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were implemented in AEDIN v.2, followed by more usability 
testing (see Figure 1). Findings from the first and second rounds 
of usability testing are discussed in the results section. We also 
provide a synopsis of key design improvements based on those 
findings. 

2. RELATED WORK 
AEDIN builds on three main areas of research: auditory feedback, 
accessible design for the BVI, and touchscreen input. 

2.1 Auditory Feedback 
The use of non-speech auditory feedback in interfaces has been 
studied for over 30 years [5, 13]. Critical advances came with the 
invention of earcons [1] and auditory icons [8]. Earcons are 
abstract tones with varying pitch, timbre, number and duration, 
and have been shown to successfully signal functions or help 
users identify objects in a graphical user interface [3]. Auditory 
icons replicate common mechanical or natural sounds, and are 
used as aural analogies to also signal objects and actions in a user 
interface. They have been successfully evaluated in two auditory 
interfaces, SonicFinder [9] and ARKola [10]. More recently, a 
new type of sound cue called a spearcon has been developed by 
speeding up a text-to-speech word naming a target object/action. 
Spearcons are played so fast that they essentially become abstract 
sounds (although with compressed aural similarities to the word 
heard at normal speeds), and were evaluated as successful 
prompts in a menu-only interface [20].  

In our basic design concept for audemes, we draw upon these 
other types of aural signifiers, but attain a higher level of semantic 
complexity through our strategy of combining sounds. This gives 
audemes a nearly linguistic level of meaning beyond a simple sign 
or signal, and enables them to convey complex content by acting 
as a compound icon (e.g. “drive/beach”); or as a metaphor 
(“drive/beach” = “vacation”); or as an implied micro-narrative 
(“We got our keys, started the car and drove to the beach.”). 
Although we have yet to investigate which of these explanations 
is most accurate, we have demonstrated that audemes facilitate 
memory of multiple facts and ideas associated with their signified 
themes. [15, 16].  

2.2 Accessible Design 
The use of auditory feedback has been an important element in 
designing accessible interfaces for BVI users, or in applications 
for sighted users in “eyes free” contexts such as driving. One 
study [4], which tested drivers with auditory and visual interfaces, 
demonstrated better lane performance with auditory interfaces. 
Another successful use of auditory feedback is found in 
BlindSight, a mobile application in which users engage a cell 
phone keypad and receive auditory feedback, all without looking 
at the screen [14].  

2.3 Touchscreen Input 
In the recent past, with the widespread use of touchscreen devices, 
researchers and developers have successfully demonstrated the 
power of auditory feedback. In the Slide Rule [11] interface, blind 
users read names of screen objects and actions on hand-held 
touchscreens by employing finger gestures. Similarly, No-Look 
Notes is an eyes-free text-entry application that leverages the 
iPhone’s multi-touch capabilities to increase its accessibility for 
the blind [2]. 

Our aim with AEDIN is to demonstrate another successful 
integration of touchscreen input and auditory output in an 

interface suitable for BVI users. In our previous paper [6] we 
described the design of AEDIN and introduced its features and 
functionalities. This current paper is a follow-up to that work, 
presenting results of the usability evaluations conducted on 
AEDIN (v.1 and v.2), and explaining key design improvements 
made to AEDIN. 

3. AEDIN: AURAL/TOUCH INTERFACE 
AEDIN (Acoustic EDutainment INterface) is an auditory and 
touchscreen interface built to support education for BVI students. 
AEDIN was developed at the School of Informatics, IUPUI, and 
tested at the Indiana School for the Blind and Visually Impaired 
(ISBVI). It functions as a knowledge base of aural educational 
content (comprising recorded essays and quiz questions about 
these essays) that is navigated through touch input with audio 
output or feedback (comprising audemes, as well as navigational 
feedback sounds). 

The overall interactive structure of AEDIN offers a game-like 
learning experience. Users progress through the game by selecting 
a succession of audemes, all of which are optional selections, and 
listening to the essays associated with these audemes. At 
unpredictable times AEDIN challenges users to answer simple 
yes/no quiz questions based on the essays they have already 
heard. Users accumulate points by correctly answering those 
questions [6]. The goal of the initial game is to accumulate as 
many points as possible. AEDIN offers users 49 audemes, each 
associated with and serving as a trigger for an individual essay. 
These audemes are arranged in a virtual, 7-by-7 grid of 49 squares 
(called the bookshelf), each square containing one audeme. All 49 
squares of the bookshelf are not displayed on the screen at once. 
Instead, the bookshelf is accessed through a screen of nine squares 
(called the window). The window can be virtually moved 
throughout the bookshelf (Figure 3) to access any of the 49 
squares. Thus, AEDIN avoids confronting users with a screen of 
49 relatively small, difficult-to-navigate squares, and instead 
offers users individual squares with reasonable touch affordance 
(approx. 2x3 inches on a medium-sized laptop or desktop screen).  
Theoretically, AEDIN could easily be expanded to a bookshelf of 
64, 81, 100 squares or more. 

AEDIN features three modes of operation. The primary or initial 
mode, called the Home Screen, features all audemes in a set 
arrangement in the bookshelf. In the Shuffle Mode users employ a 
semi-circular left-to-right finger swipe on any square to trigger a 
“reshuffling” of the eight audemes displayed in the window. The 
reshuffled window screen displays the eight audemes that are 
most semantically relevant to the swiped audeme, which 
automatically relocates to the upper left corner of the window. 
(Once the Shuffle Mode is engaged, the bookshelf is disabled, i.e. 
the user cannot virtually move the window. To restore this 
movement function, users must return to the Home Screen, 
effectively re-initializing AEDIN.) The final mode is the Quiz 
Screen, which is triggered at random after the user has listened to 
at least two essays. An internal random number generator in the 
AEDIN program determines when to launch the Quiz Screen.  

3.1. AEDIN Sound Categories 
The sounds displayed by AEDIN are categorized as either content 
sounds or feedback sounds.  

3.1.1 Content Sounds  
The great majority of sounds in AEDIN convey content to users 
through audemes, recorded text-to-speech essays and quizzes. 
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4.3 Improved Feedback Sounds  
Results of our first round of usability testing also suggested 
changes to AEDIN’s feedback sounds. Initially AEDIN’s TTS 
voice automatically announced the cumulative quiz score each 
time the participant answered a question. However sensible and 
straightforward this feedback strategy originally seemed to 
researchers, participants experienced it as needlessly annoying. In 
AEDIN v.2 we re-configured the TTS announcement “Your Score 
is [number]” as an on-demand feature accessible through a new 
on-screen “Score” button, or by pressing the keyboard space bar. 

Initially most of the aural labels for command buttons featured a 
robotic-sounding synthesized voice announcing the function of 
each (e.g. Home, Up, Left, etc.). Researchers chose this voice in 
an attempt to create a humorous or distinctive atmosphere for the 
entire interface. After participants expressed a general dislike of 
this voice quality, we re-recorded all aural labels with more 
humanlike voices. 

In the initial design, we unintentionally created an ambiguous 
aural label for the button that triggered replay of the question, 
labeling it simply “Replay.” Our participants suggested we change 
this aural label to “Replay Question,” a phrase which more clearly 
identified its function. 

5. EXPERIMENTAL DESIGN 
5.1 Purpose and Overview  
AEDIN was carefully designed following guidelines from existing 
acoustic interfaces aimed for BVI users, e.g [17]. For the 
evaluation of AEDIN we conducted two usability tests at the 
Indiana School for the Blind and Visually Impaired (ISBVI). 
AEDIN was installed in ten touchscreen computers in an ISBVI 
lab. These were used for all testing. For the first usability test we 
used AEDIN v.1. After analyzing data from the first usability test, 
we designed and implemented improvements to produce AEDIN 
v.2, which we used to conduct the second usability test. In both 
usability tests, participants were given a 60-minute training 
session to familiarize them with the current version of AEDIN. 
Two days later, with no interim opportunity to practice, each 
participant was tested for 30 minutes for their ability to smoothly 
operate all aspects of AEDIN. In that test, participants performed 
eight tasks, then answer five open-ended satisfaction questions, 
and then answer 19 Likert scale satisfaction questions. 
Additionally, researchers made direct observation of participant 
behavior to generate additional usability data.  

The purpose of the evaluation was to substantiate our design 
decisions and help identify key design principles for effective 
design of acoustic interfaces. To this end, we will compare two 
versions of AEDIN and discuss the relations between the two. 

5.2 Participants  
A total of 20 participants (10 male, 10 female, seven blind and 13 
visually impaired/partially sighted) took part in this study. For the 
usability test of AEDIN v.1, we had nine participants (four males, 
five females, two blind and seven visually impaired/partially 
sighted). For the second usability test using AEDIN v.2, we had 
11 participants (six males, five females, five blind and six visually 
impaired/partially sighted).  

Through the ISBVI administration, a call for volunteers was sent 
to all middle-school and high-school students. Students who 
volunteered for the research were randomly assigned to one of the 
two test groups. Initially both groups comprised 10 students, but 

since a student assigned to participate in the first usability test 
missed the training session, this student participated in the second 
usability test. All participants were paid.  

5.3 Design 
This research was a mixed methods design using quantitative and 
qualitative methods. Quantitative methods were the user 
satisfaction ratings. Qualitative methods included user comments 
recorded while they performed the tasks, open-ended 
questionnaires and observation notes made by researchers. This 
type of design was used for both usability tests. 

5.4 Procedure 
We met with participants of the first usability test in the ISBVI 
computer lab. The first session was a training and familiarization 
with AEDIN v.1. All nine participants took the hour-long training 
session at the same time. Two days later the same participants 
underwent individual usability testing, four with one researcher in 
one room, and the other five with another researcher in a different 
room. Each participant spent approximately 30 minutes 
performing eight tasks and completing questionnaires verbally, 
while researchers recorded the answers. 

Based on our direct observation of the training session and 
participants’ comments while using AEDIN v.1, we defined and 
implemented improvements in the interface design to create 
AEDIN v.2. This version was used the following week for the 
second usability test with the remaining 11 participants. The 
session tasks and questionnaire were the same as those used in the 
first usability test.   

5.5 Data Collection 
The following four types of data were collected in both usability 
tests performed with a total of 20 participants: 

5.5.1 Participant Comments  
Researchers took extensive notes about participants’ comments 
during a training session with AEDIN v.1. Changes implemented 
for AEDIN v.2 mainly derived from these comments.  

5.5.2 Satisfaction Questionnaire  
In both usability tests, for AEDIN v.1 and v.2, participants 
performed the specified tasks then completed a satisfaction 
questionnaire based on their experience in using that version of 
AEDIN. The questionnaire contained 19 questions to be answered 
in a five-point Likert scale (Strongly Disagree, Disagree, Neutral, 
Agree and Strongly Agree). In order to make the process 
smoother and avoid participant fatigue, the questions were read by 
researchers to each participant in individual interview sessions. 
Participants answered verbally with the appropriate value. For 
example, a researcher read the question “Using the interface is 
enjoyable,” and asked the participant to rate this from 1 to 5, with 
1 indicating Strongly Disagree and 5 indicating Strongly Agree.  

5.5.3 Open-Ended Questionnaire  
After the task performance sessions and satisfaction 
questionnaires, we also administered a set of five open-ended 
questions for each usability test. The goal was to gather broader 
insight into participant experience and uncover issues that we did 
not anticipate in earlier, more specific questions. 

5.5.4 Observation  
Researchers took notes on the participants’ behavior during the 
training sessions and during their actual performance of the tasks.  
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7. DISCUSSION AND KEY DESIGN 
IMPROVEMENTS 
7.1 Simple Design Changes Yield Significant 
Improvements 
Our usability tests indicate a consistent improvement from 
AEDIN v.1 to AEDIN v.2, with the greatest improvement shown 
in the use of feedback sounds. This validates our analysis of the 
first round of usability tests, and the decision to implement 
relatively simple changes to these elements of the AEDIN design.  

7.2 Touchscreens Highly Usable for the Blind 
and Visually Impaired Users 
Contrary to what may be a “commonsense” belief that 
touchscreens represent an interaction modality inaccessible and 
unsuitable to blind users, our results reveal the highest satisfaction 
rating for touchscreen interactions. Although glass touchscreens 
inherently lack the tactile dimension of a haptic “technology” 
such as Braille, they can offer a high degree of proprioception 
(self-awareness of body/physical positions), particularly for 
hand/finger positioning within a comfortable field of interaction, 
as is found with most computer screens. This proprioception can 
be strengthened by audio feedback. This same positional/audio 
combination is experienced in playing the piano of the guitar, 
where all objects/surfaces are essentially indistinguishable except 
by virtue of their physical location relative to the user’s body, and 
by virtue of the distinct sounds produced when different objects 
are engaged. A similar study [12] highlights the importance of 
using the physical edges and corners of a touch screen as useful 
landmarks for blind users. With its carefully designed feedback 
sounds and simple, logical layout, our design for AEDIN 
leverages both the audio and positional dimensions. 

7.3 Underdeveloped Game Logic 
Compared to the overall satisfaction rating, the enjoyability of 
AEDIN showed the lowest score, although still above the average. 
We believe this can be attributed to the underdeveloped design of 
its game rules and logic, which do not provide enough mental 
challenge or ludic experience for this group of users. Participants 
commented that quiz questions were too easy. Besides adding 
more questions and making them more complex, a few students 
suggested penalizing players by subtracting points for incorrect 
answers.  

Further, based on several participant comments that the bookshelf 
design and content were too-easily learned, we believe that 
participants may be capable of recognizing and remembering 
more complex bookshelf designs or maps; and that AEDIN could 
be improved by increasing the number of audemes and essays, 
achieved by expanding the bookshelf either two-dimensionally or 
even three-dimensionally in layers. This is to suggest that there 
may be a natural “field of comprehension” or content map that 
users can easily hold in their minds for sets of ideas. Conceptual 
territories smaller than this field may be perceived as too simple 
and thus boring. Territories larger than this field provide greater 
opportunities for a serendipitous experience of knowledge 
discovery or rediscovery.   

Further study of these possibilities could be correlated to research 
into mental maps as well as domains such as urban design (We 
note that the blind and visually impaired are long accustomed to 
navigating large urban spaces based on aural cues.) We also 
speculate that there is an inverse reciprocal relationship between 

the complexity of the “playing field” and its game logic: That if 
one is perceived as too simple, the other must assume greater 
complexity or variability in order to sustain user enjoyment.  

7.4 Females Rate Feedback Sounds Higher 
An interesting finding is the gender difference in the perception of 
AEDIN feedback sounds. Compared to males, female participants 
rated the length of the feedback sounds more positively or as more 
appropriate. We are unsure what this finding may demonstrate, 
and neither our observations nor qualitative data indicate an 
explanation for this result. Although some research has produced 
relevant findings that females prefer audio experiences more 
strongly than males in navigational contexts [18], how this 
correlates to a preference for shorter aural cues remains an open 
question. Further study should be dedicated to this matter. 

7.5 Designed for an Aural Rather than Visual 
Experience 
Our goal was to make AEDIN usable for the blind and visually 
impaired/partially sighted, although we did not fully anticipate the 
differences between these groups in terms of their expectations for 
screen-based interactions. The initial design (AEDIN v.1) was 
rated as average in terms of being enjoyable to use. Partially 
sighted users, who could discern the overall graphic design of the 
interface, commented that the interface was dull and not enjoyable 
to look at it. This is not surprising since our main goal was to 
design AEDIN as a highly aural user experience, and we 
deliberately used simplistic visual strategies and elements. The 
graphic quality of AEDIN will be addressed in future versions. 
We believe that simple enhancements to the colors or patterns of 
screen objects could yield significant improvements to the 
enjoyment experienced by partially sighted users. As suggested 
above (see section 7.3 Underdeveloped Game Logic), making the 
game logic or content infrastructure more complex or variable 
may compensate for the perceived simplistic quality of the visual 
design.  

The completely blind participants reported different 
dissatisfactions, which were substantiated by researchers’ 
observations. The areas of haptic affordance in AEDIN v.1 were 
not always easily accessible for these users. In AEDIN v.2 we 
designed haptic affordances that overlapped but went beyond the 
visual affordances designed, particularly for movement 
command/function buttons (see section 4.2 Designing for 
Overlapping Affordances). This increased the enjoyability of the 
interface for the blind, while having no negative effect for the 
partially sighted. 

7.6 Further AEDIN Improvements 
The usability findings give us clear indications on several ways in 
which the AEDIN interface can be improved. First, the game logic 
should be further developed to provide challenging experiences. 
For example, levels of difficulty (either in content, quizzes or by 
challenging users to remember specific content locations) could 
be introduced to accommodate both novice and expert users and 
provide appropriate complexity. Second, to address the needs of 
partially sighted users, we should provide a more interesting 
visual interface with colors, other graphic elements or images. 
One participant suggested providing an image to go along with 
each audeme/square. We recognize the appeal of such a multi-
modal (audio/visual) approach, but also appreciate the difficulty 
of introducing effective visual signifiers that would reinforce but 
not cognitively distort the complex metaphoric impact of 
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audemes. Third, we could expand the virtual dimensions of the 
bookshelf to offer users more variety, complex discovery and 
retrieval challenges, and serendipity. Fourth and finally, we could 
apply the AEDIN infrastructure to knowledge/content domains 
other than education, and thus offer experiences that appeal to 
different aspects of young lives, such as popular culture, music or 
social networking. For example, AEDIN could be adapted as a 
music archive with snippets of songs to identify content 
categories, or as a “phonebook” with snippets of friends’ voices 
used as identifying sound symbols. 

8. CONCLUSIONS  
In this paper we presented usability results of AEDIN, an acoustic 
interface that enables exploration of a complex knowledge base 
using touchscreen input and auditory output. 

We highlighted three main points. First, we presented the design 
and implementation of a system that enables access to a 
knowledge base for blind and visually impaired users. Second, we 
conducted user studies of two versions of AEDIN designs. Third, 
we presented results from the user study comparing the two 
designs that demonstrated significant usability improvements with 
only minor quick improvements.  

In the future we will apply our findings to further improve 
AEDIN. Our goal is to design innovative aural interfaces for the 
BVI, offering enjoyable user experiences that are also efficient 
and effective in facilitating interaction with target content. This 
content may be large knowledge bases of educational material or 
other categories of useful information. In designing these 
interfaces, our challenge will be striking the most appropriate 
balance between the ease and/or difficulty of these interactions. 
This balance may vary for different types of content, overall 
purpose (education, entertainment or communication), specific 
user groups and chosen platform (desktop, laptop, tablet or 
smaller handheld). 
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