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ABSTRACT 
This paper presents and discusses design decisions for an acoustic 
edutainment application for blind users called AEDIN (Acoustic 
EDutainment INterface), comprising audio elements used as 
navigational and thematic landmarks in touch-screen computers. 
We tested designs with blind and visually impaired teenagers. 
Preliminary results demonstrated the efficacy of AEDIN as an 
easy-to-learn and memorize architecture, and a potentially fun 
interface. The paper illustrates the lessons learned from the design 
and evaluation experience and contextually outlines new research 
directions for aural communication design. 

Categories and Subject Descriptors 

H.5.2  [User Interfaces] Auditory (non-speech) feedback. 
General Terms 
Human factors, design. 

Keywords 
Audeme, sound, aural communication, aural design, acoustic, 
touch-screen, interface, blind and visually impaired, children. 

1. INTRODUCTION 
AEDIN (Acoustic EDutainment INterface) is an acoustic/touch-
screen interface developed at the IUPUI School of Informatics to 
support learning for blind and visually impaired (BVI) students. It 
is based on three fundamental assumptions. First, auditory 
memory can be powerful. Two or 3 seconds of an old song, even 
if unheard in years, can conjure rich memories of melody and 
lyrics, instrumentals, and even social contexts of its past hearing. 
Similar floods of associated information are unleashed by brief, 
collaged sound effects: Chug-a-chug/clickety-clack train noises + 
horses’ gallops + gunshots = Western train robbery. Such collages 
can be richer cognitive cues than verbal titles. 
Second, thanks to digital technologies, sound has assumed crucial 
roles in websites, handsets and other devices, as well as playful 

applications such as children’s toothbrushes and greeting cards. 
We anticipate that non-verbal sounds will increasingly be used to 
enrich many applications and platforms.  Third, haptic (touch and 
gesture-based) interfaces are rapidly entering the mainstream of 
consumer devices, although primarily as a complement to visual 
interactions. We believe there are equally broad opportunities to 
explore the evolving intersection of acoustic and haptic interfaces. 

AEDIN is such an exploration. Its basic design is a touch-screen 
grid with distinct aural content assigned to each grid module. It 
has been initially conceived as a platform for an educational 
game, and thus with rules and content appropriate to that goal. 
The basic building block of AEDIN is the “audeme.” Audemes 
are indebted to, but go beyond, the work of past researchers who 
established the value of various sound symbols, earcons, etc. Like 
earcons on steroids, audemes are short, generally 3-7 second 
sound collages of 2-5 separate sounds (music, sound effects, 
abstract noises, occasional sung words) in layers and/or 
sequences. For example, a 3-sec. clip of Brahms’ Lullaby overlaid 
with baby crying sounds, followed by a 2-sec. sound effects 
explosion = “Baby Boom.” Or, a car engine roar + surf-seagull 
sounds + children laughing = summer vacation. A year of testing 
with students of the Indiana School for the Blind and Visually 
Impaired (ISBVI) demonstrated the mnemonic efficacy of 
audemes. In these tests audemes + verbal essays were remembered 
significantly better than essays alone. AEDIN has been designed 
to leverage this mnemonic power in a simple game similar to 
other games based on positional memory (e.g. “Concentration”), 
and games based on knowledge (e.g. “Trivial Pursuits”). Like all 
prototypes, AEDIN is a work-in-progress with the potential to 
evolve in several different directions. We have attempted to 
design it for a fair degree of competition and fun to better serve 
our secondary school subjects. Yet we also considered the 
possibility that AEDIN might be well deployed as a 
straightforward “bookshelf” with audemes as acoustic “book 
covers” helping users navigate a grid full of educational files.  We 
also recognize that AEDIN’s basic design might be ideal for 
applications weighted toward entertainment uses rather than 
educational (e.g. as an interface to an archive of music) or for 
personal uses (e.g. an archive of my own writings).  In each case 
we speculated that the specific content domain could effect 
AEDIN’s design. We further believed that the inherent 
metaphoric nature of audemes might offer users a more creative 
role in constructing the significance of audeme series, perhaps in 
game-like strategies similar to an acoustic “Charades” in which 
one user team challenged another to decipher a series of clues.  
We have approached our development work with the belief that 
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our subjects would help us define “AEDIN.2” both through 
usability testing as well as their verbal suggestions for future game 
and/or application strategies. As such, for this initial prototype we 
avoided defining AEDIN’s form and function too narrowly, in 
anticipation that our subjects’ reactions and feedback would help 
us better understand its strengths, weaknesses and potential.  

2. RELATED WORK 
The research related to our work lies at the intersection of three 
areas: touch-screen interfaces, accessible design for the blind, and 
aural interactive communication. 
Touch-screens have recently flourished in mobile devices such 
Apple’s iPhone and iPod touch [1], and the larger Microsoft 
Surface [9]. Touching enables a more natural interaction than 
“pointing and clicking” as it supports a more direct interaction 
with the objects (removing the mediation of the mouse and of the 
cursor). Moreover, touching unleashes the use of an additional 
perceptual sense during the experience, and this can be especially 
beneficial in contexts where one of the other senses is lacking 
(e.g. vision). 
Although touch-screen technologies are increasingly available and 
easy to find, they typically offer visual feedback for the user’s 
actions, which is obviously inappropriate for the BVI population. 
To support accessible design, feedback solutions providing at 
least an “equivalent” user experience (to the one available to the 
sighted users) should be developed and validated. Although this 
principle is affirmed in working standards for accessibility [13], 
much research needs to be done to create viable design strategies. 
Tactile feedback, for example, such as vibration or textured 
surfaces has been experimented, but these paradigms do not allow 
communicating a very rich semantics [11]. 
Audio is generally the easiest and cheapest solution for 
semantically rich feedback when the visual channel cannot be 
used. Audio feedback improves pointing accuracy for objects on 
the screen, especially for small targets [4]. The seminal work in 
using audio feedback in interactive environments is the 
development of earcons [2], i.e. aural icons providing precise 
sound-based clues to identify pointed objects on the screen. 
Further work has been done in combining sound-based feedback 
with text-to-speech (TTS). In a study reported in [11], for 
example, users effectively explored a map of Roman Britain with 
a mouse, an on-screen cursor, trackball or touch-screen, with 
movements followed by auditory icons and TTS synthesis. 
Mousing over the ocean elicited a sound of crashing waves; 
clicking on a city announced its name. Repeated presses of the 
button elicited spoken facts. In a similar project, Slide Rule [6] let 
BVI users explore multi-touch finger gestures on smart-phones to 
read names of screen items and functions the screen, with no 
visual objects. In a different vein, Sanchez and Aguayo [12] 
developed a mobile messenger system for the BVI, using nine 
squares on a screen, each with three letters, selected just like a cell 
phone keypad with letters announced in a synthesized voice. The 
spaces between buttons elicited a different sound. 
Advancing the current state-of-the-art, our project shows a 
solution to unleash the full potential of aural communication and 
integrate it with touch-screen interfaces, to support BVI users to 
have a richer and engaging user experience over a large collection 
of objects. 

3. AUDEMES FOR AURAL 
COMMUNICATION DESIGN 
Audemes are sequential and/or layered combinations of music, 
sound effects, abstract computer-generated sounds, and occasional 
samples of sung lyrics. Our previous work [7][8] demonstrated 
that audemes work in the 3-10 sec. range, but best in a 4-7 sec. 
size. Common-sense audio editing is used to balance, for instance, 
high-pitch with low-pitch sounds. Subjects could distinguish 
overlapping sounds, probably because this simulates the aural 
world. Audemes achieve signification and memorability by 
balancing meanings that can be iconic (rain sounds = rain), 
metonymic (rain = weather) or metaphoric (rain = melancholy) or 
even humorous (golf swing/hit + rain = frustration). Composition 
can be obvious, intuitive or aesthetic, but not arbitrary (rain 
cannot = fire, dogs or baseball). Our student collaborators 
demonstrated a broad aural comprehension of the world, 
recognizing many sounds only heard in popular media, e.g. 
machine guns or locomotives sounds. Audeme meaning reveals 
itself most powerfully in context and in combination. Although 
individual interpretations of either single or small sets of audemes 
may vary initially, the students were capable of reaching 
collective judgments of audeme meaning by discussing then 
acknowledging the most apt interpretation offered. This looser, 
more social process of constructing audeme meaning allowed a 
more game-like type of user engagement.  For example,  audemes 
might work well in an interactive process similar to a card game, 
where specific cards achieve different significance and strategic 
value depending on the context (game) and combination (dealt 
hand). The Audemes/AEDIN experience is also comparable to the 
aural equivalent of a rebus, but where listeners interpolate the 
connective functions (+ or - ). 

AEDIN’s ability to offer audemes in variable combination opens 
avenues of investigation into a wide range of issues. These link 
communications theory, game theory and questions of the 
semantic/computational structures of metaphor or humor. And 
these overlap with issues of screen design, including the design of 
“virtual” structures extending beyond the immediate screen but 
accessed through it, which reinforce the conceptual link to game 
design. 

4. AEDIN: DESIGNING THE ACOUSTIC 
INTERFACE 
4.1. Bookshelf, Window and Game  
In our prototype design, AEDIN offers two main modes of 
navigation: The bookshelf mode and the shuffle mode (see 4.4). 
The Bookshelf consists of audeme squares arranged in a 7-by-7 
grid or virtual “bookshelf” of 49 “books,” and accessed through a 
“window” screen of nine books that is manipulated via a touch 
screen monitor (see Figure 1). Each book comprises an audeme 
plus a recorded TTS essay of educational content. Put simply, 
audemes function as aural covers and essays function as the verbal 
contents for books. To test the usability of AEDIN, we designed a 
basic game in which players attempt acquire as much knowledge 
as possible.  Players-users follow these simple steps: they 1) touch 
a square and hear its audeme; then 2) hear its associated essay; 
then 3) touch another square and hear audeme and its essay; and 
4) at random points, the user will hit a ‘pop quiz’ substituted for a 
book; and 5) this quiz forces users to answer a short series of 



‘yes/no’ questions based on all of the essays heard before hitting 
the quiz.  

4.2. The Essays  
The essays in AEDIN are TTS recordings lasting 1-2 minutes at 
220-250 words/minute, which is fast for sighted people but 
appropriate for our users. This is also close to the 275 
words/minute established by Foulke as a rate that does not affect 
comprehension or retention significantly [5]. 
The themes or subjects for the essays are keyed to the Indiana 
educational standards for US history and appropriate for our users 
and their schoolwork.  The essays feature a mix of facts, figures 
and general observations about each subject, all drawn from a 
variety of Websites and standard textbooks. The overall 
educational goal of AEDIN and these essays is to offer teachers a 
stimulating game-like process, similar to “Trivial Pursuits,” in 
which students compete to acquire and demonstrate knowledge. 
This complements but does not replace classroom instruction. 

4.3. Acoustic Browsing Through Audemes 
AEDIN’s bookshelf is accessed and navigated through a 9-book 
window that occupies most of the monitor screen (Figure 1). The 
default position of the window is centered in the bookshelf, a 
position called “home.” There are also four movement-command 
buttons, one on each edge of the screen, graphically depicted as 
triangles. To manage AEDIN, users may tap once on a square to 
hear its audeme.  A quick double-tap elicits the attached essays. 
Similarly, single taps on those movement buttons elicit TTS 
words for “up,” “down,” “left” and “right.” A quick double tap on 
a button moves the window one row or column in that direction. 
Imagining the bookshelf as immobile, users may move the 
window throughout the entire bookshelf, a process requiring no 

more than four commands to reach the farthest corner (e.g. up-up, 
left-left to reach the upper left-hand square). The arrangement of 
books in the bookshelf is fixed but arbitrary, without 
chronological or alphabetical order. Only through book-by-book 
exploration can users familiarize themselves with the total layout. 
After moving the window, the user may use the “home” command 
button (always present in the lower right corner of the monitor 
screen) to instantly restore the window to the centered position.  
Successful bookshelf navigation relies on the user’s “positional 
memory” for book location within this virtual space. 

4.4. Shuffle Mode 
AEDIN also offers a semantically-based “shuffle mode.” In this 
mode the metaphoric bookshelf is not needed because the window 
offers variable sets of books. The user may shuffle the window by 
first choosing a book as a starting point, then “shuffling” the 
window with a quick sweep of the finger across that book-square. 
This touch-command re-populates the window with other books 
semantically linked to that first. This process may be repeated 
over and over with any book from any new population. To 
illustrate: The user chooses the book for “Automobile Industry;” 
shuffles the window with a finger sweep; AEDIN automatically 
repositions the chosen book in the upper-left square of the 
window; in the remaining 8 squares AEDIN generates a fresh 
arrangement of books thematically related to the Automobile 
Industry, including “Migration,” “Transportation,” “Interstate 
System,” “Luxury,” “Cities and Urban Culture” and 
“Industrialization.” The shuffle mode may be engaged at any time. 
But once engaged, the shuffle mode continues to operate until the 
user disengages it by double-tapping “home.” Movement 
commands used to move the window in the bookshelf mode do 
not operate in shuffle mode.  

 
Figure 1. AEDIN Content and Interactions 



The two navigational modes currently available in AEDIN are 
designed to engage distinct types of associational memory. 
Bookshelf navigation engages positional memory, while shuffle 
mode draws upon the user’s memory for thematic relationships. 
Future AEDIN games and applications will rely on the relative 
strength of these memory types, either separately or in 
combination. We also anticipate development of more complex, 
multi-part audemes that could enable us to “raise the cognitive 
stakes,” so to speak. Our development work, done with the XNA 
game engine from Microsoft [10], assumes the touch-screen is the 
main channel for user input, although the keyboard space bar can 
be used to elicit the player’s score, and the ESC key allows users 
to exit AEDIN. 

4.5. The Quizzes 
After the user has heard at least two essays, AEDIN’s Quiz Screen 
(Figure 2) self-activates at unpredictable intervals. Announced by 
an explosion sound (‘landmine’), the Quiz Screen reads a true or 
false statement based on heard essays. Users respond by double 
taping ‘yes’ at the upper right (evoking a “right” answer), or ‘no’ 
at the upper left. A large center button allows question replay. 
Correct answers elicit more questions and a positive score. 
Incorrect answers send users to the past screen with no score.  
Between audeme, essay or quiz sounds, AEDIN plays continuous 
background sounds at lower volumes. The Home Screen sound is 
a soft wind; Shuffle Screen is water dripping; the Quiz Screen 
plays audemes related to a question’s essay, leveraging our 
research [7] that audemes enhance recall of essay content. 

4.5. Button Design 
We have designed AEDIN to be suitable for visually impaired as 
well as blind users, by targeting both groups with a single design. 
Objects on the screen, such as command buttons and audeme 
squares, are positioned close to each other, but separated enough 
to offer spatial separation to blind users and visual gaps for the 
visually impaired. Contrasting colors are used for the different 
object groupings to differentiate their functionality. 

5. PRELIMINARY EVALUATION 
In Spring, 2009, on the 10 touch-screen computers at the ISBVI, 
we tested AEDIN with alternating groups of 10 students over six 
weeks in 60 or 90-minute sessions twice a week. Familiarization 
sessions were followed by usability testing study including eight 
tasks. The results remain to be analyzed, but students made 
generally positive comments about AEDIN, although initially they 
were apprehensive of a touch-screen application. To our surprise, 
blind students have rated AEDIN more positively than visually 
impaired students who could see large objects on the screen. This 
deserves further analysis. Generally, users had positive feedback 
about screen layout, audeme quality and TTS essays, but felt the 
logic of the game needed further development to provide a more 
challenging immersive experience. 

6. LESSONS LEARNED 
We learned valuable lessons that might be useful to 
communication designers dealing with touch-screen based, aural 
applications for the blind. 

 
Figure 2. AEDIN Quiz Screen 



6.1. Designing for Overlapping Affordances 
In the first design iteration of AEDIN, we had designed buttons 
that: 

• When single tapped, would provide verbal feedback (e.g. a 
voice saying “up” for the up arrow). 

• When double-tapped would perform the expected operation 
and provide aural feedback to indicate its completion. 

• Would strongly contrast visually with the background to aid 
visually impaired users. 

• Could be activated by touching the visual button. 
We discovered that all visually impaired users easily located 
targeted buttons. Most blind users, however, struggled in 
precisely locating buttons. Although remembering general 
locations, they could not easily find exact button locations 
without finger explorations. Significantly increasing the size of 
these buttons would have also changed their shapes and disrupted 
the design layout. 
To solve this problem, we started from the observation that the 
haptic affordance of the button (the area that can be activated 
through touch) does not need to coincide with the visual 
affordance (the area which is visibly a button). The visual 
affordance should be easily located by visually impaired users, 
whereas the haptic affordance should be easily reached by the 
blind. The two affordance areas would necessarily overlap for 
some parts, but the haptic one (although not visible) could take 
more screen real estate (see Figure 3). 
Therefore, in the second design iteration of AEDIN, we designed 
the haptic and visual affordances as overlapping but not 
congruent. A larger rectangular area around the triangular arrow 
button, for example, was available through touch (haptic 
affordance), although only the triangular button (visual 
affordance) was actually visible on the screen for the visually 
impaired users. 
When we observed our users experiencing the new design, we 
noticed that all blind users were able to quickly locate and activate 
the buttons. Sighted and visually impaired users did not see any 
change in the interface and continued to easily use the buttons. 

6.2. Designing for Aural HELP 
One of the most difficult challenges of non-trivial aural interactive 
experiences is designing effective control and consumption of 

“sequences” or “lists” of items [3]. The linearity of the verbal 
aural channel makes it difficult for users to quickly master multi-
item objects. For instance, the Help command in AEDIN, offers 
verbal explanations of all the available commands in sequence. 
This Help is available on every page but it is context-dependent, 
changing slightly according to the type of screen it occupies. 
We assumed that all users (both visually impaired and blind) 
would have resorted to the Help for reminders about how to 
activate a specific operation (for example, some users did not 
remember how to get their current game score). However, 
sometimes users had to listen over one minute to reach an 
explanation 6th or 7th on the list. This was burdensome. 
In the future, adding a simple interactivity level to AEDIN’s Help 
feature (for example, by allowing users to quickly skip to the next 
instruction) can improve efficiency, but it may not work in case of 
very long and more structured (nested) lists. 

6.3. Anticipating Upcoming Content Flow 
Similar to the problem of managing lists, it is challenging to 
design sequences of content items automatically following one 
another, according to a given interaction rule. For example, as our 
users entered the Quiz Screen, a question started to play; after 
they answered the question (by tapping ‘yes’ or ‘no’), they 
received a feedback about the outcome of the quiz (“Ya-y-y!” for 
correct answer or “No-o-o” for wrong answer). But right after a 
correct answer, users heard a voice and did not realize it was 
asking another question. Because this was unexpected, users had 
to replay the question to listen closely. 
In visual interfaces, the content flow can be easily communicated 
through labels or titles (“Second Question”), and by actually 
displaying the content in a way that it assumes a prominent 
position on the screen and therefore guides attention. The aural 
flow, however, does not offer this opportunity. A possible 
solution is to use audemes to clearly mark units in the information 
flow by an acoustic prompt or “landmark” that drives attention. 

6.4. When Blind Users Overcome Designers 
One of the most interesting discoveries that emerged from 
observing users interacting with AEDIN is the creativity of the 
users in exploring, manipulating and bypassing the design in 
unexpected ways. Because we explained that the interface was 
designed to meet their needs and that we welcomed their 
feedback, combined with a healthy dose of competition among 

 
Figure 3. Overlapping (but not congruent) visual and haptic affordance communication 



them, prompted some students to show off their ability to use the 
interface, spot bugs and technical breakdowns, and, most 
importantly, to suggest new commands to simplify it that the 
designers did not think of or discarded. 

The Shuffle Screen, for example, had been originally conceived to 
be activated through a “clock-wise circle swipe” on an audeme 
square. Two blind users proudly demonstrated to the designers 
that simply “sliding” their finger on an audeme was enough to 
activate the shuffle mode. This interactive gesture was much 
simpler to perform and, most probably, easier to remember. 

7. CONCLUSIONS AND FUTURE WORK 
Our research offers at least three innovative contributions to the 
area of communication design. 

Firstly, we introduce a new element for aural communication: 
audemes. These complex, metaphoric sound symbols give 
communication designers a new tool that is rich in affect, 
cognitive significance, mnemonic resonance and semantic 
flexibility. On the most basic level, audemes can be used to 
complement existing communication/information interactions by 
offering a type of aural punctuation or landmarking to add affect 
and increase memory for otherwise monotonous TTS delivery. 
And this in turn, creates the possibility of designing new types of 
aural surveying or browsing over a large collection of media 
content. This serves the special needs of BVI users but also 
suggests mainstream applications, particularly for platforms with 
limited visual affordance (e.g. smart phones) or in “eyes-free” 
contexts (e.g. while driving). Future research will be devoted to 
exploring the foundations of an “aural grammar” for audemes to 
more systematically discover or invent rules for audeme design 
and their most effective or entertaining application in various 
communication contexts. 

Second, we propose an innovative architecture to archive and 
navigate large amounts of information: AEDIN, based on touch-
screen modality and a spatial-positional bookshelf-and-window 
metaphor to display and interact with aural information. Although 
sighted users can easily navigate variable display architectures 
(assuming the variable elements are still viewable onscreen), we 
demonstrated that informational displays could be variable and 
flexible but still memorable and navigable for BVI users. Further, 
our work with AEDIN’s shuffle mode encourages us to speculate 
that semantic relationships between elements can be effectively 
used to guide variable display and navigation strategies. AEDIN 
can be an ideal experimental apparatus to test designs and validate 
user experiences based on our new communication paradigms. 
Future research will focus on flexible and customizable 
architectures for audeme-based applications (music library, movie 
browsing, audio books, collaborative games) that can support the 
needs of BVI as well as mainstream users.  Part of this proposed 
architecture is a new tactic for offering overlapping but not 
congruent visual and haptic affordances. 

Third, we design a metaphoric “bookshelf” for presenting a 
database in a virtual architecture extending beyond the monitor 
screen “window.”  This design serves the need to offer BVI users 
a relatively large module of haptic affordance, while capitalizing 
on their positional memory, to navigate a large selection of 

content files on one level.  Future research will test the limits of 
this memory, as well the efficacy of various ordering principles 
(e.g. chronological, alphabetical) for arranging content files. 

Finally, we have extracted general lessons learned from our 
research that can be used by communication designers when 
architecting and testing aural experiences. Future research will 
investigate design solutions for improving the aural 
communication of overlapping affordances, aural content 
sequencing and structured “help” support. 
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