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Abstract:

Augmentative and alternative communication (AAC) supports communication 
process of people who have communication disabilities and is based on the use 
of symbols. Multidisciplinary research is undertaken aiming to explore and create 
interoperable and scalable symbol based communication services for different user 
devices. The paper introduces model of the platform architecture for developing 
and deploying symbol based communication services and describes a model of 
adaptive symbol based AAC application.
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1. Introduction

In the time where a large part of social in-
teraction is happening online, whether via e-
mail, online forum and chat systems or social 
network websites, users with special needs 
are often excluded because of technological 
and functional limits which are imposed by 
the dedicated solutions they use. This digital 
exclusion is preventing individuals with dis-
abilities from having socially active and inde-
pendent lifestyle (European Commission, 2010). 
AAC users think that the technology and AAC 

solutions “must support full participation in all 
aspects of 21st century life” (Williams, Krezman 
and McNaughton, 2008). In 2005, European 
Union started the “i2010” initiative which pro-
motes “e-Accessibility” with the goal to enable 
access to ICT applications, services and devices 
to people with disabilities (ISAAC, 2013). The 
art and science of augmentative communica-
tion and assistive technology is still a develop-
ing field (Burkhart, 1993).
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Augmentative and alternative communica-
tion (AAC) methods - based on graphic and tex-
tual symbols rather than written words to rep-
resent certain objects, actions, or concepts - are 
highly beneficial and in certain cases critical for 
speech, literacy, learning, employment and qual-
ity of life for persons with complex communi-
cation needs. While the causes for disability are 
many (e.g., Down syndrome, Autistic Spectrum 
Disorder, Alzheimer’s disease, severe intellectual 
disabilities, complex physical disabilities), de-
mographic data show (estimated) 3 to 5 poten-
tial AAC users per 1000 of general population 
(Stančić et al., 2013). Considering accessibility for 
people with disabilities can clarify and simplify 
design for people who face temporary limita-
tions (for example, injury) or situational ones 
(such as divided attention or bad environmental 
conditions, bright light or not enough light etc.) 
(Williams, Krezman and McNaughton, 2008). 
Taking into account the significant involvement 
of experts, caretakers, and user groups in Croa-
tia, there is a market niche for development, cus-
tomization, and maintenance of ICT (Informa-
tion and Communication Technology) enabled 
AAC services. Such services can fulfill a wide 
range of needs, allowing users to achieve a high-
er degree of accountability, planning, organizing 
ideas, efficient execution of activities, increased 
creativity, communication skills and literacy. 

2. Problem Statement

Augmentative language or assistive technol-
ogy system means using the multiple systems, 
which is vastly more effective than use of a sin-
gle system. AAC systems are diverse The sym-
bols used in AAC include gestures, photographs, 
icons, signs, pictures, line drawings, letters and 
words, which can be used alone or in combina-
tion. System choice depends on the individual’s 
situation, environment, needs, fatigue, and the 
communication partners. 

The most important part of the HCI (Human 
Computer Interaction) process using symbol 
based AAC applications and services for touch 

screen mobile devices is happening on the screen 
– from browsing the symbol based content to the 
symbol selection process and sentence construc-
tion. It is therefore essential that the design and 
display of symbols and user interface is suitable 
to the screen specifications. There is a growing 
number of portable devices that are coming to 
market with touch screen interface and mobile 
operating system – from mobile phones and 
tablets, to e-readers and digital cameras, many 
of which use different display technologies and 
sizes. Previous research has been done in order to 
conduct enabling technology assessments (Dolić, 
Pibernik and Bota, 2012). Even in the same cate-
gory of devices, manufacturers are using different 
screen sizes and display technologies to diversify 
their product lines or to cut costs. Unlike dedi-
cated AAC solutions, where the manufacturer 
has full control over device specifications and 
software implementation, AAC applications and 
services for mainstream mobile devices should 
have functionality on wide range of display types, 
sizes, resolutions, color spaces and refresh rates. 

Because of such variety of devices, there is a 
need for an unique approach to design and de-
velopment of symbol based AAC applications 
and services for Croatian users. In order to get 
a better insight into the problems that Croatian 
AAC users are facing when using available solu-
tions, a survey has been conducted. In the sec-
ond phase of this research - an AAC application 
user interaction model was developed. Hybrid 
architecture is presented in Car et al. (2011) as 
well as the technical platform for symbol based 
ICT applications/services. At the end, the model 
of adaptive symbol based AAC application has 
been conceived.

3. Experimental 
3.1 survey of croatian aac users

In order to get a better insight into the prob-
lems that Croatian AAC users are facing when 
using available solutions and to get a deeper un-
derstanding about their possibilities, needs and 
requirements, an online questionnaire has been 
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Figure 1. Problems that users are having with current AAC applications

Figure 2. Current and desired use of  AAC applications and web pages
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distributed to the parents of current and poten-
tial symbol based AAC system users in the period 
from 15th April to May 27th 2011. The question-
naire consisted of several general questions about 
children, which were followed by questions about 
technologies, AAC applications and programs 
children are using in their daily activities, and 
technologies and programs parents would like 
their children to use. There were a total of 15 re-
spondents, with 11 having male and 4 having fe-
male child with disability with age ranging from 5 
to 21 years old. Only 3 of 13 respondents answered 
that their child is using a dedicated AAC device, 
out of which only one child uses communicator 
(a device allowing person with complex commu-
nication needs to attract attention, make requests, 
choose or reject something). Parents identified 
small size of letters (7 answers) and symbols (6 an-
swers) as main problems with AAC applications 
child is (or was) using (Fig. 1). Only 2 parents con-
sider that their children haven’t encountered any 
problems while using available AAC applications.

Currently, children are mainly using AAC ap-
plications and web pages for entertainment (8 
answers) and education (6 answers) and no one 
is using it for online communication (Fig. 2). All 
respondents want their children to use AAC ap-
plications and web pages in the future, with in-
creased interest for use in education (10 answers), 
entertainment and book reading, but also for on-
line communication, as a communication aid, for 
drawing and as a navigation aid (Fig. 2). All par-
ents own a PC with internet access, with only one 
third of them having at least one smartphone de-
vice in their household (Fig. 3). Neither respond-
ent owned a mainstream tablet device. 

3.2.  aac application – user interaction 
model

In order to enhance the use of enabling tech-
nology to support learning, communication and 
independent living of persons with complex 
communication needs the user interaction mod-
el was developed. 

This model presents possible interaction chan-
nels between AAC users and particular AAC ap-
plication. It is applicable to any application that 
is or will be implemented within AAC software 
platform aimed for the component based devel-
opment and deployment of interoperable and 
scalable symbol based services (Burkhart, 1993).

Interaction between AAC user and the AAC 
application is enabled by computer, smart phone 
or tablet. Input devices are mouse, keyboard, 
touchscreen and microphone. Output devices are 
screen and loudspeaker. Devices differ basically 
in the operating system, screen size, and the size 
of the device.

AAC applications’ users could be either regis-
tered users who create their profile through reg-
istration process or non-registered users working 
in offline mode. Basic element of this model is an 
image. Augmentative and alternative communi-
cation is based on the use of graphic and textual 
symbols (rather than written words alone) to rep-
resent certain objects, actions, or concepts. There 
are available different commercial and non-com-
mercial symbol galleries or collections of down-
loadable images representing different symbols. 
Also, users can possess their own private symbol 

Figure 3. Current and desired mobile devices
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galleries with symbols having specific meaning 
for them (photos or specifically created images). 
Images are either stored locally on the device or 
downloaded from the Web. AAC applications 
should support loading of this images.

With each image, a text-label should be associ-
ated describing the meaning (word or the phrase) 
of a symbol. Text is entered into provided text 
editor with limited amount of characters. Each 
image has associated sound. For creating sound 
meaning of the symbol either text-to-speech is 
used or sound is downloaded from the web. Also, 
users should be able to record their own sound 
and save it as an audio description of the symbol.

Applications should support easy adding of 
new symbols or changing the existing by making 
new associated sound or text-label.

At the application output, images are displayed 
either sequentially or several symbols at once. 
Number of images displayed at one screen should 
be set as the parameter within the application. 
Text-labels turning on/off should be supported. 
Sound is associated with displayed symbol.

AAC application-user communication model 
is presented in the Figure 4.

3.3  hybrid architecture for  
symbol based platform

It is well understood that the Quality of Ex-
perience (QoE) of an ICT application or service 
depends on the context of use, which is, to a 
certain extent, determined by the application 
domain. Hence, it is recommended to take into 
consideration the targeted application domain 
when designing the application/service. Appli-
cation domains are typically multifaceted rang-
ing from unidirectional to bi‐/multi‐directional 
services adopting different content modalities. 
As a result of Croatian multidisciplinary co-
operation of university scientists in the field of 
electronic engineering and computer science, 
education and rehabilitation science, psychol-
ogy and graphic technology; three different 
categories of AAC ICT applications/services are 
identified:

• native applications fully implemented on the 
particular mobile device

• distributed applications with hybrid architec-
ture with native user interface implemented 
for the particular operating system and mo-
bile device (web, Android, iOS)

• cross platform distributed applications with 
hybrid architecture.

Figure 4. AAC application-user communication model 
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Hybrid architecture is presented in Car et al. 
(2011) as well as the technical platform for sym-
bol based ICT applications/services.

Hybrid architecture combines web service 
and web application with stand-alone client ap-
plication used for accessing services integrated 
within the platform. Architecture is shown in 
Fig. 5 and contains client and server side. Server 
side is web application containing Presentation 
control layer, Logic layer and Data layer. 

Presentation control layer contains standard 
presentation logic and AAC symbol based plat-
form presentation logic. Standard presentation 
logic is responsible for application representa-
tion in standard formats (e.g. HTML) which can 
be accessed with web browser. The other part of 
presentation layer, AAC platform presentation 
logic is responsible for adding specific custom 
tags to standard presentation view. Custom tags 
are strongly defined and their purpose is to de-
scribe user interface. Custom tags are unique 
and they are not in collision of any kind with 
standard HTML tags. Client side consists of 
AAC platform client application which is thin 
client capable of establishing connection with 
AAC platform server and interpreting receiving 
tags (both HTML and custom tags). By inter-
preting custom tags client application provides 
visually identical and recognizable user inter-
face. Client application must be implemented 
for each platform and each operating system but 
only once. Once developed client application is 
able to interpret every user interface module 
(e.g. button, text field etc.) so adding new func-
tionality does not require new client application.

By using hybrid architecture it is possible to 
develop and deploy new AAC services only on 
server side regardless technology and to reuse 
already developed components.

If user accesses platform web application 
through standard web browser (from any de-
vice) HTML page and service will be displayed 
in standard web browser. But if user has in-
stalled on his device specific AAC platform cli-
ent application, he/she will be able to use full 
potential of service.

3.4.  user–centered approach for design of 
the symbol system and graphical user 
interface

The idea from the graphics design viewpoint 
is to develop a system of symbols as a part of the 
platform. This database of symbols can later be 
used by developers for implementation in vari-
ous AAC applications based on the platform. 

The design process is user-centered and it 
features a series of User Experience (UX) and 
other research methods, so users and their as-
sistants will be included from the beginning and 
give feedback through the whole process (Fig-
ure 6). The first step is to collect data about users 
and their habits in using existing AAC systems 
through questionnaire, interview and focus 
group methods. After all necessary data is gath-
ered and processed; several persona profiles will 
be created to aid the designers in planning and 
development of both symbol communication 
system and GUI. Several different symbol pro-
totypes will be developed, varying in complex-
ity, style and iconicity. Some prototype symbols, 
which present complex concepts and ideas, will 
also use simple animations. Prototypes will then 
be tested and evaluated on users using iconicity 
and transparency tests, interviews and question-
naires, various user observation methods and 
eye-tracking. Using the evaluation results, best 
prototype will be selected and further developed 
into symbol communication system. The goal is 
to develop symbols that can be used by users 
with different types of disabilities, and therefore 
can adapt to specific user needs or technical 

Figure 5. Hybrid architecture for symbol based platform 
(Car et al., 2011)
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specifications of the platform. Each symbol will 
feature adjustable properties such as color and 
contrast adjustments for visually impaired us-
ers, size adjustment for users with motoric and 
visual disabilities, and animation speed adjust-
ment for symbols that feature it. It will also be 
possible to turn off the animation without los-
ing basic symbol functionality. These adjustable 
properties can also be employed to adapt sym-
bols for display on different screen types, such as 
mobile phone or e-ink screens. They will also be 
adjusted for various printed materials. Majority 
of the symbols will be highly iconic, with visual 
consistency and optimal complexity. They will 
be developed with the Croatian users in mind, 
and will therefore be adapted to their cultural 
and linguistic specificities.

After the development of the symbol system, 
the graphic design team, in collaboration with 
programmers and users, will design the remain-
ing parts of Graphical User Interface (GUI) and 
adopt it for presentation on different devices. 
The process will start with card sorting tests on 
users which will aid development of the GUI 
prototype. During the development, the team 
will use heuristic evaluation and task analy-
sis. After the prototype is completed, it will be 
tested and evaluated by users using eye track-
ing, user observation, task scenario testing and 
response time measurements. The results will be 
used to adopt the GUI design, and develop its 
final version.

3.5  the design of the adaptive  
symbol system

The graphic symbol design is fundamental 
for the usability of a communication system, 
especially when users are children in need of 
associating graphic signs with objects, people 
and actions from their environment more eas-
ily (Garcia, Badre and Stasko, 1994). In order 
to create emotional connections and motivate 
children’s interaction with the system in a pleas-
urable way, the design of the symbols has to be 
aesthetically pleasing and quickly recognizable 
(Zwaga and Easterby, 1978). This adaptive sym-
bol system is designed by Faculty of Graphic 
Arts’ experts to be implemented in future ICT 
services. It will be used on modern mobile de-
vices, laptops, desktop computers and in print 
media; in other words, it will be optimized for 
various screens and printers (Gittins, 1986; ISO, 
2007). Some of the main advantages of this mod-
el, when compared to the other models, is visual 
adaptability, responsiveness, consistency and 
possibility of animation. It is tailored to Croatian 
users, but can be adapted to other nationalities 
as well (Norman, 1986). The evaluation of usabil-
ity and accessibility is relatively new in the field 
of alternative and augmentative communication 
and for that reason the evaluation methods have 
to be adapted to persons with complex com-
munication needs and their personalities (Vre-
denburg et al., 2002). In order to determine the 
principles of design, especially the complexity 
of the basic line construction and visual style, 
children with special needs ages 6 to 14 were 
taken as test subjects. Three different categories 
of symbols were created: animal, object and hu-
man face. The test subjects were asked to rank 
nine prototypes for each category (Bewley et al., 
1983). Prototypes differed in terms of complexity 
of line construction (simple, medium complex 
and complex) and style (technical, realistic and 
cartoon). On the basis of the research results we 
can conclude that users prefer complex and me-
dium complex symbol design, while in terms of 
style their preferences tended towards realistic 
visual representation. Simple symbols ranked 
lowest with our test subjects (Fig. 7).Figure 6. Model of  GUI design process
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These results determine the final design prin-
ciples for the basic linear construction of the 
symbols (Fig. 8). Afterwards, the primary pallet 
of colors and the typography for symbol titles 
will be defined.

3.6  model of adaptive symbol based aac 
aplication for mainstream mobile devices

The proposed model is an adaptive system 
that will adjust the display of the symbols and 
user interface to the specifications of the device 
as well to the capabilities and preferences of the 
users (Fig. 9). 

The system will use specially developed sym-
bols which will enable change in size without sig-
nificant quality loss. Each symbol will have three 
different visual variations – utilizing full 16 mil-
lion color palette, utilizing limited color palette 

and black-and-white variation. Each variation 
will be able to feature animation of the graphical 
objects. User would be able to use symbols from 
an online repository or store them for local use.

Upon first use of the system, user, or his assis-
tant, would set his preferences about symbol type, 
size, GUI layout and use of colors and animation. 
System would then upload the preferences to an 
online database. 

Upon installation on a new device, the pro-
gram will automatically set minimum symbol 
size based on the screen resolution, maximum 
number of displayed symbols based on the screen 
size and minimum symbol size, color reproduc-
tion based on the screen’s color space specifica-
tions and possibility of animation based on the 
screen refresh rate and device’s processing power. 
These settings will then be combined with user 
preferences to create the final display of the sym-
bol based AAC application on the device. Us-
ers preferences cannot exceed boundaries that 
the program determined based on the system 
specifications.

When the application is used with another 
device, it will automatically optimize its display 
to suit the screen specifications and user prefer-
ences. This will enable users with multiple mo-
bile devices to use same AAC solution on every 
device without having to manually set it up each 
time. Also, the program will work on most up-
coming devices with same mobile OS, thus ena-
bling AAC users to easily follow technological 
advancements.

Figure 7. User’s preferences in terms of  symbol design

Figure 8. The Adaptive Symbol System graphics
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Since such system largely depends on user’s 
preferences, requirements, possibilities and 
expectations of using such system with main-
stream mobile devices, it is important to include 
the user in the design process using principles of 
User Centered Design (UCD). The importance 
of user feedback is often overlooked when de-
signing such services, despite their requests that 
they need to participate in such projects (Chis-
nell and Rubin, 2006).

For this system to work, it is important that 
the specifications of mobile devices used meet 
some minimal requirements. Since they should 
offer similar level of functionality compared 
to dedicated mobile devices, they should have 
similar range of screen sizes, and similar or bet-
ter hardware specifications. Also, since this is an 
adaptable system, it is important that the mobile 
operating system used works on several differ-
ent devices and that it allows access to different 
hardware components. All this requires a more 
detailed insight into technical capabilities of 
dedicated and mainstream mobile devices.

4. Conclusion

The paper presents the system of symbol 
based services for persons with complex com-
munication needs. The symbol based communi-
cation services is developed in order to support 
mobile AAC users working on different devices 
and technology platforms. From the develop-
ment point of view, the platform is based on 
the component model and reuse of well tested 
components. Full platform utilization poten-
tial is strongly connected with the symbol sys-
tem creation and graphical user design process. 
Some of the main advantages of this model, 
when compared to the other models, is its visual 
adaptability, responsiveness, consistency and 
possibility of animation. It is tailored to Croa-
tian users, but can be adapted to other nation-
alities as well. Once implemented, the platform 
and related symbol system and user interfaces 
will have added value in term of improved ac-
cessibility and usability.

Figure 9. Model of  adaptive symbol based AAC application for mainstream mobile devices
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