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Abstract

Information and communication technologies pose accessibility problems to people with disabilities
because its design fails to take into account their communication and usability requirements. The
impossibility to access the services provided by these technologies creates a situation of exclusion
that reduces the self-sufficiency of disabled individuals and causes social isolation, which in turn
diminishes their overall quality of life. Considering the importance of these technologies and services
in our society, we have developed a pictogram-based Instant Messaging service for individuals with
cognitive disabilities who have reading and writing problems. Along the paper we introduce and
discuss the User Centred Design methodology that we have used to develop and evaluate the
pictogram-based Instant Messaging service and client with individuals with cognitive disabilities
taking into account their communication and usability requirements. From the results obtained in
the evaluation process we can state that individuals with cognitive disabilities have been able to use
the pictogram-based Instant Messaging service and client to communicate with their relatives and
acquaintances, thus serving as a tool to help reducing their social and digital exclusion situation.

Keywords: Augmentative and Alternative Communication, Cognitive Disabilities,
Human-Computer Interaction, Instant Messaging service, User Centred Design

1. Introduction

The Internet, with services such as the web or
the e-mail, enables people to access information

and communicate ubiquitously and in real-time.
Since these technologies become widespread in
the late 90s, they have fostered the development
of the so-called information and knowledge soci-
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ety, where the creation and sharing of informa-
tion, as well as the opportunity to communicate
with relatives and acquaintances, are perceived
as remarkable social, cultural, economic and po-
litical activities. But despite the huge advance
in our society that the Internet technologies have
brought, most of its services still remain inacces-
sible to people with disabilities because the de-
sign of the hardware and software than enables
access to such services fails to take into account
the user needs [1]. Therefore, if we consider that
today almost ten percent of the world’s popu-
lation lives with some type of disability [2], it
is easy to see how a large number of individu-
als are at risk of becoming excluded from the
information and knowledge society [3]. This sit-
uation is usually referred as the digital divide or
the gap between individuals that, for some per-
sonal or socio-economic reason, are not able to
use information and communication technologies
(ICTs) to access the Internet and make use of
its services. This exclusion situation reduces the
independence of disabled individuals and causes
their social isolation, which in turn diminishes
their quality of life [4].

One alternative that has been proposed to im-
prove this situation of social and digital exclu-
sion for disabled people, e.g. young children
with complex communication needs, is to adapt
the existing software that enables access to In-
ternet services to match user needs [5, 6]. The
adaptation of software to match user needs usu-
ally consists of a combination of two different
approaches, namely communication [7] and ac-
cessibility [8]. On the one hand, the system used
to represent concepts and communicate with the
user needs to be adapted to match their require-
ments. For instance, written language can be re-
placed with pictogram-based Augmentative and
Alternative Communication (AAC) systems for

individuals that are not able to read or write.
On the other hand the User Interface (UI) of
the software needs to be adapted, including the
layout and organization of elements presented in
the screen and the navigation and selection tech-
niques used to interact with the computing de-
vice. Using such approach, Tee et al. [9] devel-
oped a visual recipe book for persons with lan-
guage impairments. But according to Sayago et
al. [10] adapting the existing software to match
user needs is not sufficient. Instead, software to
access Internet services needs to be developed
taking into account user needs and context from
the beginning. To achieve this objective users
need to become an active part in the develop-
ment process, e.g. using methodologies such as
User Centred Design (UCD).

Different projects that follow this approach
to enable individuals with disabilities access
Internet services have already been developed
and evaluated. For instance, the WWAAC
[11] (World Wide Augmentative and Alternative
Communication) project is one of the first ini-
tiatives to consider the inclusion of disabled in-
dividuals to ICTs. The project, funded by the
European Union Information Society Technolo-
gies (IST) Initiative in 2001–2004, developed a
web browser and an electronic mail client that
take into account the communication and us-
ability requirements of individuals with Cogni-
tive Disabilities (CD). Both the web browser and
electronic mail client have a UI that takes into
account their usability requirements and written
language is replaced with a pictographic system
to ease accessing information and communicat-
ing. Recently, Sundqvist et al. [12] have evalu-
ated the e-mail client developed in the WWAAC
project with children with CD obtaining posi-
tive results. Another example of this approach
is the Mejla Pictogram [13] project, developed
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in 2009 at the Institute of Design in Umea and
the Sweedish Institute for Special Needs Edu-
cation, in Sweden. The Mejla Pictogram is an
e-mail client developed taking into account the
communication and usability requirements of in-
dividuals with disabilities. It has a personalized
UI and replaces written language with a picto-
graphic system to enable electronic communica-
tions for individuals with CD.

But to authors’ knowledge, and considering
the importance of communications in our society
[14, 15], up to today no Instant Messaging (IM)
service and client that follows this approach to
enable individuals with CD communicate with
their relatives and acquaintances has been pre-
sented. To fill this gap, we have developed and
evaluated an IM service and client that considers
both the communication and usability require-
ments of individuals with CD [16, 17, 18]. In or-
der to develop and evaluate both the pictogram-
based IM service and client we have used a User
Centred Design (UCD) methodology based on
widely-known and well-established techniques.
In this sense, we have performed an ethnographic
study with users from a non-profit social insti-
tution that promotes the social integration of
individuals with CD and their families, semi-
structured interviews with pedagogues and so-
cial educators in charge of the users from the
same institution and, finally, conducted evalu-
ation sessions with two groups of users. From
following this UCD methodology we have gained
further understanding of the communication and
usability requirements of the target collective
and, thus, we expect that the conclusions ob-
tained from our work will be useful for practi-
tioners that aim to develop and evaluate software
for individuals with CD.

The rest of the paper is organized as follows.
In Section 2 we introduce the basic knowledge

required to understand the rest of the paper.
Then, in Section 3, we present the development
of the pictogram-based IM service and client, in-
cluding the UCD methodology that we have used
to derive the user requirements taking into ac-
count their needs. Next, in Section 4 we intro-
duce the methodology we have used to evaluate
the pictogram-based IM service and client with
real users. Last but not least, in Section 5 we
present and discuss the results and experiences
that we have obtained along the process of de-
veloping and evaluating the pictogram-based IM
service and client. Finally, in Section 6 we state
the conclusions outlined from the development
and evaluation of the project and identify the
work that remains to be done in the future.

2. Background

In order to design and evaluate a pictogram-
based Instant Messaging service and client for in-
dividuals with cognitive disabilities there are dif-
ferent concepts that need to be well understood.
This section introduces the essential concepts re-
quired to understand the rest of the paper, in-
cluding a brief introduction to Cognitive Dis-
abilities, a short explanation on Augmentative
and Alternative Communications and, finally, a
quick overview of Instant Messaging services.

2.1. Cognitive Disabilities

Cognitive Disabilities (CD) [19] are defined as
an impairment that limits the ability of an in-
dividual to develop activities and tasks that de-
pend on basic mental processes, such as atten-
tion, language and memory. Due to their con-
dition, individuals with CD have problems to
develop tasks that require from understanding
abstract concepts or making generalizations be-
tween contexts, as well as to develop tasks that
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require from social interaction. In the end, these
limitations reduce the self-confidence and auton-
omy level of individuals, which causes social ex-
clusion and reduces their overall quality of life.

As with other types of disabilities, CD can be
classified into hereditary, acquired or natural de-
pending on its cause. On the one hand, heredi-
tary are those caused by a genetic or chromoso-
mal disorder acquired through the genetic ma-
terial of the progenitors or due to a mutation.
On the other hand, acquired are those devel-
oped by events that occur during the lifetime of
an individual. Finally, natural causes are those
that are developed as a part of the ageing pro-
cess of a person. Additionally, depending on the
limitations that pose onto the individual, cogni-
tive impairments are further classified into mild,
moderate, severe and profound. Today there are
many diseases that cause CD to individuals, but
each has its own causes and poses different lim-
itations. The most typical causes of CD are
Acquired Brain Injury (ABI), Alzheimer’s Dis-
ease (AD), Autism Spectrum Disorder (ASD)
and Down Syndrome (DS).

2.2. Augmentative and Alternative Communica-
tions

Augmentative and Alternative Communica-
tions (AAC) [20] is a set of methodologies aimed
at complementing or replacing written or spo-
ken communications for those individuals that
have such abilities impaired, either temporarily
or permanently, due to injury or illness. One
form of AAC are pictogram-based communica-
tion systems, which are built upon drawings or
images that represent real objects or abstract
concepts to enable individuals sharing internal
states, feelings, ideas and experiences. Commu-
nication using pictograms [21] usually consists of

individuals selecting elements from a set of pos-
sibilities with the aid of an Assistive Technology
(AT), which can either be low or high technology
(i.e. a cardboard, a personal communicator or a
desktop computer).

Nowadays, there are many different
pictogram-based AAC systems [22], which
are usually classified according to the trans-
parency level of its pictograms; the level of
resemblance between the pictograms and the
objects or concepts they represent. For instance,
Rebus is a pictogram-based language developed
by Woodcok to teach reading to children. PIC
(Picture Ideogram Communication) was devel-
oped by Maharaj and its main characteristic
is that they have a reverse contrast, i.e. white
on black. Blissymbols was developed by Karl
Blitz and is based on the ideographs of Chinese
writing. Finally, PCS (Picture Communication
Symbols), depicted in Figure 1, were developed
by Mayer-Johnson in 1981 and today are one
of the most widely used sets thanks to its
transparency level.

Figure 1: A group of Picture Communication Symbols
(PCS) pictograms. PCS were developed in 1981 by
Mayer-Johnson and today are one of the most widely used
sets thanks to its transparency level.

2.3. Instant Messaging services

Instant Messaging (IM) services [23] are de-
signed to enable users to exchange near real-
time presence information and text-based mes-
sages over a public network, usually the Internet,
to communicate with their contacts. In general,
IM services rely on a client-server architecture
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to operate; IM servers provide features such as
user access control and message routing, whereas
IM clients provide a graphical interface for users
to communicate. Nevertheless, IM services have
evolved and now provide many other features be-
sides the ones used for text-based communica-
tion, such as audio and video conferencing, file
transfers and shared desktop.

Today most IM services are run by Internet-
based companies, such as AOL, Yahoo and Mi-
crosoft. The protocols that support such IM ser-
vices, as well as the IM client that enables users
to communicate, are proprietary and their spec-
ifications are not publicly available. To provide
with an open alternative the IETF (Internet En-
gineering Task Force) had different groups dedi-
cated to IM services, obtaining a general model
which was later adopted by two IM protocols,
namely SIMPLE (SIP for Instant Messaging and
Presence LEveraging) and XMPP (eXtensible
Messaging and Presence Protocol). On the one
hand, SIMPLE [24] provides a set of extensions
to SIP [25] (Session Initiation Protocol) to sup-
port IM services. On the other hand, XMPP
[26, 27, 28] derives from Jabber, an IM protocol
based on XML (eXtensible Markup Language)
which was initially designed by the open-source
community as an alternative to existing propri-
etary IM protocols.

3. Development

The aim of this project is to develop a
pictogram-based Instant Messaging (IM) service
and client for individuals with CD. In order to
develop the pictogram-based Instant Messaging
service and client for individuals with Cogni-
tive Disabilities (CD) we have used a User Cen-
tred Design (UCD) methodology [29, 30, 31, 32]
that allows us to capture and understand the

needs, wants and limitations of end users early
in the development process. We have selected
this approach because it enables us tailor the
pictogram-based IM service and client around
the user requirements rather than forcing users
to adapt their behaviour to match the character-
istic of a common IM service and client.

3.1. User Centred Design

In order to implement the UCD methodology
we have used two well-known and widely-used
techniques, namely an ethnographic study and
semi-structured interviews [33, 34, 35]. These
techniques have been carried out with the col-
laboration of Fundació El Maresme [36], a non-
profit social organization that promotes the edu-
cation and social integration of individuals with
CD and their families. On the one hand, the
ethnographic study allows us to gain better un-
derstanding of the persons that will use the IM
service and the context in which it will be used.
On the other hand, the semi-structured inter-
views have been conducted with pedagogues and
social educators to better understand the re-
quirements of the IM service and client.

3.1.1. Ethnographic study

Fundació El Maresme is a non-profit social
organization that promotes the education and
social integration of individuals with CD and
their families. Fundació El Maresme is based
in Mataró but extends all over the El Maresme
territory, a Catalan region located beside the
Mediterranean coast with a total population of
around half-million inhabitants. During 2009
Fundació El Maresme attended an overall of
1.540 users with CD, mainly coming from the El
Maresme territory. Apart from the users itself,
professionals also play an important role within
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the organization. In 2009 a total of 267 peo-
ple worked at the different sections, including
both the educational and the management staff.
The educational staff (including pedagogues and
social educators) represents around 85% of the
overall workforce, whereas the management staff
(including administrative, legal, restaurant, etc.)
represents the 15% left.

One important organizational aspect of Fun-
dació El Maresme is that individuals are classi-
fied into groups depending on their age and their
disability condition to provide them with a per-
sonalized education and working plan that fos-
ters their social integration. The ICD-10 Classi-
fication of Mental and Behavioural Disorders of
the World Health Organization (WHO) [37] is
used to determine the disability type and degree
of each individual. Considering its relevance, the
two main groups of users within Fundació El
Maresme are SOI (Insertion Occupational Ser-
vice) and STO (Ocuppational Therapy Service).
In this sense, individuals that belong to SOI have
a cognitive disability level equal or higher than
33%, whereas individuals that belong to STO
have a cognitive disability level equal or higher
than 66%. Each group of users is assigned to
a social educator that is responsible to conduct
and supervise their daily activities. Finally, the
different user groups are coordinated by a set of
pedagogues that are responsible for their educa-
tional and working curriculum.

The pedagogues at Fundació El Maresme con-
sider that Augmentative and Alternative Com-
munication (AAC) systems and Information and
Communication Technologies (ICTs) are key ele-
ments to foster the social and digital inclusion of
individuals with CD. Therefore, both AAC sys-
tems and ICTs are integrated as part of their
educational and working curriculum regardless
of their age, as well as the type and degree of

their condition. To enable AAC and ICTs re-
lated activities Fundació El Maresme has differ-
ent multimedia rooms equipped with personal
computers and Internet connection. The com-
puters are quite old, e.g. Pentium IV with 512
MBytes of RAM memory, and run a proprietary
operating system, e.g. Microsoft Windows XP.
Furthermore, for those users who present addi-
tional accessibility requirements, e.g. mobility
problems, the rooms are equipped with adapted
peripherals such as keyboard with large buttons
or sweep-and-pick switches.

Within the multimedia rooms different AAC
and ICTs related activities are held during the
week depending on the type and degree of their
condition. For instance, some groups who do not
have read or write skills participate in prepar-
ing signs with the weekly cafeteria menu or the
cultural activities schedule. To prepare these
documents they use BoardMaker [38], a propri-
etary software created by Mayer-Johnson that
enables them to create documents using the Pic-
ture Communication Symbols (PCS) pictogram
set. Other groups at Fundació El Maresme who
do have reading and writing skills use the com-
puters with regular software, such as Microsoft
Office, to typeset or scan documents for third-
party companies. Finally, individuals also use
computers during their leisure time, but always
under the supervision of their social educator.
For instance, some individuals like to watch pop-
ular videos from YouTube.

3.1.2. Semi-structured interviews

As part of the UCD methodology to develop
the pictogram-based IM service and client, we
decided to include the users early in the pro-
cess to acquire first-hand information about their
communication and accessibility requirements.
But in the existing literature regarding the appli-
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cation of UCD research techniques with individ-
uals with CD we found that there are contradic-
tions about which are more suitable taking into
account user capabilities. On one side, Feng et
al. [39] describe the use of an online survey to un-
derstand how young individuals with Down Syn-
drome (DS) use computers in their daily lives.
On the other side, Lepisto et al. [40] describe the
need to use complementary research techniques,
such as informal walkthrough or expert evalua-
tion, in order to provide a better understanding
of the user requirements.

Nevertheless, considering the oral communi-
cation limitations of individuals with CD ob-
served during the ethnographic study, we finally
decided to carry out semi-structured interviews
with pedagogues from Fundació El Maresme.
We have taken this approach as it enables us to
easily derive the communication and accessibil-
ity requirements of both the pictogram-based IM
service and client from the experience of peda-
gogues. We acknowledge that following this ap-
proach might introduce some bias due to per-
sonal beliefs and opinions regarding the com-
munication and accessibility requirements of the
target collective. Nevertheless, this problems
can be later detected and appropriately solved
thanks to the iterative process used to develop
and evaluate the pictogram-based IM service and
client based on the UCD methodology.

Initially, the semi-structured interviews were
carried out during monthly meetings that were
held between researchers and pedagogues from
Fundació El Maresme to asses the evolution of
the project. The meetings lasted for around one
hour and during the sessions researchers asked
questions regarding regarding the communica-
tion and accessibility requirements of individuals
with CD. These questions were then answered by
pedagogues and discussed between all the mem-

bers present in the room. For instance, technical
questions regarding User Interface (UI) require-
ments were related to the suitability of using a
password to login to the pictogram-based IM ser-
vice, whereas technical question regarding com-
munication requirements were related to the pic-
tographic system that would be used to enable
individuals communicate.

The initial meetings helped to create a com-
mon ground between researchers and peda-
gogues. But considering its low periodicity,
as well as the limited number of participants
and the difficulties to achieve conclusions in the
scheduled time, we decided to introduce a second
mechanism to conduct the semi-structured inter-
views. Researchers formulated a set of questions
which were sent through electronic mail to ped-
agogues and social educators to enable them to
reflect and discuss the possible alternatives be-
fore providing an answer. This approach fostered
the appearance of further discussion regarding
communication and accessibility aspects of both
the pictogram-based IM service and client. As
an example, using this approach we decided to
implement the authentication mechanism using
a combination of four pictogram-based digits.

3.2. Pictogram-based Instant Messaging service

Apart from the usual IM-related requirements,
the first requirement of a pictogram-based IM
service is that users shall have a pictogram set
available to communicate. To support such re-
quirement there are two alternatives; having a
personalized set of pictograms for each user or
having a pictogram set that is shared among all
users. The former approach allows pedagogues
to define exactly which pictograms each user
should have and to tailor it according to their
learning process, whereas the latter approach
gives more freedom to the user as they have the
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chance to access all the pictograms to communi-
cate. Nevertheless, both approaches have draw-
backs. On the one hand, having a personalized
pictogram set may limit conversations between
users as specific pictograms might not be avail-
able to some individuals. On the other hand,
including a complete pictogram set may have a
negative impact on interactivity, as users might
need to spend more time browsing for pictograms
to compose a message. But considering that ac-
tual trends in pictogram-based communication
state that AAC (Augmentative and Alternative
Communications) users should have a full set of
pictograms available to communicate in order to
promote their independence and support their
learning process we decided, together with ped-
agogues and social educators, to have a shared
pictogram set among all users.

Taking into account that pedagogues should
be able to select the pictographic system that is
most suitable to users according to their personal
preferences and previous knowledge, the second
requirement of a pictogram-based IM service is
that it shall remain independent of the picto-
graphic system used to communicate. Further-
more, considering that elements within the picto-
graphic system include both graphical and tex-
tual representation of the pictogram itself, the
IM service shall also remain independent of the
textual representation of such pictograms. To
satisfy this design requirement we have devel-
oped an XML-based syntax that is able to rep-
resent pictogram-based messages unequivocally.
Despite the fact that both XML (eXtensible
Markup Language) and JSON (JavaScript Ob-
ject Notation) are platform and language neu-
tral, we have decided to use the former in-
stead of the latter because it has better sup-
port for internationalization, i.e. representa-
tion of Chinese characters, and parsers for dif-

ferent programming languages are readily avail-
able. The XML syntax, shown in Figure 2, de-
fines that each pictogram-based message is rep-
resented by a message element, which may con-
tain one or more pictogram elements to represent
pictograms within the message.

Figure 2: Pictogram-based message representation using
XML. A message element has a source and a destination
and is composed of one or more pictogram elements. Each
pictogram element contains a unique identifier, as well as
the category it belongs to and the text associated to it.

Finally, considering that the vocabulary in-
cluded in the pictogram set may change over
time, the third requirement of a pictogram-based
IM service is that it shall provide pedagogues
with means for updating it. Two alternatives
have been considered regarding the architecture
to enable automatic pictogram updates; a cen-
tralized and a distributed approach. In the cen-
tralized architecture the pictogram set is stored
in a server and retrieved by IM clients on de-
mand. In contrast, in the distributed architec-
ture each IM client has a local copy of the pic-
togram set that is synchronized with the server.
In spite of requiring an additional synchroniza-
tion mechanism, as pictogram set updates need
to be notified to IM clients, we have decided
to use a distributed architecture because it re-
duces the network bandwidth requirements as
pictograms are cached at the IM client. To im-
plement the pictogram set we use a relational
database instead of separate files organized into
folders because it is easier to maintain and of-
fers performance advantages [41]. Finally, the
protocol to enable pictogram database synchro-
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nization is based on XMPP to distribute update
notifications among IM clients and HTTP (Hy-
perText Transfer Protocol) to retrieve the pic-
togram database from the server, as represented
in Figure 3.

Figure 3: Messenger Visual service architecture. XMPP
supports the basic IM features, as well as pictogram-based
communications and pictogram database update notifica-
tions. Whenever an update is triggered, IM clients down-
load the pictogram database from the server using HTTP.

3.3. Pictogram-based Instant Messaging Client

The next step to enable individuals with CD
communicate using the pictogram-based IM ser-
vice is to develop an IM client that meets their
communication and usability requirements. As
a previous step to the development phase the re-
quirements of a standard IM client were anal-
ysed. In this sense, we found that most IM
clients are organized to provide with a series
of basic functionalities, such as access control,
contacts management and chat conversations.
To enable such functionalities the UI of the IM
clients is organized into different windows, one
for each functionality. From this analysis we
decided that the pictogram-based IM client UI

would be organized following the same structure
as other common IM clients.

Taking end user capabilities into account, we
decided that the UI should also be limited only
to the strictly necessary elements to carry out
the actions that users can perform in an IM ser-
vice. Moreover, the UI should be designed to be
as simple as possible, avoiding the use of complex
metaphors and without including hidden or im-
plicit elements. In this sense, the UI should be an
almost completely visual interface. Written lan-
guage might be included, but only as a support
for social educators and users with some written
language communication skills. Furthermore, el-
ements in the UI should be organized according
to the requirements of the pictographic system,
i.e. categories and pictograms.

Albeit the pictogram-based IM service has
been designed to remain independent from the
pictographic system required by users to com-
municate, we have initially decided to use a spe-
cific pictogram set as both the IM service and
client are to be evaluated with users at Fundació
El Maresme. To decide which set of pictograms
to use we considered that users are already fa-
miliar with PCS pictograms, as previously de-
scribed. But taking into account the fact that
PCS pictograms are licensed we decided to use
ARASAAC (ARAgoneSe portal of Augmenta-
tive and Alternative Communication) [42] pic-
tograms, which are have the same transparency
level but are licensed under a Creative Commons
[43] BY-NC-SA license.

Next we describe the different windows that
compose the pictogram-based IM client UI,
namely the authentication windows, the contacts
window and, finally, the chat window. In order
to enforce authentication the pictogram-based
IM client is based on two different windows, as
shown in Figure 4. First of all, the login window
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allows users to select their profile from a matrix
of local user profiles stored in the computer. The
window also offers a mechanism to create a new
user account or to add an existing account to
the local user profiles. Once users have selected
their profile they must provide their passphrase
in the password window to log in. Consider-
ing usability requirements the passphrase is cur-
rently based on a combination of four numeric
digits represented by pictograms.

Figure 4: Pictogram-based IM client authentication win-
dows. The first window enables users to select their pro-
file using their picture from a users matrix, whereas the
second enables users to authenticate to the IM service.

Once users have logged in to the pictogram-
based IM service a window to manage their con-
tacts appears, as depicted in Figure 5. The con-
tacts window contains a list with all the users’
contacts that are currently online and is updated
whenever a contact logs in or logs out to/from
the pictogram-based IM service. Taking into ac-
count usability requirements, the contacts in the
list are represented by the user picture and full
name. In order to start a new conversation with
a user from the contact list the user has to click

on the contact picture. Finally, the contact win-
dow also provides two buttons to navigate the
contacts list and a button to add and remove
contacts from the user contacts list.

Figure 5: Pictogram-based IM client contacts window.
The contacts window enables users to add and remove
contacts from their list and to start pictogram-based con-
versations with the users that are currently online.

Last but not least, the chat window allows
users to communicate by means of exchanging
pictogram-based messages, as shown in Figure
6. According to the ARASAAC pictogram or-
ganization, the top of the interface contains the
categories in which pictograms are classified. On
the left side the most frequent pictograms appear
in order to ease the composition of common mes-
sages (i.e. Hello, Goodbye, Yes, No and Thank

10



you). On the right side the pictograms that be-
long to the active category are displayed. On the
bottom lies the pictogram input space to com-
pose a message, including a button to send the
message and a button to remove the last added
pictogram. Finally, the central part of the win-
dow contains the actual conversation that the
user is having.

Figure 6: Pictogram-based IM client conversation win-
dow. The conversation window enables users to communi-
cate with their peers by means of composing a pictogram-
bases messages and sending it over the network.

4. Evaluation

As part of the iterative process used to develop
the pictogram-based Instant Messaging (IM) ser-
vice and client based on the User Centred De-
sign (UCD) methodology, as described in the
previous section, we have also carried out an
evaluation process with users from Fundació El
Maresme. The evaluation process is inextrica-
bly linked to the development of the pictogram-
based IM service and client, as user evaluation
is a key aspect in the UCD methodology. In this
sense, this section, together with previous one,

must be understood as the explanation of the
user centred iterative development process car-
ried out to develop both the pictogram-based IM
service and client.

The aim of the evaluation process is two-
fold. On the one hand, it intends to provide re-
searchers and developers with feedback to detect
software bugs and usability aspects that need to
be improved for future versions. On the other
hand, it aims to enable users become acquainted
with the IM service to enable them communi-
cate with their relatives and acquaintances. In
order to achieve its purposes the evaluation pro-
cess of the pictogram-based IM service and client
has been organized into two stages, user selec-
tion and user sessions. In turn, the user sessions
have been split up into three well-differentiated
phases to introduce users to the pictogram-based
IM service paradigm.

4.1. User selection

In order to evaluate the pictogram-based IM
service and client a group of users from Fun-
dació El Maresme have been selected. The pro-
cess to select which users will participate in the
evaluation process has been carried out by the
pedagogues and social educators taking into ac-
count four main aspects. First of all, users need
to be regular users of pictogram-based Augmen-
tative and Alternative Communication (AAC)
systems. Secondly, users need to have some
previous background using personal computers.
Thirdly, users need to have good communica-
tion and interpersonal skills. Last but not least,
users need to have a strong motivation to partic-
ipate. The first two requisites were not decisive
because pictogram-based communications and
computer background skills are part of their ed-
ucational and working curriculum, as described
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in the ethnographic study. Thus, the main fac-
tors to decide which users would participate in
the evaluation sessions were communication and
interpersonal skills, as well as their motivation
to participate in the process.

Using these criteria twelve adults with Down
Syndrome, five men and seven women and
ages between twenty and forty-three years old
(mean=26.83, std=6.45), from two different
groups at Fundació El Maresme and their re-
spective social educators were selected to partic-
ipate in the evaluation process. The adults who
have participated in the evaluation belong to two
different groups within Fundació El Maresme,
namely STO (Occupational Therapy Service)
and SOI (Insertion Occupational Service). On
the one hand, the STO subgroup is composed
of five members, one man and four women, with
ages between twenty and forty-three years old
(mean=30.2, std=8.98) and their social educa-
tor is named after Juan. On the other hand,
the SOI subgroup is composed of seven mem-
bers, four men and three women, with ages
between twenty-one and twenty-eight years old
(mean=24.42, std=2.50) and their social educa-
tor is named after Cecilia. Last but not least,
a pedagogue named after Sandra has been in
charge of coordinating the educational and work-
ing activities of both groups.

4.2. User Sessions

In order to carry out the evaluation process
we set up fortnightly one-hour-long sessions with
two groups of users from Fundació El Maresme,
STO and SOI, and their respective social edu-
cators and pedagogues, as previously described.
The sessions were held on Tuesdays in the multi-
media rooms at Fundació El Maresme and lasted
for a period of six months. In order to help par-
ticipants become acquainted with the pictogram-

based IM service and client the sessions were or-
ganized into three well-differentiated phases: IM
communication paradigm, pictogram-based IM
client User Interface (UI) and, finally, sessions
in which participants could freely chat among
themselves. During the sessions researchers,
pedagogues and social educators were present in
order to provide support to users and take notes
regarding the outstanding aspects of the process.

After selecting the users the first stage of the
evaluation process, which lasted for four consec-
utive sessions, was intended to introduce the par-
ticipants to the pictogram-based IM communica-
tion paradigm. In order to teach them the pro-
cess of pictogram-based communication using an
IM service we used a cognitive strategy based on
the postman metaphor, as shown in Figure 7. By
means of picking paper pictograms from a folder
and placing them in a cardboard letter partici-
pants could compose pictogram-based messages.
The pictogram-based letter was then placed in
an envelope and sent using a mailbox to their
addressee. With this approach participants were
able to send and receive pictogram-based mes-
sages, helping them to understand the commu-
nication paradigm of IM services. It is important
to remark that within the folder pictograms were
classified according to their category to resem-
ble the organization of the pictogram-based IM
client UI.

Once the participants were acquainted with
the communication paradigm of IM service the
second stage of the evaluation process, which
lasted for two consecutive sessions, was intended
to introduce them to the IM client UI. The objec-
tive of this stage was to provide training to par-
ticipants so that they could use the pictogram-
based IM client independently to communicate.
In order to achieve this purpose pictogram-
based communication using the IM client be-
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Figure 7: Materials used during the first stage of the
evaluation process. The postman metaphor is built using
cardboard to enable users compose their pictogram-based
messages and send them using the post office.

tween users was directed. Pedagogues created
a set of cardboards with predefined pictogram-
based questions and answers, as shown in Fig-
ure 8, that were distributed among participants
before starting each session. Thus, during the
sessions users would follow the predefined ques-
tions and answers to communicate among each
other using the pictogram-based IM client. With
this approach users learned to interact with the
pictogram-based IM client UI to communicate.

Finally, the third stage of the evaluation pro-
cess, which lasted for the four remaining ses-
sions, was intended to enable users to communi-
cate freely using the pictogram-based IM client,
as depicted in Figure 9. Users were allowed
to select the partner who they wanted to chat
with, as well as the topics that they would like
to talk about. It is important to remark that
for these sessions we only used a reduced sub-
set of approximately four hundred ARASAAC
pictograms classified into fourteen different cat-
egories. Both pictograms and categories were
chosen by pedagogues to cover the basic conver-

Figure 8: Materials used during the second stage of
the evaluation process. The cardboard contains prede-
fined pictogram-based questions to help users become ac-
quainted with the UI of the pictogram-based IM client.

sational vocabulary. Finally, it is also important
to remark that during these sessions users chat-
ting to each other were located in different rooms
to resemble the physical distance of IM commu-
nications. We took this decision after noticing
that users would physically interact with each
other instead of relying on the pictogram-based
IM client to communicate.

5. Discussion

The discussion presented in this section is de-
rived from applying the User Centred Design
(UCD) methodology to develop and evaluate the
pictogram-based Instant Messaging (IM) service
and client described in the previous sections. In
general terms, and despite some initial problems
with the pictogram-based IM client related to
software issues, we have observed that individ-
uals with Cognitive Disabilities (CD) have been
able to communicate using the pictogram-based
IM client with the other members of their group
without showing any sign of frustration, regard-
less of the type and degree of their condition.
We believe that these positive results have been
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Figure 9: Users from Fundació El Maresme during the
third stage of the evaluation process. During this stage
of the evaluation users were allowed to communicate with
each other using the pictogram-based IM service.

obtained thanks to applying the UCD method-
ology all along the project. On the one hand,
by means of carrying out the ethnographic study
and the semi-structured interviews with the ped-
agogues and social educators we have been able
to understand the context and extract proper
communication and usability requirements to de-
sign the pictogram-based IM service and client.
On the other hand, carrying out the sessions has
enabled users to gradually understand the com-
munication paradigm of IM services and become
familiar with the IM client. Nevertheless, during
the sessions with users we have observed differ-
ent aspects regarding pictogram-based commu-
nications and the IM client User Interface (UI)
design that are worth mentioning.

First of all we have observed that, even among
members of the same group of users, individuals
have a wide range of communication skills. This
has an impact on the pictogram-based communi-
cation interactivity, but in a different sense than
we initially expected. At first we imagined that

those users with higher communication skills
would find it easier to communicate, as their
ability would enable them to navigate across the
different categories to select the appropriate pic-
tograms faster. Nevertheless, during the evalua-
tion we have discovered that despite being faster
at selecting pictograms, those individuals with
higher communication skills tend to spend more
time composing a message because they create
more complex messages that require from more
pictograms. Instead, individuals with lower com-
munication skills form simpler messages that are
shorter and, thus, faster to be composed. In
this sense, we have observed that interactivity
problems appear when individuals with different
communication skills chat with each other, as the
conversation takes place at two different speeds.

Secondly, we have seen that there are some
special situations that make pictogram-based
conversations become stalled and require from
the intervention of pedagogues or social educa-
tors in order for the users to take up the conver-
sation again. For instance, if a user sends two
consecutive messages without waiting for the re-
ply the user at the other side of the conversa-
tion, which may be writing the reply to the first
message, becomes confused and the conversation
gets stalled. This situation can happen for two
main reasons; if a user sends an incomplete mes-
sage by mistake and then sends the correct mes-
sage, or if a user sends a message but does not
receive a reply in a relatively short period of time
and sends another message. Despite this situa-
tion is not very common and is largely dependent
on the communication skills of each user, we have
discovered that it is a factor that has a negative
impact on the users as it causes frustration due
to the fact that they are not able to use the IM
service in a completely autonomous fashion.

Thirdly, during the third stage of the evalu-
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ation process with users we have detected that
some parts of the IM client UI might need to
be redesigned in order to increase its usability
level for the target collective. We have observed
that some elements of the IM client UI present
a functionality that might be interpreted in dif-
ferent ways, thus becoming a source of possible
confusion to users. On prime example of this
situation is that buttons to navigate the contact
list at the contacts window (Figure 5) operate
in an up and down fashion, whereas buttons to
navigate the users matrix in the login window
(Figure 4) and to navigate categories and pic-
tograms in the chat window (Figure 6) operate
in a left and right fashion. Despite we have not
observed important difficulties using such inter-
face elements during the evaluation process, we
believe that redesigning those elements to pro-
vide more consistency will lead to a UI that is
more usable by individuals with CD.

Last but not least, we have noticed that
the authentication mechanism to login to the
IM service is not compliant with user require-
ments. Initially we designed the authentication
mechanism based on a combination of four pic-
togram digits. Nevertheless, taking into account
user capabilities, this approach has proven to
be not valid because users tend to forget their
passphrase and, thus, have to ask pedagogues
and social educators to restore it. In order to
solve this problem an authentication approach
based on the possession of a personal token in-
stead of a secret knowledge has been proposed.
In this sense, we have implemented an authenti-
cation mechanism based on QR (Quick Respone)
codes, as shown in Figure 10. Each user has a
personal token with a printed QR code that con-
tains all their login information. Therefore, in
order to login to the IM service users only need
to show their personal token to a webcam. How-

ever, this solution has not yet been evaluated as
it could pose problems regarding how users man-
age the token, e.g. they could lose it or forget
they need it to login to the IM service.

Figure 10: The new pictogram-based IM client authen-
tication window. Users show their token to a webcam-
enabled computer that decodes the QR code and triggers
the authentication process to login to the IM service.

6. Conclusions and Future Work

6.1. Conclusions

This paper has presented a pictogram-based
Instant Messaging (IM) service and client that
enables individuals with Cognitive Disabilities
(CD) to communicate with their relatives and
acquaintances over the Internet. Along the text
we have described and discussed the User Cen-
tred Design (UCD) methodology that we have
used to develop pictogram-based IM service and
client support the basic requirements of an IM
service, as well as how we have enabled sup-
port for pictogram-based communications and
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how we have adapted the User Interface (UI).
The UCD methodology has relied on three differ-
ent well-established and widely-used techniques
together with the collaboration of Fundació El
Maresme, a non-profit social organization that
promotes the education and social integration of
individuals with CD and their families.

First of all, we have used an ethnographic
study to understand the context of the users,
pedagogues and social educators at Fundació El
Maresme in which the pictogram-based IM ser-
vice and client will be used. Next, and consid-
ering the difficulties to obtain first-hand infor-
mation about the communication and usability
requirements of the pictogram-based IM service
and client due to the oral communication lim-
itations of users, we have used semi-structured
interviews with pedagogues and social educa-
tors from Fundació El Maresme. After under-
standing the context and capturing the user re-
quirements we developed a first prototype of the
pictogram-based IM service and client based on
the standard eXtensble Messaging and Presence
Protocol (XMPP). Once we finished developing
the first prototype of the pictogram-based IM
service and client, we conducted the evaluation
process with two groups of users from Fundació
El Maresme as part of the UCD methodology,
which has enabled us to detect problems with the
IM client UI and better understand how individ-
uals with CD communicate using pictograms.

All in all, from the evaluation process we can
state that both the pictogram-based IM service
and client are functional and usable by individ-
uals with CD, thus enabling their social inter-
action and promoting digital inclusion. Never-
theless, it is important to remark that the work
presented in this paper is still in progress. At
this moment of time we have already contacted
Fundació Vallès Oriental [44], another non-profit

social organization in our territory, in order to
extend the evaluation process and validate the
results obtained with other collectives of users.
The evaluation process with Fundació Vallès Ori-
ental will begin in September 2011, as we are cur-
rently selecting the users that will participate in
the evaluation process together with pedagogues
and social educators.

6.2. Future work

As stated earlier, the work presented in this
paper focuses on the research and development
process that has been carried out to develop a
pictogram-based IM service and client for in-
dividuals with CD. The application of UCD
techniques has enabled us to understand and
capture the requirements of end users early in
the development process to ensure that both
the pictogram-based IM service and client are
adapted to the target collective. Additionally,
the evaluation process has given a first qualita-
tive insight on how individuals with CD com-
municate using the pictogram-based IM service.
Nevertheless, from the experience that we have
obtained through the initial evaluation process
with the end users, we have discovered that there
are many aspects that still need to be explored in
order to improve the UI of the IM client to better
suit the requirements of individuals with CD, as
well as to understand how individuals with CD
communicate using pictograms.

On the one hand, regarding aspects that relate
to how individuals with CD interact with the
IM client UI, we have already implemented an
authentication mechanism based on QR-Codes
that enables users to log in without the need to
remember their login information. But currently
this mechanism has not yet been evaluated with
real users and, thus, the study to compare the
performance of both authentication systems is
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left as future work. On the other hand, regard-
ing aspects that relate to understand how indi-
viduals with CD communicate using pictograms,
we have already developed a tool that automat-
ically collects and processes statistical informa-
tion about how users interact with the IM client
UI to communicate. Unfortunately, this mech-
anism has not yet been uses and, thus, it is
left as future work. Nevertheless, we plan to
explore parameters such as the average number
of pictograms per message or the percentage of
pictograms that users require in a conversation.
This information, collected over time for differ-
ent user profiles, will provide a deeper under-
standing of how individuals with CD communi-
cate using pictograms.

Last but not least, there are three additional
aspects that might be interesting to explore as
future work. First and foremost, it would be in-
teresting to implement an IM gateway that sup-
ports real-time translation of pictogram-based
messages to text-based messages (and the other
way around) and other IM services, such as Mi-
crosoft Messenger. Such IM gateway would en-
able individuals with CD to communicate more
naturally with their relatives and acquaintances
who are not users of pictographic Augmentative
and Alternative Communication (AAC) systems
and use other regular IM services. Secondly,
and considering the performance limitations of
pictogram-based communication observed dur-
ing the evaluation process, it would be interest-
ing to implement a predictive system that dy-
namically adapts the UI of the IM client accord-
ing to the most probable next pictogram. Fi-
nally, another aspect that would be interesting
to explore are speech recognition and pictogram-
to-speech features to enable individuals commu-
nicate with individuals with other disabilities.
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Messenger Visual, an Instant Messaging
Service for Individuals with Cognitive Dis-
ability, in: IWAAL ’11: Proceedings of the
3rd International Workshop on Ambient As-
sisted Living (LNCS 6693), 2011, pp. 57–64.

18



[18] P. Tuset, J. M. Lopez, Modelling individuals
with cognitive disabilities to personalize a
pictogram-based Instant Messaging service,
in: UMAP ’11: Proceedings of the 19th
Conference on User Modeling, Adaptation
and Personalization (LNCS 6787), 2011, pp.
454–457.

[19] J.-D. Lin, Intellectual Disability: Defini-
tion, Diagnosis and Classification, in: Jour-
nal of Medical Science, Vol. 23(2), 2002, pp.
83–90.

[20] S. L. Glennen, D. C. DeCoste, Handbook
of Augmentative and Alternative Commu-
nications, 1st Edition, Singular Publishing
Group, 1998.

[21] P. Raghavendra, J. Bornman, M. Granlund,
E. Björck-AKesson, The World Health Or-
ganization’s International Classification of
Functioning, Disability and Health: Im-
plications for Clinical and Research Prac-
tice in the field of Augmentative and Al-
ternative Communications, in: Journal of
Augmentative and Alternative Communica-
tions, Vol. 23, 2007, pp. 349–361.

[22] M. Mizuko, Transparency and Ease of
Learning of Symbols Represented by Blis-
symbols, PCS and Picsyms, in: Journal of
Augmentative and Alternative Communica-
tions, Vol. 1, 1987, pp. 129–236.

[23] R. B. Jennings, E. M. Nahum, D. P. Ol-
shefski, D. Saha, Z.-Y. Shae, C. Waters,
A Study of Internet Instant Messaging and
Chat Protocols, in: IEEE Network, Vol. 04,
2006, pp. 16–21.

[24] J. Rosenberg, H. Schulzrinne, C. Huitema,
D. Gurle, Session Initiation Protocol (SIP)

Extension for Instant Messaging, RFC 3428,
available at http://www.ietf.org/rfc/

rfc3428.txt. Last accessed: January 29,
2011. (December 2002).

[25] J. Rosenberg, H. Schulzrinne, G. Camar-
illo, A. Johnston, R. Sparks, M. Handley,
J. Peterson, E. Schooler, SIP: Session Initia-
tion Protocol, RFC 3261, available at http:
//www.ietf.org/rfc/rfc32961.txt. Last
accessed: January 29, 2011. (June 2002).

[26] P. Saint-Andre, Extensible Messaging and
Presence Protocol (XMPP): Core, RFC
3920, available at http://www.ietf.org/

rfc/rfc2920.txt. Last accessed: January
29, 2011. (October 2004).

[27] P. Saint-Andre, Extensible Messaging and
Presence Protocol (XMPP): Instant Mes-
saging and Presence, RFC 3921, available at
http://www.ietf.org/rfc/rfc2921.txt.
Last accessed: January 29, 2011. (October
2004).

[28] P. Saint-Andre, K. Smith, R. Tronçon,
XMPP: The Definitive Guide, Building
Real-Time Applications with Jabber Tech-
nologies, 1st Edition, O’Reilly, 2009.

[29] M. Juniavsky, Observing the User Experi-
ence, a practitioner’s guide to user research,
1st Edition, Morgan Kaufmann, 2003.

[30] C. Courage, K. Baxter, Understanding Your
users, a practical guide to user require-
ments, 1st Edition, Morgan Kaufmann,
2008.

[31] S. L. Henry, Just Ask: Integrating Ac-
cessibility Throughout Design, 1st Edition,
Lulu, 2007.

19

http://www.ietf.org/rfc/rfc3428.txt
http://www.ietf.org/rfc/rfc3428.txt
http://www.ietf.org/rfc/rfc32961.txt
http://www.ietf.org/rfc/rfc32961.txt
http://www.ietf.org/rfc/rfc2920.txt
http://www.ietf.org/rfc/rfc2920.txt
http://www.ietf.org/rfc/rfc2921.txt


[32] J. Rubin, D. Chisnell, Handbook of Usabil-
ity Testing, 2nd Edition, Wiley, 2008.

[33] A. Dix, J. E. Finlay, G. D. Abowd, R. Beale,
Human Computer Interaction, 3rd Edition,
Prentice Hall, 2003.

[34] B. J. Oates, Researching Information Sys-
tems and Computing, 1st Edition, SAGE,
2006.

[35] J. Lazar, J. H. Feng, H. Hochheiser, Re-
search Methods in Human-Computer Inter-
action, 1st Edition, Wiley, 2010.
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[40] A. Lepistö, S. Ovaska, Usability evaluation
involving participants with cognitive dis-
abilities, in: NordiCHI ’04: Proceedings

of the 3rd Nordic Conference on Human-
Computer Interaction, 2004, pp. 305–308.

[41] R. Sears, C. van Ingen, J. Gray, To BLOB
or Not To BLOB: Large Object Storage in
a Database or a Filesystem?, Tech. Rep.
MSR-TR-2006-45, Microsoft Research, Mi-
crosoft Corporation (April 2006).

[42] Portal Aragonés de la Comuni-
cación Augmentativa y Alterna-
tiva (ARASAAC), available at
http://www.catedu.es/arasaac/. Last
accessed: November 2, 2010.

[43] Creative Commons, Attribution-
NonCommercial-ShareAlike 3.0 License,
available at http://creativecommons.

org/licenses/by-nc-sa/3.0/. Last
accessed: December 5, 2010.
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