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Abstract. This paper presents a prototype of a mobile Digital Talking Book 
player, which, by combining visual and non-visual means of interaction, strives 
to achieve universal accessibility. Details on the non-visual aspects of the inter-
action, both input and output, are provided. To assess the validity of the  
proposed solutions, an experiment evaluates the non-visual operation of the pro-
totype. Results show users can complete the same tasks with visual and  
non-visual interaction. However, some limitations are identified, and the obser-
vations prompt a discussion on how the use of multimodal interfaces can  
improve their accessibility and usability. 
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1   Introduction 

People read to learn, to catch on the latest news, as a leisure activity, and for many 
more reasons. Reading is a cognitive process, where the reader acquires and decodes 
symbols to derive a meaning. The set of symbols (an alphabet, music notation, traffic 
signs, etc.) defines a language, which the reader can interpret if he or she is familiar 
with it. Typically, the reading process involves the visual acquisition of the symbols. 
However, due to certain constraints this might not be possible for everyone, or in every 
situation. Blind and some visually impaired people are prevented from visually access-
ing literary content. According to the World Health Organization the number of people 
with visual impairments worldwide in 2002 was in excess of 161 million, of whom 
about 37 million were blind. Estimates for the developed countries (with higher liter-
acy rates), including the United States of America and European Union countries, go 
up to more than 20 million visually impaired people [1]. Additionally, even when con-
sidering normally sighted people, there are activities that require the would be reader to 
focus the visual attention elsewhere, as, for example, while driving or jogging. 

This paper reports on an effort to make reading universally accessible. The ultimate 
goal is to develop an application which can be used by people with diverse physical 
characteristics in different usage scenarios. In order to meet all the requirements im-
posed by such a goal, the application must be based on a mobile platform. This means 
the reader can take the “book” everywhere to be read at any time. Additionally, the 
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paper will reflect the application’s input and output concerns, in order to be able to 
support users of different characteristics working in a variety of usage settings. 

The following section describes a prototype of the mobile Rich Book Player, em-
phasizing the input and output interaction issues that are paramount for enabling uni-
versal access in an application capable of meeting the elicited requirements. Section 3 
then describes a preliminary evaluation experiment conducted to assess the validity of 
the proposed solutions. This is followed, in section 4, by a discussion on the useful-
ness and limitations of the current prototype and a reflection on how the requirements 
of universal accessibility can be used to foster improvements over applications which 
have been developed without taking them into consideration. Finally, section 5  
concludes the paper. 

2   The Mobile Rich Book Player 

The mobile Rich Book Player prototype is based on a desktop version of a Digital 
Talking Book (DTB) player, named Rich Book Player [2]. DTBs are digital re-
cordings of book narrations synchronized with their textual counterpart, aimed at 
improving the reading experience of visually impaired users. The NISO DTB com-
mittee recommends that three types of playback devices be developed [3]: (1) a basic 
DTB player, defined as a portable unit capable of playing digital audio recordings, for 
use mostly by less sophisticated talking book readers who wish to read primarily in a 
linear fashion; (2) an advanced DTB player, also portable, but designed for use by 
students, professionals, and others who wish to access documents randomly, set 
bookmarks, etc.; and (3) a computer based DTB player, consisting only of software 
and being the most complete and sophisticated of the three. As stated above, a desk-
top version of a DTB player has been developed [2], meeting the DTB requirements, 
endowed with adaptive capabilities, and, additionally, supporting books enriched with 
different media contents, such as images, videos, and audio clips. 

The first step in making the Rich Book Player a universally accessible application 
[4] was porting it to a mobile platform. Windows Mobile was the selected platform, to 
allow the sharing of some components developed for the desktop version using Mi-
crosoft .NET technology. Due to the size and processing power limitations of mobile 
devices several changes, with impact on the application’s user interaction, were re-
quired. First, the reduced screen size limits the amount of information that can be 
displayed simultaneously. In the desktop version, the book’s text and images, the 
table of contents and user annotations can all be displayed at the same time. This is 
impossible with a mobile device’s screen, prompting for alternative solutions, which 
eventually lead to the use of tabs, and the explicit introduction of pages, and a pagina-
tion algorithm to deal with the multitude of screen resolutions and orientations.  
Figure 1 shows two views of the Mobile Rich Book Player. Further details of its  
development can be found in [5]. 

The aforementioned version of the Rich Book Player cannot, however, be consid-
ered universally accessible, due to its total reliance on visual interaction. Text selec-
tion for annotation, menu and tab choices, selecting the different interface elements, 
and other actions, must be achieved with the use of a stylus, thus requiring the user to 
know where to tap with the stylus. In other words, the user must look at the screen 
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Fig. 1. The Mobile Rich Book Player, presenting the article ”The Dexter Hypermedia Refer-
ence Model”, by Halasz and Schwartz. Main content view on the left and images view on the 
right 

every time he or she wishes to perform an action. This is a fundamental limitation to 
blind users, to other visually impaired users, who suffer from the reduced size of the 
on screen elements, and to normally sighted users, when performing any action that 
requires visual attention. 

The remainder of this section will describe the solutions proposed to improve the 
accessibility of the Mobile Rich Book Player, in such a way that non-visual interac-
tion can be used as a complement or as an alternative to the visual interaction mecha-
nisms already available. 

2.1   Input Concerns 

Typically, input interaction with mobile devices is visually dependent due to extensive 
use of touch screen technology. The Mobile Rich Book Player is no exception, with 
most tasks requiring the user to tap somewhere on the screen. To improve accessibility 
by dropping such a reliance on visual awareness, an alternative input mean is required. 
Due to processing power limitations of current mobile devices, this alternative should 
not rely on automated speech recognition. Speech recognition is also impacted by 
environmental noise conditions, which is a factor to consider in the envisioned usage 
scenarios. Nevertheless, this is an alternative which will definitely be considered in the 
future, as a complementary input mechanism. On current mobile devices, the other 
alternative is the physical input buttons, which afford tactile recognition. 

It can be safely assumed that all mobile devices (PDAs, smartphones, mobile 
phones, with the iPhone being a notable exception) possess a minimal set of physical 
buttons: a joystick or four directional buttons, with the accompanying selection but-
ton, and two more selection buttons. Figure 2 presents this set of buttons in a typical 
PDA arrangement. Buttons 1, 2 and 4 are selection buttons, while the element marked 
with the number 3 is the joystick. As shown in the figure the device possesses extra 
buttons, but to make the application the more device independent as possible, only the 
previously mentioned buttons will be considered. 
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Fig. 2. Input buttons for a typical PDA 

To enable a fully non-visual operation of the application, all the input commands 
have to be mapped to these seven buttons. Since there are more than seven commands 
in the Mobile Rich Book Player interface, it is necessary to map the interface to dif-
ferent states, where each button will have a different meaning. The following six 
states have been defined: playback, main menu, table of contents, annotation consult-
ing, annotation creation and media consulting. In each state, the buttons have a differ-
ent mapping, with each button responsible for executing an action, or to move the 
application to a different state. To preserve coherence, typically the same button will 
do one or the other in all states. The next paragraph exemplifies with the mappings for 
the playback state. 

During playback, two major types of actions can be performed: navigation and 
playback control. Playback control is achieved through one of the selection buttons 
(button 4 on figure 2), which is used to play and pause the narration. Navigation is 
controlled by the joystick. Up and down buttons move to the next and previous chap-
ter, respectively. The right button moves the book to the next page, while the left 
button takes the book to the previous page. The two remaining buttons are used for 
state change operations. The right selection button is used to invoke the application’s 
main menu. The left selection button is used to create an annotation in the current 
narration point, or to consult annotations or images, whenever they’re present. 

Coherence is achieved by trying to maintain the same button meaning regardless of 
the state the application is in, which should also diminish the time users require to master 
the application. For instance the up and down arrows are used to navigate lists: the option 
list in the main menu, the table of contents, and the annotations list. To activate the se-
lected choice in any list, the user may use the left selection button, or the joystick selec-
tion button. To right selection button is always used to cancel an operation or to go back 
to the previous state. The only exception to this rule is when the user is performing an 
operation that changes the state of the book. For instance, if the user tries to delete an 
annotation, the order is given by pressing the left selection button, while in the annotation 
consultation state. After giving the order, a confirm operation dialogue ensues, where the 
cancel button is now the left selection button in order to prevent accidental annotation 
deletion from a “double click” on the left selection button. 

Following these guidelines, it was possible to develop an interface which supports 
all operations both through the use of the stylus (requiring visual awareness) and the 
PDA’s physical input buttons (for non-visual operation). 

2.2   Output Concerns 

Audio transmission of the book’s main content is already handled by the playback of 
the digital recording of the content’s narration. This leaves two unresolved issues: 
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audio awareness raising mechanisms and audio transmission of annotations and other 
media contents. 

Awareness raising mechanisms are required in two situations. The first occurs 
when the playback reaches a point in the book that has been annotated or that has an 
image (or other media content) associated. In the desktop version all the different 
contents could be presented simultaneously in one screen. This is not possible in the 
mobile version. Visual alerts in the mobile version flash the corresponding Annota-
tion or Media tabs. For a non-visual operation, audio awareness raising mechanisms 
must be employed. The second situation occurs when the user, through the use of the 
physical input buttons, selects a new option in the main menu, or changes the selected 
item in the Table of Contents, or the Annotations list. After performing such an opera-
tion, audio feedback should be provided to the user to make him or her aware of the 
currently selected option. To decide on how the feedback should be provided in these 
situations, a studio comparing speech feedback, auditory icons [6] and earcons [7] 
was conducted. The study results [8] indicate the best solution for an application with 
the characteristics of a DTB player to be speech feedback for option selection, and 
auditory icons for raising awareness to the presence of annotations, images and other 
media. Following these recommendations, human recordings of each command were 
made and are presented after each user selection. Auditory icons are used to indicate 
the presence of an annotation (the sound of a typewriting machine) and of images (the 
sound of a camera shutter firing). Before each of the speech recordings playback a 
“beep” is emitted. This is expected to increase users’ speed of execution after they 
memorize the sequence of commands. Instead of waiting to hear what option is se-
lected, if the user is already familiar with the sequence of options, he or she can  
advance the required options using the “beeps” as a mean to make sure the desired 
number of options was indeed advanced. 

The major problem to tackle, when considering output concerns, is how to trans-
mit, in a non-visual fashion, content that is inherently visual. This is necessary for 
some annotations and visual media. Since users can create audio annotations, this is a 
way to circumvent this issue, which is the more appropriate solution for blind people 
and people with severe visual impairments. However, normally sighted people will 
certainly make use of written annotations. The solution for this issue on the desktop 
version of the Rich Book Player employs speech synthesizing. This is also expected 
to be the solution for the mobile version, although it is not available in the current 
prototype. A tougher challenge arises when trying to present aurally visual content, 
such as images. The current solution is to previously record a narration with the im-
ages title, caption and description, which is then played back by the application in the 
same manner an annotation would be. 

In this fashion, with the exception of the limitations presented above, the Mobile Rich 
Book Player is capable of performing in both visual and non-visual usage scenarios. 

3   Preliminary Evaluation 

To assess the usability and accessibility of the proposed solutions, an evaluation of 
the Mobile Rich Book Player is currently undergoing. This section focuses on the 
non-visual operation evaluation and reports the preliminary findings. 
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The prototype used in the evaluation is the one described in the previous section, 
with both visual and audio based interaction available, albeit the focus of this experi-
ment is on audio interaction. The application was run in a Windows Mobile 5 pow-
ered QTEK 9000. The book used in the experiment was “O Senhor Ventura”, by 
Miguel Torga, available in a text file with 143KB. A professional narrator recorded 
the digital audio for playback, available in an mp3 file with 158MB, corresponding to 
a total recording time of two hours and fifteen minutes. Since the focus of this evalua-
tion is on the non-visual aspects of the interaction with the application, the PDA 
screen was set up to zero brightness. 

For this preliminary evaluation three participants, one female and two males, took 
part in the experiment. None of the participants had any major visual impairment, 
although two of them require eyeglasses for reading and computer use. None of the 
participants uses a PDA on a daily basis, although they are familiar with their opera-
tion. Two of the participants were already acquainted with the desktop version of the 
Rich Book Player, but none had any prior contact with the mobile version. 

The participants were initially introduced to the application, and the focus on non-
visual interaction was explained to them. The participants then proceeded to try out 
the application while the actions each button performs were explained. This allowed 
any doubts to be quickly solved, while giving time to the participants to get accus-
tomed to the application’s interface. After this period the participants were requested 
to perform a series of tasks. The majority of those were question answering tasks, 
where the interviewer would pose a question and the participant had to find the  
answer in the book. Some of the questions explicitly stated the chapter where the 
answer was to be found. For the other questions, the participants were informed that 
an existing annotation would provide a clue to the answer. These tasks prompted  
test participants to perform, in addition to general navigation, table of contents navi-
gation, annotation navigation and annotation consulting. Other tasks required annota-
tion creation and annotation deletion operations. After completing the tasks, the  
participants were asked to fill a questionnaire and debriefed. 

As expected, all participants completed every task successfully. The experiment 
observations and the participant debriefing elicited some relevant issues. One ob-
served phenomenon, even though it cannot be backed up by measures at this point, 
was the decrease in time needed for completing tasks as the experiment progressed. 
This reflects the increased confidence with the interface that participants felt as they 
spent time with the application. It is also a result of the aforementioned “beep” 
mechanism to increase execution speed. Initially, the participants started to rely on the 
“beeps” only when browsing the Table of Contents. In the later stages of the experi-
ment, participants relied on the “beep” in every aspect of the application, including 
for browsing menu options, which indicates that the menu structure had already been 
interiorized. This is supported by the opinion of one of the participants. Initially, he 
argued to prefer the menu to recall the last option selected. After some considering, he 
concluded that, after knowing the order of the menu options, it is faster to always 
have the same option presented first when accessing the menu. 

Two major criticisms were made by the participants. The first one relates to navi-
gation in the list of annotations. Annotations are indexed by their order of appearance 
in the book. When looking at the list of annotations, the user can see where in the 
book is the annotation, and the first words of the annotation. This information is 
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enough to provide the required context for the user to make an informed choice. In the 
non-visual prototype, the only information provided to the participants was the anno-
tations index. This required the participants to change to annotation consulting mode, 
to be able to listen to the annotation, which demands more effort from the user. Addi-
tionally, in annotation consulting mode, the playback is resumed after the annotation 
has been transmitted to the user. Since the participants were intent on listening to the 
complete annotation in order to decide if that was the requested annotation or not, 
they missed the navigation possibilities, and had to access the menu once again to go 
to the annotation list and listen to the next annotation. This was a frustrating sequence 
of steps for the tasks requested to them. 

The other major criticism made was about the lack of awareness to the current 
chapter number. This was felt when participants changed chapter using the navigation 
buttons during playback, and when they navigated using annotations to another point 
in the text. With the visual interface this is a non-existent issue, since the chapter 
number is always displayed in the main content tab. With only non-visual interaction, 
the user must switch to the table of contents to know in what chapter he or she  
currently is in. 

Other issues that were raised by participants included the desire to have an option 
system for yes/no questions, used for confirmation, similar to the other menus and 
lists. Currently one answer is assigned to one of the left/right selection buttons and the 
other answer to the other button. Another issue was a lack of coherence changing 
chapters using the navigation during playback and using the Table of Contents. When 
in playback mode, the down arrow moves one chapter back, and the up arrow one 
chapter forward. In the Table of Contents list, due to its visual presentation, with the 
first chapter at the top, and the last chapter on the bottom, the down arrow moves one 
chapter forward and the up arrow one chapter backwards. 

The questionnaires allowed the participants to classify the usability and usefulness 
of the different navigation mechanisms, the usability of the annotations modes, the 
interaction with the interface and the general opinion towards the prototype. All the 
questions were answered in a ten point scale. Due to the small number of participants, 
and to the fact the further tests will be conducted, no detailed statistical analysis has 
been performed yet. Nevertheless, some assessments can be made. The participants 
found navigation through the Table of Contents (average = 8.66) easier than in the 
playback mode (average = 6). This is probably due to the lack of awareness to the 
current chapter. When navigating from the Table of Contents, the user is always cer-
tain of the current chapter number. Offering further evidence for this point, is the 
comparison between awareness to current chapter (average = 6) and to annotated text 
(average = 9). Recall that annotation presence was transmitted using auditory icons. 
The steps to create an annotation were not considered very clear (average = 3). This 
has been a traditional difficulty in every version of the Rich Book Player, worsened 
by the absence of the visual component. Annotation reading was clearly easier (aver-
age = 7). The audio feedback available was considered enough (average = 8.33) and 
indispensable (average = 8.66). Furthermore, it is possible to compare the opinion of 
the participants regarding the interaction and the whole application with previous 
evaluations of the desktop version [9]. The general opinion for the desktop version 
averaged 6.04, while for the mobile prototype averaged 6.11. When comparing  
the interaction easiness, the desktop version averaged 7.13 to 5.67 of the mobile 
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prototype. Interestingly, the interaction flexibility of the mobile prototype averaged 7, 
higher than the 6.2 for the desktop version. 

Although preliminary, it is worth mentioning that the results obtained by the mo-
bile version are similar to the ones obtained by the desktop version, which is a very 
positive and somewhat unexpected fact. 

4   Discussion 

The prototype of the Mobile Rich Book Player showed how it is possible, by intro-
ducing complementary and alternative modalities, to increase the usage span of an 
application. The added options for input and output provide better support, not only, 
for users of different characteristics, but also, allow users to continue using the appli-
cation under conditions where it normally wouldn’t be accessible. However, as has 
been shown by the preliminary evaluation reported above, some limitations are still 
felt, which detract from the interaction experience. An effort should be made to avoid 
this situation, since increasing an application’s accessibility should not detract from 
its usability. Ideally, it should instead increase the application’s usability by offering 
more choices to the user, and possibly by adapting or allowing being adapted to usage 
conditions. In the next paragraphs, it will be discussed how the introduction of  
new modalities can contribute for increased accessibility and usability, and some 
challenges posed by the modalities introduction. 

Introducing new modalities can increase an interface’s accessibility by lowering 
the demands on the user [10]. One of the first challenges is deciding what modalities 
to include. By choosing input modalities that mimic the natural human modes of 
communication, like speech or gestures, the user’s computer proficiency requirements 
are lower [11]. Additionally, users can choose the modality they’re most comfortable 
with, thus increasing usability and user satisfaction. By employing alternative output 
modalities for presenting content, users can decide on the most adequate for their 
situation, being able to deal with environmental conditions, like too much brightness 
or noise, and social conditions, like privacy. All this is in addition to enabling access 
to users with physical impairments, giving them the possibility to use one of the  
modalities they are able to. 

For increased accessibility, the modalities offered should be equivalent or redun-
dant, meaning they afford the same action in the different modalities. Complementary 
modalities, requiring inputs in two or more modalities to combine into a single action, 
may decrease the interface’s accessibility. This will happen every time the user char-
acteristics or the usage conditions prevent one of the modalities to be explored. For 
this reason, designers should avoid actions that can only be triggered by combinations 
of modalities. This is not to say they should not exist in an interface, but just to point 
out there should not be the only way to trigger the action. 

Interface designers should be aware of the different loads that different modalities 
require from the users. For example, in the evaluation of the Mobile Rich Book Player 
prototype, the exclusive use of audio for output, combined with the tasks’ spoken 
requests by the interviewer, originated higher cognitive loads on the participants, 
impacting their short term memory. This resulted in participants regularly requesting 
the question to be repeated after arriving at the chapter where they could find the 
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answer. The same phenomenon had not been observed in prior experiments where the 
interface possessed visual components. This is an example of how transmitting  
the same information on different modalities has different impacts on users. This is 
especially relevant for “one dimension” modalities, as is the case with audio. 

Another important use and potential advantageous exploration of multiple modalities 
concerns awareness raising mechanisms. This is particularly relevant for applications 
where event driven interaction is a fundamental component. The greatest advantage of 
using multiple modalities to this end is the possibility of having the primary deliverable 
information and the awareness raising signals transmitted in different modalities. This 
avoids overloading the user’s sensorial inputs by distributing information across multiple 
modalities. In the Rich Book Player’s full interface, both the content and the awareness 
raising signals are transmitted visually and aurally. This accounts for all usage situations, 
while affording different channels for the information. 

5   Conclusions 

This paper presented the mobile version of the Rich Book Player, an application for 
Digital Talking Book reading. The Rich Book Player possess an audio-visual inter-
face, offering access to visually impaired users, but also to normally sighted users in 
situations where the visual focus is required elsewhere. Details on the audio part of 
the interface were the paper’s main focus. Thanks to the audio interface, the applica-
tion fully supports non-visual interaction. An evaluation of a prototype of the Rich 
Book Player using exclusively the audio interface showed that users are able to  
perform the same tasks without relying on visual information. Nevertheless, some 
limitations were found, revealing space for improvement. 

The paper also discussed how introducing multimodal interaction can contribute to 
increased accessibility and usability, while alerting to some issues that are raised 
when designing multimodal interfaces. 

This work will continue with the completion of the evaluation experiments, which 
will consider scenarios of mixed visual and audio interaction, in addition to the  
non-visual scenarios being explored. 
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