether the participant needed assistance. After 

all three programs were conducted, the participants were asked to rank the auditory methods 

according to the following criteria: from most useful to least useful, easiest to most difficult, and 

most to least pleasant, in order to determine which auditory icon was most intuitive and most 

pleasant for them. 

 In the second set of exercises (Exercise 4), the participants were given another set of 

three programs, one at a time, where each program was presented with one of the 3 auditory 

methods. This time, the participants were given a program to navigate through on their own but 

the participants were told what the program was supposed to do. In this set of exercises each 

program contained a bug. In each program, there was one code block in the program that, if 

changed, would allow the program to run as intended. Participants were asked to identify the 

erroneous block. We again recorded the time needed to identify this incorrect block and which 

block they identified. We then compare the block they identified as the problematic block to the 

actual problematic block. The participants’ accuracy and time needed were used to determine 

how effectively they were able to identify the erroneous block with a specific auditory cue. After 

all three source code files were completed the participants were asked to rank the auditory 

methods from most useful to least useful, easiest to most difficult, and most to least pleasant. 
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After both sets of exercises, the participants were asked to offer feedback about the description 

of nesting levels within the program, whether the descriptions of the blocks or actions needed to 

change, if nesting should be conveyed by speech or earcons, the pleasantness of the musical 

timbres used to create the earcons, the overall quality of the audio, and how it should be changed. 

Results and Discussion 

 Three participants with varying degrees of traditional (text-based) programming 

experience and visual impairment completed our experiment in about one hour and a half. One 

participant is visually impaired though used a screen reader.  One participant is completely blind, 

and another participant is completely blind but was formerly sighted. Two participants use 

JAWS, Mozilla Firefox, and Windows, while another participant uses VoiceOver, Chrome, and 

Mac. 

 The participants first completed block selection exercises and a training task before 

beginning the two code navigation sets of exercises. Block comprehension for both exercises 3 

and 4 was very good, as all participants were able to interpret the given cues as blocks. In 

exercise 3, while all participants were able to identify the program sonified with speech, only 1 

participant was able to correctly identify the program sonified with earcons and no one was able 

to identify the program sonified with spearcons. We suspect this is because the programs created 

for earcons and spearcons incorporated the concept of functions, which was not immediately 

intuitive to the programmers. 

 Exercise set 2 (Exercise 4) investigated how effectively the audio cues could be used for 

troubleshooting bugs in code. In each program, 2 of the 3 participants correctly identified the 

problematic block that was causing the given program to deviate from its intended functionality. 
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The failed identification may stem from two reasons: these programmers may not have extensive 

troubleshooting experience and these programs were not written by the participants. 

 The participants offered mixed opinions over how each auditory cue should sound. 

However, their performance shows that they are able to use each auditory cue quite well. Our 

participants found earcons were the most useful throughout both exercises, followed by speech 

and then spearcons. Two participants chose earcons as the most useful auditory cue (Figures 3 

and 6), while all three participants chose earcons as the most pleasant auditory cue out of the 

three (Figures 4 and 7). 

 

Fig. 2. Perceived Overall Difficulty of Each Auditory Cue as Presented in Exercise 3. 

 

Fig. 3. Perceived Overall Usefulness of Each Auditory Cue as Presented in Exercise 3. 
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Fig. 4. Perceived Overall Pleasantness of Each Auditory Cue as Presented in Exercise 3. 

 

Fig. 5. Perceived Overall Difficulty of Auditory Cues as Presented in Exercise 4. 

 

Fig. 6. Perceived Overall Usefulness of Each Auditory Cues as Presented in Exercise 4. 
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Fig. 7. Perceived Overall Pleasantness of Each Auditory Cue as Presented in Exercise 4. 

 We inquired about the intuitiveness of the nesting earcons' binaural spatialization. Two 

participants remarked that they liked it, but they did not realize the nesting earcons were 

binaurally spatialized until we surveyed them after the exercises were completed.  So the earcons 

were useful but the binaural spatialization was not apparent.  Each program was also interpreted 

with varying accuracies. In program 3-2, which included function definitions and calls, accuracy 

sharply decreased. We believe this may have to do with the complexity of the code since not all 

of the participants were familiar with the concept. 

Conclusion and Future Work 

 The experiment has shown promising results: all of our participants were able to identify 

blocks through speech as well as with earcons and spearcons as auditory cues.  Also, most 

participants noted that earcons are desirable as well.  The study needs to be expanded to include 

a more refined set of source code samples, as well as the need to increase the number of 

participants.  The small sample size is a limitation of the study, but as the study will be replicated 

as effort on the project continues. 
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In the future, further developments of these auditory cues can be applied to the actual Pencil 

Code visual programming environment, allowing for us to bring visual programming languages 

to blind and visually-impaired programmers. Previously, only sighted programmers could take 

advantage of the powerful pedagogical potential that visual programming languages offer. With 

the advancement of these auditory cues, they can later be implemented into Pencil Code so that 

blind and visually-impaired individuals are afforded the same educational tools with which 

sighted programmers facilitate their advancement of knowledge. 
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Abstract 

Although there is a potential of mobile health (mHealth) technology to facilitate self-care 

of people with visual impairments, less attention has been paid to accessibility of mHealth 

technology. The study aims at investigating the degree to which the mainstream mobile health 

applications (apps) that are commercially available on the market are compliant with accessibility 

standards. The Web Content Accessibility Guidelines (WCAG) 2.0 was used for checking the 

apps’ accessibility. The accessibility problems found were associated with the WCAG accessibility 

principles – i.e., perceivable, operable, understandable, and robust. It is recommended that user 

interfaces be presentable to users in ways that they can perceive; users receive a set of user 

interfaces that would not require any interaction that they cannot perform; users be able to 

understand the information and the operation of the user interfaces; and health apps provide a 

variety of features and functions that are compatible with the device and operating system version. 

As health care consumers with visual impairments are increasingly using health apps for self-care 

today, we should ensure that those health apps are adequately designed to accommodate those with 

visual impairments. 
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Introduction 

People with disabilities are likely to encounter disparities in accessing preventive health 

care and wellness services (Jones et al. 515) due to poor accessibility in health care facilities, 

equipment, health promotion, health insurance, and disease prevention programs and services for 

people with visual impairments (Kim 1; National Council on Disability; O’Day et al. 193), likely 

leading to poorer health conditions as compared to their sighted peers (Capella-McDonnall 133; 

Centers for Disease Control and Prevention). Yet, there is a potential of technology interventions 

(e.g., mobile health [mHealth] applications [apps]) to facilitate self-care of those with visual 

impairments (Anderson et al. e0156164). Today, healthcare consumers tend to show high rates 

of adoption of mobile health applications. 

However, less attention has been paid to accessibility of mHealth apps to those with 

disabilities (Jones et al. 515). In 2016 a survey report (Pew Research Center) uncovered that 68% 

of general populations in the United States own a smartphone and a national survey (Morris et 

al.) in 2016 found that 71% of people with disabilities own a smartphone. Despite the similar 

smartphone technology adoption rate between those with and without disabilities, the adoption 

rate (17%) of mHealth apps by people with disabilities was considerably lower than that (34%) 

by their peers without disabilities (Jones et al. 515). A systematic literature review in 2018 

(Jones et al. 515) indicates that the mHealth research and development (R&D) for people with 

disabilities is still in its early stages; health apps targeting people with disabilities merely account 

for a small fraction of health apps on the market; and poor accessible designs of mHealth apps 

are barriers to mHealth adoption in people with disabilities.  

As healthcare consumers with visual impairments are increasingly using health apps for 

self-care, it should be ensured to investigate the degree to which those health apps are adequately 
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designed to accommodate those with visual impairments. Otherwise, such insufficiently tested 

apps would lead to a potential for those with visual impairments to ill-advisedly change their 

self-care regimens and ultimately develop adverse health outcomes. As the primary focus of 

mHealth has typically been placed on people without disabilities, the proliferation of mHealth 

could ironically worsen health disparities in the United States when inaccessible designs remain 

on the mHealth apps for those with disabilities. “Self-care” apps typically transfer many of the 

responsibility to the end users, such that good accessibility of the health apps is imperative for 

those with visual impairments. 

As there is lack of research on accessibility associated with self-care apps for visually 

impaired people, the study aims at investigating the degree to which the mainstream self-care 

apps that are commercially available on the market are compliant with accessibility standards. 

Methods 

A health mobile app’s accessibility was checked against the Web Content Accessibility 

Guidelines (WCAG) 2.0 of the World Wide Web Consortium (W3C) that consist of four main 

themes: perceivable, operable, understandable, and robust. The fully detailed descriptions of the 

four themes are available at www.w3.org (Patch et al.).  As this study focused on people with 

visual impairments, the use of a screen reader VoiceOver contributed to adequately finding 

accessibility problems, while checking an app’s accessibility along with the WCAG’s guidelines. 

According to a national survey (Krebs and Duncan e101),  the most used self-care apps 

among mobile phone owners in the United States include Walgreens (Ver. 7.3), Fitbit (Ver. 

2.51), Web MD (Ver. 5.0), Nike+ (Ver. 5.15), and iTrackBites (Ver. 5.7.5). This study thus used 

those five apps for accessibility checking; yet, the app Weight Watchers was replaced with the 

app iTrackBites as it is not free of charge any longer. The iTrackBites includes nearly every 

http://www.w3.org/
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feature of the Weight Watchers and is also used considerably by many healthcare consumers 

today (Business Insider). Those apps were downloaded from the Apple app store and installed in 

an iPhone 8 (i.e., 4.7-inch LCD multi-touch display with 1334-by-750 pixel resolution at 1400:1 

contrast ratio).  

Results 

As the primary goal of this study was to explore accessibility problems across health 

apps, we did not focus on criticizing a specific app. This study has no relationship with any of 

the selected apps’ manufacturers. The accessibility problems relevant to the WCAG’s themes 

(i.e., perceivable, operable, understandable, and robust) were thus reported without linking to a 

specific health app’s name. 

WCAG Principle 1: “Perceivable” 

The WCAG principle 1 (perceivable) recommends that user interface components be 

presentable to users in ways that they can perceive. Yet, the health apps included user interface 

components that were not perceivable due to information overload, poor contrast, and inadequate 

zoom/magnification. 

Information Overload 

While the WCAG mobile accessibility guidelines recommend that an app minimize the 

amount of information on each page by considering the small-sized screen, the health apps in this 

study were not compliant with the recommendation as they included heavy texts. The WCAG 

guideline also recommends that a hypertext be short; however, certain drug names were typically 

long, ultimately resulting in very lengthy hypertexts. Furthermore, those names were partially 

displayed only with the first few words followed by three dots. As the users had a limited access 
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to information about drug names, they are likely to end up with lack of understanding or 

misunderstanding.  

Poor Contrast 

Smartphones are often used outdoors where strong sunlight could interfere with reading 

texts on screen. Thus, good contrast is essential for users with low vision to secure good 

readability. However, the health apps had texts embedded onto vivid color background images so 

that it would be difficult to read. 

Inadequate Zoom 

The smartphone technology supports the feature “Dynamic Type” that allows users 

choose their preferred size via a pinch-zoom gesture. The health app could also enlarge texts 

(e.g., weight charts with tiny numbers and labels); yet, those enlarged texts became unreadable 

because they appeared to be scrambled and overlapping in the limited screen space. 

WCAG Principle 2: “Operable” 

The WCAG guideline principle 2 (operable) recommends that users receive a set of 

interfaces that would not require any interaction that a user cannot perform. However, the health 

apps did not meet the WCAG guidelines associated with user interfaces of graphics, animations, 

popup windows, and multi-finger gesture commands.  

 No Access to Graphical User Interfaces 

The health apps had a group of action buttons and hypertexts that were placed too far or 

too close to each other, likely leading to a human error. When a screen reader feature was off, a 

button was clickable; however, when a screen reader feature was on, the button became 

unclickable. The health apps did not allow a screen reader to recognize a search box even though 

a finger touched the search box. The auto-complete feature in the search box (e.g., search 
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keyword suggestions) was not accessible via a screen reader. When the search results also 

returned “no findings”, the message “no findings” was presented visually only, but not orally via 

a screen reader. 

No Access to Animated Interfaces 

The health apps took advantage of animations to facilitate user understanding of 

complicated medical information. For example, if a finger touches a certain part of an animated 

human body (e.g., head, chest, and back), the user is supposed to obtain information about pre-

populated symptoms and potential medical conditions. Unfortunately, the health app did not 

allow a screen reader to recognize the animation at all. 

No Access to Popup Window Interfaces 

The health apps were not programmed to help visually impaired users get informed of 

unexpected occurrences, such as error messages in popup windows. For example, when a wrong 

ID or password was entered, a red warning message was displayed without any audio warning 

messages. When a popup menu showed up to help users select options, no audio message was 

provided so that those with visual impairments were likely unaware of the popup menu. 

No Access to Multi-finger Gesture Interfaces 

When the cursor was located on a menu button and a user tried to use a certain finger-

gesture command (e.g., three-finger swipe down), the health app did not recognize the command. 

The health apps accepted the command only after the user touched anywhere except the menu 

button. 

WCAG Principle 3: “Understandable” 

The WCAG 2.0 guideline principle 3 (understandable) recommends that users be able to 

understand the information as well as the operation of the user interfaces. Yet, the health apps 
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included a less user-centered page layout and a combination of incomplete-, incorrect-, and no-

description about user interface components. 

Less User-Centered Designs of Page Layouts 

The health apps included multiple pages that were not presented in a consistent layout. 

While some pages had a horizontal menu bar on the top of the page, other pages had a vertical 

menu bar or a combination of vertical and horizontal menu bars. Users with visual impairments 

may encounter difficulties in developing a mental model if they use the app for the first time. 

Although the WCAG guidelines recommend that a mobile application enable users to switch 

orientations between landscape and portrait, the health apps did not allow users to switch. Given 

the limited screen size of a mobile phone, it is recommended to position information on the first 

page without scrolling down. However, the health apps required users to keep scrolling down to 

have access to the majority of information. Such inaccessibility issue occurred due to many big 

images and buttons. Those graphic designs may appear to be fancy to sighted users but cause 

visually impaired users to miss important information. 

In-Complete Description 

The health apps provided incomplete descriptions of user interfaces via a screen reader. 

Many icons appear to be a fancy image instead of a button that obviously appears to be clickable. 

In order to help users with visual impairments understand that such a fancy image is an 

actionable icon, the image should include ALT tags (also known as alternative text) in computer 

programming codes. Thus, a screen reader will properly read out the alternative text for the 

image. However, this study found that when a finger touched an action icon, the screen reader 

merely said, for example, “A button” and “Tapped one of five.” The action icons failed to let 
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users have access to detailed information about whether the icon is actionable or what would 

occur if the user clicks the icon.  

In-Correct Description 

Although the health apps provided some descriptions of user interfaces (e.g., drop-down 

menus, like buttons, and navigations) via a screen reader, those descriptions were not always 

correct. An accessibility problem occurred when a screen reader tried to read out a drop-down 

menu list. Although the list included a label, the label failed to inform users that the list is 

actionable. Thus, a screen reader merely did read out the label per se and a user was likely to 

think of it as text, instead of a drop-down menu list. In general, a “like” button includes a 

numeric value to indicate how many people are in favor of certain content. If the like button 

includes, for example, the numeric value “320”, a screen reader would merely read out “320 

button”, which is likely to lead to a misunderstanding that there is a button named “320” or that 

there are 320 buttons.  

No Description 

The health apps did often not provide any description of user interface components. For 

example, a screen reader did not notify a user that there were additional contents available, 

located below the bottom of the page. Sighted users could see a small portion of an image (or 

texts) at the bottom edge of the page so that they could easily notice that they could read more 

information if they kept scrolling down the page, but visually impaired users would have no 

access to such a visual cue. In addition, the health apps provided a lot of data via images such as 

graphs, charts, and diagrams to display personal health data. Yet, the apps were not programmed 

to let a screen reader read out those image-based information. The health apps also disallowed a 

screen reader to read out texts that were embedded in background images. When a finger touched 
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the weight-tracking menu to read weight changes, a screen reader merely read out the numeric 

values without informing users about the meaning of each value. The health apps should have 

been programmed to speak, for example, “134.0 lbs. for Weight”, “0.0 lbs. for Change”, and “0.0 

lbs. for Total Loss.” As smartphone technology advances, touchscreen-based gesture interactions 

are likely becoming diverse and complex. The WCAG suggests that apps provide instructions 

(e.g., overlays, tooltips, and tutorials) to explain what gestures can be used to control interfaces 

and whether there are alternatives. Yet, the health apps failed to provide adequate instructions. 

WCAG Principle 4: “Robust” 

The WCAG 2.0 also emphasizes the degree to which an app provides a variety of features and 

functions that are compatible with the device and operating system version. Most platforms (e.g., 

Android and iOS) have the ability to set large fonts, but the health apps did not honor it.   

Discussion 

This study used the WCAG 2.0 mobile accessibility checklists to investigate the user interfaces 

of health apps, and found multiple accessibility problems that were associated with the WCAG 

accessibility principles of perceivable, operable, understandable, and robust user interfaces. 

Perceivable 

Despite the limited screen size, the health apps contained too much information on each page, 

which is less likely for visually impaired users to perceive successfully the information being 

presented. As opposed to sighted users who can quickly scan the whole page structures, 

headings, and paragraphs, a screen reader gives visually impaired users a limited access to such a 

quick overview (Ahmed et al. 367). To avoid the visually impaired users’ frustration, 

ineffectiveness, and inefficiency in performance, a page should not be overloaded with 

information. Another design problem was caused by a large image on the limited screen size that 
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covered the entire page. The large sized images were often found in the exercise-tracking app, 

and designed to appear sporty by including images of people doing exercises (e.g., running). It is 

well documented (Tiggemann and Zaccardo 61) that an image of people doing exercise is likely 

to encourage and inspire viewers to attain their health and fitness goals, which is referred to as 

“fitspiration” – i.e., the amalgamation of the words fitness and inspiration. However, such a 

fitspiration strategy using an image in the health apps would not be accessible to visually 

impaired users who rely on a screen reader. Those health apps should have used an alternative 

means to encourage visually impaired users – i.e., accessible fitspiration. 

Operable 

The inoperability problems were caused by multiple design issues (e.g., unrecognizable 

interfaces by a screen reader and unresponsive touch-commands). It would be critical to fix the 

accessibility problems in the first place but also properly inform a user about error status. A 

system with an unrecognizable user interface is akin to driving in an unfamiliar city without a 

roadmap and street signs (Bilyayeva), likely resulting in a car accident. Health app designs 

should rigorously meet the accessibility standards; otherwise, it would lead to a health/safety 

incident caused by human errors. 

Understandable: User interface components of the health apps included the operation and 

the information that would be less likely to be understood by users with visual impairments due 

to no, incomplete, and incorrect descriptions of user interfaces via a screen reader. A user is less 

likely to understand or even guess what would happen if they click the button. As it is a health 

app, a user may want to be careful instead of clicking here and there for the trial-and-error 

learning approach. When a button is touched, a screen reader simply speaks “Tapped one of 

five” leading to a more confusion about whether a user tapped a button, a text, a text field, or 
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something else. It is well documented (Norman 38) that the design principle “Affordance” should 

be well integrated in a system design for users. Affordance refers to an enhanced user 

understanding in which users can fully understand about how to use a system even before users 

start using it (e.g., a button figure for push action, an on/off switch figure for flip action, and a 

knob figure for rotate action). The “affordance” designs should also be accessible to those with 

visual impairments. 

Robust 

The operating systems of mobile technology have been advanced by allowing users to 

obtain alternative ways to interact with mobile apps via assistive technology features (e.g., screen 

reader and magnification). However, it does not mean that all the mobile apps today are designed 

to be fully compatible with assistive technology features. For example, the health apps did not 

follow the operating system’s control of enlarging the text size. It should be recommended that a 

health app be compatible with the smartphone device operating system. 

Conclusion 

Although there is a potential of mHealth technology to facilitate self-care of those with visual 

impairments, less attention has been paid to the accessibility of mHealth apps. This study 

focused on advancing understanding of the degree to which the health apps today are accessible 

to those with visual impairments. Multiple accessibility problems were found against the WCAG 

2.0 mobile accessibility checklists. Those problems were associated with the WCAG 

accessibility principles of perceivable, operable, understandable, and robust. As health care 

consumers with visual impairments are increasingly using health apps for self-care, we should 

ensure that those health apps are adequately designed to accommodate those with visual 

impairments.  
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Introduction  

Emerging self-driving vehicle technology may be especially beneficial for 

persons who cannot otherwise operate conventional motor vehicles due to their disability 

(National Federation of the Blind). Despite recent legislation governing vehicle 

automation, however, Federal and State guidance regarding the accessibility of this 

technology is both limited and vague. Within this article we summarize the existing legal 

and regulatory environment for vehicle automation in the United States and make policy 

recommendations intended to encourage the accessibility of this emerging technology. 

Background 

Vehicles operating on public roads in the United States are subject to both Federal 

and State jurisdiction. The federal government, via the National Highway Transportation 

Safety Administration (NHTSA) of the U.S. Department of Transportation (DOT), is 

responsible for regulating motor vehicles and motor vehicle equipment. The DOT, 

through the through the Federal Highway Administration (FHWA) is also involved in the 

safety, evaluation, planning, and maintenance of the U.S. highway system and regulation 

of interstate motor carriers and commercial vehicle drivers. Individual states are 

responsible for regulating the driver (e.g. vehicle licensing), vehicle registration, traffic 

laws, enforcement, and all aspects of motor vehicle insurance and liability.   

Federal Regulatory Role 

At the Federal level there is an absence of enacted legislation that has been 

written with the intent to specifically address automated vehicles. As a result, the bulk of 

guidance regarding automated vehicles is the result of interpretations of existing statutes 

by the DOT and NHTSA. The National Highway Transportation Safety Administration 
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has a legislative mandate under Title 49 of the U.S. Code, Chapter 301, Motor Vehicle 

Safety, to issue Federal Motor Vehicle Safety Standards (FMVSS) (Federal Motor 

Vehicle Safety Standards and Regulations). As the agency responsible for both setting 

and enforcing FMVSSs, absent any specific legislation NHTSA has interpreted their 

mandate to include the ability to remove any vehicle, to include automated vehicles, from 

the public roadways if it is deemed a risk to public safety. Given that manufacturers must 

also certify their compliance with the FMVSS prior to selling their vehicles in the United 

States, NHTSA is a de facto gatekeeper of automated vehicles on public roadways 

despite the lack of formal legislation in this regard. To this end, NHTSA published the 

Federal Automated Vehicles Policy in September 2016, which has since been replaced by 

A Vision for Safety 2.0 (Automated Driving System: A Vision for Safety 2.0) in September 

2017.  

The DOT has issued Vehicle Performance Guidance for Automated Vehicles 

(VPGAV) (U. S. Department of Transportation) that outlines best practices for pre-

deployment design, development and testing of this technology prior to commercial sale 

or operation on public roads. The VPGAV applies primarily to SAE level 5 fully 

autonomous vehicles, with some aspects applying to SAE levels 3 and 4 technologies 

(e.g. partially and highly automated vehicles). It is intended to include all classes of 

motor vehicles, while covering any organization testing, operating, or deploying 

automated vehicles. The VPGAV includes a 15-item safety assessment where 

manufacturers and developers are asked to explain how they are satisfying each topic 

area. The VPGAV was rescinded by federal authorities in 2017 with the introduction of A 
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Vision for Safety 2.0 under the argument that such guidance was “speculative in nature” 

and outside the scope of NHTSA’s authority.  

Beyond the VPGAV, much of what has been done at the Federal level has 

involved establishing guidelines and best practices designed to provide guidance to the 

states and provide commonality to state laws. Within A Vision for Safety 2.0, NHTSA 

proposes a set of guidelines for state legislatures related broadly to safety related issues 

involving partially, highly or fully automated vehicles while discouraging states from 

regulating safety and performance aspects of this technology (e.g. topics covered in the 

VPGAV). NHTSA has also established best practices for state highway safety officials. 

Generally, highway safety authority is used within each state to establish highway safety 

programs addressing driver education, testing, licensing, pedestrian safety, law 

enforcement, vehicle registration, crash prevention, and a number of other services.  

State Regulatory Role 

States have begun the process of passing legislation concerning automated driving 

technology to include self-driving vehicles. As of 2018, 33 states have introduced 

legislation concerning self-driving vehicles specifically (National Conference of State 

Legislatures). Twenty states introduced legislation in 2016. Twenty-one states have 

passed legislation related to self-driving vehicles and governors in six states have issued 

executive orders related to autonomous vehicles (Figure 1). While Nevada was the first to 

enact autonomous vehicle legislation, the states of California, Michigan, Florida and 

Tennessee have enacted the most legislation pertaining to automated vehicles.  
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Fig. 1. Illustration of U. S. States with Enacted Legislation Related to AV Technology or 

Existing Executive Orders from the National Conference of State Legislatures (National 

Conference of State Legislatures). 

Policy Recommendation 

Perhaps the most apparent conclusion that one may draw from a review of federal 

and state autonomous vehicles guidelines within the context of an accessibility discussion 

is the apparent absence of any meaningful legislation or guidance related directly to 

accessibility. It is not simply that accessibility guidance is weak or unenforceable; the 

guidance is essentially non-existent. This largely laissez faire approach to autonomous 

vehicle development taken by NHTSA has been championed by proponents in industry 

(Laris). They argue that a voluntary approach that lightly encourages manufacturers to 

continuously improve the technology minimizes the likelihood that burdensome 

regulations might stifle innovation and slow time to market. This approach to regulating 

the technology may make sense at the state level given that states are responsible for 
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regulating the driver (e.g. vehicle licensing), vehicle registration, traffic laws and 

enforcement. It is the federal government however that retains the authority to regulate 

self-driving vehicle technology directly and by failing to directly do so may perhaps 

inadvertently create conditions that will encourage inaccessibility.  

In an attempt to strike a balance between the recognition that: 1) autonomous 

vehicle technology is still in its infancy, 2) stifling of new technology through regulation 

is an area of real concern, and 3) there are significant accessibility concerns regarding 

self-driving vehicles for consumers with a range of disabilities, we propose the following: 

• A reintroduction and revision of the Vehicle Performance Guidance for 

Automated Vehicles; 

• The inclusion of a dedicated section on accessibility within A Vision for Safety 

3.0, anticipated in 2018 (Rogers). 

Perhaps an immediate step that can be taken to encourage self-driving vehicle 

manufacturers to begin directly addressing accessibility is a reintroduction of a revised 

VPGAV. The original guidance directly addressed the human-machine interface but 

failed to address general accessibility in a meaningful way. Given that the VPGAV was 

intended to serve as a collection of best practices, we argue that including accessibility as 

a topic area may spur greater emphasis on accessibility without regulating any specific 

technical approach. The reintroduction of the VPGAV could be supported through the 

inclusion of a dedicated section on accessibility within version 3.0 of the federal AV 

guidance, A Vision for Safety. With NHTSA raising the profile of accessibility through its 

emphasis in federal guidance, manufacturers, fearful of regulation, might begin to more 

directly address the needs and concerns of disabled persons in the development of AV 
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technology. The implied threat of regulation has been used previously to spur technology 

companies to take action in other industries. Most recently, the threat of legislation has 

spurred Facebook to address potential political manipulation in its online advertising 

(Ingram) and Twitter to address “hate speech” on its platform (Volokh).  

Notably absent from our policy recommendation is a call for a Section 508-esque 

(“Section 508 Law and Related Laws and Policies”) accessibility law for AV technology. 

We argue that the technology is currently too immature for such a law and that doing so 

at this early stage may, in unforeseen ways, inhibit the development of the technology. 

We argue that recent research suggests that there are multiple technical approaches that 

may be taken to address self-driving vehicle accessibility and that given the immaturity 

of the technology a relatively rigid approach may prove burdensome and unwarranted.  

Conclusion 

The concepts of accessibility and soliciting input from the community of disabled 

persons in the design of autonomous vehicles are covered in a very limited fashion in 

existing Federal and state laws and guidelines. In the Federal Automated Vehicle Policy 

document for instance, issues related to disabled persons are briefly mentioned; the word 

“disabled” specifically appears twice. In the more than 11,000 words of its 2017 

replacement, “disabled” appears once and the discussion of disabled persons is similarly 

limited. These omissions suggest that a concerted policy and legislative effort is needed 

to address the accessibility of emerging self-driving vehicle technology. We argue that 

our policy proposal, if enacted in some form, may support a movement towards 

accessibility in autonomous automotive technologies without proving so burdensome as 

to stifle meaningful technical developments.   
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Abstract 

Three-dimensional (3D) printers are useful in the education and welfare of the blind. 

However, there are not any established guidelines on the suitable size of models produced by 3D 

printers. We, therefore, printed models of six famous architectures with different complexities in 

three sizes (6, 12, and 18 cm). We conducted an experiment in which participants tactually 

explored these models, answered questions on the physical features of the architectures, and 

evaluated each model. The results of the physical feature questionnaires showed difficulty in 

detecting small dots (a few millimeters wide) in the 6-cm models and dented structures in all model 

sizes, and showed different impressions given by different sizes. The 18-cm models gained the 

highest ratings for all architectures but even smaller-sized models less complicated architectures 

were understandable. 
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Introduction 

For blind and visually impaired people to understand the shapes of objects, a touch is 

worth a thousand words. When objects are too large, too small, dangerous, or fragile to touch, 

scale models are used instead. These days, three-dimensional (3D) printers have been playing a 

major role in producing such models. Most examples of how 3D printers can be applied to blind 

people can be found in education (astronomy (Grice et al, 2015), biology (Kolitsky, 2014), 

literacy (I et al, 2016)) and maps (Gual et al, 2015, Holloway, 2018). 

We decided to focus on architectural models after a blind certified architect requested us 

to print models of famous architectural buildings with a 3D printer. While printing them, we 

wondered what size would be suitable for tactile exploration. If the models are too small, people 

would not be able to fully understand their shapes through touch. Contrastingly, if the models are 

too large, holding and exploring the whole surface of them would be a burden. Therefore, we 

hypothesized that there is a suitable size for tactile exploration. To verify this hypothesis, we 

conducted an experiment in which three sizes of six architecture models were presented to ten 

blind and visually impaired participants and evaluated. 

3D Printing 

Selection of Architectures 

We chose six architectures from the World Heritage list. They are the El Castillo, Castel 

del Monte, Taj Mahal, Sydney Opera House, St. Basil’s Cathedral, and Angkor Watt. They were 

classified into three complexity levels, I: simple, II: middle, and III: complex, on the basis of 

structural characteristics. The locations (country) and complexity levels of the selected 

architectures are listed in Table 1. 
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Table 1. Selected Architectures. 

Complexity Level Architecture Location (Country) 

I El Castillo Mexico 

I Castel del Monte Italy 

II Taj Mahal India 

II Sydney Opera House Australia 

III St. Basil’s Cathedral Russia 

III Angkor Watt Cambodia 

 
Printing 

We used an FDM 3D printer, DaVinci 1.0 (XYZ printing), and ABS filament. The 

maximum size for a printed object available with this printer is H 20 cm x W 20 cm x D 20 cm 

(7.9”). As this printer can read standard STL files, the architectures in this format were 

downloaded from Thingiverse (https://www.thingiverse.com/). To resolve any errors, Netfabb 

Studio Basic ver.4.9.5 (AUTODESK) was used. To change the size of the models, Tinkercad 

(https://www.tinkercad.com) was used. To split the model into two parts, we used 3D Builder 

ver.15.1 (Microsoft Corporation). 

The six architecture models were printed in three sizes: 6 cm (2.4”), 12 cm (4.7”), and 18 

cm (7.1”). These were the longest side among the height, width, and depth of each architecture. 

Fig. 1 shows the 12-cm models of the six architectures. 

Experiment 

In the experiment, we had the blind and visually impaired participants tactually explore 

different sizes of 3D-printed architectural models. The correct rate and subjective evaluation 

were used as evaluation criteria. 
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The participants were ten blind and visually impaired people, nine men and one woman. 

The age range was from 34 to 68 years old with the average of being 63.5. 

Eighteen architectural models (six architectures x three sizes) were used as the stimuli. 

The experiment consisted of the comprehension test session and subjective evaluation 

session. In the test session, six architectural models were presented in one of the three sizes. The 

procedure of the test session was as follows. 

(1) The participant explored a model tactually for five minutes. 

(2) After the exploration, the experimenter orally gave six questions on the structural 

characteristics: the number, arrangement, size, and shape of some parts of the 

architecture. The participants were asked to answer to these questions orally or by 

pointing at the specific part of the model. The maximum answering time was two 

minutes. While answering, the participant was allowed to touch the model again. 

The models of the three sizes were then evaluated subjectively. The procedure of the 

evaluation session was as follows. 

(1) All three sizes of an architecture model were presented to the participant at the same 

time. 

(2) The participant was asked to place them in order of comprehensiveness. 

(3) Given that the most comprehensive size model would score ten points, the participant 

was required to score the other two sized models as between one and nine points. 

This procedure was repeated six times. 

This experiment was reviewed by the Ethics Committee of Niigata University and 

conducted with the permission of the President (permission number: 2017-0148). 
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Fig.1. 12-cm Models of Six Architectures. 

Results 

Size Effect on Correct Rate 

Fig. 2 shows the size effect on the correct rate for the questions on structural 

characteristics of each architecture. For the 18-cm models, five out of six architectures gained 

relatively high correct rates, ranging from 67 to 88%. For the 12-cm models, the correct rates 

were lower by 5% on average. For the 6-cm models, the correct rates varied from 44 to 88% 

depending on architecture. As the relationship between the size and correct rate changed 

depending on architecture, we used nonparametric Kruskal-Wallis tests for each architecture. 

However, they did not show any significant difference in the correct rate among the three sizes 

for all architectures (H = 3.20, 2.69, 0.94, 1.86, 2.14, 0.07. The order of the architectures is the 

same as those shown in Table 1.).  
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Fig. 2. Size Effect on Correct Rate. 

Subjective Evaluation 

Subjective ratings averaged over ten participants for each architecture and each size are 

shown in Fig. 3. In all architectures, the 18-cm models gained the highest average ratings, with 

the ratings decreasing with the subsequent smaller models. We used a nonparametric Friedman 

test for each architecture and found significant differences in the subjective rating among the 

three sizes for all architectures (S = 16.8, 15.8, 12.6, 20.0, 20.0, 18.2, p < 0.01. The order of the 

architectures is the same as those shown in Table 1.). For pairwise comparison tests, the 

Wilcoxon signed-rank test was repeatedly used. The tests showed significant differences between 

every pair of the three size conditions. 

In Fig. 3, the effect of complexity level was observed as well. Seven out of the ten 

participants rated all 18-cm models as the most comprehensive (10 points). The other three 

participants rated five of the 12-cm models with a complexity level of I and II as the most 

comprehensive and the other with a complexity level of III. Some participants commented that 

the structural characteristics of simple architectures could be understood even with the 12-cm 

models. For the 6-cm models, the ratings of four architecture models with the lowest and middle 
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complexity level (I and II) were not as low as those of the two architecture models with the 

highest complexity level (III). 

 

 

 

Fig.3. Size Effect on Subjective Evaluation. 

Discussion 

In this section, we examine the individual combinations of architecture and question that 

led to the lower correct rates, roughly 60% or lower. The 6-cm models often presented issues 

classed as “too small to detect” (ex. the pedestals in the facade of El Castillo were not found), 

“hard to detect concaves” (ex. fingers could not go through the spaces between the cloisters of 

Angkor Watt), and “feeling different from what they represent” (ex. the four towers around the 

main tower of the Taj Mahal were not perceived as “domes,” and the small projections of the 

Sydney Opera House were not perceived as “roofs”). Contrarily, a small projection was 

unintentionally perceived as a “dome” in the 18-cm model of the Castel del Monte, and this 

misinterpretation caused a lower correct rate. These phenomena that the same shape but different 

size gave the participants different impressions were worth noticing. 
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Conclusion 

We conducted an experiment in which three different-sized architectural models were 

presented to blind and visually impaired subjects and measured the comprehensiveness and 

subjective rating of each model. In the comprehension test, the smallest 6-cm model often 

presented a few problems with undetectable objects, undetectable concaves, and feeling different 

from what they present. This “feeling different” problem was also observed in the 18-cm model 

of one particular architecture. In contrast, the subjective rating clearly showed the superiority of 

bigger models. The subjective rating also shows the effect of complexity: simple architectures 

were comprehensible enough with middle- or small-sized models. At present, it is not clear 

whether models that are bigger than 18-cm can be evaluated as being more comprehensive or too 

big to explore by touch. The consideration of other practical factors, such as maximum printable 

size with reasonable-priced 3D printers, time to print, cost of materials, storage space, etc., may 

help determine how big the models need to be. 
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Introduction 

There are over 500,000 people in the United States who use American Sign Language 

(ASL) as a primary form of communication (Mitchell et al., 2006), and many of these individuals 

prefer to have information provided in ASL, rather than written English. Since providing videos 

of human signers on websites can lead to significant expense when videos must be re-recorded 

(when information content is updated), there has been research on methods for automatically 

producing computer animations of ASL for these users, based on some input script of the desired 

message (Kacorri et al., 2013).  However, to drive progress in the field, researchers need 

methods for evaluating the quality of the ASL animations that they produce with their software. 

Unfortunately, designing questions to measure people's comprehension of animations is very 

time consuming (Kacorri et al., 2014).   

For this reason, we investigate whether machine learning algorithms can be trained on 

eye-tracking data from people who watch ASL animations, to predict whether the person 

watching the animation judges it to be of high-quality or easy to understand. As discussed in 

(Huenerfauth and Kacorri 2016), the advantage of this approach is that researchers do not need to 

design comprehension questions specifically tailored to the information content of the 

animations shown. Furthermore, by analyzing eye-movements rather than asking overt questions, 

researchers can avoid artificially drawing participants’ attention to specific aspects of the 

animation, e.g. with questions about particular facial expressions, which could change how the 

participant views the animation.   
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Discussion 

Problem Statement 

In this paper, we present an analysis of prior literature on using machine learning models 

of eye-movement metrics. Next, we present the results of a study to analyze eye movement 

recordings of people who are deaf watching computer-generated ASL animations, to determine 

whether there are patterns in eye-movement that can be used to automatically evaluate the 

quality of the animations displayed. Using only eye-tracker data as input features to machine 

learning methods, we present models that can predict whether a user found animations easy to 

understand and perceived them to be high quality. 

Literature Review 

Several prior research projects have explored using eye-movement information recorded 

from humans as input to a machine-learning model, to predict something about the users or about 

the task being conducted, e.g. for predicting which students in an online learning system will 

succeed on quizzes (Harper 2015), predicting students' confidence in their answers to test 

questions (Nakayama and Takahasi 2008), predicting regions of photos that are most salient 

(Judd et al., 2009), or automatically classifying the genre of documents being read (Kunze et al., 

2013).   

Prior research has also examined the relationship between the eye-movements of humans 

viewing sign-language animations and the quality of the animation displayed. In (Kacorri et al., 

2013), researchers at our laboratory conducted a study in which participants (Deaf ASL signers) 

viewed short ASL stories of three types: a video of ASL signer, an animation of ASL with high-

quality facial expressions, and an animation of ASL with a no facial expression. After viewing 

each story, the participant had to answer subjective questions about the quality of the video and 
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comprehensive questions.  Participants more often gazed at the face of an animated ASL signer 

when the animation was of high quality, and people were more likely to move their eyes between 

the face and hands of the ASL signer when the animation was of lower quality.  In a subsequent 

study (Kacorri et al., 2014), we found that considering the upper-face and lower-face of the 

signer as separate “areas of interest” (AOIs) for eye-tracking analysis was valuable. Also, a time-

normalized fixation trail length metric was valuable in revealing differences in animation quality.  

In the most closely-related prior work to our current study, Huenerfauth and Kacorri 

(2016) identified metrics that relate to participants' subjective assessment of ASL animations, 

and they trained a linear regression model on these features. The model correlated with 

participants' subjective impressions of animation quality, but a limitation of that prior study was 

that only a single type of model was considered.  In this new research, we have explored a wider 

variety of machine-learning models and eye-movement features, to identify a model that is able 

to predict participants' assessment of the animations.  

Collection of Training Data for this Study 

In earlier work from our laboratory (Kacorri et al., 2013), participants (17 Deaf ASL 

signers) viewed short ASL stories of three types: a video of ASL signer, an animation of ASL 

with high-quality facial expressions, and an animation of ASL with a no facial expression 

(Kacorri et al., 2013). After viewing each story, the participant responded to a 1-to-10 scalar 

question to rate the quality of the ASL animation they had seen: Grammar: “Is it grammatically 

correct?,” Understand: “Is it easy to understand?,” and Natural: “Does it move naturally?” In 

this current study, we utilize the data obtained from these participants as training data for a 

machine learning task. To structure our modeling as a classification task, we created Boolean 

target variables isGrammarHigh, isUnderstandHigh, and isNaturalHigh, based on threshold 



                 Evaluating Sign Language Animation through Models of Eye Movements                         57 

Journal on Technology and Persons with Disabilities   
Santiago, J. (Eds): CSUN Assistive Technology Conference   
© 2019 California State University, Northridge 

values (7, 7, and 5, respectively), which were selected based on an examination of a histogram of 

the responses for each item, to determine a natural boundary for each.  For instance, if a 

participant had a Grammar score of 7 or higher, then we set the value of isGrammarHigh to 1, 

else 0.  

Input Features for Machine-Learning Modeling 

While a recording of a human’s eye-gaze during the entire time a video is viewed would 

consist of a large stream of x and y coordinates on the screen over time, such data is not suitable 

for training input to a machine learning task. As discussed in (Harper 2015), we must first 

calculate summarizing metrics of the eye-movements during the animation, and these metrics are 

used as input to the machine-learning modeling. Following the approach of (Harper 2015) and 

the eye-metrics discussed in our prior research (Kacorri et al., 2013; Kacorri et al., 2014), e.g. the 

percentage of time that someone looks at the upper face of the signer, we calculated several 

hundred potential input features for our machine-learning modeling.  To select an appropriate 

subset of these attributes to use as input features for our machine learning process, we took our 

entire training dataset (from all human participants, P1 to P17) as input for the feature selection 

(results in Table 1). We applied the CFS Subset Evaluator provided in the Weka toolkit (Witten 

et al., 2016), which calculates the importance of variables by determining the individual 

predictive ability of every variable individually (based on their correlation with the target 

variable you are hoping to predict).  
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Table 1. Final Selected Features for isGrammarHigh, isUnderstandHigh, and isNaturalHigh. 

Modeling Target Features Selected for Inclusion in Each Model 

isGrammarHigh Fixations per second, total area-of-interest (AOI) transitions per second, 

proportion of fixation time (PFT) spent looking at the Hands, PFT spent 

looking not at Hands nor Face, fixations per second on Head, fixations 

per second between quadrants, fixations per second on upper left 

quadrant, percentage of fixations on lower left quadrant 

isUnderstandHigh Fixations per second, total area-of-interest (AOI) transitions per second, 

transitions per second between Head and Hands AOI, dwells per second 

total, dwells per second on Head AOI, fixations per second on upper left 

quadrant, percentage of fixations on lower right quadrant, transitions per 

second between quadrants, dwells per second on quadrants, dwells per 

second on upper left (UL) AOI, percentage of dwells on UL AOI 

isNatrualHigh Proportion of fixation time (PFT) spent looking at the Upper Face, PFT, 

spent looking not at Hands nor Face, percentage of fixations on Hands, 

total dwells not on Hands nor Face, percentage of dwells on Hands, PFT 

on upper right quadrant of video, PFT on lower right quadrant, percentage 

fixations on upper right quadrant, percentage of fixations on lower right 

quadrant, percentage of dwells on upper left quadrant, percentage of 

dwells on lower right quadrant 

 

Modeling and Evaluation 

For this study, we compared three models: Given our prior research on modeling eye-

metrics using regression, we chose to examine a Logistic Regression model, and for comparison, 

we also trained a J48 Decision Tree and a Support Vector Machine (SVM).  For training and 

testing, we utilized a form of cross-validation, following a “leave data from one participant out at 

a time” strategy: For each fold of the cross-validation, the testing set consisted of data from one 

of the 17 human participants in the original study, with the training dataset composed of the 
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remaining data from the other 16 participants. This process was repeated 17 times, and the 

average evaluation scores for the 17 “folds” are presented as the values in Table 2.  

Table 2. Accuracy Percentage for Each Model. 

Model Grammatical Understandable Moves Naturally 

Decision Tree 59.31 46.56 54.90 

Logistic Regression 54.90 56.86 49.99 

SVM 61.76 56.37 50.98 

Baseline (Majority) 66.17 54.90 50.98 

 

Based on the results of this modeling and evaluation process, we can conclude that for at 

least some aspects of human subjective judgments about the quality of ASL animations (whether 

it is understandable or whether they believe it moves in a natural manner), we can use patterns in 

the movements of a human’s eye-gaze (when watching the animation) to predict their opinion of 

the animation quality.  On the other hand, for some aspects of human judgments about ASL 

animations – specifically, whether the animation is grammatically correct – we were not able to 

predict these judgments well, based solely on the eye-movement patterns of humans watching 

the animations.  (The performance of our best model was well below the baseline level, which 

simply selected the majority classification in our dataset.) 

Conclusions 

The results of this study could be used to build an automatic prediction system, to allow 

researchers to evaluate the quality of an ASL animation by asking participants to watch 

animations while their eye-movements are recorded; the participants would not need to answer 
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any questions as part of the evaluation. This additional flexibility in designing evaluation studies 

of ASL animation technology, which may benefit people who are Deaf or Hard of Hearing. 

A limitation of this study was the relatively small dataset of 17 human participants, who 

each viewed 12 ASL animation videos; in future work, we would like to increase our training 

dataset by collecting additional eye-movement recordings from humans observing ASL 

animations. With a larger dataset, we would like to consider additional eye-movement metrics.  
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Abstract 

Social interaction is found to have significant impacts in our quality of life. Information 

and communications technology (ICT) has been designed to improve our social interaction and 

well-being. Elderly people face challenges in learning and using ICT due to their age-related 

limitations and that they are non-digital natives. Their needs are not sufficiently addressed in ICT 

systems. Tangible user interface (TUI) which couples digital information to everyday physical 

object is considered to be more intuitive and suitable for elderly people. TUI has been adopted in 

some studies in order to improve quality of life in the elderly, but very few focus on the social 

aspect. Thus, this research aims to develop a TUI to improve elderly social interaction and well-

being. We have adopted user-centered design and co-design approach in designing the Tangible 

Cup. Through the design process, we generated a list of lessons learned which can serve as a guide 

for what to consider when designing TUI for elderly people and when involving elderly people in 

the design process.  
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Introduction 

People nowadays tend to live longer. Social participation is an important factor in elderly 

people’s health and well-being (Gilmour 28). Studies have shown that loneliness is associated 

with heart disease, hypertension, stroke and lung disease (Petitte et al. 113). Thus, in order to 

remain healthy, elderly people must remain socially active. ICT has been designed to improve 

our social interactions and well-being. However, due to their age-related limitations and that they 

are non-digital natives, elderly people currently find ICT difficult to learn and use (Chou et al. 

928). They face many challenges when it comes to learning and using ICT, and their needs are 

not always sufficiently addressed in ICT systems.  

TUI couples digital information with everyday physical objects, and is thus considered to 

be more intuitive and suitable for elderly people (Spreicer 313). TUI has been adopted in some 

studies in improving quality of life in the elderly, but very few focus on the social aspect (Bong 

et al.). Issues such as lack of elderly user involvement throughout the research process, and lack 

of guidelines for developing and evaluating TUI for elderly people, have been identified. These 

issues can result in TUI that is developed for elderly people not being as intuitive and suitable as 

it should be. We aim to address these issues by providing a list of lessons learned from our 

design process for Tangible Cup.  

By using user-centered design and co-design approach, we have involved elderly 

participants in our design and evaluation processes. The end product of this research, Tangible 

Cup, is expected to be a more intuitive and user-friendly ICT tool for elderly people, which can 

encourage their social interaction with others. Through designing Tangible Cup, we have 

developed a list of lessons learned in connection with designing TUI for and with elderly people.  
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Discussion 

The Prototype: Tangible Cup 

 

Fig.1. Tangible Cup. 

Tangible Cup consists of four components: a cup, a cup attachment (under the cup), five 

cup coasters and a tablet (Fig.1). Users must first attach the cup attachment to the bottom of their 

own cup. After that they can perform desired actions by moving their cup (with the cup 

attachment already attached) and placing it on the various cup coasters. The cup attachment 

contains an RFID reader which reads the RFID tags on the cup coasters. The five coasters are 

assigned the following functions: log in, log out, start call, end call and search contacts. An app 

installed in the tablet enables the users to call other users who are online. 

To start using Tangible Cup, users need to go online by placing their cup on the log in 

coaster. Once they are online, they can place their cup on the start call coaster whenever they 

want to call someone or to accept an incoming call. In order to end or reject a call, they have to 

place the cup on the end call coaster. The search contacts coaster is used for finding other 
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Tangible Cup users who are online at the same time. Finally, to log out they should place the cup 

on the log out coaster.  

Methods and Results 

We adopted user-centered design and co-design approach. First, a focus group interview 

was conducted with three elderly participants and a volunteer to gather the initial requirements 

for Tangible Cup. The prototype was developed based on these requirements. Four iterations of 

design, implementation and usability testing were then carried out. Usability testing was 

conducted with two elderly participants at the end of every iteration. During the testing, the 

participants were asked to perform a series of tasks using the prototype while being observed. 

After that, they were asked about the design of the prototype and their experiences of using it. 

The comments and feedback from the usability testing were incorporated into the next iteration 

to improve the design. In addition, new features were implemented into the existing design.  

The co-design approach was applied throughout the whole research process, from focus 

group interviews to usability testing of all iterations. This was done to ensure that the prototype 

was designed and developed with the perspectives and needs of our target group, the elderly, in 

mind (Steen et al.). All the participants (P1 to P10) were briefed and asked to give their consent 

prior to participating in the study. Information about the participants is summarized in Table 1. 
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 Table 1. Information about Participants 

 

The focus group interview was conducted at a senior center where iPad courses and walk-

in sessions on ICT assistance were held. First, questions were asked about elderly people’s use of 

ICT and their social lives. They were then presented with the idea of Tangible Cup, together with 

three real cups of different sizes (a big mug, a medium-sized coffee cup and a small expresso 

cup). The participants were given blank sheets of paper and were asked to draw their own design 

for Tangible Cup (Figure 2). While they were drawing, they talked among themselves and made 

changes to their designs. 

ID# Age Gender Work Experience  Years of 
Education Participation 

P1 76 M Management 14 Focus group 

P2 71 M Computer engineer 20 Focus group 

P3 71 F Administrative 16 Focus group 

P4 17 F 

Currently at upper 

secondary school. 

Volunteer in elderly 

home care services 

12 Focus group 

P5 74 M Diver 12 Usability testing iteration 1 

P6 74 F Secretary 14 Usability testing iteration 1, 2, 4 

P7 70 F Finance 15 Usability testing iteration 2 

P8 77 M Truck driver 8 Usability testing iteration 3 

P9 77 F Housewife and catering 8 Usability testing iteration 3 

P10 81 M Academia  19 Usability testing iteration 4 
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Fig. 2. Drawings of Designs for Tangible Cup Made by the Focus Group Interview Participants. 

The following considerations were gathered from the focus group interview. The 

participants preferred a typical medium-sized coffee cup because it mostly closely represented 

Norwegian coffee-drinking culture. The cup had to be light and have a big, strong handle which 

the users could easily hold with their fingers to lift it. They coupled Tangible Cup with a saucer 

installed with buttons (Figure 2) to avoid having too many buttons on the cup itself. The elderly 

tend to have difficulties with small buttons and ‘confined’ user interfaces for interaction. In 

terms of functionality, they all agreed it should be kept to a minimum and that the interface 

should not have too many options. Finally, it should be dishwasher-proof, and the interface for 

interaction should be waterproof to protect it from spills.  
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Fig. 3. First Iteration Prototype of Tangible Cup. 

Based on input from the focus group interview, the first iteration produced a low-fidelity 

prototype using a table mat and a cup (Figure 3). The participants were given the tasks of making 

calls and receiving calls, and having conversations. A few usability issues were observed during 

usability testing and pointed out during the interview, such as the table mat being too big to carry 

around, and too many names being displayed on the table mat.  

 

Fig. 4. Second Iteration Prototype of Tangible Cup. 
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In the second iteration, cup coasters replaced the table mat because they are easier to 

carry around. Four cup coasters (as shown in Figure 4 from left to right): log in, start call, end 

call, and search contacts, were designed to use to interact between the cup and a calling app in 

the tablet. The test tasks included logging in, recognizing someone who has just logged in, 

ringing that person, ending the conversation, receiving a call from another person and finding 

others who were logged in at the same time. The ‘Wizard of Oz’ technique (Kelley 33) was 

adopted in the testing.  

A few usability issues and recommendations were gathered. The symbol on the search 

contacts coaster was found confusing. P6 suggested using a symbol showing multiple blank 

avatars instead. Confusion occurred when an upcoming action required users to use the same 

coaster as for the previous action. For example, when the cup was used to end a conversation by 

placing it on the end call coaster, confusion would arise if someone called and the recipient 

wanted to reject the call using the same end call coaster. In addition, P6 found the ringing sound 

too sharp. She suggested that a favorite melody could replace the sharp ringing sound. Finally, 

there was no log out coaster. 

 

Fig. 5. Design of Coasters in the Third Iteration. Left to right: log out, end call, start call, log in 

and search contacts. 

In the third iteration, we modified the design of the coasters (Figure 5). We included log 

out from using Tangible Cup in test task in this iteration. The usability testing revealed two 
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similar issues from the previous iteration. First, confusion when the upcoming action required 

users to use the same coaster as for the previous action. Second, the challenge of understanding 

the search contacts coaster (Figure 5). P9 did not understand the avatar icon, so she did not 

understand what the symbol with three avatars denoted. P8 and P9 agreed that it would make 

more sense if the avatars were made more human-like and given different colors.  

During the interview, the users were also asked to co-design the cup attachment. The 

purpose of the cup attachment is to enable ordinary cups to function as Tangible Cups when the 

cup attachment is attached to them. They suggested that the cup attachment be designed to 

resemble a round fridge magnet so that it could be easily attached to the bottom of the cup, in the 

same way as a fridge magnet is attached to a fridge door.  

 In the final iteration, we added the cup attachment and modified the design of the search 

contacts coaster to show three human-like avatars (Figure1). In the user testing P6 and P10 were 

first explained about the cup attachment and how it could be attached to the cup. They were then 

asked to perform the same test tasks as in the third iteration. P6 and P10 found all the tasks easy 

to perform. They understood the design of the cup attachment and coasters, and thought that the 

idea of using Tangible Cup to communicate with the calling app on the tablet was good.  

Lessons Learned  

Based on our experiences from the design process, we gathered an initial list of lessons 

learned. These lessons learned can serve as a guide for two purposes: i.e. what should be 

considered when designing TUI for elderly people and when involving elderly people in the 

design process. They are not limited to designing TUI for social interaction, and can be used for 

designing TUIs for elderly people in general. Lesson learned for involving elderly participants 

can also be applied when designing other digital and ICT tools for this user group.  
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When designing TUI for elderly people 

1. Familiar physical objects. Elderly participants drew on their own personal 

experiences and those of others they had observed. The focus group participants told 

us that they wanted a typical coffee cup that they were used to: medium in size, and 

with a good handle. In the third round of usability testing, the design of the cup 

attachment was inspired by items commonly found in the kitchen. Such familiarity 

would increase user acceptance of the new technology (Spreicer 313).  

2. Integration of TUI into daily life. Wallbaum et al. identified integration of new 

tangible objects in one’s environment as a challenge. To address this, we kept in mind 

how the TUI object was to be used daily by the users. Tangible Cup was originally 

coupled with a table mat, but elderly people do not use their cup in just one place, and 

the table mat was too big to carry around. The idea of cup coasters was adopted to 

address this issue.  

3. Minimal functionality. The elderly users prefer few but useful functionalities. 

Tangible Cup offers no functionality other than that of talking to others. Reducing the 

complexity of the interfaces may increase elderly people’s interest and confidence in 

learning and using new technology (Bong and Chen 32; Fischer et al. 629; Ijsselsteijn 

et al. 20). 

4. Avoid crowded interfaces. The elderly users prefer a simpler interface (Ijsselsteijn et 

al. 20). The interface of Tangible Cup was expanded from just one cup to a cup 

coupled with five coasters and a cup attachment. This expanded design is less 

crowded and elderly users will find it easier to use and learn and be less likely to 

make mistakes.  
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5. Consider elderly people’s physical abilities. Reduced physical ability has to be 

considered in gesture-based applications for elderly people (Chen 190), and the same 

applies to TUI. The focus group interview participants informed us about their 

preference when it comes to the weight of TUI objects. Elderly users may have 

reduced arm strength. The weight consideration was also applied in the design of the 

cup attachment.  

6. Provide necessary instructions. Instructions are essential to ensure that elderly users 

know what to do should they become confused. The aim of the instructions is error 

prevention and recovery (Nielsen). When users are not lifting their cup and placing it 

on coasters to perform desired actions, the tablet will display instructions on what to 

do.  

7. Practicality. For our Tangible Cup, it is important that the coasters are waterproof, in 

case of spills when using the cup. The cup attachment was added to the design of 

Tangible Cup so that the RFID reader does not have to be integrated into the cup 

itself. Any cup can be used as a Tangible Cup as long as the cup attachment is 

attached to it.  

When involving elderly people in the process of designing TUI 

1. Use of actual objects to demonstrate. The participants were first briefed about the 

project. However, it was difficult for them to understand the idea of Tangible Cup. 

When an actual (though not yet functional) cup was presented, the participants 

seemed to gain a better understanding of the idea. Without an actual object, it was 

difficult for the participants to imagine the Tangible Cup.  
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2. Choice of words. Elderly people have very different levels of ICT knowledge and 

skills. Thus, words such as ‘log in’ and ‘log out’ may be familiar to one person but 

totally unfamiliar to another. In such situations, it is better to explain in ways that 

elderly participants with lower levels of ICT literacy can understand (Pieri and 

Diamantinir 2424). In our communication we have explained them as ‘be online’ and 

‘be offline’. 

3. Find the most natural setting. The focus group interview was conducted at a senior 

center, while usability testing was conducted in the participants’ homes. We noticed 

that the participants felt more comfortable and natural at home. Their ideas and 

comments were linked to their surroundings. For instance, the idea of a fridge magnet 

was proposed after P8 and P9 looked around the kitchen. The issue of the table mat 

being difficult to carry around was identified by P5 because he wanted to move from 

his kitchen to his living room to watch television. Their behavior and habits in natural 

setting must be considered when developing new technology (Intille et al. 165).  

4. Motivation and encouragement. Keeping elderly people motivated and encouraged 

can build their confidence in using new ICT and thus increase their acceptance of new 

technology. We noticed that the participants were skeptical towards new technology. 

To motivate and encourage them, it is crucial to show them that their opinions are 

being heard and to encourage them to relate to their own experiences.  

5. Consider the diversity of elderly people. Throughout our research, we tried to include 

elderly participants from different educational and cultural backgrounds, of different 

ages and with different knowledge levels in using ICT. It is essential to ensure that 

the diverse characteristics of the elderly people could be addressed.  



  Tangible Cup for Elderly Social Interaction: Design TUI for & with Elderly              75 
 

Journal on Technology and Persons with Disabilities   
Santiago, J. (Eds): CSUN Assistive Technology Conference   
© 2019 California State University, Northridge 

6. Involve elderly users as early as possible. We involved elderly participants from the 

focus group interview, low-fidelity prototype to our final product. The design 

changed from iteration to iteration based on the co-design and usability testing 

feedback. Early involvement of elderly users can ensure that the end product properly 

addresses their needs and at the same time is easy and intuitive for them (Rodeschini 

525).  

Conclusions 

This paper demonstrates a design process for a TUI for and with elderly participants 

using user-centered design and a co-design approach. Elderly people constitute a diverse user 

group. Thus, we included participants with varied levels of experience in digital technology. 

There are existing guidelines for designing for elderly people such as universal design principles 

and usability guidelines. However, these guidelines are not sufficient for designing TUI for the 

elderly. Through our experience with the process of a focus group interview, iterations of the 

design, and evaluations of the prototypes with the elderly participants, we provide a set of 

considerations for designing TUI for and with elderly people, which can also be applicable for 

designing other ICT tools. 

We are currently planning a longitudinal study to validate the impact of Tangible Cup in 

terms of social interaction and quality of life for elderly users. We have yet to include some 

feedback from our usability testing participants in the current version of Tangible Cup, such as 

supporting the app as a stand-alone app without the use of Tangible Cup, and personalization. 

All in all, we hope that Tangible Cup will encourage elderly people to be socially active, 

particularly those who are not experienced in or who are skeptical towards new digital tools. The 
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lessons learned generated can also help address the special needs of elderly people when it 

comes to introducing and designing new digital tools for them.  
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Abstract 

In this paper, we introduce the solution proposed by the SUITCEYES project in the form 

of a haptic intelligent personalized interface (HIPI) that integrates elements from the areas of smart 

textiles, sensors, semantic technologies, image processing, face and object recognition, machine 

learning, affective computing, and gamification. We report on recent developments in the project, 

which include experiments with sensors for detection of obstacles, psychophysical experiments 

with temperatures and vibrations, development of a number of high performing algorithms for 

object recognition, and also the design, development, and experimentation with a smart-textile 

based garment that allows flexible positioning of sensors and actuators. 
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Introduction 

With the convergence of technologies such as sensors and signal processing; machine 

learning, data and image processing; smart and haptic interfaces; as well as the escalating 

implementation of Internet Protocol version 6 (IPv6), and the expansion of the Internet of Things 

(IoT), new modes of connectivity and communication have emerged and practical applications of 

IoT technologies have become increasingly feasible. These rapidly emerging modes of 

communication and information sharing have the potential to solve long standing challenges for 

those who typically have faced barriers to free communications whether due to circumstance 

(e.g. a firefighter in heavily smoke filled enclosures), or sensory or functional impairments (e.g. 

a person with diminished sight and vision senses). Adequate communication solutions, remain 

minimal and new intelligent, multimodal personalized communication interfaces are needed to 

meet their needs. 

Useful information and communication technologies (ICT) are continuously developed 

improving the quality of life for many people. Among those whose communication abilities are 

severely restricted are people with deaf-blindness. While there are many ICT solutions 

developed to facilitate communication for persons with deafness or blindness, there are very 

limited tools and facilities developed for persons with deaf-blindness. While many people with 

deaf-blindness retain a small degree of their hearing and/or visual capacity, deaf-blindness is a 

unique condition where the impairments in the combined vision and hearing is of “such severity 

that it is hard for the impaired senses to compensate for each other.” Limited communication is a 

major problem for this group. Accordingly, the solutions developed for either blindness or 

deafness are not adequate to meet the needs of this group. Although congenital deaf-blindness is 

relatively rare, deaf-blindness can be acquired due to causes such as illness, accident or age. The 
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current number of people with deaf-blindness in the EU countries is likely to rise considerably in 

the coming years due to the aging population. 

In the three-year long (2018-2020) EU funded project SUITCEYES (Smart, User-

friendly, Interactive, Tactual, Cognition-Enhancer that Yields Extended Sensosphere), we 

propose a new, intelligent, flexible and expandable mode of haptic communication via soft 

interfaces (Olson et al.). The ambition is to combine and develop cutting-edge technologies that 

would improve the communicative lives of those with deaf-blindness, enabling them to become 

active members of the society. Based on user needs and informed by disability studies, our 

proposed solution brings together smart textiles, psychophysics, sensors, semantic technologies, 

image processing, face and object recognition, machine learning, and gamification. It addresses 

three challenges: perception of the environment; communication and exchange of semantic 

content; learning and joyful life experiences. SUITCEYES extracts and maps the inner structure 

of high-dimensional, environmental and linguistic clues to low-dimensional spaces, which then 

translate into haptic signals. It also utilizes image processing, mapping environmental data to be 

used for enriched semantic reasoning. SUITCEYES’ intelligent haptic interface will help the 

users to learn activation patterns by a new medium. With this interface, users will be able to take 

more active part in society, improving possibilities for inclusion in social life and employment. 

The solution is being developed in a user-centred iterative design process, with frequent 

evaluations and optimizations. The proposed solution takes into account and will adapt to 

potential differences in levels of impairments and user capabilities. 

Currently the most common mode of communication for people with deaf-blindness is 

the use of sign language conveyed with hand gestures, requiring close physical contact and 

commonly touch of hands with human interpreters. In SUITCEYES sensors, signal and image 
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processing, as well as object and face recognition are used to capture environmental clues that 

can then be conveyed to the person with deaf-blindness via haptic signals through soft smart-

textile-based interfaces. Machine learning, semantics and ontologies extend the linguistic 

capabilities and the user's haptic vocabulary, while at the same time facilitating communication 

that would no longer rely on close physical contact with an interpreter or care-provider. Here, 

haptic signals are triggered on appropriate parts of the body customised to the sensitivities of 

individual users. For improved training in the use of this technology, pedagogical gamification-

based learning will engage and facilitate the learning process in a fun and user-centred fashion. 

The proposed solution will free the hands of the user for other tasks, it will enable 

communication from a distance, and it will allow detection and conveyance of important 

information by other means (e.g. through signal and image processing) than the need for a 

constantly present human interpreter. The proposed solution, however, is not meant as a 

replacement for interpreters or human contact; it is rather envisioned as a complement to other 

modes of communication. 

The components of the project include a user situated in an environment that is enhanced 

by sensors and other IoT components which could allow numerous forms of interactions such as: 

i. Simple proximity trigger: components can communicate their location id to the 

prototype. This allows recognition of objects and people when they come into 

close vicinity to the user. 

ii. Automatic proximity trigger: various services can be triggered automatically 

when two things come into proximity with each other. For instance, when the user 

approaches home, the prototype can act as a key communicating with door-lock 

and open the door. 
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iii. Simple and direct user feedback: components can also supply feedback in order to 

reassure the user that a certain trigger has been activated. 

iv. Automatic sensor triggering: the various smart components surrounding the user 

can communicate with each other and thereby elicit and aggregate information 

concerning physical structures, visual elements, surrounding signs, sounds and 

smells. 

v. Personalised user feedback: the feedback can be personalised in order to retrieve 

specific kinds of information that matches the needs of the individual user. 

A range of potential feedback modalities are explored including vibration, pressure and 

temperature, as well as various ways in which these can be combined or positioned to provide 

different signals. Likewise, a variety of sensors are explored to provide information about the 

environment: distance sensors to detect proximity of obstacles, a camera feed to allow 

recognition of objects or people, indoor positioning systems to help locate objects, or radio 

frequency identification to identify when the objects come near. A processing unit is being used 

to interpret sensor input against a knowledge base and determine appropriate feedback. Smart 

textiles are used to accommodate sensors, feedback units and the processing unit on different 

parts of the body, either mounted on the textiles, or built into them, as appropriate. Moreover, 

gamification is the integration of video game elements into non-game services and applications, 

to improve the user experience, engagement and performance (Deterding et al. 2426). 
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Discussion 

User-Studies  

Deaf-blindness which can be congenital or acquired, and complete or partial, presents 

research with an enormously broad spectrum of possible user needs, whose common 

denominator must be selected carefully. Extensive user studies are, therefore, an integral part of 

the project where currently around 35 interviews have been conducted with as many to come in 

the next month or so. Time is required for transcriptions, translation, and analysis, but 

preliminary results indicate the importance of solutions that help the users to get out and about, 

taking an active part in life and work and contributing to the society. Furthermore, there is an 

expressed need for potential solutions that will facilitate engaging in reciprocal and equal social 

relationships with friends, family and acquaintances. Study participants have indicated a need for 

affordable devices that are robust and cannot easily be broken, stolen or misplaced. They also 

indicate the need for a neutral appearance that is not strange looking and which would attract 

unwelcomed attention. Based on these and continued user studies, the project will shortly define 

"Personas, environments and use scenarios" that will inform design and development decisions 

in other subsections of the project. 

Capturing, translating and semantically representing environmental cues 

After initial discussions with the Project’s Advisory Board, and a number of potential 

users, it was decided to address three specific but related research tracks: situational awareness, 

navigation, and communication.  

 Selecting and ontologically interpreting specific visual cues (for the sake of navigation) 

can be treated in the same way as picking significant concepts from a vocabulary to transmit 

between any two users for communication. Here, the single major difference between navigation 
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and communication is that for the latter, sequences of such cues must be encoded for and 

decoded after transmission. Therefore, we envisage both research areas as addressable by the 

same entwined strategy, identifying visual vs. verbal signs, and relating their content to a 

knowledge graph to secure a standard semantics for both tracks.  This part of the project consists 

of three tasks, the interplay of which is illustrated in Figure 1.  

 

Fig. 1. Schematic overview of the interrelationships between tasks. 

Visual input from the camera mounted on the smart garment, called the HIPI (Haptic Intelligent 

Personal Interface), is fed to the visual analytics component which extracts the detected concepts 

(objects, faces, activities etc.). The latter are fed to the semantic representation and reasoning 

component, which is coupled with a semantic knowledge graph (also called an "ontology"), 

semantically aggregating the multimodal information from the analyses and inferring higher-

level derivations. Various outputs and signals are submitted to the dimensionality reduction 

component, which will map the respective information to the haptic space. 

 With dimensionality reduction playing a key role both for visual analytics, and semantic 

knowledge representation and reasoning, we have postulated that concept embeddings, 

constituting geometric or topological vocabularies to encode visual vs. verbal percepts, are a 

suitable approach in globally ongoing current research in several fields to be tested for 
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SUITCEYES’ purposes. This implies that in parallel with collected user needs, we can depart 

from visually recognized concepts represented as embeddings, and use them as a test vocabulary 

for simple interaction between two users with deaf-blindness (i.e. communication). Such a 

vocabulary will be scalable and can be tailored to individual needs while offering a robust 

overlap between perceived and communicated semantic content by haptic means. 

What is presented above is a very short outline of the current research which is conducted within 

the SUITCEYE project. In addition to the above, much work has been conducted on 

development of distant sensors array and algorithms, psychophysics experiments, and creation of 

a garment that allows flexible attachment of various components as and where needed. Many 

interesting results are emerging in all of the subsections of the project. These will be reported on 

in more details shortly. 

Conclusions 

In this paper we have just touched upon a few of the elements included in the 

SUITCEYES project. Although too early to write detailed accounts of all the findings so far in 

this paper, we have taken the opportunity to provide an introduction to the work conducted in the 

project. With over two years remaining we expect significant results to emerge in the 

continuation of our work.   
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We present a multimodal physics simulation, including visual and auditory (description, 

sound effects, and sonification) modalities to support the diverse needs of learners. We describe 

design challenges and solutions, and findings from final simulation evaluations with learners with 

and without visual impairments. We also share insights from completing research with members of 

diverse learner groups (N = 52). This work presents approaches for designing and evaluating 

accessible interactive simulations for learners with diverse needs. 
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Introduction 

 Digital learning resources, such as simulations, are ubiquitous and provide opportunities 

to expose learners to content in uniquely innovative and effective ways (D’Angelo et al.). Digital 

learning resources are becoming increasingly interactive, providing ways for learners to directly 

engage with content and creating opportunities for new learning experiences that can be 

collaborative, immersive, self-directed, and enjoyable for students (e.g., Renken et al.). 

Inclusive design approaches seek to create technology with the capability to adapt to 

meet the needs of users (Ayotte et al.), including the full range of human diversity. Students are 

most commonly educated in classrooms that include students with and without disabilities 

(NCES), and interactive digital learning resources need to be able to support all learners within a 

classroom. While it is common to emphasize visual representations to present content, 

organization, and navigation in interactive learning resources, expanding these resources to 

include multiple modalities for display and input can broaden access and effectiveness for 

learners (Dubois and Vial; Levy and Lahav). 

In this paper, we present the design and evaluation of a multimodal physics simulation (sim), 

a complex interactive digital learning resource with layered multimodal features including visual 

display, multi-component auditory display (verbalized text descriptions, sound effects, and 

sonifications), and alternative input capabilities. Our aim was to create a sim with multiple 

modality ‘layers’ (Ayotte et al.) capable of being accessed at once or in different combinations to 

meet the needs of individual learners in the moment. Our efforts extend existing practices in 

image description (e.g., Keane and Laverentz), align with standards for alternative input (King et 

al.), and build upon methods for designing and evaluating auditory cues (Barrass and Kramer). 

We designed, developed, and evaluated the multimodal sim from a universal access perspective 
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(Obrenovic et al.), using an iterative design process, and leveraging our prior work in interactive 

simulations (Moore et al.), descriptions (Smith), and auditory display evaluation (Tomlinson et 

al., “BUZZ”). 

Multimodal Design  

Interaction Design 

 The PhET physics sim John Travoltage (“John Travoltage”) (Fig. 1) consists of a man, 

John, standing on a rug with his hand reaching out towards a door. Rubbing his foot on the rug 

results in the transfer of negative charges from the rug onto John’s body. John’s arm can be 

moved in a 360-degree circle, resulting in his hand being closer or farther from the doorknob. 

Depending on the amount of negative charges on John’s body and the distance of his hand from 

the doorknob, the electrons can discharge – transferring to the doorknob and ‘shocking’ John. 

Science learners from upper elementary school through college can explore the relationship 

between the amount of charge on John’s body and the distance of his hand from the doorknob 

that results in a discharge/shock.  

 

Fig. 1. PhET Sim John Travoltage. 

Learners can navigate and interact with the sim using cursor-based interactions (e.g., 

controlling an onscreen cursor with a mouse, touchscreen, or related assistive device), touch 

interaction with a touch-screen device, or focus-based interactions (e.g., controlling onscreen 
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focus using a keyboard, switch, or related assistive device). The arm and leg are implemented as 

sliders (input type range) as described in Moore, Smith, and Greenberg (Moore et al.).  

Visual Display 

 John is depicted as a black-and-white semi-realistic character striking a playful pose (arm 

and leg appearing poised for action) in a bright full-color room. John, the small rug he’s standing 

on, and the door are central. A window looking out onto grass and a tree are off to the left. 

Negative charges that can collect on John’s body are visually represented as small blue balls. 

Auditory Display 

 Sound Effects and Sonifications 

 Sound effects and sonifications (Walker and Nees) were designed for John Travoltage 

(Table 1) to support visual and non-visual sim experiences. The audio design presented 

interaction feedback for body movement (arm and leg), charge changes (charge transfer, 

discharge, and shock), and a charge state (charges on body). These cues reinforced states 

represented in the visual display and the description. Sound is played using Web Audio (Adenot 

and Wilson) and the PhET sound library (“Tambo”). 

 Description 

 Descriptions can be accessed using screen reader software to support non-visual learning 

experiences and are structured using PhET’s description framework (Smith), designed (Hung; 

Moore et al.) and implemented using a Parallel DOM (Smith et al.). The Parallel DOM provides 

rich document and interaction semantics, and keyboard access aligns with typical interaction of 

an accessible web page. Our descriptions and interaction patterns are tested and refined with the 

screen reader software NVDA, JAWS, and VoiceOver.  

Descriptions include static and dynamic descriptions, slider position values, and 
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interaction alerts (Fig. 2). Collectively, the result is a system of descriptions that provide an 

always available and up-to-date summary of the current state of the sim, along with a series of 

dynamic position values and interaction alerts that engage and inform the learner of important 

changes during their interaction. Static and dynamic descriptions (see Fig. 2, columns 1 and 2) 

provide an always available and always up-to-date description of the current state of the sim, for 

example, describing charges on John’s body only when charges are present. As learners interact 

with John’s leg or arm, they are provided with dynamic position values (Fig. 2 column 2) and 

interaction alerts (Fig. 2 column 3). With John’s leg, position values indicate two regions, when 

“Foot rubbing on rug” and when “Foot off rug,” with additional landmark descriptions indicating 

the slider start and end positions. As charges transfer to John’s body, alerts regularly indicate 

accumulation of charge, e.g., “Electrons on body: 3.” For the arm, twelve region descriptions 

describe distance from doorknob and nine landmarks describe the direction the hand is pointing, 

e.g., “straight up”. A change in direction is indicated with an alert of “toward” or “away from” 

doorknob. Upon discharge, an alert indicates discharge occurred, amount of electrons 

discharged, and current position of arm. For the full description design, see “John Travoltage: 

A11y Design.”   

Evaluation of a Multimodal Design 

 We utilized iterative rounds of think-aloud interviews with learners with disabilities 

(learners with visual impairments N = 13 (Moore et al.)), learners with intellectual and 

developmental disabilities (I/DD) N = 12 (Tomlinson et al., “Supporting Simulation Use”) and 

without disabilities (N = 15) from primary school age to adult, to inform design of all sim 

features. We also included feedback from teachers, content experts, and expert screen reader 

users. Our most significant challenges and solutions are summarized in the next section. To 
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evaluate later design stages, we conducted semi-structured interviews of adult learners with 

visual impairments (N = 6), and with children (N = 3) and college students (N = 3) without 

visual impairments. 

Significant Design Challenges and Solutions 

Through the iterative design work we encountered and addressed numerous design challenges. 

The following challenges and solutions were selected as being some of the most significant and 

generalizable.  

 Multimodal Challenge 1 

A leg and arm are not typical interactive elements or UI components. How can we best scaffold 

productive interactions with the leg and arm across modalities?  

i. Alternative Input Solution: Leg and arm were implemented using a native HTML 

role (i.e. slider), allowing leg and arm swinging with intuitive arrow key interactions.  

ii. Visual Display Solution: Green dashed-line boxes around leg and arm hint that items 

are moveable (a common approach used in PhET sims). These visual ‘hints’ 

disappear after first successful interaction. When using alternative input (e.g., the 

keyboard), the bright pink focus highlight indicates when leg or arm has focus.  

iii. Description Solution: Leg and arm sliders were given action-oriented labels (i.e., 

“Leg swing” and “Hand position”) to scaffold description users.  

iv. Sound Solution: Auditory icons provide additional cues (rubbing or ratchet sound) 

and confirmation of successful interaction. 

 Multimodal Challenge 2  

How can the sim ensure learners maintain a sense of how many charges are on John’s body, even 

if they are not visually accessing the sim?  
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Description Solution: Provided accurate real-time counts of electrons on body in two 

ways (see Fig. 2): 1) Interaction with leg gives interaction alerts to the user about 

charge accumulation (e.g., “Electrons on body: 5.”); 2) Reading through dynamic 

scene gives an up-to-date description including charge information (e.g., “John has 5 

charges on his body.”)  

Sound Solution: “Charges on body” sound changes dynamically based on number of 

electrons, providing a qualitative sense of the amount of charges. 

 Description Only Challenge 

How can the leg and arm positions be described in an engaging way that emphasizes key regions 

(rubbing on rug; at doorknob), while minimizing repetition, and verbosity?  

• Description Solution: Reduced total number of position values to 15 for leg 

(positions -7 to 7), and 31 for arm (positions -15 to 15). Created description regions: 2 

regions for leg “Foot rubbing on rug” or “Foot off rug”; 12 regions for arm describing 

distance to doorknob. Having positive and negative position values, with a central 

zero point, helped emphasize key regions, e.g., for the arm center position 0 is “At 

doorknob”. Landmark descriptions added to some region descriptions provided 

additional orienting information and ensured region descriptions were not repetitive, 

e.g., 9 landmarks for arm e.g., “hand pointing straight up”, “pointing away from 

door”, “last stop”, etc.). Finally, dynamic directional changes (i.e., “Toward 

doorknob”, “Away from doorknob”) replaced regions and landmarks on direction 

changes, further reducing repetition and providing engaging feedback. 

 Sound Only Challenge 

How can the “Charges on body” sound convey the amount of charges on John’s body 
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continuously, without overwhelming or distracting learners from other sim features.  

• Sound Solution: Early designs of the “charges on body” sound includes sounds of 

objects bumping into each other (a metallic variation, and a glassy variation). These 

were consistent with the visual display of charges, but were found to be less pleasant 

for extended durations and lacked contextual relevance for visually impaired learners. 

Later designs included more ‘electricity’-like sounds, settling on a low hum - 

reminiscent of the sound heard near an electric power station.  

Semi-Structured Interviews  

 Interviews began with 10 minutes of free exploration of the sim. Participants then 

answered a series of open-ended questions about their experiences and interpretation of: sim 

navigation, description or visual display, and sound. Last, participants completed three surveys 

(“John Travoltage Survey Questions”): A subset of questions from the BUZZ (Tomlinson et al., 

“BUZZ”) audio user experience scale eliciting feedback on sound aesthetics; a 4-question 

usability scale, UMUX, eliciting feedback on the overall sim experience (Finstad); and a 

demographics and technology use survey.  

Results 

 During free exploration, all learners explored the sim fully and described relationships 

between amount of charge and arm/hand location. All learners successfully interacted with the 

sim (Table 2) and most successfully interpreted all of the sim’s representations (Table 3).  

Survey and qualitative highlights are presented below. 

Description + Sound Effects/Sonifications 

 Six adult screen reader users with visual impairments (self-described: low-vision (2) or 

blind (4)) used the sim with a screen reader and no visual display available. Participants rated the 
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aesthetics of the sim (BUZZ scale) as a 25.7 (SD=2.1) out of 28. They also rated the overall 

usability of the sim (UMUX scale) as 18.7 (SD=5.4) out of 24. Four of the participants 

specifically mentioned liking how the sounds and descriptions worked together to help them 

understand what was happening. From open-ended questions, all reported the sounds and 

descriptions as being useful, and most (5/6) commented positively on description clarity. 

Visual Display + Sound Effects/Sonifications 

 Three children (12-13 years old) and three college students, all with no visual 

impairment, used the sim without descriptions available. Participants rated the sound aesthetics 

of the sim (BUZZ scale) as a 20.7 (SD=5.2) out of 28. They also rated the overall usability of the 

sim (UMUX scale) as 21.5 (SD=2.5) out of 24. The college students consistently rated the sim 

higher and expressed a more positive opinion on the usefulness of the sounds in enhancing the 

learning experience, while the children were more neutral on sound usefulness. One college 

student said the sounds make the overall sim experience more “immersive”, “interesting”, and 

“fun”, while one child (13-year old) expressed that the sounds were useful, because “having it be 

silent would just be kind of weird.” All learners made relevant interpretations of the sound 

mappings, though not necessarily the exact mapping intended by the designers. For example, one 

student (12-year old) described the arm rotation (ratchet) sound as like a “winding toy,” while 

another (college student) described the same sound as a “cranking” sound. Both learners 

indicated the sound was present to provide feedback on arm location changes. 

Discussion 

 All twelve participants used the same sim, though they accessed different combinations 

of modalities during use. All were able to effectively use the sim and explored the key 

relationships. Some difficulties related to the relative volume of sounds in the auditory display 
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were found. When sound effects/sonifications were perceivable to learners, they indicated 

understanding of the sound/feature mappings. All learners indicated that, in general, they 

enjoyed the sim, and many indicated the auditory modality was helpful. Learners with visual 

impairments rated the aesthetics higher than, and usability lower than, learners without visual 

impairments. Learners with and without visual impairments may be using the auditory 

information in different ways with different expectations. Notably, learners with visual 

impairments were all new to using interactive simulations or anything similar while the learners 

without visual impairments had all used similar learning resources previously.  

Insights from Diverse Learner Groups 

Reflecting on the design process, we encountered many challenges while creating the 

multimodal sim. Some challenges were specific to each modality: we worked to refine the 

interactions, visuals, and descriptions to scaffold learner exploration of key concepts. Other 

challenges arose from the intersection of two or more modalities, such as designing sound 

effects/sonifications to layer and complement visuals and description simultaneously. Interviews 

and observations of sim usage throughout the design process with diverse groups of learners 

helped identify potential design challenges and insights which may not have been found in a 

smaller, homogeneous sample size. Below are a few of the findings and potential benefits we 

have observed across learner populations. 

Description 

To date, during the design process descriptions have only been provided to learners with visual 

impairments. From work with other learners, we believe that many learners could benefit from 

hearing components of the description. In future work, we will explore the addition of new 

auditory display modes, including “short description” - which would provide access to some 
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alerts, such as object names, displayed using Web Speech through the browser.  

 Sound 

Some published sims have two sound modes, the default mode that plays the set of sounds 

available by default on sim load and an Enhanced mode that plays the default sound set plus 

additional sounds. The default sounds mode for John Travoltage includes the set of sounds listed 

in Table 1 - except for the charge transfer sounds. With the Enhanced sound mode enabled, users 

hear the full set of sounds listed in Table 1. Note: for all interviews, the Enhanced sound set was 

used. Across populations, almost all sounds were appreciated and used by all user groups. For 

example, we originally designed the ‘charges on body’ sound to help convey when charges were 

on John’s body, to support learners with visual impairments. Through interviews, we found that 

all learners were making use of and enjoying the ‘charges on body’ sound - so this sound was 

included in the set of sounds enabled by default. Feedback from physics teachers regarding the 

‘charge transfer’ sounds indicated concern that it may make the visual electron charge 

representations sound “too physical”, so we included that sound in the Enhanced mode only.  

 Visual 

John Travoltage was first published as a Java sim in 2006, redesigned and published in HTML5 

in 2013 (increasing platform and device compatibility), and published with alternative input, 

description, and additional sound in 2018. For this most recent work on the sim, visual changes 

included addition of the keyboard help button and dialog, and moving of the sound button from 

inside the ‘scene’ down to the bottom navigation bar. In other sims, as we designed and 

implemented multimodal features, we have made changes to the visual display to improve the 

aesthetics, pedagogical scaffolding for all learners, and to increase alignment across the 

multimodal features. 
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 Interaction 

In past interviews with other sims, we have observed young children using the mouse or trackpad 

without bending their wrist - resulting in the learner moving their entire arm as they navigate the 

sim. In interviews with John Travoltage, we found some learners interested in switching between 

use of a trackpad and use of alternative input (specifically, keyboard input). For the youngest 

children we interviewed, use of the keyboard resulted in improved hand/arm positioning and 

possibly more deliberate exploration of some sim features. Switching to keyboard input could be 

more comfortable, and could provide more fine control during exploration for these students.  

Conclusions 

 We present a multimodal science simulation with visual display and robust auditory 

display (description, sound effects, and sonifications) to support learners with and without visual 

impairments. Building on our prior work in developing navigation and description for complex 

interactives, we introduced the design of a multimodal physics sim and its evaluation with 

learners utilizing different combinations of modalities. This work contributes to continued 

advancement of inclusive design practices and research methods for developing and evaluating 

accessible learning resources. 
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Abstract 

When it comes to providing solutions capable of increasing self-determination of 

individuals with disabilities, PIMD – profound and multiple intellectual disabilities, seems to be 

one of the biggest challenges. As a multidisciplinary team of researchers, we have an ambition of 

designing a technological platform based on recent advances in ICT that will assist people with 

PIMD in using digital services and applications that facilitate their communication with others and 

allow them to directly influence their living environment. Designing this system – the INSENSION 

platform, requires us to collect comprehensive information on the target end users. Due to the fact 

that the PIMD population is relatively small we are able to only involve about 15 individuals with 

PIMD in our project works. That is why we introduce the Global PIMD Atlas which is an online 

platform to collect information on people with PIMD and share it within the community involved 

in studying PIMD and supporting these people. In this paper we present how we designed such a 

repository and argue how it could be used to get better understanding of the characteristics of this 

population group and in consequence to provide new, better solutions to support them. 
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Introduction 

Individuals with profound intellectual and multiple disabilities (PIMD, also referred to as 

PMLD – profound and multiple learning disabilities) are defined as having a profound 

intellectual disability (IQ below 20) combined with severe neuromuscular physical and 

frequently sensory impairments (Petry, Maes, & Vlaskamp, 2005). Additionally, many 

individuals with PIMD have medical problems such as epileptic seizures or respiratory problems 

(Axelsson, Imms, & Wilder 2014). Due to these complex impairments, they depend on others in 

more or less all aspects of daily life among the whole life span. Hence, the quantity and quality 

of individual support is decisive for their functioning and participation (Maes, Lambrechts, 

Hostyn, & Petry 2007). The limited self-determination is due to the fact that these individuals 

usually communicate on a preverbal and pre-symbolic level. This prevents them from utilizing 

possibilities created by various forms of Alternative and Augmented Communication (AAC), 

ranging from both non-electronic and low to high tech tools. Lack of mobility is an additional 

factor limiting their opportunities to influence their living environment. 

The Insension platform 

Providing a change to the situation of people with PIMD and their ability to communicate 

with others and increase their self-determination has been the basis of our concept to create the 

INSENSION platform. The INSENSION platform is a personalizable intelligent system enabling 

interaction to individuals with PIMD by means of digital services. This platform is aimed at 

using the advances in modern Information and Communication Technologies (ICT) to 

unobtrusively recognize non-symbolic behaviors signals of a given person with PIMD and 

translate them into intentions based in the context of the life situation happening around that 

person. More precisely, the platform targets recognition of meaningful facial expressions, 
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gestures, vocalizations and relevant physiological reactions, and combining these with the 

information about the context and knowledge on the given individual. This in consequence shall 

enable them to communicate with others including unknown persons via dedicated ICT-based 

communication applications or to influence their living environment through such simple 

technological applications as having their favorite music played. We tackle this challenge of 

designing and developing an ICT system within the INSENSION project that is funded by the 

European Union through the Horizon 2020 research and innovation program. 

The Global PIMD Atlas 

The development of the INSENSION platform requires from us to take account of high 

individualism of its end users. Nevertheless, our goal is also to include as many capabilities into 

the system as possible, so that it can support recognition of the needs of the specific person with 

PIMD out-of-the-box where possible. Hence, it is necessary to collect as much information on 

the target end user population as possible. Due to the fact that people with PIMD are a relatively 

small population group in any given, constituting about 0.01% of the total country population, 

collection of such data on a significantly large test group of people is logistically difficult. 

Therefore, we proposed to create a repository, which would enable collection and access to the 

information on PIMD population for investigators from around the world. This kind of repository 

would be similar in concept to a number of other repositories that have been created in the recent 

years. One of the most renowned repositories is The Cancer Genome Atlas which collects data 

on a number of types of cancer (Tomczak, Czerwinska & Wiznerowicz, 2015). Other such 

repositories include, among others, the Human Connectome Project (Marcus et al., 2011) or the 

Autism Brain Imaging Data Exchange, with its leading idea: “towards a large-scale evaluation of 

the intrinsic brain architecture in autism” (Di Martino et al., 2014).  
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The repository containing information on people with PIMD, created as part of the 

INSENSION project, has been launched as the Global PIMD Atlas (also referred to as Global 

PMLD Atlas). We discuss details of how it was constructed in the next section of this paper. 

Discussion 

Genesis of the Global PIMD Atlas 

The goal of the INSENSION project is to create a technological platform that is capable 

of linking non-symbolic behaviors to personal intentions of people with PIMD. This objective 

requires to equip this system with means to properly recognize these behaviors on the one hand 

and means to understand the context of these behaviors on the other. The former allows 

recognizing the nature of the current reaction of the end user, such as demand, comment or 

protest (Rowland & Fried-Oken, 2010). The latter allows then to distinguish between, for 

example, protesting to different situations such as presence of a specific person or the air 

temperature being too low. That in consequence creates the possibility to communicate the 

intention of the person. If the person expressed a demand, for example, the current situation 

needs to be prolonged. In case of an expressed comment social interaction needs to be engaged 

and if the person showed signals of protest the current situation must be changed That 

communication may be directed at both: other people (e.g. asking the person mentioned above to 

leave) and specialized ICT applications (e.g. by switching on the heating system controlled by a 

smart room application).  

To achieve the goal described above, a key activity we undertake is to understand what 

non-symbolic behaviors the INSENSION system should recognize and how the context of these 

behaviors is constituted so that the system can follow it. Such information is today used by close 

direct support persons (DSP) of people with PIMD, including parents and professionals. It is 
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often collected within communication passports such as Personal Communication Passport 

(Millar 1997; Millar & Aitken 2003). We adopted this concept and defined the so called 

Electronic Communication Passport (ECP). The ECP is a machine-readable electronic document, 

structured to record all information on an individual with PIMD that helps us to construct an ICT 

platform like INSENSION on the one hand, and allows this platform to use that information to 

configure itself automatically to work for the given individual with PIMD on the other.  

We use the ECP to record information on the representatives of the target end users. 

These come from the population under care of the non-governmental care organization from 

Poznań, Poland – Stowarzyszenie Na Tak. Na Tak maintains care facilities for all ages of people 

with PIMD, starting with a kindergarten, through a school up to a care center for adults. In total 

about 15 persons with PIMD that communicate on a pre-symbolic level so far, attend these 

facilities. While they are a perfectly suitable user group for our research and development works, 

from whom we learn a lot about the requirements towards the INSENSION system, we 

nevertheless realize that an insight into a significantly larger user group would help us to make 

the INSENSION platform easily adaptable to the needs of an individual end user. To this end, it 

is important to equip the system components responsible for recognizing various non-symbolic 

behaviors. The larger the libraries of gestures, facial expressions and vocalizations used by the 

PIMD population are integrated into these components, the richer the capabilities of the system 

will be out-of-the-box. That is why, we strived to enable the ECP within a web-based repository 

to enable the collection of relevant information on people with PIMD with whom we do not have 

direct contact, by those who maintain such a contact as researchers or DSP. Due to the fact that 

such a repository could be collecting information on individuals with PIMD residing in any 
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location around the world and that we believe it should be shared by the community involved in 

this information collection, we named this repository The Global PIMD Atlas (the Atlas). 

Comprehensive assessment of people with PIMD 

As we have mentioned in the previous subsection, the Atlas uses the concept of ECPs to 

collect and store relevant information on people with PIMD. This is adapted from the known 

communication passports such the mentioned Personal Communication Passport. While the latter 

was the inspiration for defining the ECP, it is important to note that the Personal Communication 

Passport does not attempt to incorporate all available information on a person. It provides an 

efficient way of sorting and presenting important facts about the person in an accessible manner 

by giving a short overview of the specific individual in terms of needs, likes, dislikes and 

behavioral issues.  Hence, it prevents a communication breakdown between persons with 

intellectual disabilities and their caregivers (Sajith 2018).  

Therefore, within the ECP we went beyond the initial idea of this kind of passport. It 

incorporates not only little basic information but provides a holistic representation of a specific 

person with PIMD. The tool is based on a comprehensive assessment system that includes the 

main characteristics of a person, concerning general data (personal data, general competencies, 

additional information on (dis)likes, routines, etc.), and specific data on both communication and 

inner states (preverbal communication, mood, pain, (dis)pleasure and challenging behavior), 

which should be identified by recognizing individual vocalizations, facial expressions, gestures 

and physiological data. This comprehensive assessment system is planned to be based on the 

known assessment tools such as surveys oriented towards Hall, Arron, Sloneem, and Oliver 

(2008) and Vos et al. (2012) concerning the collection of information on personal data, general 

competencies, additional information, the Communication Matrix by Rowland and Fried-Oken 
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(2010) for collecting information on (pre-verbal) communication, the Mood, Interest and 

Pleasure Questionnaire (MIPQ) by Ross and Oliver (2003) for collecting information on mood, 

the Non-communicating Adult Pain Scale (NCAPS) by Lotan, Moe-Nilssen, Ljunggren, and 

Strand (2009) for collecting information on pain, and Disability Distress Assessment Tool 

(DisDat) by Regnard et al. (2007) for collecting information on pleasure and displeasure or 

distress. 

Technical construction of the Atlas 

As we already mentioned the Atlas is a web-based repository of information collected 

with the use of the ECP concept. Therefore, the system for the management of this repository 

contains two major elements: the data repository module and the online access application. In 

this subsection, we discuss how they were constructed. At the end of this discussion, we also 

point the attention of the reader to the ever important issue concerned with the security of all 

information collected within the Atlas. 

Data storage  

The Atlas is a repository of ECPs of multiple persons. While an ECP is a machine-

readable structured document, it is nevertheless useful that it is also readable by humans. This is 

because information that is stored with ECPs can potentially also be utilized by other systems 

and applications than the INSENSION platform and the Atlas. This may include, for example, 

applications utilizing ECPs in pedagogical scenarios, where the DSP browse information stored 

within them to gather information relevant to a given pedagogical scenario. Therefore, we 

analyzed existing standards for data storage and exchange in digital form that make the 

information readable not only by machines but also by humans. We looked into such standards 

as XML –Extensible Markup Language (Harold 1996), JSON - JavaScript Object Notation (Bray 
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2017), REBOL – Relative Expression Based Object Language (Goldman & Blanton, 2000) and 

Gellfish (Van Ranssen, 2005).  

Our final choice lied with JSON, which is a subset of version 1.2 of YAML - YAML 

Ain’t Markup Language (Ben-Kiki, Evans & Ingerson, 2005) and is often used for asynchronous 

client-server communication, including browser-server. This makes it easily usable within 

systems designed in accordance with the RESTful paradigm (Richardson & Ruby, 2007). This 

choice was also connected with the fact that constructing ECPs as JSON documents makes it 

very easy to create a non-relational database for storing this data with the use of the MongoDB 

database system (Banker, 2011). This way we were not required to perform any additional tasks 

concerned with designing the data storage such as, for example, designing the database schema. 

As a document-oriented database platform MongoDB provides all necessary functionality to 

store and manage ECPs out-of-the-box. The only functionality added on top of MongoDB is a 

REST API enabling to access and manage the data storage. This API includes methods for the 

management of ECP data, the management of individuals whose data is stored and the 

management of the data storage users, which means users who can enter and download the 

collected data.  

Access application  

This API mentioned above is utilized by the web-based application that constitutes the 

user interface of the Atlas enabling access to the information collected with the data storage. This 

web-based application has been implemented using the Java programming language. It is thought 

as means for the registered researchers to add pseudonymized data collected from people with 

PIMD using online data forms and a way to browse all the data stored within the Atlas. That is 

why the access application allows to manage a pool of individuals with PIMD related to a given 



Global Atlas of People with Profound Intellectual and Multiple Disabilities                      111 
 

Journal on Technology and Persons with Disabilities   
Santiago, J. (Eds): CSUN Assistive Technology Conference   
© 2019 California State University, Northridge 

researcher, which means individuals for whom the given researcher provided or aims to provide 

data to the Atlas, to enter assessment data with the use of the survey tools and to browse the data. 

Due to the fact that the whole assessment survey is relatively lengthy, it must be noted here that 

the access application allows to save a draft incomplete record. The Atlas has been also equipped 

with the multilinguality capabilities to facilitate its usage by interested communities in various 

locations.  

Security of information  

The Atlas aims to collect data that are sensitive and require special attention as to their 

security and appropriate measures for authorizing access to them. At the same time, it is 

expected that the ECPs for a given individual might change as new information is found on these 

individual or they develop new skills, habits or (dis)likes. Therefore, we proposed that the data 

are pseudonymized before storing them in the Atlas rather than fully anonymized. The 

pseudonymization is done in such a way that each individual on whom the Atlas holds 

information is given a random unique identifier. The person or organization that enters the 

information on that individual must be capable of linking that identifier to a real person on his or 

her own. This way we ensure that none of the Atlas users other than those that know the given 

individual with PIMD, and nobody from outside of the Atlas users community, can link the 

collected data to a real person. As far as technological security of the data is concerned, it goes 

without saying that adequate encryption techniques are used for data transmission and storage. 

Conclusions 

Our motivation for creating a repository that could collect comprehensive information on 

the population of people with PIMD has been to ensure that the INSENSION system we have 

been developing had rich functionality capable of supporting a wide range of end users’ needs. 
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However, we also believe that such a repository can be a platform for sharing information on the 

PIMD population within the community involved in studying this type of disabilities. This can 

help researchers and practitioners to get better understanding of the characteristics of this group, 

for example by providing findings concerning the phenotype of specific genetic syndromes or 

enabling comparisons in terms of specific characteristic (e.g. age, gender, diagnoses (sensory 

impairment, diseases)). In consequence, new, better methods and tools for assisting people with 

PIMD can be developed. Such a model works within the medical research community where 

creation of specialized repositories for collecting patient data related to specific conditions 

became an often used methodology. 

In our opinion, our goal of making the Global PIMD Atlas asa platform for sharing 

information on people with PIMD can be achieved due to  the use of an assessment system that 

integrates well-established tools to collect information about people with disabilities. This 

system is coded into a carefully structured electronic document – Electronic Communication 

Passport – based on the ever more popular JSON format. The passports are stored in a database 

constructed with the use of a database system verified in multiple installations and systems. The 

Atlas uses a REST-based API to upload and download the data, and a set of web forms allowing 

to enter and to browse the information. Moreover, we paid careful attention to secure processing 

of the sensitive data that are collected within the Atlas. 

It is also worth noting that our goal is to make the Atlas available to the whole 

community and we wish the community to influence its further potential extensions and usage 

scenarios. In this, we see the potential of collaborating with such initiatives as, for example, the 

Global Public Inclusive Infrastructure and Cloud4All, which work on enabling Internet services 

to people with limitations resulting from disabilities, age and other issues (Vanderheiden et al., 
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2011). This is because we believe that people with PIMD might be able to utilize a range of 

digital applications and services thanks to a special user interface that we develop in the 

INSENSION project. 
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Abstract 

This article presents analysis of qualitative data from two focus groups, one each with 

individuals with blindness and low vision, respectively, on use of mHealth technologies. The use of 

mHealth – medical and public health practice supported by mobile devices, such as mobile phones, 

patient monitoring devices, personal digital assistants, and other wireless devices – has expanded 

considerably in recent years and is expected to grow further. mHealth offers potential to reduce 

health disparities between people with disabilities and the general population by facilitating 

interaction with healthcare professionals and enhancing by supporting personal engagement and in 

health data collection, goal setting and healthy living. People with disabilities – in this case, people 

with severe visual impairment –may benefit from access to these mHealth technologies and 

services. This exploratory qualitative research identifies patterns of use, barriers and facilitators, 

and attitudes to using mHealth. Participants generally did not immediately understand what the 

term mHealth referred to, but used or had familiarity with mHealth technologies like patient 

portals, mHealth mobile apps, health monitoring devices (e.g., glucose monitors), and wearable 

trackers. Participants expressed interest and, in some cases, strong positive affect for using 

mHealth technologies. 
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Introduction 

Significant health disparities exist between the general population and people with 

disabilities, particularly with respect to chronic health conditions (Krahn, Klein Walker & 

Correa-De-Araujo, 2015). Mobile healthcare (mHealth) – medical and public health practice 

supported by mobile devices, such as mobile phones, patient monitoring devices, personal digital 

assistants, and other wireless devices (World Health Organization, 2011) – offers considerable 

potential to help reduce these disparities by facilitating interaction with healthcare professionals 

and by supporting personal engagement and in health data collection, goal setting and healthy 

lifestyles.  

Worldwide, the number of people with visual impairment is estimated at 223 (Stevens, 

White, Flaxman, et al., 2013) and 285 million (Pascolini & Mariotti, 2012), including 

approximately 31 million people with blindness. People with substantial visual impairment often 

have comorbid health risks and chronic conditions (Court, et al., 2014; CDC, 2018). A review of 

2010-2014 data from the National Health Interview Survey (NHIS) by the U.S. Centers for 

Disease Control and Prevention (CDC) comparing Americans 65 years of age with and without 

vision impairment, shows the former are more likely to have weak/failing kidney (2.3 times more 

likely), to have had a stroke (2.0), have arthritis (1.9), diabetes (1.6), heart disease (1.6), chronic 

obstructive pulmonary disease - COPD (1.6), asthma (1.6), depression (1.5), hypertension (1.4), 

and high cholesterol (1.3) (CDC, 2018). The combination of visual impairment and other 

comorbidities has been shown to negatively impact health-related quality of life (HRQOL; Park, 

Ahn, Woo & Park, 2015) and quality-adjusted life years (QALYs; Park, Ahn, & Park, 2016). 

Consumers, healthcare providers and payers have considerable interest and high 

expectations for mHealth (Zweig, Shen, & Jug, 2018). About half of patients recently surveyed 

predict that mHealth technologies will improve the convenience, cost and quality of healthcare in 
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the next three years (Price Waterhouse & Coopers, 2013), and 96% of current mHealth app users 

believe the apps help improve their quality of life (Research Now, 2015a). Six in 10 doctors and 

payers believe that its widespread adoption is inevitable, and 7 in 10 believe health apps will 

encourage patients to take more responsibility for their health (Research Now, 2015b). 

Little is known about the mHealth experiences of people with disabilities, including 

people with blindness and very low vision. Early evidence suggests that people with disabilities 

are not well represented in the growth of mobile healthcare, and particularly the proliferation of 

mobile health software applications (mHealth apps) for smartphones and tablets (Jones, et al., 

2018; DeRuyter, et al., 2018). This underrepresentation could lead to further health disparities, 

and perhaps more fundamentally fail to take advantage of new and effective ways of engagement 

in personal health management. This article presents data analysis from focus group research 

with individuals with blindness and low vision to map their experiences and needs for mHealth 

solutions. This is an important initial step for setting the mHealth research and development 

agenda. Overall, participants reported having numerous chronic conditions and general wellness 

goals which they manage in part using mHealth tools like patient portals, dedicated personal 

health devices for monitoring health measurements (heart rate, blood pressure and glucose levels, 

weight), wearable trackers, mobile apps for health and fitness on their smartphones, the internet 

for information look-up and reference. Participants also discussed barriers and facilitators for 

acquiring, using and abandoning mobile health technologies. 

Discussion 

We conducted an exploratory study on the use of mHealth technologies among 

individuals with visual impairment (blindness and low vision). Data were collected in 2 focus 

groups held in March 2018. There were 6 individuals with blindness in one group and 8 
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individuals with very low vision in the other. Participants were recruited from a local metro-

Atlanta organization providing rehabilitation and support for the visually impaired community.  

To be eligible for the study, participants had to be 18 years or older, fluent in English, 

and self-identified as having blindness (little or no usable vision) or very low vision (difficulty 

accomplishing visual tasks even with prescribed corrective lenses). A recruitment screening 

questionnaire was used to identify eligible participants and record basic data on demographics 

(Table 1) and technology profiles (Table 2). Recruitment followed a convenience sampling 

approach, by which the first individuals who met the inclusion criteria and who could attend the 

blind or low vision group on the scheduled date were accepted into the study. We did not aim to 

include participants with specific demographic or other characteristics. 

Table 1. Demographic and technology profile (All participants) 

Demographic/Characteristics Data 

Age range (years) 30-67 

Age mean (years) 44 

Gender (% Female) 36% 

Education (% with bachelor’s degree or higher) 50% 

Income (% below $15,000 annual income) 50% 

Household structure (% living alone) 36% 

Assistive technology – use screen reader (%) 86% 

Assistive technology – use screen magnifier (%) 57% 

Consumer technology – use smartphone 93% 

Consumer technology – use tablet   86% 
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Table 2. Do you own or use any of the following technologies to support your health and 

wellness? (Percentage of all participants) 

 

Technology Type Percentage 

Cellphone 86% 

Laptop computer 64% 

Tablet 64% 

Patient portal 64% 

Desktop computer 36% 

Dedicated health monitors (glucose, BP) 29% 

Wearable device 21% 

Automated devices in the home 21% 

Data analysis involved a standard approach – philosophically and operationally – to 

qualitative analysis and grounded theory. The core elements of our approach are well 

summarized by Hill, Thompson and Williams (1997) in their review of approaches to qualitative 

analysis: 1) emphasis on description, not explanation; 2) participants define reality, not the 

researcher; 3) meaning of experience and behavior must be viewed in full complexity; 4) goal of 

analysis is to generate working hypotheses, not empirical facts; 5) concepts emerge from the 

data, data are not fitted into existing theory.  

Operationally, the research design and procedures utilized were based on the “constant 

comparative method” (Strauss & Corbin, 1990) which informs most qualitative data analysis. As 

Hill, et al. (1997) describe the method: “Researchers continuously cycle through the data, 

making comparisons between the data and derived categories until the core ideas have been 

verified” (p. 521). A single, semi-structured moderator script was used to ask participants in both 
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groups open-ended questions about their use of mHealth technology and their health interests 

and needs. The moderator script was informed by the researchers’ previous work in mHealth, 

technology use, user needs, usability and disability. Though open-ended, the moderator script 

provided the following core themes for analyzing the transcript data. 

• Health Interests and Needs of People with Visual Impairment 

• What is mHealth technology?  

• What types of mHealth Technology do you use? 

• Benefits to using mHealth technology 

• Barriers to using mHealth technology 

• Specific assistance needed to use mHealth technology 

• Discovering new mHealth technologies and resources 

Using the constant comparative method, two members of the research team read the focus 

group/interview transcripts independently to get an overall sense of the tone and content of the 

material, and to identify major themes and patterns. The two data analysts met to discuss their 

interpretations, ensure that there is consistency in identification of themes and patterns, clarify 

and derive consensus on any discrepancies, and ensure saturation.  

Below we summarize the themes and concepts coded for both groups (blind and low 

vision) taken together. While there were some areas of divergence in the specific experiences of 

each group, these differences were relatively minor. Instead, there was considerable 

commonality in the experiences, needs, and desires of both groups with regard to attitudes 

toward mHealth (generally positive), and usefulness and usability of mHealth solutions (some 

mixed feelings), and sources of information when seeking new mHealth solutions to try. Some 
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differences in affect (positive or negative feelings and experiences) were noted between the two 

groups and will be presented. 

mHealth Technology: Top-of-Mind Conceptualizations and Actual Use 

When asked what comes to mind when hearing the term mHealth technology, 

participants gave descriptions and provided examples of the types of mHealth technology they 

were most familiar with and use. Most examples were coded as: patient portals, mobile 

applications for health and fitness, and medical/health-related devices (Table 3). Other 

technologies identified were accessibility supports, mobile health trackers, online resources (e.g., 

healthcare websites, search engines for medical reference, instructional videos), general 

platforms like smartphones and tablets, and exercise machines with smart device connectivity – 

but these were not top-of-mind. A patient portal in this study was defined as a secure online 

website that may be used to: access patient health information, such as medical records, lab test 

results, and personal health information; schedule appointments; communicate with clinical staff 

and view health educational information. Patient portals mentioned included several used by 

Atlanta area hospitals and other care delivery organizations: MyChart, WellStar network app, 

Dekalb Medical Center’s FollowMyHealth, and Kaiser Permanente’s KP app. Mobile 

applications for health and fitness were identified as computer programs on mobile devices 

(phone/tablet) used to support personal health and fitness goals. Participants in this study used 

health applications to track fitness (activity/steps take, distance traveled, calories burned, etc.), 

monitor medical symptoms (heart rate, blood sugar, blood pressure, etc.), and manage 

medications (reading labels and to set reminders). Examples of health applications used by 

participants in this study include the Apple health app, the S health app by Samsung, Couch to 

5k, MyFitness Pal, various barcode scanner apps, the Fitbit app, the iFit fitness app, BlindAlive, 

EyesFreeFitness, CARROT apps, SeeingAI, alarm or reminder apps on the phone. Participants in 
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this study also mentioned trying out apps geared toward improving sleep and managing stress or 

promoting meditation/relaxation, however no specific apps were stated. Several participants also 

used personal medical/health related devices to measure vital signs and other clinical indicators, 

such as blood pressure, heart rate, temperature, blood glucose (sugar) levels, and weight. 

Participants noted that their medical/health devices were accessible, via voice/auditory 

interfaces. 

Table 3. mHealth Technology Solutions Mentioned by Participants. 

Patient Portals 
Mobile 
Health 
Apps 

Medical & 
Health 
Devices 

Mobile 
Health 

Trackers 

Accessibility 
Supports 

Online 
Resources 

WellStar Health 
Systems 

Apple 
Health 

Blood 
pressure 
monitor 

Activity and 
fitness 

trackers 

Screen 
readers 

Medical 
reference 
websites 

MyChart 
(Piedmont Hosp) 

Samsung  
S-Health 

Glucose 
monitor 

Fitness 
watches Magnifiers Search 

engines 

FollowMyHealth 
(Dekalb Med) 

Couch-to-
5k Thermometer Wearables RUBY 

products 
Instructional 

videos 

KP app (Kaiser) MyFitness 
Pal 

Bluetooth 
scales  Barcode 

scanners AppleVis 

 FitBit app ScriptTalk   VIA 

 iFit app     

 BlindAlive     

 EyesFree 
Fitness     

 CARROT 
apps     

 SeeingAI     

 Magnifier     

 Alarm     
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Patient Portals 
Mobile 
Health 
Apps 

Medical & 
Health 
Devices 

Mobile 
Health 

Trackers 

Accessibility 
Supports 

Online 
Resources 

 Reminder     

 Calendar     

 Barcode 
scanner     

 

Although most individuals focused on patient portals, mobile apps for health and fitness, 

and medical/health devices when thinking about the term “mHealth technology”, some also 

considered mHealth technology to be: 1) an accessibility support, technology that helps to 

improve access to information due to the limitations, challenges, or differences they have 

because of their level of vision; technology that simplifies the task of obtaining health 

information (i.e., reducing the number of devices used to get the health information) and 2) a 

mobile health tracker, technology that tracks your health on the go; in some case fitness trackers, 

fitness watches, or wearables could be considered mobile health trackers. Examples of 

accessibility supports mentioned by participants were screen readers, magnifiers, barcode 

readers, etc.). Mobile health tracking was a broad concept that was briefly covered, which may 

need more exploration for future research as to why the individuals with visual impairment did 

not engage in further conversation about this topic. 

Health Needs and Interests 

Two themes related to why individuals with visual impairment used mHealth technology 

emerged from the data: 1) external pragmatic objectives of maintaining good health and 

managing chronic conditions and 2) internal personal interest and rewards from living well and 

engaging with mHealth technologies (Table 4). The former focuses on instrumental goals in 
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maintaining health, while the latter reflects intrinsic values on how ideation or state makes the 

individual feel psychologically. 

Table 4. Why participants use mHealth technology 

Pragmatic Health Interests and Needs Intrinsic Motivations 

General health maintenance Healthy living 

Specific chronic health conditions/disease 
management 

Communication - with others about personal 
health 

Communication with healthcare providers for 
both general health and chronic disease 
management 

Accountability – with self and others 

 Efficiency – ease of tracking health data 

 Satisfaction – affirming to see progress in 
goals 

 Entertainment -fun to view information and 
compete against others 

 Inevitability – use of technology is the way of 
the world 

 

Regarding instrumental goals, participants reported interest in general health maintenance 

and need for specific chronic disease management. Individuals in both focus groups were 

interested in maintaining good health and preventing disease and illness. Participants discussed 

their successes, challenges, tools and techniques for incorporating healthy diets, physical 

activity, and psychological wellbeing into their lifestyles. They also talked about managing 

chronic conditions, including diabetes, cardiovascular health (blood pressure, heart rate, 

cholesterol), and kidney disease. To varying degrees participants used mHealth technology to 

manage their chronic health conditions and their medications, as well as to maintain good health. 

They also used mHealth technology to communicate with healthcare providers involved in their 
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healthcare (general health maintenance and chronic disease management). The intrinsic values 

and psychological rewards participants expressed were coded into seven categories: 1) healthy 

living 2) communication 3) efficiency 4) satisfaction 5) accountability 6) entertainment and 7) 

inevitability. 

Health living is grouped here as an intrinsic value derived from use of mHealth 

technology and is distinct from the instrumental goal of maintaining one’s health. Participants 

expressed considerable enthusiasm for living well, eating right, and getting exercise, and they 

identified with efforts made to be healthy. Communication, like the concept of healthy living, 

has instrumental and intrinsic qualities: the pragmatic need to allow healthcare providers, family, 

and friends to access your health data and intervene on your behalf with permission, especially 

for chronic disease management; and the psychological comfort of being able to communicate 

and share personal health data with others. Efficiency of passively tracking data (steps), 

inputting/logging data (nutrition/diet details), and easily accessing historical data (medical 

records, clinical measurements) was a major theme identified throughout both focus group 

sessions. Using mHealth technology for satisfaction, accountability, and entertainment were 

closely related themes, but distinct concepts that emerged. For satisfaction, participants with 

blindness expressed “good” feelings about viewing their data/progress made toward their health 

goals and enjoyment from using mHealth technology. Accountability, which was also only 

mentioned among participants with blindness, who were referring to the motivation one gets by 

having access to their own physical activity and health tracking data, and sharing them with 

friends and family. Several participants with blindness also commented on using mHealth 

technology for fun or entertainment, competing with self and others to meet activity goals. 

Finally, inevitability was a major theme discussed by several participants with low vision who 

noted that society has already embraced the widespread use of technology and mHealth 
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technology is part of this progress. Therefore, it is better to engage with these new technologies 

for the purposes of promoting and supporting good health rather than be excluded. 

Decision-Making Processes for mHealth Technology Use 

The processes of selecting mHealth solutions includes discovery, acquisition, and 

abandonment (Table 5). Discovery is how individuals learn about new technologies. Participants 

in this study mentioned using various resources to find out about new mHealth technologies, 

these included word-of-mouth and personal networks (associates, family, and friends); online 

media (emails, list serves, podcasts, the internet, the App store, curation sites, and social media); 

and professionals (healthcare, advocates, assistive technology, and researchers). One participant 

emphasized the benefit of peer-to-peer sharing as part of the discovery process: “I come here, 

and I learn from other people that have blindness and the technology that [they] have and what 

works best for them.  So, I listen, and I take notes, and I use it in my life.” Acquisition involves 

considering factors that influence the choice to test and adopt use of a specific mHealth 

technology; these include accessibility, functionality, design, complexity/ease of use, accuracy of 

data measurements, financial cost, and perceived value/usefulness, When talking about deciding 

whether or not to download an a new health app, a participant summarized the acquisition 

process by saying “When I pick an app out, the app got five minutes to impress me, literally five 

minutes, because if I'm not impressed with the app and [don’t] see the benefits of keeping the 

app on my phone, I don't keep them on my phone because that's a waste of space on my phone.  

My phone is my lifeline.  This is how I find GPS.  This is how I keep up with my doctor's 

appointments.  This is how I keep up with everything. Abandonment is the decision (voluntarily 

and involuntarily) to cease using a specific mHealth technology to support one’s health. 

Participants identified five main reasons for abandoning specific mHealth solutions: 1) the 

technology becomes inaccessible (updates to operating systems or apps may break accessibility; 
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2) the person’s level of vision worsens); 3) not enough storage/RAM available on their device; 4) 

a better technology choice becomes available (improved cost, design, function); or 5) the 

technology is no longer convenient to have or use (cumbersome to have multiple devices, cords, 

chargers). One participant described abandonment due to updates by noting: “Some things that 

make an app obsolete is either when my phone sends me notification of an update or the app 

itself goes through an update.” 

Table 5. Decision-making processes for mHealth technology use by participants 

Discovery Acquisition Abandonment 

Personal networks & word-
of-mouth 

Accessibility Becomes inaccessible 
(updates to OS or apps; level 
of vision worsens) 

Online media Functionality Not enough storage/RAM 
available 

Professionals (healthcare, 
advocates, assistive 
technology, research) 

Design Better choice becomes 
available (cost, design, or 
function) 

 Complexity/Ease of Use Not convenient to have 
multiple devices, cords, 
chargers, etc. 

 Accuracy of data 
measurements 

 

 Financial cost  

 Perceived value  

 Perceived usefulness  

 

Conclusion 

This exploratory research study is the first step in identifying the current use of mHealth 

technology by people with vision impairment. Overall, there were similar conceptualizations 
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between the blind and low vision groups regarding mHealth technology and similar experiences 

regarding the technologies used, perceived benefits and barriers, health needs and interests, and 

the process of choosing to use mHealth technology. Both groups identified a range of health 

concerns and conditions that require regular attention and an ongoing focus on healthy behaviors. 

Barriers to use focus mainly on accessibility – enabling the technologies with auditory input and 

output. For individuals relying on screen readers, this functionality needs to be enabled out of the 

box. Financial cost also seemed to be a consideration, though this was often expressed indirectly. 

The overall benefits of mHealth technology for both groups included better management of 

personal health data through electronic tracking; support of physical activity, nutrition, weight, 

sleep, and stress management goals; access to global health and medical information; and 

opportunities for improved communication with clinicians involved in their healthcare.  
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Introduction  

The Accessible Technology Leveraged for Autonomous vehicles System, or 

ATLAS is a prototype human-machine interface intended to support the spatial 

orientation and navigation needs of self-driving vehicle users with visual disabilities. 

Within this report we describe the development of the system’s voice user interface and 

share lessons learned during the development process. We argue that a review of our 

experiences in implementing the ATLAS VUI may prove beneficial for researchers who 

may face similar challenges in rapidly prototyping voice user interfaces.  

Prototype Implementation 

System Overview 

The development of ATLAS was motivated by a desire to address the self-driving 

vehicle accessibility challenges suggested by the visually impaired survey respondents of 

our prior survey (Brinkley, Daily, et al.), focus groups (Brinkley, Posadas, et al.) and 

participatory design sessions. This report describes the implementation of the system’s 

voice user interface specifically. 

System Implementation 

Though ATLAS is a single system, it has been designed around service-oriented 

design principles and utilizes a service-oriented, multi-tiered architecture. The core of 

ATLAS is a Microsoft Universal Windows Platform (UWP) application (“Intro to the 

Universal Windows Platform”), written in C#. Diverging from the approach of Asp.Net, 

Windows Presentation Foundation and WinForms, which required specific deployment 

environments, the UWP provides a core application-programming interface across 

devices. With this approach, a single application package can be installed on a range of 
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devices and can be made available to consumers through the Microsoft Store. Though it 

is necessary to tailor the application for different form factors and types of input, a single 

application may be deployed to a Microsoft Surface tablet, desktop computer, mobile 

device, Microsoft HoloLens, or other hardware provided that the Windows 10 operating 

system is present. The use of a UWP application was chosen over other approaches given 

the research team’s familiarity with Microsoft .Net development, the decision to use C# 

for application logic, the desire to deploy the application to a Microsoft Surface tablet 

and the inherent compatibility of UWP applications with Microsoft’s Language 

Understanding Intelligence Service (“LUIS: Language Understanding Intelligent 

Service”)  and Microsoft’s Face API (“Face API Service Overview”); APIs used within 

the system for language understanding and affective analysis respectively.  

Voice User Interface 

Throughout the formative research activities participants indicated a significant 

desire for a robust voice user interface (VUI). Voice interaction in ATLAS was enabled 

through the development of a speech recognition and speech synthesis library written to 

augment the Universal Window’s Platform existing speech capabilities, the development 

of a project-specific dialogue manager and the incorporation of language understanding 

as a service using a cloud-based language model. 

Dialogue Strategy 

Based on what was learned during a series of participatory design sessions, the 

high fidelity prototype was implemented to utilize a mixed-initiative dialog strategy 

(Cohen et al.). In a directed dialog strategy, the system initiates and directs all interaction. 

Using this approach, a system might ask a user a highly specific question (e.g. “What 
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time do you want to schedule the appointment?”) and will anticipate a highly specific 

response (e.g. “1:30 pm”). In a mixed-initiative dialog strategy, at times the user has the 

initiative, and other times, the system will assume the initiative as needed to request 

missing information. Within ATLAS, first time users must complete a one-minute 

tutorial during which, the system maintains the initiative. At the conclusion of the 

tutorial, initiative is relinquished to the user who may initiate a system action using the 

“hot word” to activate the voice interface (“Atlas”). Depending upon the user’s utterance 

the system will then assume the initiative as necessary. A user interested in learning the 

present time while the system is in standby for instance might say the hot word, “Atlas”, 

to activate the voice interface followed by his or her request for the time. Given that the 

system uses mixed-initiative, the user could also simply say, “Atlas, what time is it?”.  

A sample dialogue is presented that demonstrates a mixed initiative interaction 

between the system S and a user U that is possible within ATLAS: 

U: “ATLAS, I’ve been in an accident!” (The user has the initiative) 

S: “You have been in an accident?” (The system assumes initiative) 

U: “Yes!” 

S: “Ok, you have been in an accident. Please stay calm and remain in your vehicle 

if it is safe to do so. I am contacting emergency services now. For your safety 

all exterior cameras and microphones have been activated. Is anyone injured?” 

U: “Yes!” 

S: “I have notified emergency services regarding potential injuries, they are on 

their way.” (Initiative is returned to the user) 
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Given that the system uses a mixed initiative approach, participants of the prior design 

sessions suggested the presence of an audible cue to indicate when the system was 

expecting a user response. A similar cue is present when input is anticipated using the Job 

Access With Speech (JAWS, Freedom Scientific) and NonVisual Desktop Access 

(NVAccess) screen reading software; two popular accessibility tools widely used by 

persons with visual disabilities.  A brief beep was incorporated whenever the system 

assumed the initiative and expected a response as demonstrated in this sample dialogue:    

U: “ATLAS, drive” (The user has the initiative) 

S: “Ok, where do you want to go?” (The system assumes initiative) 

S: beep 

U: “I want to go to Starbucks in Gainesville, Florida.” 

S: “Ok, you want to go to Starbucks in Gainesville, Florida?” 

S: beep 

U: “Yes” 

S: “Ok, finding Starbucks in Gainesville, Florida. Please wait, this might take a 

moment.” 

Pervasive Dialogue Elements 

The design of the ATLAS dialogue strategy also included the development of an 

error recovery strategy and a strategy for universal commands. ATLAS utilizes an 

approach to voice user interface error handling that combines escalating detail and rapid 

re-prompting depending upon the situation. In all cases, when the speech recognizer fails 

to return a recognition result within the specific confidence threshold (moderate 

confidence or higher) or the user fails to respond within a three second window, the 
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system re-prompts the user while repeating the question (e.g. “I’m sorry, what did you 

say?”). In certain situations, such as within the tutorial when users are gaining familiarity 

with the system, the user is given additional detail and specific directions on how to 

respond to the prompt (e.g. “I’m sorry I didn’t understand you. Try saying yes or no.”). 

Within the tutorial, when users are unable to respond to the practice prompt appropriately 

after three attempts (“Say, ATLAS what time is it?”), the system switches to a new 

prompt entirely (“It seems like you’re having trouble. Let’s try something else. Say, 

ATLAS what day of the week is it?”). At any point in a dialogue the system is able to 

respond to the universal commands of “Help”, “Exit”, “Quit”, “Emergency”, “Stop” and 

“Accident.”  

Dialogue Management 

A dialogue manager within a voice user interface determines what actions the 

system takes in response to user input. The dialogue manager within ATLAS is written in 

C# and takes as input either the raw user utterance from the speech recognizer or the 

user’s intent from the language understanding model. The dialogue manager performs 

one or more actions based either on keywords detected within the utterance (e.g. “Quit”, 

“Help”) or on the user’s interpreted intent based on processing the utterance through the 

cloud-based language model.  

Language Understanding 

Language understanding technology uses machine learning and a language model 

to enable an application to understand a user’s intent using the user’s own words. A 

system capable of language understanding might use a language model to determine that 

a user who says, “Find me a car for January 9th” wants to reserve a rental car on the 9th 
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day of the first month. ATLAS uses Microsoft’s LUIS (“LUIS: Language Understanding 

Intelligent Service”) language understanding service to host a language model in the 

cloud that maps user utterances, consumed as text input, to a user’s intent (e.g. what 

action they want to perform).   The ATLAS language model, Enteraxion Atlas v 1.1, 

contains 40 custom and prebuilt intents, processes utterances received as HTTP requests 

through the model and returns a response as a JSON object. The LUIS model also returns 

any relevant objects or entities that were detected during processing as well as a 

confidence score between 0.00 (no confidence) and 1.00 (highest confidence).  A request 

to, “Find Starbucks in Gainesville, Florida” for instance returns the intent, 

“Places.FindPlace” with a confidence score of 0.86 and encyclopedia (Starbucks) and 

geography (Florida) entities. The resulting JSON object can then be consumed by 

ATLAS, which then takes action based on the content of the response.  

Conclusion 

Because voice interfaces do not require the motor skills needed for text input 

through a keyboard, their use may reduce the interaction barriers faced by persons with 

disabilities and older adults. The design of accessible voice user interfaces may still prove 

challenging however. Within this report we describe the implementation of the voice user 

interface of the ATLAS system, a prototype human-machine interface intended to support 

the spatial orientation and navigation needs of self-driving vehicle users with visual 

disabilities. We argue that our experiences in implementing the ATLAS VUI may prove 

beneficial for researchers who may face similar challenges in rapidly developing other 

accessible VUIs in both the self-driving vehicle and other contexts.   
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Abstract 

With advances in speech recognition technology, voice-controlled devices such as Alexa 

have become very popular and ubiquitous. They are inaccessible to Deaf and Hard of Hearing 

(DHH) users, because of their reliance on spoken-modality input and output, who generally cannot 

interact with these devices. Some of these devices include visual interfaces which can display 

captions, which makes the output accessible for literate users, but there has been little work done to 

make the input accessible for most DHH whose speech is not understandable by the devices. This 

study seeks to explore alternative accessible input methods for DHH users of voice-controlled 

devices. The paper examines and reports the accessibility and usability by DHH users of text to 

speech (TTS), American Sign Language (ASL), and gesture input. The users did not find the 

gesture system intuitive or usable, and preferred a system that was more similar to ASL. One 

possibility is to provide users the option of customizable gestures that can be potentially easier to 

recall and use. 
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Introduction 

With advances in speech recognition technology, voice interfaces have become 

increasingly common. The most popular of these interfaces are Interactive Personal Assistants 

(IPAs), which are commanded with natural spoken language. Most IPAs are inaccessible to Deaf 

and Hard of Hearing (DHH) users, because of their reliance on spoken-modality input and 

output. Some IPAs includes captions, which makes the output accessible for literate users, but 

there has been little work done to make the input accessible for most DHH whose speech is not 

understandable by the devices, or by a significant percentage of DHH who are not fluent in 

English. This study seeks to explore alternative accessible input methods for DHH users of IPAs. 

This paper examines and reports the accessibility and usability of text to speech (TTS), 

American Sign Language (ASL), and gesture input by DHH users. 

Literature Review 

Automatic Speech Recognition (ASR) as a field of technology has made enormous 

advancements in the past few years. For example, Google’s ASR system achieved a 4.9% Word 

Error Rate, exceeding human performance (Darrow 2017).  The growth of ASR has led to the 

development of spoken-modality interfaces and voice controlled applications, such as speech to 

text and Interactive Personal Assistants (IPAs). In its current state, ASR technology is incapable 

of understanding Deaf Speech, which has significantly more variability than the ASR training 

data (Bigham et al., 2017; Fok et al., 2018; Glasser et al., 2017; Gottenmier et al., 2016). While 

there are efforts to make ASR work for Deaf Speech, such as the work done by Bigham et al. 

(2017) and Fok et al. (2018) using human computation, these solutions still struggle with 

accuracy. 
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An alternative way to communicate with a spoken-modality interface is to type messages 

into text to speech (TTS) apps. Preliminary studies found that TTS is functional, but it is difficult 

to get feedback on the proper placement and setup of the TTS device (Bigham et al., 2017). They 

noted that while TTS has high accuracy and low variance, it also has significant lag time with 

people typing 3-4 times slower than they speak (Glasser et al. 2017). As such, TTS is not an 

equivalent replacement for ASR when using a spoken-modality interface. 

Voice Controlled Devices 

Advances in ASR technology have led to its widespread use in spoken-modality 

interfaces. The most sophisticated of these interfaces, Interactive Personal Assistants (IPAs) are 

able to receive commands in natural language, and assist users with a variety of tasks.  Users are 

intended to interact with IPAs by speaking to them and hearing their response, to keep their 

hands/eyes free for other tasks, however, this approach is inaccessible for DHH users. Mobile 

IPAs usually provide the option to input text commands and caption the output, but until 

recently, home IPAs did not have visual displays for captioned output. There has been research 

on mobile IPAs usability and how they are used, however mobile IPAs differ from home IPAs, 

which are a more novel technology. 

A study by Lopatovska et al. (2017) examined users of the original, screenless Amazon 

Alexa. In the study, participants kept diaries on how Alexa was used. The researchers found that 

the most common tasks Alexa was used for were checking the weather, listening to music, and 

controlling other devices. While researchers had initially classified Alexa as an information 

retrieval technology, they found that users reported that they did not trust it to do important 

information retrieval tasks. Instead, users would interact with Alexa as a tool to do things, like 

playing music or setting alarms. 
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Gestural Control 

In the field of usability testing for gesture control, a number of advancements have been 

made recently, demonstrating the potential to create a gesture-controlled IPA. For instance, 

Microsoft has developed systems that are able to detect when a user is purposefully interacting 

with a gesture system, as opposed to general movements (Schwarz et al., 2014). With this 

technology, there will be fewer accidental inputs, as the user has to purposefully direct their 

gesture at the system to use it. This is similar to calling an activation word, such as “Alexa” to 

get the Echo's attention, and could be used in a fully gesture-controlled system. 

Designing Gestures 

For a system with gestural control, many factors must be considered, such as ease of use, 

comfortability, and memorability. A study on gesture controls using a handheld device (Kühnel 

et al., 2011) concluded that “gestures are well-suited for actions for which physical or 

metaphorical [...] gestures can be found.” For example, flipping a switch might be mimicked by 

the hand motion of the traditional “flipping” used to turn on lights. Additionally, users often 

made the same gesture with a number of variations depending on the device being commanded. 

This needs to be taken into account for the system’s gesture recognition. 

American Sign Language Input 

Research on ASL input via computer vision has grown in the past decade largely due to 

the increased viability of machine learning techniques.  

Shivashankara & Srinath (2017) discussed the capabilities of different computer vision 

techniques for recognizing ASL handshapes. Of the methods reviewed in the paper, one was 

shown to have 98.7% accuracy with a low-resolution video in complex backgrounds. This 

approach is a promising advance for a small subset of signs, but recognition of handshapes fails 
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to capture the all of the information stream expressed in ASL. For instance, it is not capable of 

parsing non-manual features of ASL, such as affective information from facial expressions or 

spatial information from body movements, which has crucial grammar information. Therefore, it 

is not yet currently feasible to use conversational ASL with IPAs, even though it would most 

closely match the conversational speech input used by many of these devices. 

Methodology 

We recruited signing deaf and hard of hearing participants from Gallaudet University 

through posters and advertisement in the university’s newsletter. Our participants were largely 

college educated. The age of our participants ranged between 18 and 54, as shown in Fig. 1 

below. 

 

Fig.1. Graph of Participant Ages 

Roughly 80% of participants did not own a home IPA, nor did their close family or friends. The 

majority of our participants had never used a voice interface (58%), as shown in Fig. 2 below. 
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Fig. 2. Graph of Participants’ Prior Experience with Voice Interfaces. 

Experimental Setup 

A Samsung Nexus tablet with a keyboard was provided for TTS and as gesture reference 

material. In all conditions, the researchers asked participants to sit in front of an Amazon Echo 

Show with a Logitech BCC950 web camera behind the Echo. This camera recorded participants 

in all conditions, and served additional functions in the ASL and gesture conditions. In those 

conditions, there was a Wizard of Oz set-up with an interpreter on the other side of a video call, 

interpreting participants’ signs/gestures into voiced Alexa commands as shown in Fig. C. 

 

Fig. 3. A Diagram of the Gesture Interpretation Testing Setup. 
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American Sign Language: For the ASL condition, participants were instructed to sign 

their commands to the Echo. Participants were instructed to begin all commands with the name 

sign developed for Alexa (an “A” handshape used to draw an “X” in front of the user) and then 

to sign the command as they would normally as shown in Fig. 4. 

 

Fig. 4. Screenshot of Gesture Reference Website. Shows the Columns for ASL, the described 

task, and the corresponding gesture. 

Gesture: We developed roughly twenty gestures, based on common uses for Alexa 

(Lopatovska et al., 2017). The gestures were created with the physical or metaphorical actions 

related to their functions (Kühnel et al., 2011). We created a system for more specific input, such 

as finding the weather on a certain day, or choosing the duration for a timer. We used an air 

drawing system, where further input had a series of possible letters or numbers that could be 

drawn to make a selection, such as drawing ‘M’ after the weather gesture to ask for the weather 

on Monday. We presented the gestures in a website with videos. This input method was 

simulated using the Wizard of Oz set-up. The name sign for Alexa would also preface all gesture 

commands.  
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Text to Speech: In the text to speech input method, participants were provided a 

Samsung Nexus tablet with the TTS Android app “Speak 4 Me” and a keyboard for typing. 

Subjects were instructed to type their commands to Alexa, then press the speak button on the 

tablet’s screen. 

Procedure 

Each experiment began with a questionnaire to collect participant’s demographics, 

communication preferences, and technological expertise. Following that, subjects were 

introduced to three different Alexa input methods: ASL, TTS, and gesture. For each input 

method, participants were given a brief explanation of the system, an example task performed by 

the researcher, and practice time to familiarize themselves. They were then asked to complete a 

series of seven tasks. The order of the conditions and tasks was counterbalanced using a 

combination of combinatorics and a Latin square. During this time, researchers recorded pain 

points, accuracy, and if participants were able to complete each task on the first try. User 

satisfaction with each input was measured with the System Usability Scale (Brooke, J., 1986). 

After the experiment, participants filled out an exit questionnaire that asked how they 

would like to interact with an IPA system along with qualities they wanted in a smart home 

control system. 

Results 

Participant scores on the SUS after each input method showed significantly more 

satisfaction with ASL (M=80.2, SD=17.76) and TTS (M=77.5, SD=14.73) than gesture 

(M=40.6, SD=17.84), but no significant difference between ASL and TTS.  

Bonferroni corrected paired t-tests showed a significant difference (p<.001) between ASL 

and TTS when compared to gesture, and no difference (p = .74) between ASL and TTS. 
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Fig. 5. Mean SUS Scores for Each Input Method. 

The same testing of our accuracy measures showed similar results. Participants were 

similarly (p = .44) accurate with ASL (M=6.1, SD=0.95) and TTS (M=6.3, SD=0.78), and 

significantly (p <.05) less accurate with gesture (M=4.9, SD=1.24). 

 

Fig. 6. Mean Number of Tasks Completed on the First Try for Each Input Method. 

The exit questionnaire asked participants what kind of interfaces they would use to 

control smart homes in the future. Analysis showed that most people preferred to use ASL and/or 

some form of typing. 
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Fig. 7. Participants’ Preferred Methods for Smart Home Control.  

Discussion 

In terms of accuracy, user satisfaction, and user preference, ASL interfaces and typing 

interfaces are extremely similar, and were received well by our participants. Gesture, however, 

was less well received. There are a number of factors that could impact this, such as the limited 

amount of development time allotted to our gesture system, the constraints in which we created 

our gestures in, and difficulty of interacting with a natural-language system with non-linguistic 

gestures, among others. 

ASL 

The ASL interface was generally received well, although participants expressed concern 

about the system not recognizing home signs and a desire for a dictionary of system-recognized 

signs.  

In the trials, this was one of the sticking points with this method, as the interpreter 

occasionally didn’t recognize participants’ signs. During the post-test debrief, participants were 

consistently excited about the possibility of ASL recognition for IPA use, and general ASL 

recognition systems. 
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Text to Speech 

Participants were satisfied with Text to Speech, but due to it being a speech interface, 

participants couldn’t tell when their messages were poorly vocalized and misunderstood. As 

such, many requested the creation of an app to input commands directly to Alexa.  

In addition, it was obnoxious to type a command on the keyboard, then reach over to the 

tablet to press speak. Participants would have preferred to, and often did accidentally press enter, 

to make the app speak. 

Gesture 

The gesture system is significantly different from the ASL and TTS systems as gesture is 

only nonlinguistic input in the study, requiring users to learn a new communication system for 

Alexa. Participants were largely frustrated with the gesture system, which could be attributed to a 

number of factors. The first issue was the limited development period. The researchers had to 

develop the system rapidly and didn’t have the ability to gain feedback from potential users. This 

probably contributed to participants’ largest complaint with the system— that it was unintuitive. 

They desired a system more similar to ASL. One possibility is allowing for the creation of user-

customizable gestures. 

Future Work 

Due to the large number of variables in our testing, there are many ways in which the 

research can be further developed. Generally speaking, research with the DHH community 

should be done on a more diverse and representative sample than Gallaudet University. An 

inconsistency in our testing was the use of Wizard of Oz set-up to simulate machine 

understanding of ASL or gesture commands. In order to create a more realistic testing procedure, 

further study of best practice in simulating machine translation is necessary. 



          Accessibility of voice-activated agents for people who are deaf or hard of hearing         152 

Journal on Technology and Persons with Disabilities   
Santiago, J. (Eds): CSUN Assistive Technology Conference   
© 2019 California State University, Northridge 

This study was meant to serve as a first look at alternative inputs for spoken modality 

systems. All the systems we used could still benefit immensely from further research, and there 

are other input methods that could be researched. We strongly urge researchers UI developers to 

explore accessible interfaces for spoken modality systems, before the systems become truly 

ubiquitous in daily life. 

Near the end of our testing, Amazon released a new method of interaction built into their 

Echo Show and Echo Spot models called “Tap To Alexa”. We were not able to include this in 

our testing, but we encourage others to experiment using this new technology. This interaction 

method uses the built-in touch screen to give commands to the Echo using either an on-screen 

keyboard, or pre-set “tiles” that have commands selected for them. The user can create their own 

tiles using the same keyboard, and organize them in a 2-dimensional array accessible via a touch 

screen button press at any time. The on-screen keyboard acts very similar to our physical 

keyboard set up. It requires natural-language commands, and does not appear to have any sort of 

built-in spell checking. The major difference is that our testing set up used a physical keyboard 

which many users are more comfortable and accurate with than touchscreen one. The “tiles”, did 

not have an analog in our testing, due to being user-customizable shortcuts built into the system. 
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Abstract 

Although recent advancements in assistive technology has increasingly enabled people 

who are blind or visually impaired to challenge themselves to science, technology, engineering, 

and mathematics (STEM) subjects and careers, there is a lack of authoring tools available to 

independently produce scientific documents and materials which are inevitably necessary for a 

better communication in mainstream practices. While LaTeX, a plain-text-based document 

preparation system, has been considered an accessible full-fledged authoring and reference 

management tool, its steep learning curve and limited output type to PDF have made some blind 

people, who lack programming background and/or who would like to produce different accessible 

output formats, discouraged. This paper calls attention to the need of introducing an easy-to-write 

and accessible scientific document authoring tool by defining the scope of a scientific document, 

highlighting some issues of the conventional methods that the blind community has employed for 

document production, and suggesting an R Markdown system as a compelling solution. This 

research has developed and detailed the Accessible RMarkdown Online Writer (AROW) as a 

hands-on demonstration that proves its capability for highly accessible scientific document 

production that can be done by a blind individual in multiple formats including Word, RTF, PDF, 

MathML/MathJax enabled HTML, and presentations.  
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Introduction 

The last few years have witnessed increased scholarly and practical discourses on how to 

engage people who are blind or visually impaired in science, technology, engineering, and math 

(STEM) subjects and careers. For example, the National Center for Blind Youth in Science 

(NCBYS), funded by the National Science Foundation, has actively held various annual and 

biennial summer camps and trainings tailored for blind children since 2004 to promote science 

opportunities for blind or low-vision youth in STEM fields. Behind the burgeoning attempt to 

adventure the new territory of STEM, which was long believed an untouchable area for blind 

people, lies vigorous work among researchers, developers, and diverse institutes seeking 

solutions through technologies that would otherwise be more challenging or partially impossible. 

For sure, advanced hardware such as high-resolution tactile embossers and 3D printers has 

offered us easier STEM material production in an efficient way than ever before (Ladner et al.; 

Wedler et al.), and increasingly accessible web technologies (e.g., HTML5; MathML; SVG) 

coupled with screen readers have continuously been allowing STEM-driven blind people to learn 

through a number of digital contents (Ausbrooks et al.; Rotard et al.). 

Physically and digitally transforming STEM materials into a form that could be better 

consumed by a blind person is an important area of inquiry, and has made it possible for more 

blind and low-vision people to dive into the new challenge; however, remarkably few studies 

have been designed to enable visually impaired people as STEM content producers going beyond 

the consumer level. More specifically, relatively little is understood about how a blind individual 

can independently produce scientific and technical materials in an accessible way to 

communicate with others or for themselves. 

This study addresses current challenges that people with visual impairments face in 

independently writing academic, technical, and scientific documents. The scope of “scientific 
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documents” we define here involves as follows: (1) documents requiring Math formulas that are 

hard to type with plain/rich text editors; (2) documents that need to have embed image file(s) or 

visual graph(s); (3) documents that demand some table(s); and (4) documents that include 

citations and cross-references in accordance with a specific academic style (e.g., American 

Psychological Association 6th edition, Modern Language Association 8th edition, etc.). Having 

the definition and scope in our hands, in the following section we will discuss current issues of 

the conventional methods that the blind community use to employ for scientific document 

production primarily focusing on LaTeX. The rest of the paper will then be dedicated to detailing 

our development research of Accessible RMarkdown Online Writer (AROW) as a practical 

solution. 

Related Work 

LaTeX 

LaTeX (Lamport), a document preparation system, has been widely used and 

recommended for blind people writing scientific documents due to the following reasons. First, 

the plain text-based LaTeX markup, as opposed to the formatted text, along with command-line 

executable environments guarantees trustful accessibility for screen reader users in principle. All 

the typesetting adjustments including formatting, inserting tables and figures, citations and cross-

references, and writing mathematical notations (these satisfy our definition of “scientific 

document” above), can be fully controlled by a keyboard in a plain text; which is not quite 

accessible for blind people in other graphical user interface (GUI) based reference management 

tools (e.g., EndNote, Mendeley, and Zotero). Second, the rich applicability of LaTeX has also 

made it preferable among the blind community. Using a wide variety of LaTeX packages, any 

non-typical document forms including but not limited to presentations, diagrams, and music 

notations, can be expressed and produced as high-quality print materials without vision by a blind 
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individual armed with LaTeX syntax. In sum, the strengths of both accessibility and applicability 

that LaTeX offers have been demonstrated by many blind or low-vision people so that LaTeX 

now has been positioned as one of the best must-have items among blind people working on any 

scientific documents. 

However, there have been some trade-offs (Maneki and Jeans): (1) Getting used to LaTeX 

requires considerable efforts due to its steep learning curve; (2) The typical PDF output of LaTeX 

document is not fully accessible, in particular for math content; (3) The debugging process of 

compiling LaTeX file is overwhelming for those lacking programming experience; and (4) there 

still seems a lack of accessible TeX editors that offer screen reader users a satisfactory experience 

in Windows platform (Melfi et al.). 

Markdown 

While LaTeX demands a certain level of technical knowledge, there are lightweight 

markup languages (LML) that enable scientific writing with simpler and more unobtrusive 

syntax. Markdown is one of them that we would like to focus on. Markdown was originally 

created to allow web writers to produce HTML files using an easy-to-read and easy-to-write plain 

text formatting syntax. The primary design goal is readability, that Markdown-formatted 

document be readable as-is “without looking like it’s been marked up with tags or formatting 

instructions” (Gruber). The early effort conversion from Markdown-formatted plain text into 

structurally valid XHTML (or HTML) was done by a Perl script (i.e., Markdown.pl) (Gruber); 

however, the recently developed tool Pandoc, an open-source document converter based upon an 

extended version of Markdown (MacFarlane), has replaced it with support for a wider variety of 

output formats including but not limited to MS Word, PDF, RTF, EPUB, and PowerPoint. The 

term “Markdown,” hereafter, will refer to Pandoc’s flavor of Markdown unless otherwise 

specified as it has been known to be the most active and comprehensive (Xie, JJ Allaire, et al.), 
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among other variants such as MultiMarkdown, CommonMark, GitHub-Flavored Markdown, and 

Markdown Extra. 

Some possible strong points that benefit from Markdown in relation to screen reader 

accessibility are as follows. First, Markdown is much easier to learn for a practical use than any 

markup languages. Table 1 shows some example comparisons between HTML, LaTeX, and 

Markdown. These comparisons show that Markdown can remove a considerable amount of effort 

for people without any programming background knowledge and allow them to produce high 

quality scientific documents. Second, Markdown permits LaTeX math equations and 

environments that can be turned into HTML/MathML with MathJax scripts enabled. Any LaTeX 

math expressions written between a pair of dollar ($) signs are automatically converted into 

accessible inline MathML when output is set to HTML. Because of this, blind people can 

interactively read through the Markdown-generated output using refreshable braille display 

device and/or screen reader that supports MathML/MathJax (e.g., NVDA 2015.2 or later; JAWS 

16 later). For other output file formats, LaTeX math expressions are rendered into images with 

auto-transcribed alt text, which can be also detected by a screen reader. Last but not least, 

Markdown is highly extensible. As we mentioned above, one Markdown-formatted plain text 

source can be converted into multiple output formats such as HTML, DOCX, RTF, PDF, EPUB, 

PowerPoint Presentation and more. Additionally, users with higher levels of programming 

proficiencies can also extend more options for each output format. For example, people familiar 

with LaTeX can seamlessly utilize any TeX packages or environments within Markdown source 

for PDF output; LaTeX codes except for the math equations denoted with a pair of dollar signs 

are ignored when rendered for other formats; and HTML, CSS, and JavaScript syntax can be 

employed along with Markdown for HTML output. Therefore, Markdown allows blind people to 
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produce scientific documents in the format that best meets their needs which would otherwise be 

only limited to PDF output in LaTeX system. 

Table 1. Table of  Example Comparisons Between HTML, LaTeX, and Markdown. 

HTML LaTeX Markdown Result 

<h1>HEADING</h1> \section{HEADING} # HEADING HEADING 

<b>BOLD</b> \textbf{BOLD} **BOLD** BOLD 

<i>ITALIC</i> \textit{ITALIC} *ITALIC* ITALIC 

- \textcite{BibTeXkey

} have developed 

AROW. 

@BibTeXkey have 

developed AROW. 

Seo and McCurry 

have developed 

AROW. 

- AROW is useful 

\parencite{BibTeXke

y}. 

AROW is useful 

[@BibTeXkey]. 

AROW is useful 

(Seo and 

McCurry). 

<math><mrow><mi>E<

/mi><mo>&#x0003D;<

/mo><mi>m</mi><ms

up><mi>c</mi><mn>2

</mn></msup></mro

w></math> 

$E=mc^2$ $E=mc^2$ 𝐸𝐸 = 𝑚𝑚𝑐𝑐2 

 

 

Despite the possible convenience that Markdown can offer blind people over LaTeX, a 

search of literature revealed that little research has explored this subject. Voegler et al. suggested 

Markdown as a transcription notation system for creating accessible study materials for students 

with print disabilities. The authors demonstrated that the utilization of Markdown could not only 

promote the technical quality on transcribers’ end, but also improve the accessibility of the output 

documents on the students’ end. This study is valuable in the sense that it has shed light on the 

power of Markdown; however, the usage of the Markdown that the research addressed was 
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limited to sighted transcribers as the producer and blind learners as the consumer. Thus, the study 

has not resulted in proposing an accessible Markdown authoring tool for blind individuals. 

The recent discussion on Markdown for blind people, among the very few studies, has 

been proposed by Jonathan Godfrey, who is blind statistician in New Zealand. Utilizing 

wxPython cross-platform GUI library (Dunn and Pasanen), Godfrey and James developed an 

accessible text editor called “WriteR” supporting RMarkdown, the combination of statistical 

language R and the Pandoc version of Markdown (Xie, J.J. Allaire, et al.). This in-progress work 

is worthy of notice since it has been the first attempt to enable people with visual impairments to 

be the content creator of scientific documents using RMarkdown. As of this writing, however, 

there are some challenges in using WriteR. First, the required local installation of the application 

requires basic knowledge about the R language and Python package management due to its 

dependencies (e.g., R, Python 2.x, wxPython, and Pandoc). Although BrailleR (Godfrey et al.), 

an R package for improving accessibility of Statistics for blind people, has a function that 

automates the local installation of Python and its required library for the WriteR editor, those 

who do not know how to invoke this function in R will find the installation process difficult. 

Second, WriteR currently lacks some functionalities for scientific document production. For 

example, the current version of WriteR does not provide screen reader users with improved 

accessibility for citations or cross-references which are essential to academic paper composition. 

WriteR requires users to manually find and insert each citation key from a BibTeX file for 

citation reference; this is opposed to other reference management tools such as EndNote, Zotero, 

etc. which have included their own convenient workflows for inserting citations from customized 

reference libraries. In other words, WriteR lacks ease of use for scientific features, and having 

adequate R knowledge precedes the actual benefit of WriteR application. This could discourage 

some blind individuals who would otherwise like to use Markdown for document creation. 
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Development Procedures 

Given that any academic work demands the elements of scientific writing to some degree, 

the need for creating technical documents is not limited to persons pursuing STEM subjects. This 

has motivated our research to develop a more inclusive, accessible, and easier authoring tool for 

scientific document production that includes all the benefits of LaTeX. Thus, we have developed 

the Accessible RMarkdown Online Writer (hereafter, AROW) aiming at the following two goals. 

First, the authoring tool should provide blind people with a varying range of technical ability with 

equal accessibility for writing and rendering processes to the greatest extent possible. Second, the 

tool should be seamlessly extensible for advanced users to employ other markup and/or 

programming languages for their work while benefiting from Markdown capability. In what 

follows, we will detail our development work towards these ends. 

Application Overview 

In response to our two goals (i.e., accessibility and extensibility), we have developed and 

hosted a web-based application where anyone with a modern browser and desired assistive 

technologies can write and render scientific documents in multiple formats without any additional 

installation. We particularly chose RMarkdown (RMD) for our core Markdown system due to its 

added rich capabilities for supporting many programming languages (e.g., R, LaTeX, Python, 

HTML/CSS/JS, C/CPP, and more) on top of the basic Pandoc flavored Markdown (Xie, JJ 

Allaire, et al.). The use of RMarkdown, however, does not mean that more complexity is 

required; advanced users can take advantage of these features while basic users can simply use 

Markdown as discussed thus far. There exists a great on- and off-line RMD editor developed by 

RStudio; unfortunately, however, it is not yet accessible for screen reader users (Godfrey and 

James). Hence, our development work would be instrumental for those seeking alternative 

solutions. 
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We acknowledge that we have borrowed some menu layouts for inserting scientific 

notations (e.g., LaTeX Math expression and R code chunk) from the work of WriteR (Godfrey); 

and we have added more functionalities for scientific writing such as citations, cross-references, 

customizable YAML headers, etc. that will be further described below. 

Interface and Function 

The AROW is a simple web application that renders RMD text into various document 

formats. Users enter plain text written in the Pandoc Markdown syntax (when necessary, 

statistical computation can be further employed using advanced R blocks) into a text field, select 

from the available formats, and submit to let the system render their files where they are 

displayed for download (see Figure 1). 

 

Fig. 1. The Main Interface for the Application 

The main text area in which users compose their scientific documents has six assisting 

menu options with corresponding hotkeys: Insert; Format; Maths Symbols; Maths Structure; 

Greek Letters; and Search. Advanced users familiar with Markdown and LaTeX can directly type 

according to each syntax without going through the menu; however, beginners can benefit from 

these available items. Since all available options including sub-menu items are searchable using a 
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Google Doc inspired search menu, users can invoke any desired functionality in a timely manner 

without the cognitive load of remembering every single hotkey. 

To allow users to create scientifically rigorous documents, advanced options such as 

reference management and field customization for YAML header are also provided (Figure 2). 

For instance, users can either upload BibTeX files or paste its entries into the AROW system, and 

conveniently insert cross-reference citations in their document text through the citation insert 

system. Furthermore, users can customize the YAML headers the document will be created with; 

commonly headers such as “title,” “author,” and “date.” 

 

Fig. 2. An Interface for the Advanced Interface: Adding Custom YAML Headers and Citations. 

Document Conversion Methodology 

This application uses (1) a JQuery + Bootstrap frontend, (2) LAMP backend, and (3) R 

and Pandoc document converter for document rendering. On submission, RMarkdown text is sent 

from the frontend form via ajax, and is caught by PHP, which saves the text as a file and triggers 

the R render process. An R file is run via a PHP command line execution, and passes flags for the 

saved text file along with desired file types. Pandoc is called from the R process, which creates 
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the output document files, and passes the success back through PHP to the frontend where the 

rendered files are displayed. Non private user data (desired file types, IP address, and timestamp) 

are stored in SQL for usage tracking, and to avoid collisions in the file system, users are assigned 

an IP based unique ID when initially loading the webpage. Figure 3 illustrates this rendering 

process as a diagram. 

 

Fig. 3. A Computer Science Flowchart Describing the Process Flow of the Application. 

Accessibility Test 

To ensure accessibility and compatibility of our solution with Web Content Accessibility 

Guidelines 2.0 AA level (Web Accessibility Initiative), all auto-detectable HTML/CSS violations 

and warnings have been carefully addressed using WAVE, FAE, Axe, W3C HTML and CSS 

validators (see Figure 4 for test results). Manual testing was undertaken with four experienced 

accessibility testers (two of them were blind; the others were sighted) using different 
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combinations of screen readers and browsers. On Windows, JAWS and NVDA with Firefox, 

Chrome, and Internet Explorer were tested; on Mac OSX, VoiceOver with Safari. In the lab trial, 

although all combinations were satisfactory, both JAWS and NVDA with Firefox were found to 

be optimal. 

 

Fig. 4. The Automated Compatibility Checker Results for FAE (Functional Accessibility 

Evaluator by The University of Illinois), WAVE (Web Accessibility Evaluation Tool by 

WebAIM), and aXe (by Deque).  
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Conclusions 

This paper thus far has discussed the current challenges of blind people writing scientific 

documents using LaTeX. The technically steep learning curve, lack of accessible editors, and 

limited output format to PDF have been pointed out as the trade-offs with the benefits of LaTeX. 

Highlighting the extensible simpler syntax and multiple formats of Markdown, we have 

introduced our development of Accessible RMarkdown Online Writer (AROW) as an alternative 

solution for blind people to independently produce scientific documents. Since we have recently 

prototyped our concepts, the accessibility and usability test has been limited to the lab trial. 

Further research will need to be done to investigate the general usability field test of our product 

with a broader population of blind people along with appropriate training for Markdown. It is our 

hope that this work can contribute to further discussion on how to engage blind people in writing 

scientific documents in inclusive, accessible, and extensible ways. 
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Abstract 

Previous research has shown that deaf users spend more effort compared with their 

hearing peers while seeking for information in signed modality articles when compared to written 

modality articles. That is, if a deaf user consumes information in a signed modality, they have to 

invest more effort into information seeking due to lack of options and technology available for 

signed modality information. In other words, user effort in finding and consuming information 

plays a large role in successful information retrieval and consumption, with increased effort more 

likely to lead to failed information searches. One way to examine and reduce the disparities in deaf 

user’s effort is to develop an improved user interface (UI) for academic articles in signed modality 

such as Deaf Studies Digital Journal (DSDJ). We developed and validated a multimodal visual 

languages user interface that makes searching for academic information in signed-modality articles 

easier for college-educated deaf users, and found that they can effectively scan and understand 

information faster by utilizing the advantages of both signed and written modalities through the 

M3UI interface. 
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Introduction 

Studies have reported an increase in deaf users’ effort while seeking for information in 

signed modality articles when compared to written modality articles (Kushalnagar et al., 2015). 

Thus, if a deaf user needs information in signed modality, they have to invest more effort into 

information seeking due to lack of options and technology available for signed modality 

information. User effort in finding and consuming information plays a large role in successful 

information retrieval and consumption, with increased effort more likely to lead to failed 

information searches (Yilmaz et al., 2014). One way to examine and reduce the disparities in 

deaf user’s effort is to develop an improved user interface (UI) for academic articles in signed 

modality such as Deaf Studies Digital Journal (DSDJ). The initial version is shown in Fig. 1, nd 

the current version is shown in Fig. 2. One purpose of academic articles and written modality is 

to present information in an easily consumable and searchable form (Ong, 2002). Developing an 

UI that reduce deaf user’s effort while searching for information in academic ASL articles will 

provide with a model of accessible information for deaf users. 

 

Fig.1. Initial UI in DSDJ for Academic Articles in Signed Modality. 
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However, designing an UI that meet the needs of deaf community requires being 

conscious of the neurodiversity of deaf community, as cognitive neuroscience and behavioral 

research on signing deaf population has shown that there are a tremendous diversity in 

background and ability. For instance, the age of acquisition of first language and second 

language along with language and social environments has been shown to be a strong predictor 

of cognitive and language ability, and possible risk factors in deaf community (Mayberry 2007, 

Sehyr, Glezen & Emmorey, 2018; Kushalnagar et al., 2018). Those findings suggest that deaf 

community is not a monolithic population with uniform needs; instead the deaf community’s 

needs are varied, making it difficult to design accessible technologies that is able to meet the 

wide range of user needs. Taking the neurodiversity of deaf community into consideration of 

what accessible information could look like is an important step toward bridging the gap of 

accessible information for signing deaf community. 

Discussion 

Based on deaf users’ feedback on the initial version of DSDJ, Multimodal Visual 

Languages User Interface, M3UI, was developed (figure 2). 

 

Fig 2. The Current UI Used in this Study, M3UI. 
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This UI has four technological features that was not present in the original DSDJ UI: 

multimodal visual languages, speed control, sentence synchronization, and highlighting. Those 

different UI technologies presents the deaf user with the opportunity to utilize different 

information seeking behaviors. Those technology features, along with possible information 

seeking strategies, are listed below: 1) Multimodal Visual Languages: ASL articles with written 

English translation presented next to it. Providing signed and written modality together produces 

a third visual modality; 2) Speed control: Control over the speed of information stream allows 

the user to modulate the speed of video and text, based on their perception abilities; 3) Sentence 

synchronization: Allows the user to scan sentences and jump to a specific sentence in both 

modalities; and 4) Highlighting: Visually aligns both modalities by highlighting current Written 

English sentence translation with its corresponding ASL sentence, allowing for ease of switching 

attention between modalities.  

Hypothesis 

The current study hypothesize that searching for information with M3UI is significantly easier 

than searching with a monomodal ASL UI due to different types of information searching 

behaviors made possible by the addition of written modality. Thus, we predict that deaf users 

will rate the amount of effort needed to find information with M3UI to be significantly easier 

than finding information with monomodal ASL UI.  

Hypothesis 

We recruited 21 participants; all were college educated and ASL-fluent deaf. They were 

divided into L1 (=0yo; N = 9) and L2 (>0yo; N = 11) groups. In terms of age distribution, it was 

fairly evenly distributed, with around one-third in their 20s, one-third in their 30s, one-third in 
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their 40s, and a couple in their 50s.  In terms of the participants’ gender distribution, there was a 

disparity in favor of females, with 61.9% females, 33.3% males and 4.8% non-binary. 

In terms of the participants’ education, there was a fairly even distribution that mirrored 

the general population distribution, with one-third having completed some school, one third 

having completed high school, and the remainder having attended or completed college.  

In terms of communication effectiveness distribution, about half got some information 

through listening and lipreading, while one-third got most of the information, and 5% got no 

information at all. Interestingly, none of the participants got all of the information, which is 

consistent with the fact that they are deaf or hard of hearing and are aware that they are missing 

information during conversation, and in terms of hearing identity, 95% identified as Deaf and 5% 

identified as hard of hearing.  

In terms of the participants’ first language, about half of the participants noted that their 

first language was American Sign Language; 15% noted their first language was spoken English; 

24% noted their first language was Signed English; and around 5% each noted their first 

language was lip-reading and home signs, pidgin sign language and cued speech. Then when 

asked what language they preferred, 85% preferred ASL, while 10% preferred Pidgin Sign 

Language, and 5% preferred English and ASL, which appears to correspond with their hearing 

identity, in which 95% identified as Deaf and 5% as hard of hearing.  Interestingly, all 

participants reported that they used ASL to communicate all the time.  

Methodology 

Instruments: Windows 10 virtual machine was used to host a custom built website that 

runs on AMPPS, which is an all-in-one web server and database solution. We also used several 
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iPads to provide respondents with an easy to respond survey using google forms to provide 

relevant demographics, tasks, and effort judgement ratings. 

Task: For each trial, the participant was instructed to find information in ASL chapters 

that they feel will satisfy the predetermined search queries that were provided by the researchers. 

After the participant feels satisfied with their information seeking, they record with a timestamp 

of the location of the most relevant information in the ASL chapters. Then, they answered effort 

judgement ratings on how easy it was to find information related to the search query in the ASL 

chapter.  

Stimulus: Two different search queries (total of 16 search queries) for each of the 8 ASL 

chapters from the article published in Deaf Studies Deaf Journal (DSDJ), “Reframing: From 

Hearing Loss to Deaf Gain” by Bauman and Murray (2008) in 480p. 

Conditions: Each conditions uses different forms of UI. 

 

Fig. 3. The Four Conditions and the Setup of Each UI. 
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Design: Each participant went through 4 blocks, with each block holding 4 ASL chapters 

stimuli selected by Latin square. In each block, one of the stimuli were presented in each 

condition (Figure 4). Each stimulus were used once in first two blocks then repeated in last two 

blocks for total of 16 trials. 

 

Fig. 4. Experimental Design of Each Block, Repeating for Four Blocks. 

T-tests were conducted through R (R Core Team, 2012). The results of the effort 

judgment ratings show that M3UI is significantly easier than ASL only UI. Overall, deaf users 

found condition 4 to be significantly easier than condition 1 in terms of effort required to find 

information related to the query (N = 21, t = -4.0612,  p < 0.0002). L1 signing deaf found 

condition 4 to be significantly easier than condition 1 (N = 9, t = -2.2231, p < 0.05). L2 signing 

deaf also found condition 4 to be significantly easier than condition 1 (N = 11, t = -3.5681, p < 

0.001). 
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Results 

T-tests were conducted through R (R Core Team, 2012). The results of the effort 

judgment ratings show that M3UI is significantly easier than ASL only UI. Overall, deaf users 

found condition 4 to be significantly easier than condition 1 in terms of effort required to find 

information related to the query (N = 21, t = -4.0612,  p < 0.0002). L1 signing deaf found 

condition 4 to be significantly easier than condition 1 (N = 9, t = -2.2231, p < 0.05). L2 signing 

deaf also found condition 4 to be significantly easier than condition 1 (N = 11, t = -3.5681, p < 

0.001). 

Conclusion 

In terms of information seeking in different modalities, specifically signing and print, 

signing deaf users rated their effort differently according to the modality where the information 

were presented in. Their information seeking strategies differed across modalities (signed, 

written, and both). In general, their content comprehension and decoding was faster in their first 

language over than their second language. They would often double and triple check information 

in print due to the ephemeral nature of the signing modality. 

During the construction of the multimodal interface we found that users were interacting 

and searching using three modalities: the first modality was the natural communication modality, 

which is analog such as spoken and signed modalities. For the deaf signers, their natural 

communication modality was signing. Next, the users interacted with the interface using a 

second digital modality such as English text or Sign Writing. Finally, they interacted with the 

interface using an emergent and new combination of both signed and written modalities so 

maximize both their communication and searching abilities. The mixed sign and print interface is 

an example of the expanded technical possibilities of this emergent modality. 
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However, some users of the mixed sign and print interface reported that they experienced 

English interference while following the content in ASL. Specifically, when they read the 

English text, they were unsure whether to go with ASL or English as the authoritative 

information. Often there is not a clear one-to-one correspondence between the signed content and 

printed equivalent, which contributes to the inability to determine whether to go with signed 

ASL or written English as the authoritative source. Finally, the spatial and affective information 

in ASL enhance conceptual comprehension and expression, and are often missing in the 

equivalent print representation.  

Possible future research topics could include converting ASL to written modality, 

generating sign language avatars, or using digital ASL / Gestural / Embodied information input 

and manipulation. 
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Abstract 

The purpose of this article is to examine a mobile application to support children and 

students with hearing difficulties or/and developmental disorders in interacting, understanding, and 

preparing for transitions between activities in their daily, school, and social lives. We think that a 

communication support technique using a combination of characters, pictograms, and photographs 

is effective for these types of persons with disabilities. This application recognizes words spoken 

using a speech recognition system and arranges the pictures corresponding to the speech-

recognized words in a sequence. By showing a sequence of pictures corresponding to a 

conversation, our application enables children with hearing difficulties and developmental disorder 

to understand their situations. 

The results of two demonstration experiments show that the application promotes mutual 

understanding between students with hearing difficulties and those who have developmental 

disorders by utilizing pictograms and photographs in combination with speech. Although it is just 

basic line and still has problems as platform, the study suggests that it is clearly useful and that 

present issues could be improved. We suggest that the application could support visualization and 

feedback for planning as a new way of communication for children and students with hearing 

difficulties and developmental disorders. 

Keywords 

Hearing Difficulties, Developmental Disorders, Mobile App, Voice Recognition, Picture-

based Communication 
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Introduction 

When people with disabilities attempt verbal and nonverbal communication, they have 

many disadvantages. Moreover, they have difficulty when they are aware of their thinking. 

Listening comprehension is difficult for persons with hearing difficulties and, furthermore, 

people with developmental disorders are not flexible in grasping the contexts of conversation. 

Various obstacles hinder their everyday communication and learning. As a result, there is a 

negative influence on the construction of self-affirmation and human relations.  

So far, we have investigated problem creation as a subject for discussion related to people 

with disabilities. Mobile terminals, such as a smartphones and tablets, have become widespread 

in recent years. We think that a communication support technique using a combination of 

characters, pictograms, and photographs is effective for this type of disability. It has already been 

established that visualization and feedback of a schedule or action are effective. 

We propose an application that supports visualization and feedback for planning and 

communication with a mobile terminal. Audio input is suitable for such an application. Prior to 

this research, we developed a prototype of this application. We designed the interface to support 

communication and an action schedule understanding of persons with disabilities.  

Hence, we used the prototype of the communication support application for children with 

hearing difficulties and with developmental disorders in everyday situations. The collaborators in 

this experiment were students with knowledge about people with disabilities and communication. 

We clarified the following through an experiment.  

 1. Do people experience results in communication or the prospect of understanding by 

using an application? What are the requirements for feeling a result? 

 2. What are the requirements for upgrade of the application? 



Communication App for Children with Hearing and Developmental Difficulties          182 

Journal on Technology and Persons with Disabilities   
Santiago, J. (Eds): CSUN Assistive Technology Conference   
© 2019 California State University, Northridge 

Related Work 

Over the past few years, many studies on the use of mobile-platform devices, such as 

smartphones and tablets, have been conducted in the field of Argumentative and Alternative 

Communication (ACC). However, there seem to be few regarding tablet applications that involve 

sequences of pictures for people with hearing difficulties.  

Sennott and Bowker examined a mobile AAC system running on iPhone and iPod touch 

called Proloquo2Go, considering best practices in AAC for people with autism spectrum 

disorders (ASD) regarding symbols, visual support, voice output, and inclusion (138). They 

observed that the application appears to be appropriate for such people. Pat gave an overview of 

AAC mobile technologies (35). These studies have focused on the use of the mobile aids for 

persons with developmental disorders and ASD.  

Flores et al. compared an iPad that had a communication application installed with a non-

electronic symbol-based AAC system (78). They reported that the communication behaviors of 

elementary school students with disabilities either increased with the use of the iPad or remained 

at the same level as when using the AAC system. Dolic et al. examined the potential of using 

smartphones and tablets for symbol-based AAC and proposed a model of an adaptive symbol-

based AAC application for them (252). The model allows adjustment of the display of symbols 

and user interface not only to the specifications of the mobile platform device, but also to the 

user's capabilities and preferences. Patil et al. provided a mobile application to support persons 

with hearing difficulties by using speech-to-image translation (450). They have not implemented 

or evaluated their application, although their proposal is similar to our study. It is important that 

the common problems in communication for persons with hearing difficulties and developmental 

disorders are discussed.  
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Sorgini et al. revealed that a lack of acceptance emerged from the discussion of 

capabilities and limitations of assistive technologies (395). In this article, we would like to 

develop a custom-designed, symbol(image)-based, and voice-recognizing application that will 

support disabled children’s capabilities for fluent communication and enhanced learning. 

Development of the Application 

Features 

It is common practice to use symbols and pictures as a means of supporting both children 

with hearing difficulties in communicating and those with developmental disorders in seeing 

situations clearly. However, it is difficult to always carry non-electronic communication boards 

and printed picture cards. Our application: PICTONGUE is characterized by usability in 

everyday life because it runs on a mobile device. It is also characterized by showing topics of a 

conversation or activities within a schedule using a sequence of pictures. Fig. 1 depicts a 

conceptual image of PICTONGUE. By showing a sequence of pictures corresponding to a 

conversation, our application enables children with hearing difficulties and developmental 

disorder to understand their situations. It has a communication mode and a schedule mode. The 

former helps children with hearing difficulties to communicate with their communication 

partners, while the latter assists children with developmental disorders in seeing situations 

clearly. In the communication mode, it recognizes words spoken by communication partners and 

searches for pictures corresponding to the recognized words. Users can create a brief sentence by 

arranging pictures in a sequence and can have a conversation while pointing to the sequence. 

They can save and use the sequence as a record of the conversation. In the schedule mode, they 

can create a schedule for a date by arranging the pictures in the same manner. 
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Fig.1. Concept of the App. 

Functions 

PICTONGUE consists of four functions: registering a new picture, creating a sequence, 

browsing the sequence, and assessing the user's achievement in performing the activities of a 

schedule. The application uses a camera, a speech recognition system, and a location service on a 

mobile device. The database is organized into four tables. Two of them are for managing pictures 

and the other two are for managing sequences. One of the two tables for pictures stores the 

names of their image files, while the other stores the tags assigned to them. PICTONGUE 

searches for pictures with the same tag as the speech-recognized word. The tags are stored in the 

database. The tables for sequences store the titles, times, locations, and orders of the pictures 

contained in each sequence. In this study, we developed a prototype of PICTONGUE running on 

an Android tablet device. 
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Management of picture 

We incorporated more over 1000 (including all pictograms of International Organization 

for Standardization, ISO) pictures into PICTONGUE in advance. To enable children with 

hearing difficulties and developmental disorders to use it in their daily lives, the pictures contain 

everyday concepts; for example, friends, food, greetings, hours, school, and home. We assigned 

tags to these pictures. However, because it is impractical to incorporate all types of pictures in 

advance, PICTONGUE provides a function for users to register a new picture by tagging it with 

a keyword. The same tag can be assigned to multiple pictures, and multiple tags can be assigned 

to a picture. To locate the place where the activities of a schedule are performed on a map, users 

can also add a map image acquired from a web mapping service by using the function to register 

a new picture. Fig. 2 shows the function to register a new picture. The registered photograph is 

shown at the center of the device display. 

Making a sequence 

 

Fig. 2. Picture Registration 
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PICTONGUE recognizes words spoken by communication partners and arranges the 

pictures corresponding to the recognized words in a sequence. The sequence showing the topics 

of a conversation helps children with hearing difficulties to understand the conversation, and the 

sequence showing a schedule assists children with developmental disorders in seeing the 

activities of the schedule clearly. When using schedule mode, users specify the date when a 

schedule is conducted before arranging the pictures. Fig. 3 shows the user interface used to make 

a sequence. The area used to show speech-recognized words consists of text-views where the 

words are set. When there is no picture corresponding to a speech-recognized word, 

PICTONGUE converts the characters of the word to an image to show it in the area. Users can 

edit the word set in the text-view to search for a picture as there may be speech recognition 

errors. They can also change the picture to another one with the same tag. Fig. 3 shows that they 

can search the text-view where the word “study” has been set. By speaking the time, such as “9 

o'clock,” users can set the time of a sequence, and the image of an analog clock indicating the 

time is shown. The console menu is used to save a sequence. 

 

Fig. 3. User Interface to Create a Sequence. 
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Browsing a sequence 

Users can browse a sequence through a calendar interface. By tapping a date that they 

want to browse, a list of sequences with that date is shown. By selecting one sequence from the 

list, the sequence is shown. That is, the pictures contained in the sequence are displayed in order, 

together with the speech-recognized words. Fig. 4 shows an example of a sequence by 

converting the characters of a speech-recognized word to an image. 

 

Fig. 4. Example of a Sequence. 

Assessing the user’s achievement 

The function to assess users' achievements was designed to give children with 

developmental disorders a sense of accomplishment. In PICTONGE, users can input whether 

they performed the activities of a schedule by tapping a dedicated button when they browse the 

sequence. This enables them to distinguish the completed schedule from others on the calendar. 
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Demonstration Experiment  

Outline of Test 1 

We conducted two tests to determine problems and potential improvements. The first test 

was performed with a small group (Test 1). The study was conducted between July 22nd and 

September 7th, 2015 in Sendai City, Miyagi Prefecture. We collaborated with a non-profit 

organization to sample 6 children with developmental disorders (6-15 years old). They were 

given tablets with the application preinstalled and asked to use it in their daily lives as much as 

possible. 5 of the children had difficulty communicating due to their developmental disorders, 

and 1 suffered from hearing loss. We let them practice with it before the test began.  

Results of Test 1 

The test was conducted in the following manner: we allowed the participants and their 

parents to write open-ended questions and interviewed them further when appropriate. We also 

gave them a questionnaire that we would collect after the test was concluded. The children were 

asked to rate the application’s usability in questions one through five and were asked to respond 

freely to questions one, two, and four. They were also interviewed in person. Comments 

regarding the application’s effectiveness and utility:  

• This application PICTONGUE helped us with conversations on a daily basis. 

• I often said “let's enjoy this application”. 

• This application was useful when I told her/him what to do next. 

• The combination of the speech-recognized word and the corresponding picture was 

interesting. 
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Outline of Test 2 

The second test was performed based on the results of Test 1. The study was conducted 

between April 18th and May 9th, 2018 and took place at Tsuda University in places where 

students usually are (Fig. 5). We chose 15 participants for the study. They used new version of 

PICTONGUE (fixed bugs etc.) and verified what was working and what needed improvement.  

They were given tablets and asked to use PICTONGUE on a daily basis. Subsequently, 

they assessed its usability and functionality. They were shown how to use the application and 

given a manual. They were also given a questionnaire, and we collected their answers via the 

internet after the test concluded. We asked the monitor students to evaluate the functions that 

were not present in the version of PICTONGUE used in Test 1. We also received comments 

concerning pictograms that they thought should have been included, as well as bug reports. 

 

Fig. 5. Scene of Test 2. 

In Test 2, the participants were provided with a semi-structured questionnaire to obtain a 

more detailed evaluation.  
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We wanted to determine whether PICTONGUE was useful in the following situations:  

A: When spending time at home with family or alone. 

B: When spending time as part of school setting, such as a classroom. 

C: When participating in social activities, such as hobbies or volunteer work. 

The participants were asked the above questions in relation to the following: 

1. Could they communicate smoothly? 

2. Could they successfully achieve mutual understanding? 

The aforementioned variables and results will be combined and explained. For example, 

"A1" will be used to explain the efficacy of communicating at home or in a family setting, and 

"C2" will be used to show if a participant has experienced better understanding in their social 

life.  

Results of Test 2 

The average score that participants gave our application regarding usability was 52.3 out 

of 100. Although this is not a high score, it is reasonable given that PICTONGUE is still in 

development. Second, they rated PICTONGUE based on its functionality. The average score of 

was 58.3 and close to 60% out of 100 (see Fig. 6). There were comments such as: 

“The application is useful for people who have difficulty hearing because it shows the 

entire sentence if I say the word and postpositional particle properly.” 
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Fig. 6. Results of Test 2. 

We found that the App. is helpful for people who have disabilities, based on a detailed 

analysis of the comments. The participants evaluated how this application operated to promote 

mutual understanding in communication. The average score was 56.7 out of 100. Hence, it can 

be inferred that PICTONGUE was useful in helping the participants understand one another. 

A: Daily life. 

The following score is based on the different variables explained above. We asked the 

participants to give PICTONGUE a rating from one to five with regard to A1 communication in 

their daily lives and whether the application is helpful for expressing themselves (see Fig. 7 for 

results, five variates merge to three). The most frequent value was 4, and the average value was 

3.27. One participant commented that “it was nice to communicate through PICTONGUE 

because photographs can express information that we do not normally perceive when we talk. I 

enjoyed the atmosphere and talking with the help of the application”. It can be inferred that this 

application is not bad for daily communication, although its score is not high. On the other hand, 

when we asked A2 “is this application helpful in promoting mutual understanding?” the most 
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frequent score was 3 and the average was 3.33. Participants also commented that this application 

was useful for people with color blindness (not only for those who were hard of hearing or had 

other hearing disorders) because it showed pictograms of basic words such as “today” and 

“tasty.”  It can be inferred that the application is useful in multiple situations. 

 

Fig. 7. Daily Life and Communication Understanding. 

B: School Life.  

The most frequent value was 4 and the average score was 3.47 for our application in 

school life (Fig. 8). There were comments such as “you can understand how the class was by 

taking photographs of the notes that you take in class.”  This comment indicates how 

PICTONGUE was useful for taking photographs of the notes and of what teachers wrote on the 

blackboard. With regard to B2, “promoting mutual understanding,” the most frequent value was 

4 and the average score was 3.53. This proves that PICTONGUE was effective in promoting 

mutual understanding using pictures. However, we received one comment stating “I was 

somewhat disappointed with the limited number of pictograms that expressed words outside of 
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daily life, such as ‘lecture’ or emotions and people’s names.”  This indicates that abstract 

content, such as in the subject of a lecture, is not expressed in the pictograms. 

 

Fig. 8. School Lives and Communication Understanding. 

C: Social life.  

Participants unexpectedly rated C, social life, very well. For C1, “communication and 

self-expression,” the most frequent value was 4 and the average score was 3.73 (Fig. 9). We 

received positive comments about the application’s picture-saving function, which displays the 

name via voice commands. For C2, “promotion of mutual understanding,” the most frequent 

value was 4, but the average score was 3.67, slightly below the previous score. There were some 

comments that indicated the application’s usefulness in showing pictures as pictograms. They 

noted that if they had known multiple people named Yamada, they could save pictures of each 

Yamada. This helped them to determine which person named Yamada they were talking to. On 

the other hand, we also received comments such as “I thought that I could talk to people entirely 

by showing pictures, but it took time to get used to doing it because you had to add tags to the 
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pictures.” This comment suggests that the participants felt a burden because they had to save 

many pictures before PICTONGUE became useful. Because of the lack of pre-installed 

pictograms, they had to save pictograms after each use. 

 

Fig. 9. Social Lives and Communication Understanding. 

Conclusion 

Both Test 1 and Test 2 show that PICTONGUE can be useful in daily life and for 

keeping track of one’s schedule at school. In short, the application is helpful for people who have 

difficulty with direct communication owing to hearing loss and developmental disorders. 

PICTONGUE has several merits; for example, it helps people with these types of disabilities to 

concentrate. Below, we discuss necessary improvements to be made at a later date. 

Discussion and Contribution of Results 

The functionality of PICTONGUE improved greatly from Test 1 to Test 2. This is 

particularly evident in the results of 4; overall, “improvements in the functionality of pictures in 

the application” were highly praised. There were positive comments regarding the application’s 
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function. Some appreciated that PICTONGUE not only shows a picture of location, but also 

maps for the surrounding areas (for example, when you say “Tsuda University,” it shows a 

photograph of Tsuda University and a map of the general area). This function is very helpful for 

children and students with hearing difficulties because they tend to mishear place names.  

PICTONGUE was well received by people with disabilities because the application 

displays images directly related to whatever is being discussed. One person commented that “you 

can show others the core idea of what you want to say by just showing the screen. This 

application is useful for everyone, not just children who suffer from hearing difficulties.” The 

average score of the participants’ expectations for PICTONGUE in the future was 65 out of 100. 

We expect more people to be able to use the application after improvements. 

Further Challenges 

There were negative comments regarding PICTONGUE’s usability in both Tests 1 and 2. 

As detailed above, it was not easy to add tags to photographs, and it was difficult to delete 

photographs that were not used. There were several complaints regarding the application’s 

speech recognition system, and the monitors wished that they could change incorrect pictures 

with greater ease. It might be better to try the current version alongside another version of the 

application with a separate reset button that the user can select.  

It was also clear that PICTONGUE had few pictograms and photographs that could 

clearly express what users wanted to say, according to participants’ comments. We still need to 

make improvements to make registering photos and pictograms easier and also to increase the 

number of pre-installed pictograms and photographs on the application. There is a lack of 

photographs and pictograms that pertain to social life and school/office situations. The reviewers 

suggested it would be important to gather date from the perspective of both conversation 
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participants. We think PICTONGUE will be used for sharing the basic situation of their real 

conversation.  Although, this point is still most important further challenges of us. 

This application was developed to promote mutual understanding between people who 

face hearing difficulties and have developmental disorders by utilizing pictograms and 

photographs in combination with speech. Although PICTONGUE is just “basic line” and still has 

problems as platform for advanced learning, the study suggests that it is clearly useful and that 

present issues could be improved. We suggest that the application could be used as a new way of 

communication to support people who suffer from disabilities such as hearing difficulties and 

developmental disorders. Further study of digital AAC applications like PICTONGUE would be 

of value to the field of learning technologies for children and students with disabilities, 

especially those with hearing difficulties and developmental disorders. 
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