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CHAPTER 1

Introduction

An important part of our personal life is sharing stories (about personal experi-
ences) with others. In a regular family gathering, when meeting friends, during
coffee break at work, people share all kinds of stories and events that have
happened to them or to others. In other words, storytelling enables people to
share and reflect on their own or other people’s life experience. Storytelling or
narrative can be defined as “..a set of events (the story) recounted in a process
of narration (or discourse), in which the events are selected and arranged in a
particular order (the plot). The category of narratives includes both the short-
est accounts of events (e.g. the cat sat on the mat, or a brief news item) and
the longest historical or biographical works, diaries, travelogues, etc.” (Baldick,
2008). It was pointed out in (Hine & Arnott, 2002) that storytelling is a key ele-
ment of social interaction, as it allows a person to improve his or her reputation
and to bond with other people. When a person, due to injury or disease, looses
or become limited in his/her ability to use language, for example because of
aphasia (American speech-language-hearing association, 2011), or has difficul-
ties with recalling past events, she or he also looses the ability to share stories,
which can in turn lead to increased social isolation. Novel technologies have
the potential to (partly) compensate for such disabilities by offering new forms
of interactions (Morganti & Riva, 2005).

A variety of assistive tools has been developed in order to improve the com-
munication abilities of disabled persons (Morganti & Riva, 2005). So far, most
of the existing systems focus on supporting elementary communication needs
such as the ability to tell very simple and short stories (words or sentences).
Even for such short stories, they may already require a lot of effort from a dis-
abled person and/or caretaker (Boyd-Graber et al., 2006). In this thesis, we
specifically aim at developing a storytelling supporting system for individuals
with (expressive) aphasia. Individuals affected by (expressive) aphasia have dif-
ficulties expressing themselves through language (American speech-language-
hearing association, 2011). This group can potentially benefit from (technical)
support during the creation of a story and/or while expressing it. After collect-
ing and creating the story, the story should possibly be able to literally speak for
itself. Consequently the aim is to explore how to support persons with aphasia
in expressing thoughts and feelings through storytelling and also finding out
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1. INTRODUCTION

means for connecting them with the digital world for everyday interactions.

1.1 Aphasia

1.1.1 A Brief Introduction About Aphasia

Aphasia is a disorder that results from damage to language centers in the brain.
As a result, individuals who were previously able to communicate through
speaking, listening, reading and writing become more limited in their ability
to do so (Hillis, 2007). In the majority of the cases this kind of brain injury is
caused by a stroke (Laskar et al., 2001). The National Aphasia Association es-
timates that approximately 25-40% of stroke survivors develop aphasia. Other
causes are severe blows to the head, brain tumors, brain infections, and other
conditions that affect the brain.

Anyone, even children, can acquire aphasia, but most people who have
aphasia are middle-aged or older. Men and women are evenly affected (Na-
tional institute of health, 2008). According to the National Aphasia Association,
approximately 80,000 individuals acquire aphasia in the US each year from
strokes. About one million people in the United States currently have apha-
sia. Over 250000 people in the United Kingdom suffer from aphasia (Speech
disorder, 2011). It is estimated that about 30,000 people in the Netherlands
are aphasic. Each year, about 48,000 people suffer a stroke and about 20% of
them become aphasic (Stichting Afasie Nederland, 2011). The number of people
with aphasia will increase in the future as stroke incidence doubles with each
decade of life after the age of 55 (Aphasia statistics, 2011). Problems that may
accompany aphasia are a) psychological changes such as misery, anger, confu-
sion and intense frustration (Jordan & Kaiser, 1996), b) cognitive impairments
such as difficulty with sequencing steps to accomplish an activity, short-term
memory loss, and limited problem solving capability (Peng et al., 1998), and c)
sensorimotor impairments such as paralysis and apraxia.

There is a substantial variety of language abilities and impairments across
individuals with aphasia. These include the inability to comprehend speech,
the inability to read text (alexia), the inability to write text (agraphia), the inabil-
ity to speak, the inability to form words, the inability to name objects (anomia)
and so on. Aphasic persons can have one or a combination of these impair-
ments, and will vary in terms of the severity of the impairment. All aphasia-
related impairments can be categorized into three groups: expressive (when the
individual is unable to express himself or herself in speech or writing), recep-
tive (when the individual is unable to understand auditory or written words)
and combined.

Patients with Broca’s aphasia1 are individuals who are usually able to un-
derstand what is being said to them, but are unable to speak fluently. Broca’s
aphasia is also known as non-fluent aphasia. People with Broca’s aphasia have
damage to the frontal lobe of the brain and often have right-sided weakness or

1Image reprinted from emedia.leeward.hawaii.edu
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paralysis of the arm and leg because the frontal lobe also plays an important
role in motor movements. People with Broca’s aphasia may experience prob-
lems with fluency, articulation, word finding, word repetition, and producing
and comprehending complex grammatical sentences, both orally and in writ-
ing. For a detailed description of aphasia types see (Hillis, 2007). Aphasia is a
chronic condition; the majority of the people with aphasia will retain their com-
munication disability for the rest of their life. Though people with aphasia can
improve their situation through rehabilitation a complete recovery is unlikely.

 
Figure 1.1: This figure shows the areas in the brain responsible for Broca’s and
Wernicke’s aphasia.

1.1.2 Assessment of Aphasia

The clinical assessment of a person with aphasia includes an evaluation of the
person’s specific language impairments and his or her capacity on selected lan-
guage tests or communication tasks. Some frequently used tools for assessing
functional communication are a) the Semantic Association Test (SAT), b) the
Amsterdam Nijmegen Everyday Language Test (ANELT), c) the Scenario Test,
formerly known as Rijndam Scenario Test (RIJST), and d) the Boston Diagnos-
tic Aphasia Examination (BDAE) (Goodglass & Kaplan, 1983; Milberg et al.,
2009). The most important comprehensive language tests in English speaking
countries are the Western Aphasia Battery (WAB) and the Boston Diagnostic
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Aphasia Examination (BDAE). In Germany and the Netherlands the Aachen
Aphasia Test (AAT) is the most frequently used test battery. Because the AAT
(Huber et al., 1984) is used for the evaluation of language functionality in our
local aphasia centers that we cooperated with, we briefly discuss about it. The
Aachen Aphasia Test (AAT), was developed as a test for aphasia language dis-
orders in Germany, consists of six spontaneous speech rating scales and five
subtests: Token Test, Repetition, Written Language, Confronting Naming and
Comprehension. The foremost part of the AAT is an evaluation of spontaneous
speech. The token test is a common test of comprehension of language. The
patient has to choose the right token out of a set of tokens that differ in shape,
colour or size. The token test has five subtests with increasing level of diffi-
culty. In the repetition test, the patient has to repeat different sounds, words
or sentences. The written language test is an evaluation of reading and writing
functions. The confrontation naming test is an evaluation of the capability of a
patient to describe things, situations or actions with adequate words. The com-
prehension test evaluates the capability of the patient to understand words or
sentences accurately. These tests are conducted in aphasia and rehabilitation
centers for characterizing the severity of aphasia at the start of rehabilitation
period and also during the rehabilitation period to check improvement over
time.

1.1.3 Quality of Life and Aphasia

Since aphasia impacts language and creates difficulties to communicate with
other people it has diverse impacts on someone’s life ranging from frustration
(Kauhanen et al., 2000) to social isolation (Martin et al., 2002). Parr (Parr,
2007) investigated day to-day life experiences of people with severe aphasia
and documented levels of social inclusion and exclusion in everyday settings.
She identified that social exclusion is a common experience for this user group
and it occurs at infrastructural, interpersonal and personal levels. Social ex-
clusion is a complex concept. People are socially excluded when they are not
part of the networks that support people in ordinary life such as family, friends,
community and employment. Therefore, social exclusion includes problems of
social relationship, including stigma and social isolation. It is expected that
technological support can assist in reducing the factors that contribute to so-
cial exclusion.

The impact of aphasia on people’s social lives has drawn increasing interest
in recent times. Researchers have investigated and quantified aphasic people’s
social lives in the context of non-aphasic peers (Cruice et al., 2006). Social life
refers to person’s regular social contacts and social activities and the condition
of aphasia heavily impacts on these two factors. Social contacts of aphasic
individuals are heavily affected by a communication disability (Ross & Wertz,
2003). Research reports that the number of social networks diminishes after
the onset of aphasia (Cruice et al., 2006). Moreover, social relationships such
as friendship are severely hampered for persons with aphasia (Davidson et al.,
2008). Therefore, language disruption has a long-lasting negative impact on
the social lives of aphasics. The social impacts of aphasia have attracted some
research interest, but up to now largely from a clinical perspective. In recent

4



1.2. Assistive Technology, Augmentative and Alternative Communication and
Aphasia

years a social model of aphasia has developed (Simmons-Mackie, 2000), bring-
ing a growing awareness of the disabling barriers faced by people with aphasia
and the responsibility of others to alleviate the impact by modifying their own
communication (Kagan, 1998). The perspective of people with aphasia has also
been explored (Parr, 2007). People are trying to tackle the social impacts of
aphasia by creating opportunities for aphasics to engage in social activities and
also by creating awareness in the people who interact with aphasics (Hailpern
et al., 2011). From a technological perspective, creating accessible technologies
for people with aphasia can potentially also enhance their social participation.

Quality of life is a concept which is very important for people with apha-
sia. Quality of life refers to the subjective feelings and attitudes and absence
and presence of complaints resulting from disability or handicap (Katz, 1987).
The quality of life for most people is dependent upon the ability and oppor-
tunity to communicate (Vesterager et al., 1988). A model of communication
and quality of life for people with aphasia has been proposed (Cruice et al.,
2006). In the model it has been mentioned that physical functioning, emotional
health or depression, social functioning, psychological functioning, well-being,
communication, autonomy and relationship are crucial to quality of life (QOL)
following a stroke with aphasia. Overall, three key areas, i.e., social participa-
tion, emotional health, and psychological well-being, can best describe QOL for
aphasics. Information and communication Technology (ICT) can play a role in
creating improvement in all three key areas. It has been established that the
functional communication can be improved by therapy; however this is only
the first step to achieve a better quality of life.

1.2 Assistive Technology, Augmentative and Alternative
Communication and Aphasia

Assistive Technology (AT) is a growing field that has a positive influence to
increase independence and quality of life for people with disabilities (Higgin-
botham & Scally, 1997; LoPresti et al., 2004). Assistive technology involves
both compensatory approaches and remedial approaches (Raskind, 2009). A
remedial approach seeks to alleviate a particular shortage or improve an area
of weakness. In a compensatory approach the purpose is to work-around or
find a way around a deficit. If someone has trouble learning to read, a remedial
approach might focus on to improve someone’s reading skill. In contrast, a
compensatory strategy might provide a book on audiotape or an OCR system
so that the aphasic can hear the text spoken aloud.

The European Union’s e-inclusion forum (E-inclusion, 2011) defines assis-
tive technology as: “Assistive Technologies (ATs) can provide the vital link that
adapts mainstream Information and Communication Technologies (ICT) to the
needs of people with disabilities. ATs are adaptive devices that enable people
with special needs to access all manner of technical products and services. ATs
cover a whole range of ICTs, from customised keyboards and speech recogni-
tion software to Braille computer displays and closed captioning systems for
TV”.
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AAC stands for Augmentative and Alternative Communication device. Aug-
mentative and alternative Communication (AAC) is a field within AT. AAC de-
vices are used in Aphasia therapy and people with little or no functional speech
communication can benefit from AAC. The American Speech-Language-Hearing
Association (American speech-language-hearing association, 2011) defines AAC
as “an area of clinical practice that attempts to compensate (either temporar-
ily or permanently) for the impairment and disability patterns of individuals
with severe expressive communication disorders (i.e., severe impairments in
speech-language, reading and writing)”.

There are two forms of Augmentative and Alternative Communication, i.e.,
unaided AAC and aided AAC (AAC, 2011). Unaided AAC is communication,
other than speech, that does not require any support or devices. Unaided AAC
includes body language, facial expression and the more formal use of manual
signs. Unaided forms of communication consist of nonverbal means of natural
communication (including gestures and facial expressions) as well as manual
signs and American Sign Language (ASL).

Aided AAC is communication, other than speech, that does use devices.
Some examples of aided AAC systems are voice output communication aids
and communication boards. Aided forms of communication consist of those
approaches that require some additional external support, such as a commu-
nication board with visual-graphic symbols (i.e., pictures, photographs, line
drawings, Bliss symbols, printed words, traditional orthography) that stand for
or represent what an individual wants to express or a sophisticated computer
with symbols, words, letters, or icons that “speaks” for its user via either syn-
thetically produced speech by using text-to-speech software and permits the
user to spell words and speak novel messages or recorded natural (digitized
pre-recorded words or phrases) speech (Beukelman & Mirenda, 1998). Aided
AAC may use electronic (high-tech) or non-electronic (low-tech such as com-
munication board or books) aids. Electronic communication devices may be
simple or quite complex. See (Beukelman & Mirenda, 2005; Higginbotham &
Scally, 1997; Sandt-Koenderman, 2004) for a detailed description of AACs for
persons with aphasia.

1.2.1 Common AACs for Persons with Aaphasia

Aphasic individuals can understand image-based representation and the in-
telligence of aphasics’ persons remains intact (Thorburn et al., 1995). This is
extensively used in different assistive tools (Boyd-Graber et al., 2006). The ma-
jority of these devices support basic communications and are often referred to
as Augmentative and Alternative Communication (AAC) devices. An awareness
of existing systems is important for a number of reasons. First, the functional-
ity and interfacing mechanism incorporated in them may be used as inspiration
when developing new tools. Second, new tools might want to integrate some of
the existing functionalities of a device and interface with them. Third, lessons
learned from designing and using existing systems may help to avoid pitfalls.
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Dynavox2 (see Figure 1.2, left) MindExpress (see Figure 1.3, left), TouchS-
peak3 (Figure 1.3, right) are examples of AAC devices that are based on the
use of symbols (or icons). These systems exist as stand-alone devices or as
software packages for tablet PC, laptop or desktop PC. They use symbol-based
collections of words and phrases. Once the symbol is selected the correspond-
ing text is displayed and/or the audio is played.

The Lingraphica system (Lingraphica, 2011) is another example of an icon-

 

 

 

   

Figure 1.2: DynaVox (left) and Lingraphica (right). In DynaVox a grid-based
message is constructed(left). In lingraphica a message is constructed based on
pictograms. The message is constructed with three pictograms: person, place
and object.

based system. It has 5000 icons representing elements of natural language.
Nouns in the system are represented by images and a sound clip, while verbs
are represented by an animation depicting the action. Lingraphica uses a
metaphor of storyboards (or cartoons) where a collection of icons are arranged
to approximate English syntax (see Figure 1.2, right). Many images (icons) are
displayed in familiar scenes such as the kitchen, hospital or an entire town,
which allows users to explore the scenes to practice words and to construct
functional communication messages.

It has been observed that patients often use these AAC devices to practice
phrases they will need later, but are hesitant to use the device itself outside
of their own home (Boyd-Graber et al., 2006). This seems to indicate that,
next to the functional aspect, other (design) aspects that can increase social
acceptance need to be taken into account more when designing such prod-
ucts. Another system for aphasic individuals is called “TalksBac” (Waller et al.,
1998). It leverages the aphasic individuals’ ability to recognize familiar words
and phrases. The words and small stories are entered into the system by the
caregiver, and the aphasic person can use them in conversations with other
people. The PROSE system (Waller & Newell, 1997) was developed to be used
together with ’TalksBac’, allows aphasic persons to introduce pre-recorded sto-
ries into conversation. The stories, as in the case of “TalksBac”, are managed

2Image from: http://forum.xcitefun.net/dynavox-xpress-communication-device-t35715.html
3Image reprinted from: http://www.touchspeak.co.uk/
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Figure 1.3: TouchSpeak (left), MindExpress (Right) interface. Both figures rep-
resent icons to communicate needs-based interaction based on a predefined
grid.

and updated by caregivers. The TouchSpeak (TouchSpeak, 2011) tool is an-
other example of an AAC communication aid. It consists of a PDA and specially
designed software. The tool allows a high level of customization depending on
individual needs and capabilities. TouchSpeak is limited to short phrases and
stories. The mentioned AAC devices have been proven to substantially improve
the communication abilities of disabled persons. The most important features
of these tools are:

• icons, pictures or even short video clips replace written words,

• more complex pictures can depict not just a single word but a complete
sentence

• customization and categorization of icons is introduced in such a way that
it is easier for a particular user to find and use icons of interest, and

• there is a possibility for the caregiver or family member to help the dis-
abled person in building phrases or simple stories.

The main drawback is that all these tools support only very simple and often
preset communication needs, and are very cumbersome or impossible to use
for more complex communication needs such as telling a more extensive story
and/or using multimedia (pictures, video, music, etc.).

1.2.2 Recent Technological Developments for Aphasics

There are very few examples of systems that aim at supporting higher-level
communication needs. One example of such a system is the ESI planner (Mof-
fatt et al., 2004) (the Enhanced with Sounds and Images Planner). ESI is a
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multi-modal daily planner designed to enable individuals with aphasia to inde-
pendently manage their schedule. It incorporates triplets of images, text and
sound to represent appointment data. It was primarily designed for people who
where computer literate prior to the onset of aphasia. Another example is the
Electronic Travel Companion, which is a software package for handheld de-
vices that allows an intellectually disabled person to travel independently by
public transport (Pijl et al., 2005). It was developed based on existing usability
guidelines for PDA’s and criteria for websites for intellectually disabled persons.
The major goal was not to develop a new supporting tool, but to learn about
PDA accessibility guidelines and to do exploratory research on the feasibility of
an electronic travel companion. Tools for supporting more complex tasks offer
new possibilities for disabled persons, but they cannot replace basic communi-
cation tools, and should be used more like add-ons. One of the main challenges
for these tools is a need for even higher level of customization due to the large
variation between different users. Recently researchers have investigated how
to provide access for people with aphasia to the internet (Egan et al., 2004),
enabling for instance remote conversation support (Aye et al., 2010).

1.3 Communicative Interaction

Light (Light, 1988) has proposed a model of communicative competence for
individuals using AAC systems. Light mentioned four purposes for commu-
nicative interactions: a) communication of needs and wants, b) information
transfer, c) social closeness and, d) social etiquette. In the communication of
needs and wants the goal of the initiator is to regulate the behavior of the part-
ner to provide a desired object or action. Here the focus of the interaction is
on the end goal and the duration of the interaction is rather limited. Most of
the AAC devices for aphasics support this purpose. In information transfer
and sharing the focus is on the information or content and consequently this
need is more difficult and more challenging to meet. As opposed to communi-
cation of needs and wants here the message is unpredictable. Here the focus is
on developing the interaction as a structure to support the exchange of ideas,
thoughts and experiences. An example of interaction based on information
sharing would be an aphasic person sharing thoughts with his/her partner or
other aphasic people about his or her last summer trip, which is a form of
storytelling. At this moment available AACs have little support for information
transfer or sharing for persons with aphasia. The third initiative to promote
social closeness is to establish, maintain or develop an interpersonal relation-
ship. The main issues are interest and delight in each other. It is expected that
maintaining long-term interpersonal relationships makes people feel engaged
with their social peers. For aphasics a sample interaction developed would be
a game play between aphasics and partner or other aphasics, participating in
group story telling etc. The goal of the final interaction called social etiquette
is to confirm social conventions of politeness. Here the interaction is shorter
and the content of the exchanges demonstrate social conventions such as how
are you, fine thanks etc. For an aphasic person one example of social etiquette
could be a polite conversation with a friend using an AAC device. Beukelman
(Beukelman & Mirenda, 1998) mentioned that the importance and nature of
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these four types of interaction may vary across the lifespan of an individual. It
is apparently true that for people with severe aphasia expression of needs and
wants is the dominant factor until they recover from the most severe stage.
Light (Light, 1988) emphasized that “most of our research and clinical atten-
tion to date and most of the technical developments in the field have served
to support the communication of needs and wants and, to a lesser extent, the
exchange of information”. She also mentioned that if we want the individuals
who use AAC system to function as productive members of our society we must
also consider communicative competence from a social perspective.

Some explorations in the interactional dimensions of social communication
have been reported in (Davidson et al., 2007). The identified factors are: a) the
concept of connectedness (such as synchronicity, equality and rapport), b) hu-
mor (fun, laughter), c) phatic communication (greetings, social chat, and small
talk) and d) revelation of self (stories shared, feelings). They emphasized the
revelation of self as a form of storytelling in the expression of interpersonal re-
lationship. The reason is that storytelling is common in casual relationship and
provides a resource for confirming social affiliations and sharing experiences.
It is argued that social affiliation is often expressed through the mutual shar-
ing of stories in particular those that reveal personal history or experiences.
Sunwolf and Frey (2001) suggest that the telling of stories serves both cognitive
and communicative functions and that constructing personal narratives is a
critical factor in constructing one’s own identity.

1.4 Storytelling, Aphasia and AAC

As was noted in the introduction, storytelling is one of the key elements of social
interaction. It enables people to share and reflect on their own or other people’s
life experience and helps to maintain and establish social roles. The majorities
of human interactions are social and revolve around exchanging opinions, gos-
siping or telling stories (Dunbar, 1998). Schank (Schank, 1990) mentioned
several reasons why people tell stories such as a) meeting personal goals (i.e.,
deriving satisfaction from telling the story) b) meeting goals in relation to others
(i.e., affecting a listener in some way) and c) meeting conversation goals (i.e.,
affecting the actual conversation process). People with aphasia are often un-
able to participate in storytelling though narratives are extremely important for
them. Storytelling is a form of evaluative language that is used for expressing
and feeling is essential to the expression and individual identity (Armstrong &
Ulatowska, 2007). Furthermore, storytelling in the form of personal reminis-
cence can have positive effects on the storyteller (Kovach, 1990).

1.4.1 Forms and Means of Storytelling

Stories can be fictional or retrospective (based on real events). Different means
can be used to tell a story. They can be oral, written, enhanced by other me-
dia such as pictures and video, and can be interactive or not. A lot of work
has been done in order to support digital storytelling (Landry & Guzdial, 2006).
We can identify three categories of tools within this area: tools for supporting
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fictional storytelling, tools for memory collecting and recollecting, and tools for
retrospective storytelling. The main focus, so far, has been on supporting the
creation of fictional stories for educational or entertainment purposes (Cassell
& Ryokai, 2001; Zhou et al., 2004; Bimber et al., 2003), and on supporting
simple memory recollecting (Stevens et al., 2003; Shen et al., 2002; Apted et
al., 2006). Only few tools aim at supporting retrospective storytelling (Hine &
Arnott, 2002) and (Landry & Guzdial, 2006).

Despite the fact that tools for fictional storytelling do not seem to have much
direct relevance, some aspects of these tools such as interaction paradigms,
ways to expressing (telling) a finished story, etc. may nevertheless have inter-
esting implications for a retrospective storytelling tool. A very traditional but
nevertheless relevant way of communicating fictional stories is through car-
toons, where images are combined with text (in text balloons) in a way that
is familiar to (and popular with) most people. Therefore, cartoons may cer-
tainly inspire new (multimedia-based) ways of presenting stories. The Story-
Mat (Cassell & Ryokai, 2001) is an interactive storytelling system for children
that records children’s narrating voices and the movements they make with
their stuffed animals on a colorful story evoking quilt. The system allows
and encourages collaborative storytelling and allows creating stories without
keyboard-like devices or a desktop computer. The Magic Story Cube (Zhou et
al., 2004) is an example of a storytelling tool that uses augmented reality and
tangible interfacing to make interactive storytelling more interactive and intu-
itive. By unfolding the physical cube the stages of the story are unclosed one
by one in an order restricted by the cube’s physical configuration. With the use
of a head-mounted display the story stages are projected directly onto the sides
of the cube.

Memory recollecting is an integral part of retrospective storytelling. There
are many tools and projects that aim at supporting memory collecting and rec-
ollecting activities and some of them are described here. The Living Memory
Box (Stevens et al., 2003) project aims at creating a device for assisting families
in preserving memories in a variety of media forms. The Living Memory Box
appliance can be used as both archiving and narrator device. It allows families
to bring together artifacts and tell stories about particular items (Stevens et al.,
2003). A natural-language-based interface is considered as the most efficient
and comfortable for a wide variety of users (obviously not including the aphasia
patients that we are targeting).

The Personal Digital Historian (Shen et al., 2002) is a tabletop-based system
that helps people to construct, organize, navigate and share digital collections
in an interactive multi-person conversational setting. Users can interact with
the system using hand gestures, and no additional intermediate interaction de-
vices are needed. Documents (pictures) within the system are organized based
on four W’s - who, when, where and what. The evaluation of the system showed
that it encourages natural conversation and reflection. Another example of a
tabletop-based system for picture sharing is a SharePic (Apted et al., 2006),
which was specifically developed for the elderly population. The main distinc-
tive property of the system is that the design of it was strongly influenced by a
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metaphor of physical photographs placed on the table.

Memory Browser (Hoven & Eggen, 2005) is a system that uses physical ob-
jects (souvenirs) as cues for photo recollecting. Any physical object can be
linked with a collection of photos, for example, a souvenir from a specific place
can be linked with photos that were made at that location. When the object
is placed within a system boundary, the system will provide access to, and
display, all relevant photos. By resembling traditional ways of collecting and
handling “history” these tools make memory recollecting with digital materials
more intuitive. Extensive use of tangible “cue” objects makes the recollecting
more easy and efficient. These tools however can only support a person in
telling a story, but do not allow creating a story itself.

Only few tools can be found that are specifically developed to support ret-
rospective storytelling. The iTell (Landry & Guzdial, 2006) system supports
retrospective storytelling with the use of digital photos. The tool focuses on
story development and process management. It allows a user to build the story
by following specific steps: brainstorming, organizing, writing, adding personal
media. One of the interesting aspects of this tool is that in the illustration
phase, when images and videos are added to the story, the tool attempts to
make illustrating as simple as possible by incorporating heuristics in the tool
and automating some of the tasks.Another interesting example is a Multimedia
communication service (Hine & Arnott, 2002) that was specifically developed
to support people with language difficulties. It allows a user to collate pic-
tures, video clips and audio clips and present them in a sequence of narratives
through a web browser. The system however does not clearly address how these
elements are acquired. The evaluation of the system showed that pictures and
videos engaged the audience much more efficiently than a conventional tex-
t/symbol based communication aid with spoken output.

The StoryTrack (Balabanović et al., 2000) is a portable device that allows
using digital photos in a manner similar to printed photos for sharing personal
stories. It allows to record stories using photos and audio and written com-
ments. Buttons on the edge of the device are used for interaction. We only
know one example of a storytelling device that is specifically aimed at sup-
porting people with expressive aphasia (Daemen et al., 2007). It is a portable
handheld device that allows taking pictures, drawing or annotating, specifying
emotions, and recording sounds. The main purpose of the device is in support-
ing a story creation as part of the activity that is depicted in it. The recorded
story can later be shown on the device itself, on a TV, or can be sent through
email. All tools mentioned above try to simplify story creation by separating it
into several logical steps. After creating a story, it can be played (told) without
the person who created it. All tools use photographs and short video clips as the
major means to support storytelling, however, with the exception of (Daemen
et al., 2007), the tools do not address in detail how photos and other materials
are captured and added to the tool. The latter can be a critical issue for people
with disabilities, since they might have difficulties in using conventional tools
such as a photo camera.
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Storytelling can involve either low-tech or high-tech AACs for aphasics. For
example a story may be provided in a low-technology format by constructing an
album that includes typewritten basic segments beneath pictures representing
the major segments of the story (Stuart, 2000). When using high-tech AAC, a
story can be created and stored in a digital format. Computerized AAC helps
to deliver the stored stories in two ways (Lasker & Beukelman, 1999). The first
option is as a communication notebook where the story is represented on a
page in a sentence format, pictures, or symbols. Persons with aphasia tell the
story to the communication partner by pointing to the pieces of the story. The
second option is that the story is delivered with the help of a voice output device
where spoken utterances or segments of the story are replayed to the commu-
nication partner by pressing buttons. An example of storytelling support in an
AAC is visual scene display (VSD) (Dietz et al., 2006) where contextually rich
images are utilized in a computerized AAC to tell stories.

1.5 Research Motivation

From the existing literature it is evident that most AAC devices support very
basic communication needs with the help of image-based representations. The
target users of these devices are very severe aphasics in the early stage of apha-
sia. Although it has been established that the use of AAC devices may improve
the condition of persons with aphasia, in the long run these devices are not
widely used. One of the reasons why these devices are used mostly in home
or in the therapy center is that they stigmatize people with aphasia in a so-
cial setting (Higginbotham & Scally, 1997). We are interested to investigate
how new assistive tools can be designed to support communication needs that
goes beyond needs-based interaction. We are inspired with the fact that apha-
sia leads to increased social isolation and therefore we would like to indentify
and design tools that support wider communication and are helpful to lever-
age social isolation. We believe that we need to move beyond stand-alone tools
that support functional communication towards tools that allow aphasics to
access the digital world. To understand the problem domain and to find de-
sign opportunities we need to more closely investigate the needs and wants of
our targeted users. It has been reported earlier that individuals with cognitive
disabilities are severely underrepresented in technology design methods and
usability evaluations (Sutcliffe et al., 2003). It has also been established that
design and evaluation methods need to be adapted for this population (Fis-
cher & Sullivan, 2002; Lepist & Ovaska, 2004). The lack of design research in
assistive technology design makes it complicated for a technology designer to
determine how to develop useful and useable technology for this target group.
These concerns also enhance our motivation for this research.

1.5.1 Research Question, Objective & Scope

The main research question that inspired this research is whether or not tech-
nology that supports story collecting, building and expressing can help to break
(reduce) the social isolation of people with aphasia and other kinds of commu-
nication disorders. In case of social isolation it has already been shown that
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social participation can be substantially improved by simple communication
tools. It is still however unknown how technology can support performance on
higher-level activities such as storytelling, and how this would affect the social
life of a disabled person.

The objectives of this research are to contribute to design methods and em-
pirical knowledge for designing assistive technology by understanding, design-
ing and evaluating communication systems that support beyond need-based
interaction. More specifically, the research reported in this thesis has the fol-
lowing objectives:

• study existing communication aids (AAC), assistive and everyday tech-
nologies and their usages for persons with aphasia to identify new design
opportunities;

• based on the results from this first phase, the objective is to design com-
munication support systems that support diverse communication needs
such as sharing information and information transfer;

• perform structured evaluations to better understand and identify short-
term and long-term usability issues of the designed communication sup-
port systems for persons with aphasia.

1.5.2 Approach

A research-through-design approach is adopted within the research project.
This means that new ways of interaction with digital media for aphasic persons
are explored and ultimately created within operational prototypes. The goal of
the project is to design, build and test prototypes of storytelling tools for apha-
sic persons. This iterative hands-on experience is expected to lead to improved
design guidelines and new insights into the potential impact of technology ac-
cess for persons with aphasia. Design methodologies, such as requirement
solicitation and end-user evaluations, are adapted to this unusual and diverse
user group. We have used technology probes, interviewing and adapted tra-
ditional HCI methods for requirements gathering and evaluating the designed
prototypes. The design outcomes should obviously benefit the defined user
group. However, they might also benefit a wider user groups such as individu-
als with Alzheimer disease, elderly or kids, although this will not be explicitly
investigated.

Based on the presented review of related work, different research alterna-
tives within the area of this project can be outlined. First of all storytelling can
be retrospective or fictional. As noted before the reported research only aims
at retrospective storytelling. The simplest form of retrospective storytelling is
activity reporting (daily routines, for example). The next level would be a story
that can still include parts of a daily routine but that also contains unexpected
events. The most complex story would be a story that combines actual events
with memories. The complete process of storytelling can be roughly divided
into 4 phases: 1) collecting materials, 2) recollecting materials from the past
(if the story is based on past events), 3) creating the story (this and previous
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stages can occur simultaneously or in different order), and 4) expressing the
story. Every phase poses specific challenges.

In the first phase the focus is to identify what materials need to be col-
lected and how, and up to which stage existing tools can be used (or need to be
adapted or replaced by new tools). Even when materials are collected simulta-
neously with the story creation, this collecting is limited by both the device and
the user capabilities. Therefore appropriate experience capturing devices will
be created and tested with persons with aphasia. In the second phase the main
challenge is to select relevant (suitable) materials from the collected (available)
materials. This task is especially difficult for people with mental disabilities, as
it requires cognitive abilities such as sorting, decision making, etc. The main
challenge of the third phase is to support intuitive and clear steps for story
building and how to connect these steps to selected materials. At this stage,
the storytelling tool can be expected to assist the user up to a certain stage,
as it incorporates some expert knowledge on storytelling. In order to tackle
this difficulty several story creation mechanisms will be investigated and con-
ceptual designs and operational prototypes will be created and tested. For the
final stage the challenge is to identify how autonomous the storytelling device
should be. Should the tool be able to play the story independently of the person
who created it, or should the creator be able to comment and/or guide the pre-
sentation? Should the audience be able to interact with the story, yes or no?
Obviously, the more autonomous the presentation is, the more effort it might
require from the user in the creation phase. In our approach we will investigate
sharing in both a face-to-face setting and through email.

The nature of this project and of the targeted user group motivates us to em-
ploy a design-oriented research approach (Blessing & Chakrabarti, 2009). In
this approach the problem definition and solution go much more hand-in-hand
than is usual in engineering and research (Hoven et al., 2007). As Hoeven et
al. outlines this approach stimulates you to investigate theory in context while
designing your solution. It also facilitates the creation of a new design based
on existing physical activities or products. It encourages the creation of mod-
els, prototypes or demonstrators: learning by doing. In relation to the initial
research question, during the evaluation phase the most suitable prototypes
are selected and later developed further. Once initial ideas are worked out into
a prototype it has to be evaluated with potential users of the design. Such
prototypes are not only tested in order to improve their usability, but are ways
of letting users experience new functionalities. Last but not least, more robust
prototypes were deployed in situations that allow for a more longitudinal study
of their potential impact. Deploying such products in existing contexts allows
for gaining insights that cannot be acquired within laboratory experiments.
The starting point for this research was a study of existing assistive technolo-
gies that are currently used to improve the communication abilities of disabled
people, together with an exploration of the phenomenon of storytelling.
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1.5.3 Conducting User Studies and Recruiting Research
Participants

Studying the targeted user group and its limitations is essential. Newel et al
have listed the main challenges in working with individuals who have cogni-
tive disorders (Newell et al., 2002). The key difficulties are: a) participants’
ability to communicate their thoughts and to understand instructions are di-
minished, often quite substantially, b) lack of a truly representative user group.

The key target group that we utilized in this thesis is people with expres-
sive aphasia who can understand language but have problems in expression.
An individual with such disabilities often cannot be interviewed or cannot par-
ticipate in an experiment without presence of a caregiver or family member
(Luck & Rose, 2007). This needs to be taken into account and can imply an
increased role for partners and caregivers into understanding user require-
ments. As noted in (Daemen et al., 2007) the best way to communicate with
aphasic individuals is through their primary caregiver, speech pathologist, clin-
ical linguist and social workers. They are also able to interpret and validate
questions and answers during face-to-face interviews with aphasics (Daemen
et al., 2007). We have however included persons with aphasia in several stages
of the design and research process. Data collection methods such as written
questions, interviews, consent materials, were adapted to make them aphasia-
friendly. Meetings and discussions were conducted unhurriedly, with the help
of partners, and speech therapists. Received tips from speech therapists to
communication with persons with aphasia were also utilized.

The nature of the disability makes it difficult to perform any kind of early
user testing, therefore a prototype-oriented approach (design-research approach)
seem to be the best suited for gathering user requirements and testing ideas.
In the course of the project, new technologies and a more realistic understand-
ing of the user context (for instance, expressed in scenarios) was developed.
It is very complicated to generalize the needs and abilities among individuals
with cognitive disabilities. Even within a single category each individual has
a unique profile of skills and needs (Buckley & Bird, 2000). Since the user
group demonstrates a large variety among individuals (the level of impairment,
specific kind of disability, and so on) it does not seem to be appropriate to use
controlled experiments, but rather case-based research needs to be adopted
(McGrenere et al., 2003). Therefore prototypes either need a high level of cus-
tomization or should be created for a specific individual case. Later in the
process more universal prototypes was created. The final system allowed a
substantial degree of customization and personalization. A close collaboration
with a rehabilitation/caretaking center and easy access to the user group was
obviously a primary requirement for the success of this research.

1.6 Thesis Outline

Chapter 2: Chapter two describes our initial design exploration of story cap-
turing and sharing tools. We designed several story capturing devices and
refined our design concepts by evaluating with speech therapists. We designed
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a story tagging tool that could automatically provide tags while capturing. We
also designed a camera-sunglass to capture everyday experiences. Next to the
capturing tool, we also experimented with several story sharing applications.
Finally we designed a story sharing tool that represents a story based on the 5
Ws (who, where, when, what and why). The designed application (called XTag)
was tested with two persons with aphasia and several design improvements
were suggested.

Chapter 3: In this chapter we describe the results from a questionnaire and
interview study to investigate how people with aphasia use computers and re-
lated assistive technologies. The questionnaire responses cover 62 individuals
with aphasia. The results show that the majority of aphasics use computers
occasionally and own computers. Respondents can write or read small sen-
tences though the process is very slow and they struggle while typing with the
keyboard. Moreover the results suggest that aphasics find it hard to maintain
relationships with remote friends and family. From the interview results we
can conclude that current assistive technologies cannot meet all needs of peo-
ple with aphasia. The questionnaire results and interviews confirm that people
with aphasia could greatly benefit from technologies such as email.

Chapter 4: A web-based social networking program has been developed by the
Aphasia Union Netherlands (AVN) to enhance communication between apha-
sics mutually and with their therapists. The means of communication is email.
In this chapter we report evaluation results of the AVN email program. We eval-
uated the email program in two ways: a. by analyzing the AVN email server
logs and b. by collecting subjective responses through questionnaires. Our
results indicate that both aphasics and therapists find the email program use-
ful, despite the fact that they expressed several criticisms about its usability.
Therefore, some changes are required to make the program better useable and
more widely accessible for the target group.

Chapter 5: In this chapter we present some preliminary outcomes concerning
the design of an email communication tool for persons with expressive apha-
sia. The purpose of our design is to make email accessible for aphasics. It
is based on interviews with persons with aphasia and their partners and has
been verified with a speech therapist. Our user studies confirm that aphasics
find current email communication systems too challenging to use. The most
obvious barrier is the lack of writing support. Based on these findings we de-
signed an email application called Amail that should be simpler to use than
existing solutions and that moreover supplies language support. We present
the iterative design process and early evaluation results of Amail.

Chapter 6: In chapter 6 we describe the field trial of Amail. Our objective
was to understand how people with aphasia integrate Amail in their daily life.
We conducted a 3-month long field trial with eight aphasic individuals. Subjec-
tive data (questionnaire, interviews, and diaries) and objective data (usage logs)
were collected to understand usage patterns. Our findings suggest that apha-
sics were able to learn and use the tool independently for emailing. The usage
patterns indicate that over time aphasics mastered the tool, which was evi-
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dent from frequency and length of email messages. Moreover, aphasics’ email
partners showed increased confidence that their aphasic email partners were
improving gradually. Moreover, use of Amail has positively changed social con-
tacts of aphasia participants. We also report on the challenge of conducting
field trials with persons with aphasia.

Chapter 7: We present the conclusions of this research and possible directions
for further research.
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CHAPTER 2

Designing Experience Capturing and
Sharing Tools for Persons with Aphasia

In this chapter1 we describe several design efforts to create a useable story cap-
turing and sharing device. Three design iterations are discussed. In the first
design iteration we focus early design explorations on experience capturing de-
vices. In the second design iteration we first investigate storytelling mechanism
from digital photos. Later on, we describe the design of an application called
CoCreation. CoCreation was designed to automatically cluster digital photos
required to reveal stories from them. Finally, in the design iteration three, we
describe the design and exploratory field evaluation of an experience tagging
and sharing application for people with expressive aphasia. We conducted a
probe study with representatives from this target user group to gain a deeper
understanding of the potential use of technology to capture and share everyday
experiences. We used the obtained insights in the design of a new experience
tagging tool (XTag). Our filed study with the resulting prototype suggests that
multimedia (picture, audio and GPS) indeed offer great potential for assisting
aphasics while retelling their past experiences. Specifically, the tagging ap-
plication improved support over a digital camera as it could be more easily
operated single-handedly, which was much appreciated by aphasics. We also
share some methodological lessons that we learned from our study.

2.1 Introduction

An important part of our personal life is being able to share with others dif-
ferent kinds of stories. Storytelling is a key element of social interaction, as it

1This chapter is partially based on: Al Mahmud, A., Gerits, R., & Martens, J.-B. 2010. XTag:
designing an experience capturing and sharing tool for persons with aphasia. In Proceedings of the
6th Nordic Conference on Human-Computer Interaction: Extending Boundaries (NordiCHI ’10).
ACM, New York, NY, USA, 325-334.
Al Mahmud, A., Limpens, Y., & Martens, J.-B. 2010. Expressing through digital photographs: An
assistive tool for persons with aphasia. Designing Inclusive Interactions (CWUAAT’10): 157-166.
Springer-Verlag.
Al Mahmud, A., Aliakseyeu,D., & Martens, J.-B. 2008. Enabling storytelling by aphasics in an
augmented home environment. In Proceedings of the 22nd British HCI Group Annual Conference,
Vol. 2. British Computer Society, Swinton, UK, 3-6.
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allows a person to develop his or her bond with other people (Shen et al, 2002).
When a person, due to injury or disease, looses or becomes limited in his/her
ability to use language (for example, because of aphasia) she or he also loses
the ability to share stories, which can in turn lead to increased social isolation
(Hillis, 2007). Language disturbances interfere with narrative communication
at the single word or sentence level (Ash et al., 2006; Mar, 2004), so that this
ability to share stories is one of the most prominent and disabling character-
istics of aphasics. The basic premise in our research is that enabling aphasics
to better recount and express what has happened to them during the day can
help them to regain some confidence in their ability to communicate with oth-
ers.

Aphasia is an acquired communication disorder that cannot be cured, so
that most aphasics have to learn how to cope with this disability. Specifically,
individuals affected by expressive aphasia have difficulties expressing them-
selves through language. They can potentially benefit from technical support
during the creation of a story and/or while expressing it. Aphasic individuals
usually retain the ability to recognize image-based representations of objects
(Thorburn et al., 1995). This is extensively used in different assistive tools
(MindExpress, 2011), which are often referred to as Augmentative and Alterna-
tive Communication (AAC) devices. Both high-tech and low-tech AAC devices,
are used extensively in aphasia therapy (Sandt-Koenderman, 2004). Current
AACs mostly assist users in basic communication needs during the early stage
of aphasia. However, AAC devices often fail to meet the needs beyond the ini-
tial stage. Therefore, the acceptance of AAC devices among aphasics decreases
in the long run (Lasker & Bedrosian, 2001). Though AAC devices have obvious
merits, they also have drawbacks such as (a) AAC devices mainly support need-
based communication, (b) AAC devices depend on the use of icons and symbols,
which restricts the use since not all functions can be mapped to icons that are
easily understood and remembered, (c) AAC devices stigmatize people, which
implies that they prefer not to use them in a social setting.

People have various communication needs such as sharing information, so-
cial closeness and social etiquette (Light, 1988). AACs fall short to meet such
needs of people with aphasia. There are very few examples of systems that aim
at supporting such higher level communication needs. One example is the ESI
planner (Moffatt et al., 2004). ESI is a multi-modal daily planner designed to
enable individuals with aphasia to independently manage their schedule. There
are other isolated systems such as desktop-PDA (Boyd-Graber et al., 2006) and
Photo Talk (Allen et al., 2008) aimed at persons with aphasia. All these systems
are intended to support some specific tasks, and are less suitable for complex
communication needs such as storytelling. Social exclusion and social iso-
lation are often uttered as prominent characteristics of persons with aphasia
(Cruice et al., 2006; Davidson et al., 2008). We believe that technology, when
properly designed, has the potential to assist in reducing such social isolation.
Specifically, we think that technological support to capture, build and share
daily stories is likely to help aphasics to reduce social isolation and to improve
their quality of lives.
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2.2 Related Work

2.2.1 Storytelling and Aphasia

Storytelling is not only essential for the transfer of information, but also for pro-
moting social connection and maintaining or establishing social roles. There-
fore, storytelling exceeds the ability to adequately express direct needs and
wants and clearly supports other communication goals. There are several dis-
tinct aspects that need to be addressed when designing a storytelling system
for aphasics, i.e., (a) the ability to (re)collect materials in support of the story,
(b) the ability to build a story from these materials, and (c) the ability to ex-
press the story to others or to let others explore the story by themselves. Each
of these components creates a challenge in its own.

Storytelling can potentially be accomplished without (spoken) language by
means of multimedia such as photos, as was demonstrated in some recent pro-
totypes (Balabanović et al., 2000). However, these systems were not tailored to
persons with aphasia. Digital photos are beneficial for several purposes such
as cognitive assistance (Danielsson & Svensk, 2001), supporting conversation
(Hine & Arnott, 2002), creating personal stories (Jnsson & Svensk, 1995), and
self expression (Levin et al., 2007). As the cognitive abilities of many people
with aphasia are not seriously affected, we can assume that they can poten-
tially utilize digital photos to express daily experiences if appropriate support
is provided.

2.2.2 Lifelogging Tools and Storytelling

Life logging tools such as SenseCam (Berry et al., 2007; Gemmell et al., 2004)
help their users to collect daily experiences continuously and passively. The
downside of such systems is however that the volume of collected informa-
tion grows very fast and that an increasingly large effort is required to select
from these materials for story creation (Byrne & Jones, 2009). Life logging
tools have however been used by patients with dementia and Alzheimer to
assist their memories, rather than to build stories (Lee & Dey, 2008). Ad-
vanced AACs such as TouchSpeak (TouchSpeak, 2011) and MindExpress (Min-
dExpress, 2011) have been used by persons with aphasia to express simple
stories, despite the fact that these AACs offer only very limited storytelling sup-
port. One early exploration of improved storytelling support for persons with
aphasia was discussed in (Daemen et al., 2007). The early prototype presented
in this paper had some obvious limitations: 1) the physical form was somewhat
awkward and dictated by available components, and it was not easy for apha-
sics to capture events with the web camera while the camera was attached to a
tablet pc, 2) the prototype did not offer ample support to organize the captured
materials, such as photos, while constructing and expressing experiences, and
3) there was no provision for aphasics to collect experiences in a mobile setting
and later arrange those materials to create stories or re-experience the past.
There is hence ample room for improving different aspects of the storytelling
experience.
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In this chapter we focus on how people with expressive aphasia can be as-
sisted in gathering story materials such as photos, audio, etc. and later utilize
them to express stories. The contributions of this chapter are therefore: (a)
a better understanding of how technological aids can support communication
in persons with aphasia, (b) understanding of image sharing and storytelling
behavior and based on that design of CoCreation: a software program to dy-
namically upload and cluster photos suitable for a story creation, (c) the design
of a specific photo tagging and sharing application (XTag) that is inspired by
principles of storytelling, and (d) the results of a limited field evaluation of XTag.

2.3 Design Process

In the following section we describe several design iterations that helped to en-
rich the design of XTag. Three design iterations are discussed: 1) design itera-
tion I: design exploration of experience capturing devices through prototyping,
2) design iteration II: exploration of the story sharing process, the potential of
available devices and design of CoCreation: a tool that clusters digital photos
based on time and finally 3) design iteration III: XTag: designing and evaluating
an improved capturing and sharing device. For each of these design iterations
we briefly describe the design process, the main findings and the resulting
prototype(s). For design iteration three we describe the design process more
elaborately. We first describe the requirements gathering process that involved
a probe study with two aphasics. In the follow-up conceptual design stage
three concepts were explored before settling on one specific concept for further
development and testing. The resulting prototype was evaluated in a limited
field test with the same two aphasics who participated in the probe study.
We present the outcomes of this field test together with some methodological
lessons learned. We finish by comparing and contrasting our own design to
existing solutions in the extended discussion part.

2.4 Design Iteration I

In the first phase of the design exploration we focused on capturing experiences
in a home environment. We furthermore explored existing solutions such as
Microsoft SenseCam (Berry et al., 2007; Gemmell et al., 2004) and we also
investigated how existing devices could be tinkered to better serve our purpose.
Here we describe the exploration of two major design directions. For a more
detailed description we refer to (Al Mahmud et al., 2008), and (Al Mahmud &
Martens, 2009). The objective of the first exploration was to investigate passive
capturing of everyday activities, while the objective of the second exploration
was context-aware capturing of everyday activities.

2.4.1 First Exploration

We present the design of a system for aphasics that assist them in storytelling
(Al Mahmud et al., 2008). Our focus is on the creation of daily stories with
the help of passively captured materials, hence emphasizing the need for fairly
effortless interaction from the side of the end-user. End-user requirements
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gathering was especially difficult in this project, because of the verbal limi-
tations in our user group. We interviewed the proxies of the aphasics, such
as the caregivers (e.g., the speech therapist) and partners. As a first step to
knowing more about aphasia we visited a local rehabilitation center and inter-
viewed one of the speech therapists. The main discussion points were aphasia
and the capability of aphasics, the social life of aphasics, memory limitations
in aphasics, and the use of supporting technology by aphasics. Based on the
findings from the first interview we generated several concepts. These concepts
emphasize the following features: (a) image-based communication, (b) inde-
pendent expression of experience, (c) limited effort for collecting and sharing
experience, (d) appropriate means for expressing emotions, (e) use of comput-
ing technology, and (f) involving the partner in creating and expressing a story.
We have chosen three concepts for further exploration. The main goal was to
express how aphasics can report their daily activities and can share their daily
experiences with their partner and friends. Each of the concepts is divided into
two parts: (a) collection of the story materials, and (b) building and expressing
the story.

A concept booklet was prepared and was shown to two expert speech ther-
apists and a social worker in two locations (one in an aphasia rehabilitation
center, the other one in a local aphasia society). The concepts were shown as
storyboards and through video prototypes. The video prototype was similar to
role playing and showed an aphasic person named John going through his daily
activities such as taking medication, having coffee with his neighbor, watching
TV, etc. The storytelling support system in his home collected evidence and the
aphasic person reconstructed his day together with his wife Sara.

In the first phase of implementation, we focused on the concept for passive
capture of story materials through a ubiquitous camera and co-creating the
past with their partner. Since passive capture usually generates a huge col-
lection of images, filtering them prior to feeding them into the story creation
application was considered to be the main challenge. In the concept evaluation
phase it was also revealed that providing more images could be overwhelming
for the aphasics. Therefore, we ran a simple experiment to see the possibilities
of filtering images and providing only content-rich images for a story. A cam-
era was setup in an office environment for 8 hours and later the images were
reviewed with colleagues to find out interesting images. It was found that with
a simple webcam application running a motion detection utility a lot of images
were captured in which objects were not clearly recognizable. The images were
also discussed with colleagues. They concluded that images with an actor or
where the face is visible are the most interesting. This session gave us an idea
about the sampling algorithm required for the acquired images.

To present the acquired images for story building we built paper prototypes.
The story building application is itself made of images/icons. Representative
icons were chosen to indicate different functions. The application has the op-
tion to add or delete or preview stories. Additional options for decorating the
story were tagging, adding emoticons and recording or adding sounds (see Fig-
ure 2.1).
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Figure 2.1: The architecture of the capturing and story building system

2.4.2 Second Exploration

In parallel to our first exploration, we also explored other concepts of story cap-
turing through student projects (Wolf et al., 2008). The objective was to explore
context-aware capturing of everyday activities and early concepts were sent to
a speech therapist for her feedback. The first prototype (Figure 2.2:prototype
1) is based on the concept in the design booklet that received the most posi-
tive feedback from the speech therapist. In this first concept, sensitive objects
are placed around the house. They automatically record data (such as images)
when someone is near and light up to signal their activity. After a while they
fade out. The visual feedback from the object indicates that information has
been recorded. The data can be browsed by touching the object. This allows
experiencing the collected information in the same location where it was col-
lected. The designed object can be placed (on a table) in the living room. Each
webcam can be pointed towards a context that is considered important to tell
stories. One can be pointed towards the couch, one towards the dining table
and one towards the door. In this way, when someone comes through the door
a picture is taken. Each webcam has a linear LED array associated with it,
indicating if and when images have been collected. Sliding a finger along a spe-
cific LED array allows browsing the images. The selected image is shown on a
display that is integrated in the top surface.

The second prototype (Figure 2.2: prototype 2) also captures images and
sounds during the course of a day. Similarly to the first prototype, it can be
triggered by movement to autonomously collect information. The prototype
momentarily dims the light surrounding the camera lens whenever it takes a
picture and also records a short sound sample. The user can also initiate data
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collection by shifting or touching it. In such case, the prototype reacts by pro-
viding haptic feedback. The user can browse through the collected pictures by
means of a separate graphical user interface by moving a slider along a timeline
representing a complete day. By clicking the sound button, the sound sample
collected alongside the picture can be played. Some preview information is pro-
vided by showing automatically selected thumbnail images alongside the slider.

 

 

Figure 2.2: Prototype 1 (left): It uses three webcams that capture images when
movement is detected and has integrated viewing. Prototype 2 (right): The
behaviour of capturing can be influenced: touch to initiate picture taking, put
upside down to turn off

2.4.3 Conclusion from Design Iteration I

Based on the two design explorations we identified strengths and weaknesses.
In the first design iteration we found that huge amount of images are cap-
tured and to find an interesting image for telling stories is very challenging.
Though appropriate image selection algorithms may help to find interesting
images later, it could be the case that interesting images could be missing as
users were not aware of what was captured. The advantage of this process is
that users do not need to constantly think about the image capturing process
and therefore reduces burden from their side.

In the second design iteration, both prototypes were context aware that
means due to context change they capture moments. In contrast to the first
design iteration where image sampling is done later, in the prototypes of second
design iteration the sampling mechanism is done before capturing. Moreover,
the prototypes in the second design iteration have a good look and feel and
form factor. The shortcoming of the prototype 1 was that it was not robust
in operation. Moreover, viewing the captured image and also using the im-
age to create stories was limited due to a small display device. On the other
hand, prototype 2 was more robust and captured photos were presented based
on captured time. Initially our plan was to improve the prototype. However,
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based on the comments from the speech therapists and triggered by the ex-
pressed need to support a wider group of people with aphasia, we shifted our
focus towards mobile capturing devices that can support capturing outside the
home context. From our consultation with speech therapists and technology
providers for aphasics we came to know that it would be interesting to sup-
port experience capturing beyond home context such as going outside, meeting
someone at the therapy center. Obviously the prototype 2 which we thought to
improve could not provide support in this regard. However, we found the story
creation mechanism of prototype 2 interesting and investigated elaborately in
design iteration II. Over the time we also discovered a sunglass camera (Sun-
glass Camera, 2011) that could potentially help people with aphasia to capture
daily experiences. Therefore, we decided to more closely investigate the suit-
ability of the sunglass camera as an experience capturing device and decided
to go to another direction.

2.5 Design Iteration II

In the first design iteration we explored how to design suitable capturing de-
vices in the home context for persons with aphasia. Properly assessing the
value of these prototypes turned out to be quite difficult as a sufficient under-
standing of how the captured media would be utilized to express stories was
lacking. Therefore, in the second design iteration our objective shifted towards
exploring story sharing mechanisms. We designed a story sharing application
called CoCreation and assessed its potential interest for people with aphasia.

2.5.1 First Exploration: Understanding Story Sharing Mechanism
from Digital Photos

Sharing experiences from real-life events requires evidence captured in dif-
ferent forms, especially photos. Photographs have several functions such as
preserving memories about the past, narrating and organizing everyday ex-
periences, and communicating and building social relations (Harrison, 2002).
Photography has been proposed within ‘Aphasia Talks’ (Levin et al., 2007) as
a way of facilitating self-expression in persons with aphasia for reintegration,
improved socialization and as a means of meaningful recreation. The issue of
how people with special needs can be empowered to use photos to share expe-
riences does not yet seem to have been explored in depth.

We conducted an experiment to explore how an aphasic would tell stories
with the help of photos. An aphasic person (Gender: Male, Age: 65+) volun-
teered for the test. First, he was shown a single picture where an old woman
was playing cards and we tried to find out what he would tell if he would show
this picture to others. He expressed that if he finds that the other person (‘who’)
in the picture is not familiar to the audience, he would first try to clarify this
aspect. Once the person or object displayed in the picture was known, then
the most important thing would be to tell ‘what’ it is he/she is doing. When he
used pictures that he was familiar with, he naturally started to narrate about
these pictures expressing who were in the picture and how they were related
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to him. This was observed when he showed two pictures that were hanging on
the wall, a picture of his partner and her sisters, and a picture of his partner
and her tennis group. Therefore, providing personally relevant cues with ’who’
and ’what’ would help him to share if he was unable to find personal relevance
of the pictures. Later on, a series of four pictures were shown in order to find
out whether or not he would combine those pictures into a larger story. He
reflected on the pictures separately, since he did not consider that there was
a meaningful connection between them. The key implications are summarized
below:

1. Photos provide a suitable means for capturing and reporting past events.
Identifying ‘who’ and ‘what’ are represented in the photo are the first steps
in building and narrating an experience.

2. Contextually rich images can evoke memories in aphasics and conse-
quently can help them to express past experiences. The contextually rich
image should have a clear personal association. It has been reported that
there are four factors that influence whether or not an image is contex-
tually rich: a) the environmental context (setting, people, objects, and ac-
tivities), b) the interaction between the people and the environment c) the
personal relevancy of the represented scene, and d) the clarity with which
the elements that are key to the implied relationships are expressed (Dietz
et al., 2006).

3. Support should also be provided for clarifying aspects of ‘why’ and ‘how’
that is, why a picture has been taken and how it relates to a particular
experience.

2.5.2 Second Exploration

The objective of the second design iteration was to better understand image
sharing behavior and how this may guide the design of an advanced story
sharing application. We now discuss a successive exploration in which we first
designed a story sharing application called CoCreation based on proxy feed-
back and an analysis of existing photo editing applications. Later on, based on
an experiment to understand the value of image clusters we improved the de-
sign of CoCreation. In the following section we briefly summarize the steps that
were followed to design CoCreation. For a detailed description see (Al Mahmud
et al., 2010).

2.5.2.1 Conceptual Design

The conceptual design of our proposed storytelling application started with
brainstorming. In the brainstorming sessions several design students partic-
ipated. Students were given several scenarios to imagine and three represen-
tative concepts were chosen. Finally, a decision matrix (1-10 score) was used
to choose a concept to determine how a design would meet the specific criteria
and used for further exploration. We also discussed strengths, weaknesses,
opportunities and threats (SWOT) of each concept with the speech therapists.
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Several concepts were designed and representative designs were selected for
feedback from a therapist. The preconditions were that the new device should
a) support storytelling, b) be portable c) can be operated with a single hand
d) be customizable e) and does not stigmatize its users. After a discussion of
the generated concepts, one concept called CoCreation was chosen for further
development into a medium-fidelity prototype.

Several activities were organized to collect more support for the concept of
CoCreation, and to help fill in the details. The most obvious activities were a
literature study on storytelling, a prototype discussion with an aphasia expert,
and an experiment about picturing daily activities. The experiment helped us
to better understand the targeted experience of telling stories that greatly relied
on available pictures. In a first experiment, a design student took 20 pictures
of a daily activity (going for lunch) and tried to use them to relate the experience
to us without using a verbal explanation. First, she tried using the raw picture
material. Second, the pictures were grouped along a timeline and edited by
adding icons. The latter condition turned out to be obviously superior, as it
raised more assumptions in the communication partner. These results sup-
ported the idea that when multiple pictures are taken over a short period of
time, they most likely should be jointly used to illustrate an activity (or ex-
perience). From the storytelling principle we learned that, when the pictures
already allow to guess the easier 4 (who, when, where and what) out of the
5 W-questions, a tool that helps aphasics to prepare and focus on the ‘Why’
question would be most useful to get to the full story.

Based on the above insights, an initial sketch of CoCreation was created (see
appendix A), and this low-fidelity prototype was presented to a speech thera-
pist for her feedback. She found the concept very interesting and valuable for
people that have chronic aphasia. While discussing several trial versions she
gave feedback on aspects that should be adapted. She formulated opinions on
whether or not aphasic users would be able to perform the actions that were
required in the interface, and on whether or not they would understand the
provided information. She contributed ideas on how the pictures should be or-
ganized along the timeline that provided the overview of available pictures. She
assisted in selecting the icons that provided access to the different functions
available for editing a specific image. Amongst others, she agreed that icons
that are black encircled are nicer and less childish. Moreover she objected
against standard icons representing emotions such as ‘confused’ and ‘enjoy’,
as being too difficult to interpret. On the other hand, she proposed to let the
users make a personal selection from icons in a small database of available
icons.

A user test with the low-fidelity prototype was also conducted with an apha-
sic person. He became aphasic seven years ago and is now characterized as
mild aphasic. The fact that this person had evolved from severe to mild aphasia
meant that he could give us an informed opinion on what a more severe apha-
sic could do and could understand in terms of the proposed interaction and
usability. The feedback he gave was mainly on the screen where a picture can
be edited, and especially on the icons being proposed. Here is the summary
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of the results from the prototype screening with the speech therapist and the
aphasic person.

• Make a more visually illustrated timeline, by using pictures of a clock.

• Make the clusters of the images more distinctive, by using specific colors.

• Leave out the page of image clusters altogether, it is too complex.

• Restrict the amount of pictures that can be loaded into the program and
restrict the amount of pictures that can be part of a cluster to 6.

• Clustering on pictures over a time span of 5 minutes might be too short,
larger time intervals might be required.

• Include only the functionalities that a person can use; so for instance
removing text input for some (severe) aphasics.

• Do not include distractive design features such as pop-up menus, too
deep navigation.

2.5.2.2 Description of CoCreation: Interface Design

CoCreation is a software program that supports aphasics to share their experi-
ences, by addressing the five W’s (who, where, when, what and why). The five
W’s is a method to get the full story on something and hence plays an impor-
tant role in sharing experiences. CoCreation automatically uploads the user’s
pictures and clusters them as a function of time (in the future, possibly also
involving location) that they were taken. The clusters are ordered along a (time)
line and up to four clusters can be expanded to simultaneously show up to
six individual images per cluster. The user can select an individual image in a
displayed cluster, which is enlarged to full screen. In this full-screen mode, the
selected image can be edited by dragging icons or by drawing on top of it. An
image caption can optionally be created by typing in text. The pictures set the
context for the story, while the additional tools allow the user to add informa-
tion that is considered useful for sharing the experience.

CoCreation hence consists of four screens: a startup screen, a setup screen,
a cluster screen and a specific picture screen (see appendix A). The start-up
screen informs which functions are activated. The set-up screen is where ad-
ditional functions, such as typing and drawing can be activated. The cluster
screen allows the user to browse through the clusters of pictures that have
been uploaded by a separate camera tool in a predefined folder. The interface
is capable of simultaneously showing the contents of four different clusters into
colored groups. The remaining clusters can be accessed through the timeline
where each cluster is represented by the first picture in that cluster. The spe-
cific picture screen helps to add information to a selected picture. This can be
done by dragging icons onto the specific picture and typing and drawing when
these functions are activated. The adaptations can be saved so that the user
can review them later on (together with a discussion partner). Pictograms of
Sclera (Sclera, 2011) were used as a basis for the icons. Sclera pictograms are
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also used at the local rehabilitation center for aphasics.

The different versions of CoCreation that were created for discussions with
users, usability engineers and graphical designers did not differ in functionality
but in interface. Specifically, variations were created in how the time lime was
rendered, which icons to render and how the start-up and set-up screen were
organized. This mostly helped to improve the look-and-feel of the interface.
Therefore, in its current version, the CoCreation interface has been thoroughly
explored, but some of its core assumptions, most specifically, the value of image
clusters, still needs to be validated.

2.5.2.3 Understanding the Capturing and Sharing Behavior

An experiment was set up in order to better understand the process of tak-
ing pictures and sharing experiences. The objective was to obtain feedback on
whether or not the CoCreation application could be of assistance in a photo
sharing process. The experiment was also set up to obtain information on key
aspects of the design, such as how many pictures are taken per day and per
activity, what is the average time between pictures, etc.

Four non-aphasic participants (2 male and 2 female, age range 21-22), in-
cluding their partners volunteered for the experiment. Participants were asked
to capture their daily experiences through digital photos. On the next day,
participants were asked to share the stories using the photos with us and with
their partners in a face-to-face setting. In order to imitate to some extent the
situation of an aphasic person, more specifically, to seriously reduce their lan-
guage fluency, the participants were only allowed to talk in French (or German,
in case they were less fluent in German). Later, participants expressed the
same story in their native language (e.g. Dutch) for comparison purposes. In
the last stage, participants were asked to use paper icons, drawing pad and a
keyboard on paper to express stories. The experiment was conducted over four
days. The storytelling sessions were video-recorded for further analysis. Par-
ticipants were interviewed after each session to know their preferences about
how to optimally cluster the captured photos and how to best use icons and
related other supports such as keyboard and drawing pad to assist in sharing
of the stories.

Results. The experience of the first day taught the participants that it is
more difficult to communicate their stories with the help of pictures than they
had considered beforehand. Participants also discovered that their pictures
did not always cover what they wanted to share. Due to the fact that many
pictures were not very specific, and most participants lacked sufficient knowl-
edge of French to compensate for this, it took quite some time and effort to
understand what the participants were actually trying to convey with a picture.
In general, participants made much use of gestures and non-verbal sounds,
which seems to indicate that our experimental setup did indeed mimic some of
the problems and behaviors also observed in aphasics. In response to this first
experience, most participants took significantly more pictures on the second
day, and many of these pictures indeed formed clusters as a function of time.
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They were much more aware in advance of what they wanted to share and took
pictures accordingly. As a result the pictures covered the global storyline, indi-
cating what activities had been done. As the pictures revealed mostly activities
and not experiences, the conversations also tended to focus on activities. The
inadequate French of the subjects simply did not allow them to address aspects
that were not apparent from the pictures. This indicates that additional (off-
line) tools are indeed required if one wants to communicate all relevant aspects
(especially the why question) of an experience. Most partners of the partici-
pants spontaneously started asking questions in response to the obvious com-
munication problems of the participants. Although the questions were mostly
closed in nature (often requiring a yes/no answer), they did substantially assist
in enhancing the quality of the communication and reducing frustration. The
stories were obviously well considered beforehand, as the global storyline was
in most cases very well depicted in the pictures. So the focus in this second
session was most of the time on clarifying details.

The number of pictures taken per day, as well as the number of clusters,
tended to increase as the participants progressed in the experiment. At times,
participants realized afterwards that they had been taking pictures of activities
that they did not find interesting to tell about, while at other times they did
not take pictures of something they afterwards wanted to share. On average
approximately 15 to 20 pictures were taken by the participants, divided into
approximately six to seven clusters a day. There were noticeable differences
between participants, however. Participants were able to better express their
stories when icons, a drawing pad and a keyboard could be used. Such addi-
tional tools are especially useful to answer the ’Why-question’ when the ability
to communicate verbally is failing. During the part of sharing the experiences,
the icons were often used (a total of 34 times), the drawing pad four times (once
by each participant) and the keyboard was not used at all. This seems to have a
logical reason, because it is easier to use an icon which immediately expresses
an emotion or an event, rather than making an effort to type the same infor-
mation in French (or German in one case).

Participants mentioned that using the drawing pad to explain something is
useful; however it takes substantially more time, compared to using icons and
some simple (French) vocabulary. The reason that the keyboard function was
not used by our participants is that their limitation was in their vocabulary,
not in expressing words that they knew. Once an appropriate word had been
recalled (from memory), expressing it verbally was easier and faster than typing
it. Obviously, this may not be the case for people with aphasia, so that our ex-
perimental set-up is certainly not representative in all aspects for the situation
of aphasics.

The experiment helped to lend credibility to our assumption that the com-
bined functionality offered by CoCreation is useful for people with verbal lim-
itations sharing stories, and could therefore also profit people with aphasia.
Especially the icons were helpful for sharing experiences, and it was there-
fore considered worthwhile to more closely investigate what kind of aspects
cannot be told with pictures, but can be told with icons. We analyzed the
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video-recorded conversations of the experiments in search of arguments of why
the (existing) icons are valuable. It was observed that especially objects/people
that were not depicted in a picture, but that were nevertheless important for
the story, created the most problems when sharing experiences between par-
ticipants. For example how to express the situation when someone is waiting
for somebody (e.g., wait for a friend to meet). Other aspects that were extremely
difficult to convey through pictures, and that should possibly be addressed by
including additional icons or tools, are:

• Judgmental words: Icons that are associated with words that express
opinions (e.g., good, bad, beautiful, ugly).

• Human interaction: Icons those are able to indicate who has been say-
ing/doing what, icons that show interaction between people. (e.g., help-
ing, cuddling)

• Categories: Icons that show to what kind of category an activity belongs
to, if that isn’t clear enough.

• Location/Owning: Icons that point out whose location/object this is.

When considering the set of icons, it can be concluded that the minus, weather,
mail, and present icon are not so valuable and that they could be replaced by
more emoticons and human interaction icons. The icons that are not used
depict very specific information and are thus less applicable in multiple situ-
ations. However that does not mean that they are not useful at all. Therefore
it will certainly be valuable to create the opportunity to upload custom icons.
But for now the available icon did contain icons that can complement the in-
formation that is already depicted in the pictures and that can be applied in
multiple situations. One specific, and potentially useful suggestion, was to put
the name of the user on the “human-icon” that wears the blue sweater, while
the label “friend” can be placed on the “human-icon” that wears the purple
sweater. This is an easy indication of which human-icon depicts who.

2.5.2.4 Redesigning the CoCreation Interface

The experiment led us to rethink the design of CoCreation. The suggestions
given by the speech therapist on the prototype also provided relevant input.
Therefore, the following redesign requirements were formulated:

• An overview page (e.g. a calendar) should be implemented, so that not all
the pictures have to be loaded, or browsed through, in order to find the
specific cluster of interest.

• The design should incorporate key observations from the experiment. Ap-
proximately 15 to 20 pictures divided into 6 to 7 clusters per day were
observed as being common. The clusters have an average 3 pictures;
though clusters that contain 5 or 6 pictures also occur.

• The experiment also revealed that in cases where only a few pictures were
taken during an entire day, it is more beneficial to show them individually,
rather than in clusters. There is simply no point in clustering 4 pictures
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that are taken during the course of a single day. The clustering should
hence only be used in case the number of images exceeds what can be
comfortably displayed on a single screen.

• It should be possible to delete pictures within a cluster, so that useless
pictures, such as pictures that are out of focus, do not distract the user
and the discussion partner when sharing a story.

• The icon set proposed in the previous section should be made available.
It is also important that the standard set can be extended with custom
icons (that for instance express personal interests, such as hobbies).

• The new design should make use of ‘smart’ colors; a combination of colors
that highlight the different functionalities, but that do unite these sepa-
rate functionalities into one interface.

2.5.2.5 Proxy Feedback

After the redesign of the application, an evaluation of the final design of CoCre-
ation was performed. The application was evaluated with a speech therapist
to understand what aphasics using the interface were likely to do or to under-
stand. The evaluation outcomes are discussed per screen of CoCreation.

Cluster screen. Being able to delete pictures by using the red-cross button
in the upper right corner is appreciated. It is however not possible to upload
other pictures into a cluster. Speech therapist: They are capable of deleting
unimportant pictures; however they are not capable of uploading the right pic-
ture (from a database).

Icons. To show only the most frequently used icons. Other icons can be
found when clicking on “more” (right arrow). Speech therapist: Although the
icons that are always shown are enough, you should take into account that
aphasics will forget the other icons (or other categories) if only the most fre-
quent used one is shown. To remind them that there are other icons, show
the most frequently, used icon per category and distinguish them by a different
background colour.

The speech therapist also watched some parts of the conversations recorded
in the experiment, which led to some general remarks. These remarks were not
taken into account when redesigning CoCreation, but are suggestions for test-
ing with aphasics. The participants in our experiment often made gestures,
which is atypical for aphasics in two respects. First, most aphasics can only
gesture with one hand, and their gestures are usually less smooth than in
healthy individuals due to their weakness of the right arm and leg. Second,
the variation in their gestures is often limited due to their damaged language
system. Another aspect that should be considered in relationship to gestures
is that they are not an inherent part of Dutch culture, so that using gestures
is likely to make you stand out or look weird.
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 Figure 2.3: Snapshots of the final interface design of CoCreation. The overview
screen (top) shows green squares when pictures were taken. The red square
highlights the current selection. Next, the cluster screen (bottom) shows the
pictures in the first cluster.

Sharing/Editing with icons. Although it will certainly help for aphasics to
review the pictures before sharing them with their partner, the speech therapist
thought it unlikely that they would edit the pictures with the icons beforehand.
She thinks that aphasics cannot individually use the icons so icons primarily
will be used when their partner ask a question, while already sharing. Obvi-
ously, this hypothesis needs to be investigated with the finalized prototype by
means of a user test that involves aphasics.
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Figure 2.4: The edit screen (top) and remaining cluster screen (bottom) are
used for editing and navigating, respectively.

2.5.2.6 Discussion

Sharing experience is one of the key communication aspects that need to be
supported for aphasics as mentioned in (Light, 1988). CoCreation is an appli-
cation that specifically targets to support the sharing of stories. CoCreation is
potentially valuable for aphasics for the following reasons. Firstly, unlike ex-
isting communication aids, such as the communication book or TouchSpeak,
CoCreation combines several alternative means of communication, while the
content is determined and delivered by the user. This creates a shared context
between the user and the discussion partner and the application which lever-
ages the ability to share experiences. Although there are several applications
which support clustering and editing personal pictures, these have drawbacks
for aphasics. In addition the amount of information that should be processed
in order to interact with these applications is too much for people with aphasia
due to possible cognitive disabilities. Secondly, by clustering the pictures per
activity, the amount of information shown at a time is limited which helps the
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aphasics to concentrate on one activity at a time. Furthermore, the interface of
Co-Creation spreads the information available by minimizing components that
are not in use. This aspect is in line with design guidelines for people with mem-
ory and language disabilities as mentioned in (Singh, 2000). Thirdly, CoCre-
ation uses the pictures as a starting point for the conversation. The pictures
are the most important communication means and tell the global storyline.
Nevertheless, pictures alone often cannot reveal all relevant aspects, in which
situation icons, typing and drawing are means to specify additional informa-
tion. Digital photographs have been utilized as cognitive assistant (Danielsson
& Svensk, 2001) and for people with aphasia in expressing opinions in the Dy-
naVox application (McKelvey et al., 2007). However, the difference is that in the
DynaVox application pictures should be added manually in different clusters
and specific pictures should be organized beforehand based on contextual fac-
tors such as environment, person etc. In CoCreation pictures can be uploaded
dynamically and editing can be done while sharing stories.

Story listeners and their attitudes and preferences are very essential to the
storytelling process as mentioned by Lasker and Beukelman (Lasker & Beukel-
man, 1999) who explored adult peers’ perceptions of a communicator with
aphasia. As we observed in our experiment, the discussion partner can heavily
affect the success of sharing stories. If he or she carefully listens, supports the
user by asking rhetorical questions, the communication will be more success-
ful, because the user is more at ease and less likely to get frustrated.

The experiments that were conducted with able-bodied users shed light on
the collecting, editing and sharing process of people that had difficulty with
verbal and written communication. However, similar experiments should be
conducted with people that actually have aphasia, since they often have cog-
nitive disabilities which could lead to different actions and results during the
collecting, editing and sharing processes. For example, it could be the case that
aphasics do not use icons to edit the pictures before sharing the experience,
but use them instead while their partners ask questions during the sharing
stage. Nevertheless, the conducted experiments can be used as valuable input
for further research. In addition, although an evaluation with the speech ther-
apist did shed some light on which interaction features are likely to be used
and understandable for aphasics, an actual user test involving real aphasics
should be conducted with the prototype once it is sufficiently far developed.

2.5.3 Conclusions from Design Iteration II

From the design iteration II we learned more about sharing behavior through
proxy experiments and through experiencing the prototype CoCreation. We
have described how an application for browsing and annotating digital pic-
tures, called CoCreation, can help people with expressive aphasia to better
express past experiences. However, it is equally important to focus on a suit-
able experience capturing device to assist in collecting pictures. In our next
design iteration, we would like to build an aphasia friendly experience captur-
ing device that can be used to capture photos and possibility also other media
such as sound, for creating stories.
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2.6 Design Iteration III

The objective of this design phase was to utilize two main design directions a.
utilizing a sunglass camera as an experience capturing device b. utilizing digi-
tal photos to express stories. In the first design iteration we mentioned that we
changed our direction as we have found a sunglass camera that might be suit-
able for aphasics to capture daily experience. However, we have not validated
this assumption with end users. In the second design iteration we explored how
CoCreation can help to express stories. One assumption that we also could not
verify was that how the 5Ws can be utilized to express stories. In design iter-
ation III we validate these two assumptions. Moreover, we were able to recruit
two persons with aphasia who helped us to validate these assumptions.

In the following sections we discuss different stages in the design of a new
capturing and sharing device, called XTag, intended to enable aphasics to bet-
ter capture everyday experiences. This device is intended to be used in combi-
nation with other life-logging tools. XTag is different from existing life-logging
systems in at least two respects: (1) it assists in capturing experiences manu-
ally, and (2) it assists in categorizing the captured materials, which is expected
to make it easier to query them later with the help of a narrative interface. Our
long-term goal is to use XTag as one of the components in an overall system
that helps aphasics in communicating everyday experiences as a form of con-
versational storytelling. We first describe the requirements gathering process
that involved a probe study with two aphasics. In the conceptual design stage
following this study three concepts were explored before settling on one specific
concept for further development and testing. The resulting prototype was eval-
uated in a limited field test with the same two aphasics from the probe study.
We present the outcomes of this field test together with some methodological
lessons learned. We finish by comparing and contrasting our own design to
existing solutions in the extended discussion part.

2.6.1 Requirements Gathering

Technology probes have been used frequently in design environments where it
is difficult to apply standard ethnographic methods (Hutchinson et al., 2003).
We conducted a technology probe study with two aphasic participants. The
objective was to determine the potential impact of media such as photos, sound
and GPS on the ability of aphasics’ to (re)tell personal experiences. Data was
collected through logging of probe usage and by conducting semi-structured
interviews.

2.6.1.1 Participants

Two participants (P1 & P2) were recruited through a local rehabilitation cen-
ter. Earlier a certified speech therapist administrated the Aachen Aphasia Test
(AAT) to participant P1. The Aachen aphasia test is a standardized test for
aphasics to determine progression in different stages of the aphasia (Huber et
al., 1984). The test addresses six language-related aspects: spontaneous lan-
guage, token recognition, repeating, written language, naming, and compre-
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hension. The other participant P2 was unable to do the AAT due to his severe
aphasia and the speech therapist conducted an Implicit Association Test (IAT)
that provides a measure of strength of automatic associations (Greenwald et
al., 2003).

P1 is an adult male (age 56) who, as a result of a stroke about one year
ago suffers from aphasia and lives with his wife. P1 speaks full sentences at a
fluent pace, but sometimes makes word-choice errors. His AAT test shows that
his speech, writing and language comprehension impairments are mild. P1
was unable to return to his job as a mechanical engineer following his stroke.
Despite P1’s communication and physical impairments, he is still comfortable
performing many activities independently. P1 attends speech therapy once a
week. P2 is an adult male (age 53) who, as a result of aortic surgery 2 years
ago, suffers from severe aphasia and weakness of the right arm and leg. P2 is
unable to speak more than a few isolated words, and is able to write only partial
single words. The semantic association test showed that he suffers from severe
speech and writing impairments. His comprehension and visual semantics are
moderately impaired. P2 was an assistant manager at a grocery store and he
was unable to resume work due to his brain injury. However P2 still is able to
operate appliances like desktop computers, TV sets, small PDA like devices. For
communication he uses limited speech, gestures, or written notes. P2 attends
speech therapy once a week. P2 lives with his wife, daughter and grandson.

2.6.1.2 Procedure

The researcher met the participants at home and meetings were accompanied
by family members for support. The first meeting lasted approximately one
hour and background information, skills and test strategies were discussed.
Probes for the test were: a digital camera, a voice-recorder, and a GPS data
logger see (Figure 2.5). Participants were asked to take pictures of events/ex-
periences they would like to share, for a period of one week. Audio samples
could be collected as well. Furthermore they received a GPS data logger which
kept track of their locations over time. At the subsequent meeting (one day af-
ter capturing), the researcher asked questions about how they had been using
the probes for capturing experiences. The discussion involved several steps.
Firstly, sharing the captured experiences without the help of pictures, audio,
or GSP information from memory. Secondly, the participant used the captured
pictures, audio and GPS data for retelling the experiences. Participants nar-
rated the experiences by browsing through the pictures one by one with the
help of MS PowerPoint. During this round the researchers asked questions
to elicit detailed stories and provided cues that could be suitable for aphasics
while retelling an experience. Thirdly, the participants were asked to cluster
and categorize pictures into several events. Finally, the participants were asked
to answer some post-test questions and rate some statements. The sessions
were videotaped and observation notes were taken.
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Figure 2.5: The technology probes used in the study.

2.6.2 Results

Both P1 and P2 used the probe(s) outside of their home and in a social setting
such as during a group therapy meeting. P1 took 19 photographs and P2 took
8 photographs. P1 recorded 1 audio sample and used the GPS data logger at
all times. The events P1 captured were: playing with the dog, internet banking,
cycling, watching TV, waking up, breakfast, cab ride, speech therapy, relax-
ation, and fitness. P2 did not use the sound recorder and the GPS data logger.
He captured images of meeting people at the rehabilitation center, of relaxing,
a picture of his therapist, etc. The captured images were categorized as people
(who), places (where) and activity (what) category. Most of the captured mate-
rials were related to the activity category.

P1 used pictures and audio for assistance while sharing experiences. His
memory and communication skills were sufficient to share experiences without
the help of additional media. However, he did point out that pictures and audio
supported him to explain and share his experiences in a more detailed man-
ner. Some of the pictures that P1 had taken were very blurry up to the point
where he had problems remembering their content. While discussing the use-
fulness of the photos for experience sharing, P1 mentioned that the chronology
of events was of no great importance to him. Chronology of pictures and other
media within a single event however did matter and such media should hence
be properly sequenced in time.

A few usability problems were uncovered during the field study. As ex-
plained, the autofocus feature of the digital camera created problems in that
several pictures were out of focus. Both participants were also uncomfortable
with operating the camera single handedly, as the camera was clearly not de-
signed with such usage in mind. P1 wished to take pictures of himself when
he wanted to share his feelings, which was simply too difficult with the ex-
isting camera. We analyzed the picture content to understand what kind of
stories people conveyed with the photos. We observed that aphasics easily
recognized the photos and the underlying stories behind the photos. Words
expressing emotions were often used while expressing stories. Digital photos
created shared content and context for the discussion partner. Since the com-
munication partners were not present during the photo capturing, there was
a need for detailed descriptions while showing the captured information, un-
less the materials were self explanatory or preprocessed. For P1 less prompts
were required to extract the underlying stories from the photos. Spontaneous
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narrations were most frequent for P1, while for P2 induced narrations were
dominating. This was in accordance with the fact that P1 only has mild apha-
sia, while P2 is a severe aphasic. The word/sentence length in case of P1 was
significantly longer than in case of P2. P2 found it very difficult to express him-
self through the photos. He was mostly focusing on what was in the pictures
rather than on the underlying experience. For P2, much support was required
from the communication partner in the form of cueing to answer something
properly, or questioning to gain details of the event being portrayed. For ex-
ample, in one of the photographs, P2 recognized the person but was unable
to name her. His wife and daughter were helping him by uttering the first few
letters of the name.

2.6.3 Design Implications

We have observed that digital photos, sound and GPS data have potential ad-
vantages for persons with aphasia. However, how to utilize those media for
expressing day-to-day experiences is less obvious. From the probe study we
summarize the following requirements for improved support:

• Aphasics would benefit from a simpler capturing device that they can op-
erate with their non-dominant hand only.

• Categorization of the captured media would help aphasics to recall events
later on. Support to tag and express emotions therefore seems interesting.

• Support for categorizing and re-telling the underlying experiences could
be useful.

2.6.4 Designing a Tagging and Sharing Tool

2.6.4.1 Conceptual Design

Several design ideas were generated through brainstorming. All ideas aim at
coupling extra information to the picture being taken, such as the mood of
the user at the time when a picture is captured. The large button on the top
of the remote controller device in Concept 1 of Figure 2.6 (left); triggers the
digital photo camera. By sliding the slider to the left or right aphasics can
express if they feel happy or sad when taking the picture. The second idea
(Figure 2.6-middle) is an extension of the first idea. Instead of adding a one
dimensional emotion to the picture, this idea proposes using two-dimensional
information. Again, by pressing the button on top of the cylinder the digital
photo camera is triggered. The top part of the cylinder can however also be
turned, and feedback is provided through changing the color of the light within.
The different colors represent different moods such as red for angry and yellow
for happy. By shaking the cylinder vertically the intensity of the color can be
influenced, hence expressing the intensity of the mood. The third idea (Figure
2.6-right), which will be explored further, is to add information that is not
continuous but discrete, i.e., by selecting an emotion and a category from a
number of predefined options. In all concepts, the capturing action could be
performed by a camera mounted on an ear headset (or on a pair of glasses).
A decision matrix (1-10 score) was used to choose a concept where 10 was
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the best score. We discussed strengths, weaknesses, opportunities and threats
(SWOT) of each concept with the speech therapist before settling on one concept
for detailed design.

Figure 2.6: Expressing emotions: concept 1 (left), concept 2 (middle), and con-
cept 3 (right).

2.6.4.2 Final Design: XTag

The initial design ideas were discussed with the speech therapist. The design
opportunities were reviewed and it was decided to develop a tool that integrates
the capturing of pictures with sound recording. The action of taking a pic-
ture was divided into multiple actions, namely aiming, triggering and adding
a mood or category. To separate the triggering and aiming actions a remote
triggering device was proposed. As we have observed in the requirements gath-
ering phase, operating and aiming a digital camera is cumbersome for aphasics.
Therefore, similar capturing devices such as a mobile phone camera may also
pose a challenge for them. Consequently, a sunglass camera would potentially
be helpful for aphasics as a capturing device. A sunglass camera has several
advantages for aphasics such as a) aphasics can wear the glasses and look at a
particular object and can take pictures easily, b) aiming the sunglass camera is
easy as it is in line with head movement and reduces the burden for aphasics
as they do not need to grab the capturing device with both hands. We used an
off-the-shelf sunglass camera that can capture 1.3 megapixel still images (at
a resolution of 1280x1024) (Figure 2.7). The sunglass camera has a remote
control (RF remote frequency: 2.4GHz) to capture photos and 1 GB of storage.
We designed a new handheld controller (tagging tool) to add more functions
to the existing remote controller. The resulting tagging tool has several but-
tons which reflect some storytelling principles, such as answering (some of)
the 5 Ws (who, where, when, what and why). Three of the buttons are labeled
as: who, where/what and emotion. Either auditory or visual feedback should
be provided when one of these buttons is pressed. The four remaining but-
tons are used to add emotional expression to a photo, and have emoticons on
them. The four emoticons are happy, sad, amazed, and angry. It has been
demonstrated that such emotions can play a facilitating role in the communi-
cation with language-impaired people (Lorch et al., 1998). To re-experience the
captured materials a narrative interface was designed which can playback the
captured materials (pictures and audio) together with the annotations made
with the remote control.
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Figure 2.7: The sunglass camera and the remote controller (“Camera Sunglass”
2011

2.6.4.3 Implementation: XTag and Narrative Interface

The tagging tool (Figure 2.8) was prototyped using an Arduino controller and
the remote controller of the sunglass camera. A sound recorder was integrated
into the tagging tool. The casing was designed in SolidWorks and the narra-
tive interface was designed using Flash and Action script. The tagging tool has
three large input buttons to select the categories. In addition there are four
smaller input buttons to select the desired moods. Pictures are captured by
pressing any of the trigger buttons (who, what/where). Sound fragments are
captured by pressing a button placed on the left side of the controller. A sound
recording can be stopped manually by pressing this button a second time, or
the user can leave it up to the system to stop the recording automatically after
1 minute. A typical experience capture follows a sequence of actions. Firstly,
pressing the ‘Who’ button triggers a picture capture and will turn the indica-
tor next to the button green. The user can make a (first) sound recording while
this green light is on. Secondly, pressing the next button which is ‘where/what’
button will trigger a second picture recording, as well as a recording of the GPS
coordinates. The indicator light next to the ‘Who’ button turns red, indicating
an off state, and the indicator light next to the ‘Where/What’ button turns on,
indicating an active state. The user can again make a sound recording if he
wants to. Finally, the emotion button is pressed, which turns the green light
next to the ‘Where/What’ button red, a desired emotion can be chosen using
any of the four buttons with emoticons. The XTag device is now ready to cap-
ture a new experience.

Upon receiving the signal of one of the trigger buttons the Arduino performs
a number of actions. First the Arduino activates the remote control of the
sunglass camera. This is done by bypassing the button of the existing remote
control of the sunglasses camera. Secondly, the Arduino stores information in
its internal memory in the form of text strings. Some strings contain informa-
tion about the activated category (who, what/where, or emoticon), including
button events related to the sound recording (start and stop time) or the se-
lected emoticon. Another string contains information about the date, time and
location (GPS coordinates) of the recording. All strings related to a single ex-
perience are printed out in the narrative template at the time the experience
is shown in the narrative interface (Figure 2.9). The user can transfer the
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captured pictures, audio and annotations into the narrative interface by con-
necting the XTag device, the sunglass camera and the GPS logger through USB
connectors. The scrollbar on the right in the interface allows to scroll through
the captured experiences of a single day, while the calendar allows to select the
day of interest. Two pictures, captured with the ‘who’ and ‘what/where’ but-
ton, respectively, are shown next to a textual field (currently containing day an
time of the recording) and an emoticon field. The user can select the ‘who‘ or
‘what/where‘ picture by clicking on it, after which he can start and stop playing
the corresponding audio recording by clicking on the play button underneath
the pictures. The sound recordings can be heard by clicking the play button
and scroll through each experience by using the scroll button situated at the
right side of the narrative interface.

2.6.4.4 Feedback Session with the Speech Therapist

The XTag prototype and the narrative interface were demonstrated to the speech
therapist. The goal was to understand the suitability of the concept for apha-
sics and also to discover potential design flaws. The main concern was whether
or not, in her opinion, people with aphasia would be able to understand and
operate the tagging device and the narrative interface. The therapist advised
us to reduce the number of options of the tagging tool as they might confuse
persons with aphasia. She also mentioned that the narrative interface would
be understandable by the aphasics given that some sort of support would be
available from the communication partner. She appreciated the interface as
it is based on explicit categories of information that are easy to understand.
Based on her comments we reduced the number of emotion buttons from the
original 8 to the 4 shown in the final design of the tagging tool in Figure 2.8.

Figure 2.8: The tagging tool (left and middle) and the sunglass camera on the
top of a cap (right).
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Figure 2.9: The narrative interface showing the two pictures associated with
a single experience, next to information on the day and time and the attached
emotion. Audio recordings can be activated through the play button at the
bottom.

2.6.5 Field Evaluation

The objective of the test was to ascertain the impact of early categorization of
images at the same time as the capturing event. The same two participants (P1
and P2) that assisted us earlier were introduced to the technology probes which
they were allowed to use for one week. The probes were: the sunglass camera,
the tagging tool (see Figure 2.8), and a GPS data logger. Since both the partici-
pants already wore spectacles it was not feasible for them to wear the sunglass
camera. Equipping the sunglass camera with prescription glasses was also not
an option. Therefore, we attached the sunglass camera to a cap. After hand-
ing the probes there were several meetings over the week where the researcher
asked questions to the participants about how they had been using the probes
for capturing experiences. The discussion involved several steps. Firstly, par-
ticipants had to tell about the captured experiences from memory. Secondly,
the participant used the captured pictures, audio and GPS data for retelling
their experiences. The captured experiences were presented on the narrative
interface during this stage. Finally, the usability of the concept was discussed
through a set of questions and (yes/no) statements. The partners of the apha-
sics were present during the interview sessions. The interview sessions were
video recorded and field notes were taken.
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2.6.5.1 Results

Here we present general findings followed by the analysis of the two case stud-
ies. P1 only used the probes for 2 days, capturing 2 events, due to battery
failure. No sound recordings were made but the GPS logger was used at all
times. P1 did not have any problems operating the device. The amount of
constructive feedback on the concept was satisfactory. Because of the battery
failure the sunglass camera started to capture images automatically, with sur-
prisingly positive results. P2 captured daily events such as gardening, having
a chat with friends, but did not capture any GPS or audio data. P1 used the
device for mundane tasks such as when he was riding a bike (see Figure 2.10).
This was convenient for him since he could operate the camera easily while
he was on the move. P1 was more independent while using the probes and
expressing stories than P2. During the interview sessions both participants
expressed that they found the concept of XTag useful and they understood its
operating principles. We now provide more detailed discussion about the feed-
back on different aspects of the concept.

Categorization and tagging. Both participants liked the idea of simulta-
neously tagging pictures when capturing. P1 mentioned: I think this is very
convenient; categorizing pictures later on takes too much time and effort. The
selections who and what/where are okay, but the freedom within one experi-
ence is very limited.

Narrative interface. Both P1 and P2 liked the narrative interface as it gave
a clear overview of the captured experience. However, participants mentioned
that the narrative template was probably too restrictive in its current form. P1
mentioned: The interface is clear and simple, which is what I like about it. How-
ever I think I would like to see an overview of all the experiences that I took on a
single day before focusing on a specific one. Both categories are always shown
equally. I would like to see the category which isn’t applicable blend into the
background. This way my attention can be focused only on the category that I
want to tell something about, so if I tell something about a person the category
what/where should fade out. Both pieces of advice within the previous com-
ment would be worthwhile to consider in a future version of the interface.

Advantage over traditional photo camera. The participants appreciated
the design which was better than a normal digital camera. The main advan-
tage was aiming the camera. This was justified from the comments of P1: With
this tagging system you’re able to easily aim the camera just by looking at the
desired object. However, the focus point of the camera is a bit problematic be-
cause the camera is now placed on a cap on my head. P2 liked a normal digital
camera since it had a display device which gave direct feedback. However, he
appreciated that the tagging tool was much easier to carry and operate.

Handheld controller for tagging. P1 and P2 found operating the tagging
tool very easy. The buttons were large enough and the distance in between
them was sufficient in order to avoid unwanted selections. The buttons for
selecting the categories (who, what/where, emotions) were also clear though
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Figure 2.10: Some of the pictures captured by participants with XTag.

sometime P2 was confused by the emoticon buttons as they were smaller than
the other buttons.

Use of multimedia to share experiences. P1 reflected that audio and
GPS data would be useful additions to the narrative template for sharing ex-
periences. GPS data was most suited for explaining the location of pictures,
whereas audio would help aphasics to remember the events. He quoted the fol-
lowing: I like both, audio and pictures. Audio is suitable when I want to capture
experiences. Audio helps me to associate images with words. Images in com-
bination with audio can help me refresh my memory. I think audio files should
be coupled to the correlating picture in a way that when wanted you can play
the audio file when looking at a picture. GPS logging is very handy when I’m
traveling; this way I can show where I’ve been in an easy way. The plotted map
of the GPS data could be directly linked to the pictures I took. But there should be
links to the pictures instead of pictures integrated into the map that would only
distract me when sharing my experience.

However, for P2 there was no particular choice of arrangement of the col-
lected media. He liked the pictures most and the audio. He did not capture
GPS information as it was a bit complex for him to understand the photos with
the GPS locations.
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Manual vs. automatic capturing. The participants mentioned that there
could be a semi-automatic mode for capturing photos. For example, captur-
ing an experience just by pressing the start button and pictures will be taken
every 10 minutes. This would help the person to concentrate on the activity
without constantly having to think about taking pictures. Another recommen-
dation was to record sound fragments every time a picture is taken. Therefore,
while sharing experiences with photos audio can be played to help refresh the
memory of the aphasic.

2.6.6 Discussion

The field test showed that XTag helped to view the captured experiences by
creating a shared content and context for both the aphasic person and their
communication partners. The narrative template with the three different cat-
egories was clear and understandable. However, enhancing the freedom to go
back and forth between the different categories within capturing one experi-
ence would make the device more flexible. The narrative template provided
guidance, but in its current form it might cause difficulties because all the
categories were present at all times. The category ‘emotions’ could be left out
completely or at least should be extended with a neutral emotion. Sharing the
experiences with the narrative template made it easier for aphasics to concen-
trate on the important aspects of the story.

The placement of the photo camera on the head of the participant was con-
sidered easy, although the view of the camera in the current solution was
slightly different than our initial solution. Operating the tagging tool was sim-
ple and understandable, but in its current form it might be daunting, because
awareness of the system was constantly present. This might hinder daily ac-
tivities. A solution would be to capture experiences semi-automatically. Addi-
tional media other than photos was useful for retelling experiences and audio
was most suitable when telling about an event whereas GPS data for telling
about trips. It would be advisable to convert the GPS data into an understand-
able picture format, such as a map. Both the audio and the GPS data should
be more clearly linked to the correlating picture.

The battery failure brought new insights to the research, namely semi-
automatic capturing of events (experiences), a concept that requires the user to
only initiate the capturing at regular time interval (such as 5 minutes). Such a
sequence of events may still be tagged with a capturing mood. Although during
the field study only few audio files were recorded, aphasics still saw the benefits
of adding audio. We think that the use of GPS data would be too complex to
understand for severe aphasics. Overall, the findings suggest that the concept
of simultaneously tagging and capturing has merit for our aphasic participants.

Another remark about the field test is the short testing period. A preliminary
usability test could have indicated that the battery life of the tagging tool was
limited to 14 hours. Although only two participants were recruited for the field
study, still the field test provided us with valuable insights.
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2.6.6.1 Comparison and Contrast with other Experience Capturing and
Sharing Devices

Here we would like to discuss the comparison and contrast of our approach
with other works. First of all, our approach is different from existing story-
telling systems (Daemen et al., 2007) in a number of ways. Our work extends
the option of capturing life experiences to a mobile setting, whereas existing
systems (Daemen et al., 2007) are more limited, as the capturing device is a
web camera that needs to be connected to a computer, such as a tablet pc.
As it is well known that most aphasics have weakness of the right arm and
leg, operating such a camera-computer combination is quite tedious for them.
Moreover, this would be mostly restricted to an indoor (home) context. In our
approach it was feasible to collect experiences both at home and outside. The
sunglass camera helps to focus on a particular thing and reduces the burden
of operating it. The notion of a camera build into a pair of sunglasses, although
popular in areas of security, seems to be quite novel for our application of sup-
porting aphasics. The use of the tagging tool helps to capture the information
in a more structured way, which also reduces the burden to organize the ma-
terials for story building afterwards. The prototype reported in (Daemen et al.,
2007) does not provide support for the organization of the captured materials.
The narrative interface that we propose helps to view the captured materials in
a more structured way. Our approach is also different from traditional tagging
applications (Ames & Naaman, 2007) where pictures are explicitly tagged as
people, places, etc. In our approach the captured photos are categorized as
who, where/what, emotion and date and time. These categories add an addi-
tional label to the captured information and are in agreement with categories
used in existing Augmentative and Alternative Communication (AAC) devices
and also in the therapy book for aphasics created by the Dutch aphasia union
(afasie.nl). These categories are known to be effective for persons with aphasia.

In our approach with XTag information is captured manually by the partic-
ipants, whereas in traditional life logging systems the information is collected
autonomously (Berry et al., 2007), and (Gemmell et al., 2004). One obvious
difficulty is the huge number of materials collected by existing life logging sys-
tems which would probably requires the partners’ assistance to help filtering
irrelevant information. Another concern with a system such as SenseCam is
that it uses a fish-eye lens. The resulting pictures are therefore not rectangu-
lar and of insufficient quality for subsequent viewing. The pictures taken by
the sunglass camera are rectangular in shape and have fairly high resolution.
SenseCam needs to hang on the user’s neck and thereby it moves frequently
when the participant is on the move, which adds to the risk of capturing images
with motion blur. In the sunglass camera solution, the camera is usually more
stable. As evident by our field study, autonomous or semi-automatic capture
might be helpful such as when the participants are on the move. However,
we believe that the ideal device should have both automatic and manual func-
tionalities for capturing life experiences. As found in earlier research, assistive
technologies tend to stigmatize their users and therefore, people don’t want to
use them in a social setting (Lasker & Bedrosian, 2001). Therefore, our concept
would help to reduce this barrier as the solution is more unobtrusive, i.e. other
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people might not notice that someone is using the sunglass camera and looks
like a disabled person.

Isaac (Jnsson & Svensk, 1995) is an early application which has been de-
signed to capture and edit photos. It is based on a version of the ‘Apple Newton’
with a CCD camera and phone handset integrated in a modified cover. The total
weight of Isaac is 2 kg, including a 7.2 V/2.5 Ah NiMH power pack. Therefore it
is not suitable for aphasics to handle the camera. With Isaac users can select
a particular photo and annotate it with the help of a keyboard. The appli-
cation contains complex menus and is not intended for persons with aphasia
who have unique problems in reading, writing and or speaking in addition to
physical disabilities. However, the post-capturing interface of Isaac is interest-
ing and might be useful for people with aphasia. The application needs to be
redesigned to make it more suitable for people with aphasia, however.

2.6.6.2 Improvements of the Tagging and Sharing Tool

Problems were discovered with the shape and design of the tagging tool during
the field study. The shape and design of the tagging tool were judged as too big
and ergonomically weak. This problem was admitted by the researchers, but
due to time and manufacturing limitations improvements could not be carried
out. The tagging tool needs redesigning, aesthetically as well as electronically,
to create a smaller shape and more robust operation. Improvements can be
done to the tagging procedure as well. At present tags are stored on the tagging
tool, while synchronizing pictures with the correlating tags is done manually.

Further improvements are required to the presentation of audio and GPS
data, whereas current research has confirmed only the merit of those media.
The presentation of the events for sharing is another aspect that should be in-
vestigated. Test results show that presentation of events using the designed
template (who, what/where, emotion) has advantages over the use of pictures
without the narrative interface. Presenting an overview of the pictures first and
then highlighting the core categories step by step as they were captured and
fading out other categories could be a solution. It might also be helpful to add
additional labels to the captured pictures. This could be accomplished while
eliciting detailed stories from the captured materials by the communication
partner by asking questions. For example, the categorized pictures can have
additional tags such as name of the person, place etc. Enriching pictures with
additional labels would be helpful for people with severe expressive aphasia.

Redesign of the capturing device should also be investigated, as the current
sunglass camera solution causes problems if users already wear prescription
glasses. In the next design iteration the camera device will be integrated into
the aphasics’ own glasses. We believe that for P2 due to his severe aphasia
it would be advantageous to do some preprocessing with the captured images
such as annotation with text/icons to clarify the story to the story recipients.
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2.6.6.3 Notes on Methodology

Repetitive question asking worked well for the aphasics as we observed in both
the pre and post test interviews. Since aphasics mostly remain passive and
quiet, repetitive question asking is most suitable for them to extract opinions.
Such an approach followed from requirements gathering with Alzheimer’s pa-
tients (Hawkey et al., 2005).

It has been observed that involving the help of domain experts (Allen et al.,
2008) can assist in the design process, despite the fact that these experts are
not aphasic themselves. We however observed that the feelings and enthusi-
asm of aphasics could not be understood just by asking experts. Experts can
serve as a complementary source of information but never as a substitute for
working with aphasics. Especially during the design stage, concept validation
through expert feedback is very helpful. However, to understand specific us-
ability problems we must deploy the system with real aphasics.

Mild aphasics are capable of giving their opinions and they have empathy
for other severe aphasics since they can better understand and express their
experience having been affected by aphasia. Therefore, our selection of two
aphasics with quite distinctive abilities turned out to be very fortunate. We
also believe that deploying prototypes with mild aphasics could be helpful for
early evaluation.

Many aphasics need explicit goal setting which is also applied during the
therapy period (Sandt-Koenderman, 2004). This aspect needs to be realized
if we expect them to accomplish preset tasks. Aphasics either forget things
or do not feel interested to accomplish the assigned tasks. We came to know
this fact from P1 and used the goal setting technique for P2. We validated this
remark of P1 by setting an explicit goal for P2. During the first few days of the
probe study, P2 did not capture anything. Later, with the help of his speech
therapist and family members we did set a goal for P2 by discussing this with
him and by writing it on a piece of paper to remind him of his goals. This
helped him to remain focused to use the probe. Therefore, it is very important
to determine how new technology would fit into aphasics’ personal goals which
might eventually help aphasics in changing their quality of lives.

2.7 Conclusion and Step Forward

It is evident that we need to design applications that provide support beyond
needs and wants. We need to realize that providing support for sharing daily
stories can potentially increase the independence and social affiliation for apha-
sics. Our study revealed that pictures, audio, and GPS logging can have a posi-
tive effect on the ability of aphasics’ to share their experiences, and factors that
influenced the capabilities for sharing personal experiences were identified. An
application that allowed aphasics to simultaneously tag pictures while captur-
ing was developed and tested with the target group. The participant found the
concept useful and understandable.
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Field studies were conducted for a short period of time only and more long-
term research is needed to ascertain the impact and adoption of devices such
as the one that we propose. More extensive research is necessary with more
aphasics to acquire more accurate data and generalize the findings. Conduct-
ing field studies with aphasic persons is challenging, but it is essential for
evaluating such products. The evaluation of the tagging tool is a first step in a
more accurate and intuitive manner of sharing personal experiences by apha-
sics.

A prospective direction is to look at offline ways of distributing collected ex-
periences, such as through email. Aphasics are slower in processing but can
spend time to compose stories and share them with other people. Email is
such an application that aphasics can benefit from (Al Mahmud & Martens,
2011). The envisioned tool will be able to handle diverse communication needs
of aphasics (face-to-face, offline production of stories etc.). Another key direc-
tion is the improvements of the capturing device itself i.e. the sunglass camera.
As we learned that many aphasics wear prescribed glasses, it would be advan-
tageous to build a pair of glasses with a build-in camera that would allow to
simply changing the glasses within.
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CHAPTER 3

Understanding Computer and Assistive
Technology Usage by People with

Aphasia

In this chapter we describe the results from a questionnaire and interview study
to investigate how people with aphasia use computers and related assistive
technologies. The questionnaire responses cover 62 individuals with aphasia.
The results show that the majority of the aphasics use computers occasionally
and own computers. Respondents can write or read small sentences though the
process is very slow and they struggle while typing with the keyboard. Moreover
the results suggest that aphasics find it hard to maintain relationships with
remote friends and family. From the interview results we can conclude that
current assistive technologies cannot meet the needs of people with aphasia.
The questionnaire results and interviews confirm that people with aphasia can
greatly benefit from technologies such as email.

3.1 Introduction

There has been a growing interest in improving the quality of life for people
with aphasia through technology intervention (Al Mahmud & Martens, 2010).
Assistive Technology (AT) is a growing field that tries to positively influence the
independence and quality of life for people with disabilities (Higginbotham &
Scally, 1997). Augmentative and Alternative Communication (AAC) is a field
within AT. AAC devices are used in aphasia therapy and people with little or no
functional speech communication can benefit from AAC. However, people with
other types of disabilities such as stroke, motor disease can also benefit from
AAC. The American speech, language and hearing association defines AAC as
“Augmentative and alternative communication (AAC) includes all forms of com-
munication (other than oral speech) that are used to express thoughts, needs,
wants, and ideas (American speech-language-hearing association, 2011). Some
examples of computerized AAC are TouchSpeak (TouchSpeak, 2011). Mind-
Express (MindExpress, 2011), PCAD (Sandt-Koenderman. et al., 2005). These
devices offer a wide range of supports such as a. vocabulary support, b. sup-

53



3. UNDERSTANDING COMPUTER AND ASSISTIVE TECHNOLOGY USAGE BY

PEOPLE WITH APHASIA

port for sentence creation, c. support for reading d. speech generation. Up to
now augmentative and alternative communication (AAC) devices have focused
mainly on helping aphasics with basic communication needs.

Recently new tools are emerging such as providing assistance to aphasics
for specific tasks such as managing their schedule, help in cooking (Tee et al.,
2005). These tools are expected to increase their independence and conse-
quently helping them to regain confidence. More recently, the HCI community
has started to create tools to support higher level communication such as re-
mote conversation support (Aye et al., 2010), and processing online information
(Devlin & Unthank, 2006). Despite the slow development it is a positive sign
that the HCI community is embracing the domain of Assistive Technology (AT)
to better understand and design useful and useable systems.

Across all over the world researchers are working to make technology acces-
sible for people with disabilities and to ensure accessibility of Information tech-
nology (IT). Consequently several design approaches have emerged like ‘design
for all (DfA)’, ‘universal design’. However, it has been observed that many tech-
nologies are not accessible for specific groups such as aphasics. Since aphasics
are slower in processing information, empowering them through the use of spe-
cific technology is very important. Therefore we want to understand technology
needs and barriers to using existing technology by people with aphasia. More-
over, we want to explore whether email as a computer activity might potentially
help people with aphasia to improve their communication. Our understanding
will help to design and adapt technologies for increasing independence and im-
proving quality of lives.

Use of computers in aphasia therapy is well known. More and more people
with aphasia are becoming interested to use the computer and related other
services in aphasia therapy. Though there are several research reports inves-
tigating the usefulness of assistive technologies in aphasia therapy, it is not
known how these technologies are utilized over time when aphasics pass the
early stage of aphasia. Furthermore, high-tech assistive technologies are heav-
ily dependent on computers. Due to aphasia and age related difficulties it is
assumed that use of computers can become problematic for aphasic individu-
als. However, there are no concrete research reports that investigate how the
target groups use computers and related assistive technologies. This chapter
aims at investigating this issue in two ways: a) through a questionnaire and b)
through interviews of aphasic individuals and their partners. We believe that
our investigation will create a foundation for further research and also to find
opportunities for designing useful and useable technologies for persons with
aphasia.

An increasing number of aphasic people these days are interested to use
computers; however there is no detailed information on how they currently
use computers. It is of utmost importance to include research on users’ needs
when designing and implementing technologies. Having strong evidence of how
technology is used by individuals with aphasia, its shortcomings and benefits
is very valuable for the HCI community. Our investigation aims at filling this
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gap. Getting a better understanding of how people with aphasia use computers
and assistive technology will help to design accessible and useable computer
and interface designs for persons with aphasia. In the following sections we
describe related work, and introduce both the questionnaire study and the
interview study. Finally, we present a summary of the obtained results and
their design implications.

3.2 Motivation and Related Work

Computers and computerised aids such as AACs in aphasia therapy are widely
used. Therefore there are several reports that demonstrate the success of as-
sistive tools in aphasia therapy (Sandt-Koenderman. et al., 2005). People who
are at the early stage of aphasia deal with several Augmentative and Alternative
Communication (AAC) devices. Most of the time, specific AAC devices are sug-
gested by speech therapists. Little is known about the usability and usefulness
of these tools for aphasics since outside the therapeutic phase not much infor-
mation has been collected. Therefore, the success of such software is critically
dependent on the accessibility of computers to persons with aphasia.

At this moment we are not aware of any study that investigates how people
with aphasia utilize computer and related assistive technologies. However, peo-
ple have investigated the use of computers among people with Down syndrome
(Feng et al., 2008), as well as computer and internet use among people with
disabilities such as described in (Kaye, 2010). Some other studies also inves-
tigated how people with brain injuries use computers (NCDDR survey, 2001).
An earlier study which has particularly investigated how people with aphasia
use computers and internet has been reported in (Elman & Larsen, 2010). The
results obtained from this study suggest that an action plan is required for
increasing digital access and participation for people with aphasia. However,
none of these studies unveil unmet communication needs and barriers to using
computer technology for persons with aphasia.

The Human-Computer Interaction (HCI) community has been working to
design new systems for people with aphasia for example to support in cook-
ing (Tee et al., 2005), to help them communicate through images (Allen et al.,
2008), to manage their schedule (Moffatt et al., 2004). The usability of these
applications has been successfully tested. However to design and develop a
wider range of applications to support aphasic individuals a thorough under-
standing of long-term computer usage is required. This lack of information
about computer usage by people with aphasia inspired us to conduct the study
reported here. Another motivation was our interest in understanding the spe-
cific situation in the Netherlands.

Inspired by recent technological innovations in supporting communication
(more specifically social networking sites such as Facebook and Twitter), and
their potential for helping to reduce social isolation, we wanted to understand
more precisely whether and how such new developments could be made as-
sessable to people with aphasia. Currently, it is broadly assumed that the ben-
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efits of social networking will not reach the people with aphasia unless better
support and proper accessibility can be provided. Recent studies also indicate
that the digital divide for people with aphasia is increasing and that more com-
puter training programs will be required to assist people with aphasia (Elman
& Larsen, 2010).

3.3 Computer Usage by People with Aphasia

The purpose of this study was to gain detailed understanding of computer us-
age by people with aphasia. We conducted a questionnaire study to elicit view
points of persons with aphasia about their social activities, frequency of com-
puter use, and communication modes and medium.

3.3.1 Method

The questionnaire was in Dutch and it contained three sections with a total of
17 questions. The first section was intended to collect demographic informa-
tion, the second section contained questions regarding social activities, while
the final section contained questions specifically about computer use. The
questionnaire was partially adapted from (Kraut et al., 1998) and (Todis et al.,
2005). The survey included a combination of multiple choice questions (with
either two or multiple options to be checked) and open-ended questions.

A speech therapist carefully checked the clarity of the questionnaire and
made sure that relevant icons were used to make the contents more easily
understandable for aphasics. After the survey questions were developed, the
survey was turned into a web-based survey, using the commercial tool offered
by questionpro.com. Design guidelines were also followed (Lazar & Preece,
1999), and the online version of the questionnaire was piloted with two speech
therapists.

In the mean time we also visited the Aphasia Association Netherlands (AVN:
Afasie Vereniging Nederland) to discuss possible ways to distribute the survey
links and printed copies of the questionnaires. AVN coordinates most apha-
sia centers and societies operating in separate cities/towns in the Netherlands
and they have a network including most of the aphasia people visiting the cen-
ters, their therapists and partners. An aphasia center is a place where aphasic
individuals get aphasia therapy and participate in group activities, while an
aphasia society is a place where aphasic individuals meet each other for social-
ization and group activity. AVN agreed to distribute the survey link through
their website/network and also to inform speech therapists in several aphasia
centers in the Netherlands.

Our plan was that persons with aphasia would fill out the survey indepen-
dently and, if required, they could also ask help from partners/speech thera-
pist. The reasons were that person with aphasia might have reading problems
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Table 3.1: Survey respondents (n=62)

Sex
Source N Male Female Average Age

Online questionnaire 46 32 14 60
Through therapists in aphasia centers 8 6 4 59
Through an aphasia society 8 4 4 69

and also they might easily loose concentrations and not complete the survey
by themselves or might have trouble in understanding some of the questions.
The questionnaire link was distributed through the Aphasia Union Netherlands
(afasie.nl) and also printed copies of the questionnaire were sent to local apha-
sia centers. No incentives were provided to the survey respondents.

3.4 Questionnaire Results

3.4.1 Demographic Characteristics

We received 62 responses (46 online, 16 printed) (73% male and 27% female,
age range 50-75) from three sources. Most aphasics (51%) live with their part-
ners and others live with their children (35%) or parents (7%). Almost half of
the respondents finished high school education.

Table 3.2: Demographic characteristics of survey participants (n=62)

Sex Male 73%
Female 23%

Education Basis school 13%
VMBO 4%
HAVO or VWO 26%
MBO or HBO 31%
University 9%
After University 5%
Others 13%

Living situation Partner 51%
Children 35%
Parents 7%
Others 7%

3.4.2 Social Activities

The questionnaire confirmed that the computer is one of the tools that quite a
large number of aphasics use for relaxation and work. Watching TV (56%) is a
very frequent activity while phoning and reading activities are much restricted.
This is expected as most aphasics cannot express themselves very well verbally
and many of them are afraid of making mistakes in a conversation. In addition
aphasics also suffer from reading difficulties. Few group activities are observed
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for the respondents. Results show that nearly half of the participants never go
to a club meeting (43%), school or follow courses (50%), or do social work (57%).
It is common for aphasics to join in an aphasia gathering weekly or bi-weekly
for socialization as we came to know from speech therapists, and also from
the manager of the aphasia society. However our results indicated that half of
them do not participate in such a gathering. This may signal that there is still
room for enhancing social communication for persons with aphasia.Table 3.3
summarizes the social activities of the respondents.

Table 3.3: Social activities of the aphasia participants. A=Several/day,
B=Once/day, C=3-5days/week, D=1-2days/week, E=Every few weeks, F=Less
often, G=Never

Activity A B C D E F G
Friends 22 2 16 17 4 1 0
Phone 2 4 3 3 2 3 45
Sport 20 4 4 16 1 4 13
Playing games 1 3 1 17 8 11 21
Social work 0 2 1 3 0 2 53
School 1 2 2 3 0 4 50
Therapy 0 1 10 17 21 10 3
Club member 0 1 1 10 12 13 25
Reading 16 20 7 5 3 1 11
TV 40 18 0 2 1 1 0
Computer work 30 6 0 2 0 0 14
Computer relaxation 15 11 10 2 1 1 13

3.4.3 Frequency of Computer Use and Activities

The average age of computer users was 61. 92% of the respondents used the
computer before they became aphasic. Most of the participants use comput-
ers at present and all of them possess a computer. 92% of the respondents
can read small sentences without help from others. However, a substantially
smaller fraction of 61% of the respondents can write small sentences without
the help of others. The typing skills of most participants are affected by the
aphasia: 46% of the respondents have to search for letters on the keyboard
while writing. 38% of the respondents get help while using computers.

Table 3.4 provides more detailed information about the computer activities
of the aphasia participants. Almost half of the respondents (45%) never use the
computer to manage their agenda. Moreover, 80% of the participants never use
chat programs to communicate with other people. Popular computer activities
are finding information and emailing. Some respondents (14) (average age 69)
also mentioned that they stopped using the computer after acquiring aphasia.
The most reported reasons for not using the computer are: a. it requires a lot
of time to work with computers (50%), b. it is complex (25%), c. they cannot
express in writing what goes on in their heads (25%). There are differences in
terms of age and education between the users that stopped using the computer
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and those that continued using it after becoming aphasic. Moreover, most of
the users that stopped using the computer reported that they cannot write
simple sentences by themselves, as they cannot type using a keyboard, and
have insufficient support from others to compensate for this. However, most
non-computer users reported that they could manage to read small messages.
All of them expressed that they would like to be connected with family and
friends through email.

Table 3.4: Types of computer activities of the aphasia participants.
A=Several/day, B=Once/day, C=3-5days/week, D=1-2days/week, E=Every few
weeks, F=Less often, G=Never

Activity A B C D E F G
Writing short message 10 4 2 4 6 2 18
Manage agenda 4 0 0 4 0 8 28
Work 4 2 0 2 2 2 32
Play 8 4 2 8 0 4 22
Find information 14 4 6 4 4 2 12
Buy 0 0 0 0 4 16 25
Download:music,images 4 0 0 4 4 12 20
Email 14 4 8 2 2 10 8
Chat 0 0 2 0 2 4 34

47%

23%

20%
25%
30%
35%
40%
45%
50%

8%

15%

7%

0%
5%

10%
15%
20%

SFL UFT CLK TWMLK OW
Figure 3.1: This graph shows how people with aphasia type on a keyboard.
SFL= Search for the letters, UFT= Use one finger to type, CLK=Constantly
look at keyboard, TWMLK= Type without much looking at keyboard, OW=Other
ways
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3.4.4 Communication Modes and Medium

All of the respondents want to keep contact with both close by and remotely
living friends and relatives. Personal contact is the most preferred way for
nearby relationships: 55% of the respondents never make contact via a third
person and 71% of the respondents never make contact by using written let-
ters. Participants have a problem to remain in contact with remote friends and
family: 40% never use internet or email and 78% never use a written letter to
communicate. These results imply that the majority of our test population is
not able to use remote communication tools such as email. Moreover due to
their inability to express themselves verbally, phone conversation is not used
much either. Respondents pointed out several reasons for emailing such as
a. contact with family (15.22%), b. contact with friends (74%), c. contacting
experts (13.04%), d. planning a trip or activity (10.87%), e. contacting other
people with aphasia (10.87%), f. asking questions to a company/organization
(13.04%), and g. information forwarding (13.04%).

Table 3.5: Modes of communication in nearby relationship. A=Several/day,
B=Once/day, C=3-5days/week, D=1-2days/week, E=Every few weeks, F=Less
often, G=Never

Activity A B C D E F G
Personal contact 24 6 5 9 12 6 0
Via telephone 8 3 6 3 3 1 38
Via email 0 3 3 9 6 6 32
Via letter 2 0 0 0 0 2 60
Via other 0 0 0 0 6 9 47

Table 3.6: Modes of communication in distant relationship. A=Several/day,
B=Once/day, C=3-5days/week, D=1-2days/week, E=Every few weeks, F=Less
often, G=Never

Activity A B Ck D E F G
Personal contact 0 3 0 9 24 30 0
Via telephone 0 3 3 6 13 9 28
Via email 0 0 5 7 6 18 25
Via letter 0 0 0 0 0 6 52

3.5 Interview Study

3.5.1 Purpose

Next to the online questionnaire, we also conducted some in-depth interviews
with persons with aphasia and their family members to explore how comput-
ers and other communication aids were used by persons with aphasia and to
identify barriers to their use. The detailed objectives of these interviews are
summarized below:

60



3.5. Interview Study

29%
21%

29%
25%

50%

30%
40%
50%
60%

Important persons live closeby Important persons live far away

14%
21%

0%
7%

17%

0%
8%

0%
0%
10%
20%
30%

BGF SP F R PC O

Figure 3.2: Important persons of aphasics who live nearby/far away and
persons with aphasia want to keep contact. BGF=Boyfriend or girlfriend,
SP=Spouse/partner, F=Friend, R=Relative, PC=Parents/caregiver, O=Other

• Uncover unmet communication needs and desires of the aphasics.

• Whether the current communication aids are sufficient or not: if not then
what are the wishes of the aphasics and their families in this regard.

• Understanding the computerized AAC acceptance/ rejection and usages
by aphasic individuals.

3.5.2 Participants and Procedure

We interviewed 12 people with aphasia (10 M, 2 F, age range 55-75) and their
family members. All of the participants had weakness of their right arms and
legs. The interviews were conducted at the residences of the participants and
family members were present. The participants were recruited through a local
rehabilitation center. The inclusion criteria were:

• People with expressive aphasia (mild, moderate or severe). Preferably,
people with mild to moderate aphasia so that we can get active reaction
from them.

• Aphasics who used, or does not use any kind of communication software
anymore (language practicing software) AT/AAC device.

The participants had either mild or severe aphasia. Each interview session
lasted for one hour and the interview sessions were video recorded for further
analysis. Collecting interview data from participants with communication im-
pairments is notoriously challenging as they cannot effectively articulate and
recall experiences (Paterson, 2002, Susuan et al., 2004). To mitigate these
issues, it is usually advised that the partner of a participant is also present
during the interview, as we did in our case. Questions were asked by the
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researchers and the partners assisted in explaining the questions whenever
necessary. When partners answered a question, this answer was confirmed
with the aphasic individual to either confirm it, or clarify the question further.
Moreover, visual/written probes were used if required to explain question and
elicit answers. The interview questions followed some general directions such
as a. current and past use of assistive technology devices, as well as perceived
barriers to their use, if any, b. current and past use of computer and internet
and perceived barriers, c. barriers to social interaction, if any.

3.5.3 Data Aanalysis

We analyzed the data qualitatively using some procedures introduced with the
Grounded Theory (Strauss & Corbin, 1990). Interviews were fully transcribed in
English and printed on papers. Later on, statements were jointly coded by two
researchers. One student assistant helped with the transcription and coding of
the data. Coded concepts were iteratively reviewed and related concepts were
combined. Disagreements were resolved by discussing during the analysis. The
key themes are presented in the results section.

3.6 Interview Study Results

3.6.1 Shrinkage in Social Life and Social Interaction

3.6.1.1 Attitude of the Cconversation Partner

We found several reasons why people with aphasia are isolated and their social
life is reduced. The obvious reason is their inability to communicate verbally.
An additional reason is however the attitude of other people who actually dis-
courage them to communicate. One of the partners of a person with severe
aphasia described:
“The social contacts are very limited now. Not only from neighbors but also
friends and family. First we had many friends and acquaintances, but that is
reduced a lot after the aphasia of my husband. Yeah I think that is the problem,
many people find it hard to have contact with him. If someone wants to ask him
something, and he can’t respond properly that makes it difficult for others. Well,
most people find it difficult to talk to him. They approach him, but the moment
they notice that he has a speech disorder, they will back off. And people talk
about him as if he isn’t there. They will ask me (the partner) how he is doing
while he is present as well”.
Similar results are also reported in (Dawe, 2006) and (Riemer-Reiss & Wacker,
2000). All the participants constantly mentioned that patience is a key factor
to encourage persons with aphasia to communicate. Here is a quote from one
partner:
“..the social life became smaller, because you can’t talk with someone who has
limited interest in you. The other should be patient and if the other has no pa-
tience than there will be no contact.”
Another participant mentioned,
“..others should be patient with me. There are people who are willing to do that.
But some people have no patience what so ever. They use words (pause) that I
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want to say. If I want to say something, then the other starts speaking, do you
mean this or that? And therefore it is very difficult to convey a message.”

3.6.1.2 Dimension of Social Interaction

Social interaction happens at home mostly with family members. Most apha-
sics go to a therapy center and interact with speech therapists. They receive
group therapy such as talking about what happened last week, what happened
today etc. Moreover, they also meet other people with aphasia in the therapy
center. Here a group therapy session is described by a mild aphasic:
“..It involves something like; what have you done this week, what do you think
of the politics. It has no specific theme. What is remarkable is that there are five
aphasics present, and everybody takes turns in telling something. So it isn’t a
real conversation, where different people are talking to each other. There is only
one person telling something at a time. And there is no real order in the conver-
sation, it happens by coincidence”.
None of them attend regular social gathering with people who do not have apha-
sia, other than their family members. However, all of the participants showed
interest to socially re-engage.

3.6.1.3 Partner-dependent Communication

Most of the time partners of aphasics can understand what the aphasic person
wants. Most aphasics are very much dependent on their partners for commu-
nication. Moreover, aphasics develop implicit means of communication with
their partners which makes the communication somewhat easier. Here is a
quote from the wife and daughter of a person with severe aphasia:
“You can achieve much with gestures. But not everybody gets his gestures. For
us as a family it is much easier. We know him very well. Yes, and if we don’t
understand him properly he lets us know, and then he gets angry. At first it was
like solving a very complex rebus, and sometimes this led to funny moments.
And at that point you shouldn’t laugh, because he is trying to tell something im-
portant, but you just don’t get it which makes you laugh”.
Participants use pointing for need-based communication and do not depend
on AAC devices. Due to their implicit communication patterns aphasics feel
uncomfortable to talk to strangers.

3.6.2 Roles and Usages of Augmentative and Alternative
Communication Devices

3.6.2.1 Useful But Not Useable

All of the participants used several communication supporting applications af-
ter the onset of aphasia such as TouchSpeak (TouchSpeak, 2011), Komrpo
(Kompro, 2011), and DigiTaal(DigiTaal, 2011). Aphasics believe that AAC de-
vices are useful, but they have limited functionalities and some of them are not
useable. One mild aphasic who used TouchSpeak mentioned,
“Some kind of device on which I can point to images of the words I want to say,
something like the TouchSpeak, the TouchSpeak can help when telling something
but the possibilities are limited. You can add words in the touch speak, but then
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it will be very difficult to navigate through the words, making a conversation very
slow”.
Another partner mentioned,“The software is too difficult, the same for installing
the software. It is just too difficult.”

3.6.2.2 An AAC Device Is Not a Cconversation Tool

Aphasics also mentioned that an AAC device is not a conversation tool and it
requires a lot of effort from the partners to configure them. One partner men-
tioned,
“He (referring to her husband) likes it ( referring to the AAC device her partner
has) that he can use it for making small talk, short questions, but the disadvan-
tage is that it isn’t really suitable for making conversation, because then telling
something just would take up too much time. So it works for short questions but
in practice it is easier to just tell a story by pointing and gestures. So sharing
personal experiences and feelings are difficult with the help of such a device.
Therefore, the question is how to build an AAC that can meet diverse commu-
nication needs.

3.6.2.3 Post Selling Support

The common usability problems aphasics and their partners reported were
small screen size, and small keyboard. Moreover, they also expressed that
no after-sales support is available for the AAC devices that they own. One of
the major concerns is training the partners to use augmentative and alternative
communication devices so that they can lend assistance. One of the partners
mentioned,
“They gave him (her partner) the device and a short introduction, but they never
explained it to me. The service man came to install the software and then he
left.”
Post selling support at home could also leverage the use of AAC devices. One
of the partners mentioned,
“I would like to have some service at home, when for instance the TouchSpeak
doesn’t work properly. But they don’t do that, we just have to send the device to
the manufacturer.”
All the users tried at least one AAC device and abandoned it after some time.
Aphasics and their partners agreed that communication supporting devices
such as AAC devices are useful but not useable for persons with aphasia. Sim-
ilar results also have been found with other target groups such as children with
cognitive impairments (Dawe, 2006; Riemer-Reiss & Wacker, 2000).

3.6.2.4 Boredom with AAC Devices

Another problem with AAC devices is that aphasics lose interest with these
language support applications as these become less challenging for them over
time. The objective of most computerized AAC software for aphasics is to pro-
vide language support and to assist in practicing language assignments. How-
ever, the applications in the AAC devices are just too limited in this respect.
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Another point worth noting is that, when people with aphasia overcome the
early stage of their situation and learn new coping capabilities they do not
want to rely on the AAC devices to communicate, rather they rely on gesture
and pointing or something implicit which is understandable by the aphasic per-
son and their communication partners. One of the reasons is that AACs mostly
support need-based interaction for persons with aphasia. Moreover, AACs do
not provide support for the post-rehabilitation period though the participants
believe that AAC devices have potential for that purpose.

3.6.3 Communication Patterns: Barriers and Facilitators

3.6.3.1 Guessing Game: Implicit Communication Patterns

All of the participants had problems in finding the right words. One of the mild
aphasics mentioned his condition in the following quote,
“..Yes, the example I’ve got is a bookcase, with books that are in your mind,
which is fallen down. And you know the words are there, but you don’t know
where. And at this point, while the aphasia is mild”.
Therefore, aphasics try to overcome this problem during communication by
asking others. Some of the participants used gestures for communication while
others sometimes need the first letter of the word to find the right words. More-
over, partners of the aphasics guess and ask questions very often to verify the
need of the aphasic person. One partner mentioned,
“Sometimes it’s just guessing, I can’t read his mind you know. Besides that it’s
just asking questions, pointing, that way you accomplish a lot. And also I help
him with the first letters of words. If he knows the first letter, then mostly he can
pronounce it. He often looks at me for help when he gets stuck”.

3.6.3.2 Visual and Categorization Support

During the conversation with the partners and aphasics they also mentioned
what could help them in their communication. One of the key factors is the
visual representation of the target object. All of them agreed that it is very
important to find the right words for communication. Most of the time it is
helpful if visual representations and the initial letter of the name of the image
are shown. One mild aphasic mentioned,
“..but the problem is that you need a physical image of the subject you want to
talk about, to be able to make a selection from the images. Most of the times you
have a hunch about the meaning, but not which image it should be”.
One partner of severe aphasics mentioned,
“..He (referring to her husband) needs a visual image to find the right words. If
you just ask him if he wants coffee then he will answer yes, but if you ask do
you like cola, fanta, sprite, then he will answer yes to all. So he really needs a
visual image and an initial letter. He needs the first letter, if he knows the first
letter, than he is able to tell the word”.
Moreover, partners mentioned that categorization is very important for apha-
sics to communicate. Therefore, categorization of the visual or other media is
equally important as well. One of the mild aphasics mentioned:

65



3. UNDERSTANDING COMPUTER AND ASSISTIVE TECHNOLOGY USAGE BY

PEOPLE WITH APHASIA

“In some phases something could be helpful, but you have to be able to catego-
rize. Most of the time you can imagine it, but often this isn’t present. And if you
don’t have an image, than it is difficult to imagine it”.

3.6.3.3 Goal Setting and Evaluation

Both partners and persons with aphasia mentioned that setting goals and con-
tinuously evaluating them is very important for improving communication. One
mild aphasic mentioned,
“..I’m still learning. But I don’t know how it is with others; this could be very dif-
ferent with them. But you’re always evaluating yourself; how is it now compared
to four weeks ago. You have to think about the difference. Then you know that
you are making progress”.
Another mild aphasic mentioned,
“..You have to set your own goals, which you want to accomplish. At a certain
point the speech therapist tells you the goal is accomplished, what is your next
goal? If you don’t have any other goals, then it stops. And eh my goal is pretty
high; I want to be able to have a conversation about an abstract subject. That is
pretty difficult you know”.

3.7 Discussion and Conclusion

3.7.1 Reflection on the Questionnaire Results

The questionnaire responses provided evidence that most respondents kept on
using the computer after acquiring aphasia, despite several challenges such
as word finding, typing problems etc. Since these tasks are essential for most
computer activities, any tool that can help them to reduce these barriers is
likely to improve their engagement and confidence with computer-related ac-
tivities. Though some aphasics can rely on partner support while using the
computer, still we need to give more attention to make related technologies
accessible so that aphasics can independently accomplish tasks. It has been
revealed that typing, i.e., creating words out of individual letters is very much
affected in most persons with aphasia. Therefore, providing a suitable alterna-
tive to keyboard typing seems to be the most important challenge.

Similar to face to face communication, remote communication is also a prob-
lem for aphasics. It is expected that as most people with aphasia suffer from
verbal expression they cannot participate in phone conversation. In general,
any communication medium that is too interactive and demands immediate
response poses a severe challenge for persons with aphasia. Most of the re-
spondents showed interest to use email for communicating with friends and
family members who are not living close by. Email as a social communica-
tion medium has proven to be a suitable venue for people with other disabil-
ities such as Down syndrome (Feng et al., 2008), people with Cerebral Palsy
(Cerebral Palsy, 2011). From the questionnaire results it is evident that all
respondents are interested in email communication. It has been mentioned
that internet, though not a big aid currently, is potentially a wonderful tool for
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removing social isolation of disabled persons by offering web-surfing, emailing
or chatting (Kitzing et al., 2005). Recently researchers are investigating how to
provide help to process online information for persons with aphasia (Egan et
al., 2004).

3.7.2 Reflection on the Interview Study Results

The in-depth interviews with the participants gave us more detailed under-
standing about aspects such as social interaction, roles of assistive technolo-
gies and barriers to using them. From the interview results we can conclude
that there are several distinct aspects that need to be taken into account while
designing for persons with aphasia. It become apparent from the interview
results that AACs and other related computer applications are useful though
they have obvious usability issues. Poor usability in AACs is a common prob-
lem and it has been observed in AACs designed for other target user groups
as well such as speech-impaired children (Salminen et al., 2004). The reason
might be the ‘system-centered’ development approach of AAC devices. There-
fore, practicing a more user-centered design approach for assistive technology
might greatly improve the usability of such devices. The user-centered de-
sign approach to design assistive technology has been advocated by several
researchers (Waller. et al., 2005; Sutcliffe et al., 2003; Newell & Gregor, 2000).
This approach will enhance our understanding of target users and their needs
and consequently will enhance the usability of the assistive devices. One key
thing while designing assistive technology is not to think only of the end user, it
is equally important to think about communication partners, including speech
therapists.

It is very important to understand why available technologies (AT/AAC) are
rejected by aphasics. Understanding the adoption cycle of AT will improve the
adoption process and AT designers should have a thorough understanding of
this process. Several studies report the understanding of AT by people with
cognitive impairments (Dawe, 2006). Daewe pointed out that technology adop-
tion must be studied as a process, consisting of multiple stages, and involving
a variety of caregiver stakeholders. She also mentioned that design of AT must
focus on the entire life cycle of the technology, from configuration, to main-
tenance, to upgrade and replacement. From our interview study, it is clear
that one of the stakeholders of AAC is the communication partners who play
a vital role in the adoption of the AAC. We believe that after-sales support and
training of the partners of persons with aphasia are two very important factors.
Moreover, patience is required to train both partners and aphasiacs as more
aphasics are older adults and so are their partners, and they are likely not to
be technology-oriented. We also believe that these two factors are likely to be
equally valid in case of target groups with other cognitive impairments.

We need to create AAC devices that can serve diverse communication needs
and that can provide support beyond need-based interaction, i.e., that can
better support social closeness and information transfer, the two important
communication needs of people mentioned by (Light, 1988). We also believe
that applications that support such needs are likely to greatly improve social
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re-engagement, independence and will help in regaining confidence. So far
most AAC devices focus on assisting rehabilitation in the early stage of apha-
sia. Although recent assistive technologies offer possibilities for sending SMS,
emails (MindExpress, 2011), they do not reach their intended goal in practice.
This is confirmed by our interview study and earlier observations of people with
aphasia. Our study reveals that many persons with aphasia are interested in
using technology, but are discouraged by the lack of specific support for them.
Specifically, some of them need support in reading and comprehension, while
many of them need support in writing. Computerized applications have been
developed to support reading such as Spika (Spika, 2011), writing, naming
practice for aphasics (Benjamin et al., 2008), but these applications are cur-
rently mostly utilized as a therapy aid. Integrating such support in everyday
technologies could be a crucial step in allowing aphasics to (re)connect to the
digital world. For the Human-Computer Interaction (HCI) community the focus
should be on designing products that provide an integrated support for diverse
communication needs of persons with aphasia.

If we look at the current technologies that our interview participants are
utilizing we see two types:

• First phase: Tools/devices used in therapy are mostly suggested by speech
therapists. Some people try them out in an aphasia center or at home.
Some aphasics use the suggested devices for an extended period of time
to train their verbal ability, but most of them grow bored over time as the
devices fail to offer sufficient challenges. Therefore, there is ample room
for devices or software services that can support the continued training
of coping capabilities (such as better verbal ability) in individuals with
aphasia.

• Second phase: We understood that aphasics who have overcome the ther-
apy period mostly struggle with everyday technologies. While the condi-
tion of aphasia cannot be cured, individuals may still improve over time.
We believe that technological support should extend focus from rehabili-
tation to supporting interactions with the digital world that are motivated
by everyday needs (for cooking, making appointments, etc.). Accessible
everyday technologies can help to reintegrate people with aphasia by en-
abling them to participate more widely in social activities. As evidenced
by the interviews, all of the participants showed interest to be socially
re-engaged.

Goal setting is a unique aspect that future assistive technology can support.
We learned from interviews that this is an important aspect, especially in case
of individuals with more severe aphasia. Technology can play a vital role to set
and achieve goals. For example, technology can help to define multiple levels
of goals and can provide positive feedback/reward to keep aphasics motivated
to reach the next goal. Up to now goal setting and maintaining is mostly ac-
complished by the speech therapist or partner; however technology-mediated
goal setting might relieve this situation. One of the reasons why people with
aphasia get bored with AAC applications over time is the lack of challenge with
those applications. Therefore, we need to better balance the functionalities and
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Figure 3.4: Possible areas for technological improvements for persons with
aphasia

challenges of such application to keep aphasics motivated to use them over a
prolonged period of time.

Providing support for customization and categorization of several media
such as visual, auditory etc. would be helpful for persons with aphasia. Aug-
mentative and Alternative communication devices such as MindExpress (Min-
dExpress, 2011), Communication book (Verschaeve, 1998) are following this
principle. However due to complex customization issues by end users comput-
erized AACs become inaccessible. We believe that such principles preferably
should be incorporated in future applications for persons with aphasia. Specifi-
cally, helping people with aphasia to overcome computer related difficulties and
also enabling them to use asynchronous communication system such as email
will be helpful. We also believe that customization and categorization support
in assistive technology can be helpful for other target group such as people
with Cerebral Palsy and other cognitive and age related difficulties. Since other
people with cognitive disabilities benefits from AAC, creating new computerized
AAC should incorporate customization and categorization support.

To summarize, we need to design application for aphasics that provide sup-
port beyond need-based communication. Moreover, new tools should also of-
fer support in the post-therapy period, where, amongst others, persons with
aphasia try to regain access to modern-day functionalities offered by digital
technology. We need to shift our focus from communication aids to everyday
tools/technologies that ensure social participation of persons with aphasia and
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we need to integrate communication assistance in everyday technologies. Un-
derstanding in depth requirements from aphasics, partners and their speech
therapists will help to make everyday technology accessible, useful and use-
able. As one specific case, we would like to investigate how email communi-
cation can be made better accessible for persons with aphasia. In the next
chapter (chapter 4) we investigate how people with aphasia utilize email in a
social networking program.
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CHAPTER 4

Social Networking through Email:
Studying Email Usage Patterns of

Persons with Aphasia

A social networking program has been developed by the Aphasia Union Nether-
lands (AVN) to enhance communication between aphasics mutually and with
their therapists. The medium of communication is email. In this chapter1 we
report evaluation results of the AVN email program. We evaluated the email
program in two ways: a. by analyzing the AVN email server logs and b. by
collecting subjective responses through questionnaires. Our results indicate
that both aphasics and therapists find the email program useful, despite the
fact that they expressed several criticisms about its usability. Therefore, some
changes are required to make the program more useable and more widely ac-
cessible for the target group.

4.1 Introduction and Motivation

The notion of universal design advocates making technology accessible for all
(Newell & Gregor, 2000). However, it has been observed that many technologies
are not accessible for specific groups such as aphasics. Since aphasics are
slower in processing information, empowering them through the use of specific
technology is very important. An application such as email has this potential
as aphasics can spend a substantial amount of time to compose stories. Email
communication has been utilized for patients and caregivers (Katz et al., 2003),
and in several clinical contexts (Moyer et al., 2002; Bellotti & Smith, 2000),
to improve the quality of lives for patients. However, we are not aware of any
literature exploring how social networking through email communication can
be utilized for persons having language difficulties such as aphasia. We believe
that email can be an ideal medium for aphasics to communicate what they
cannot do in face-to-face communication. This may not only prove useful for

1This chapter is partially based on: Al Mahmud, A and Martens, J.-B. 2011. Understanding
email communication of persons with aphasia. In Proceedings of the 2011 annual conference
extended abstracts on Human factors in computing systems (CHI EA ’11). ACM, New York, NY,
USA, 1195-1200
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maintaining social contacts but may also prove a valuable tool for therapy.

To help people with aphasia to be more socially engaged a social network-
ing site has been developed by Aphasia Union Netherlands (AVN) where the
medium of communication is email. In this chapter we report on how apha-
sics are utilizing the AVN email program to communicate with other aphasics
and with therapists. The key objectives of our study are: a) to understand the
email utilization patterns by both aphasics and therapists, b) to understand
how people with aphasia and their therapists view the benefits and barriers to
using the AVN email program.

In order to answer these questions we collected email usage log over the year
2007 to 2010. Later on we also conducted a questionnaire study to understand
the views of aphasics and therapists. We analyzed aspects such as email us-
ages patterns, dropout rates of email users in each year, email attachment use,
frequency of email use and message length from the log data. From the ques-
tionnaire we understood several usability issues of the AVN email program, use
of writing support, reasons for using the AVN email program and finally sug-
gestions to improve the usability of the AVN email program.

Online social networks have potential to restore community (Bricout & Baker,
2010). Current online social networks are mostly focused on able-bodied users
(Lehtinen et al., 2009). Several social networking sites have been designed for
older adults such as iYomu, and Saga Zone. Saga Zone is an online social net-
work for people over 50. We are not aware of any literature where an existing
tool for supporting social networking for persons with aphasia is explored in
depth. It is expected that as people with aphasia suffer from reading, writing,
speaking and or comprehension problem, they will consequently have prob-
lems accessing traditional social networking sites. Therefore, by evaluating the
specialized social networking site designed for aphasics we would like to un-
derstand usage patterns and usability issues while using this site. We believe
that this understanding will help us to gain deeper insights to build appropri-
ate social networking sites for persons with aphasia and people with similar
disabilities.

The contributions of this work are, a) understanding the email utilization
patterns of persons with aphasia and their therapists, b) understanding the
benefits and barriers to using social networking though email for aphasics c)
design recommendations for accessible SNS. Our work also sheds lights on the
formation and added value of a specific social network targeted at emailing be-
tween persons with aphasia. In the following section we describe the related
work, introduce the AVN social networking site and present the evaluation re-
sults of this site.

4.2 Related Work

Social network is very useful for different user groups as reported in (Cross &
Parker, 2004). In the related work section we describe popular social network-
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ing sites and also how older adults use these sites. Moreover, we also describe
how email is a useful medium for cultivating relationships between disabled
and non-disabled people.

4.2.1 Email and Social Network

Email is the most popular private sources of social network information (Guy et
al., 2008). As other private sources such as instant messaging or phone calls, it
is abundant within everyday communication and therefore reflects one’s social
network. However, collecting email for social network analysis is also a sen-
sitive issue. As mentioned by Guy et al. (2008) social network analysis (SNA)
can be conducted in two ways: egocentric (personal) and sociocentric (global).
Egocentric network analysis focuses on the personal network of a root individ-
ual (called ego), while sociocentric network analysis considers all the relation-
ships among the members of a certain group from a global perspective. Since
typically most email users have access only to their own mailbox, it is quite
difficult to create sociocentric analysis of the network (Boykin & Roychowd-
hury, 2004). Email is a very dominant part of many web-based applications
and services. Moreover, email is an obvious part of social networking as it is
actually required when registering and using social networking websites such
as Facebook, MySpace (Wentz & Lazar, 2009).

4.2.2 Older Adults and Social Media

In recent years the use of social media has increased significantly among all age
groups. Older adults have been passionate about using new social networking
tools over the past years. Email is an important way to maintain contacts with
friends, families and colleagues, many of whom depend on social networking
to manage their daily communications, sharing links, photos etc. (Madden,
2009). Madden (2010) also reported that social networking use among internet
users ages 50 and older has nearly doubled from 22% to 42% over the past
years. Moreover, half (47%) of internet users aged 50-64 and one-in-four (36%)
users aged 65 and older now use social networking sites. Furthermore, it has
been reported that email and online news are most appealing to older users.
According to the research conducted by Madden (2010), overall 92% of those
aged 50-64 and 89% of those aged 65 and older send or read email and more
than half of each group exchanges email messages on a day-to-day basis.

Social-networking sites have not been designed with the needs in mind of
people who use assistive technologies (Whittle, 2007). As a result it becomes
difficult for individuals who have paralysis or other physical disabilities. Most
typical social networks do not offer a simplified audio or “text only” version of
their pages, which can cause troubles for disabled users. A lack of accessibility
is motivating many disabled web users to create their own, alternative social-
networking platforms. US-based sites such as Disaboom (Disaboom, 2011) and
Don’t Dis Me, for example, provide disabled people with a secure, accessible
online community along with advice, forums and information. In the UK, there
are an increasing number of social-networking sites for disabled people such
as including Y-A-P (Mencap, 2011), and CKfriends.org.uk (Ckfriends, 2011), a
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Table 4.1: Major categories used in the email program

Subjects(Onderwerpen)
Examples: Appointment(Afspraak), Thanks(Bedankt)

Sentences(Zinnen)
Positive sentences Negative sentences

Overall Overall
Emotions Emotions
Congratulations Passed away
Activities Illness
When Visit
How Complain
What
Ending sentences

Images(Afbeeldingen)

Scottish site that provides a safe online community for adults with learning
disabilities.

4.3 Description of the AVN Social Networking Program

The AVN e-mail program has been primarily designed for people with aphasia.
Family members and therapists can however also use this program. AVN email
is a web-based program and someone who wants to use it first needs to register
with the Aphasia Union Netherlands (AVN) after which they get a password and
user name. At present there are 444 people (aphasics, therapists and partners)
from the Netherlands and Belgium who are registered with this email program.
The email messages are handled through a web service and the interface has
been designed in Dutch.

The received messages appear under the message menu (‘Berichten’). To
compose and send an email users first need to select the picture of a person
from the list (‘Alle mensen’) and add that person to their personal list (‘Mijn
Lijst’). Note that they do not need to know the email address of the person who
they want to send a message to. Language support is provided for composing
messages. There are three main menus in the tree structure: subjects (‘Onder-
werpen’), sentences (‘Zinnen’) and images (‘Afbeeldingen’). When a category is
selected, either subcategories or sentences appear for each category. For exam-
ple, the category sentences (‘Zinnen’) is divided into two subcategories: positive
and negative sentences. For the category ‘positive sentences’ there are more
categories such as ‘overall sentences’, ‘invitation’, ‘day of the week’ etc (see Ta-
ble 4.1 for a complete list of categories). For example, the category subjects
(‘Onderwerpen’) has 12 sentences (Table 4.1). These categories and sentences
are fixed and determined once by the program therapist and developer. Users
can also attach images to send with the composed email. They can either add
images that are stored on their computer or images provided with the email
application under the category called images (‘Afbeeldingen’).
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4.3.1 Major Features

One unique feature of the AVN email program is that users can select a person
to send email from a list of pictures. Therefore, they do not need to remember
or know email addresses. Another unique feature is that language support is
provided to compose messages. This language support has been designed by
a speech therapist. There are three main menus in the tree structure of the
provided dictionary: subject, sentences and images. The categories reveal their
subcategories when selected. For example the ’sentences’ category is divided
over two subcategories: positive and negative sentences. For each of the sub-
categories there are more categories such as overall sentences, invitation, day
of the week etc.

 Figure 4.1: The main page of the AVN social networking program. Users
have to enter a password to log onto the system (Wachtwoord= password, ope-
nen=enter).

Here is an explanation of the menu bar (Figure 4.2, the top-most panel).
Beginpagina: start page, Welkom: welcome, Wachtwoord: password, Mensen
(people: family, friends, therapists and trainers), Berichten (messages: indi-
cates new email if the envelope icon is closed). Below the menu bar there is a
place to compose emails. On the right-hand side it shows the person to whom
the email will be sent. On the right most side there is a personal list (Mijn
Lijst). Here the first picture is of the person who owns this account and the
person Margo has been added to her list as the owner wants to send an email
to her. The categories and related sentences provided with the email application
are shown on the left. After clicking the category it expands and the underlying
sentences are revealed. If a user selects a sentence from a category the selected
sentence is copied to the composing panel.
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Figure 4.2: The personal page of one user (therapist) after logging into the
system. The rightmost panel shows the owner of the account ( top right) and
below is the personal list where friends and family members are added. Here
one person called Margo has been added to the list.

 
Figure 4.3: The email composing panel of the AVN social networking program.

4.3.2 Email Composition

Reading email messages: Go to the address: http://www.afasie.nl/programma/–
>enter passwords –>click open (Figure 4.1) –>welcome page: appears (Figure
4.2) –>you can now read messages, reply, or compose a new message.

Composing an email message: Composing an email requires two consecutive
steps. The first step is to select a person (Figure 4.5), category Familie/vrien-
den) and add him or her to the personal list. To select a person you have to
click on the category called ‘people’. There are four groups of people: a. coach-
es/teachers b. family/ friends c. speech therapists d. people with aphasia. If
for example, you click on ‘People with aphasia’ you may see all the people with
aphasia who are registered in the network. It is also possible to search/browse
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Figure 4.4: The expanded version of the email composing panel of the AVN so-
cial networking program and the provided vocabularies ( left side of the screen).

 

Figure 4.5: The screen to choose persons to add to the personal list. Four
options are available here: Begeleiders= coaches, Familie/vrienden= Fami-
ly/friends, Logopedisten= speech therapists, Mensen met afasie=people with
aphasia. Users can browse each of these categories to select one of the mem-
bers.
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people based on location, i.e, on the province of the Netherlands that they live/-
work in.

The second step required to initiate a new message to the selected person is
to double click on the picture of the person in the personal list. This makes the
email composing panel appear in which one can either type or copy sentences
offered in the dictionary. When the composition is finished, an image can
optionally be attached before sending the message by hitting the send button.
Here is a composed message that has been sent to an aphasic person.

 

Figure 4.6: A sample composed message

4.3.3 Design Rationale

The design of the AVN email program has been inspired by the need of aphasic
users to be more engaged in email communication. The therapist used acquired
insights while interacting with aphasia patients to start the concept of social
networking through email. Several versions of the program were validated with
persons with aphasia in the course of its development. The experience of the
speech therapist, gained during therapy with aphasia patients, was used to
design the original style and content of the word book that offers the unique
language support. People with aphasia gave feedback on the terms used in the
word book, types of questions etc. The work book was further developed using
a trial-and-error approach, checking whether or not entries were acceptable
and useful for persons with aphasia. However at this stage the sentences are
not yet organized in a way that the therapist would like to see. She believes
that there are too many categories and that some of the sentences or words in
the different categories are overlapping. At times it is very subjective to decide
which sentence to assign to which category. She has therefore suggested a
further improvement of the work book based on the communication book that
has been designed for people with aphasia (Verschaeve, 1998) which is based
on word categories such as who, where and when.
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Categories such as a. overall, b. positive, and c. special occasion are pop-
ular and they are mostly used by aphasics. Other categories such as negative
sentences, emotion are less used. Moreover, people with severe aphasia use
only very limited categories. A recent addition to the email program is that
users can now add their own sentences. Another recent feature is the option to
add an image library, i.e., a personalized group of several pictures to be used
as an attachment. At this moment only a few icons are used with the AVN
email program as it is difficult to find suitable icons. Only registered members
(aphasics and non-aphasics such as family members, speech therapists) can
use the tool.

In order to preserve privacy of the users, they are informed in advance that
after joining the site other people with aphasia and therapists can see their
profile. The profile consists of a user’s photo, name and location where he or
she lives. Since this is a closed community, one implicit objective is to enhance
communication within the community. No email ID is required to use the AVN
social networking site; but a user name and password are obviously required
to log on to the system.

4.4 Phase 1: Understanding Current Usage of the AVN Social
Networking Program

We contacted the aphasia union Netherlands (AVN) who owns the social net-
working site for persons with aphasia. We initiated a cooperation with them
and agreed that no privacy sensitive data would be collected from the email
server.

4.4.1 Data Collection and Analysis

Email usage data were collected from the email server. A PHP script was used
to extract data such as number of sent and received messages, number of mes-
sages with attachments, number of conversations (messages with the same
email subject), and average number of words per message. We did not collect
any personal data from the server such as actual email message, user names,
email IDs etc. The original data collected was aggregated data and did not re-
flect individual email usage patterns. Therefore we created two additional SQL
(structured query language) queries to extract such patterns.

We first created a PHP script and tested it on a sample database created
using the information given to us by the system administrator of the network-
ing site. Two different queries were executed to extract information such as
the one described in the Table 4.2. Once satisfied with the tests, the queries
were sent to the system administrator of the social networking site in order
to execute them on the actual email server database. Finally, we received the
result of the query as MS Excel file. The first query extracted the information
according to table 4.2 that were 9996 messages, and the second query ex-
tracted the same data but retaining only messages that contained at least 12
words (2224 messages) for email subject creation. This was a pre-caution to
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Table 4.2: Sample information collected from the email server
Sender ID Sender

group
Receiver ID Receiver

group
No. of
charcters

No. of char-
acters without
white space

No. of
words

Time mes-
sage sent

Attachment

16 aphasics non-
aphasics

13 104 79 26 1183030638 No

handle privacy data of the email server. Table 4.2 shows how the data format
and in total the excel data file contained 326 rows. The time was in Unix time
format which we later converted in to regular time format by using the formula
=H2/ (60*60*24) +“1/1/1970” where H2 refers the time in Unix format. For ex-
ample, the Unix time 1183030638 is actually 28-06-07 11:37 (=1183030638/
(60*60*24) +“1/1/1970”). The data were analyzed using SPSS.

4.4.2 Measurement

We analyzed the logged data to reveal the following information:

1. Active and inactive users: how many aphasic people are registered and
how many of them are active users of the program?

2. Frequency of email usage: how often do aphasics send and receive email
messages?

3. Language support: how extensively is the language support actually used?

4. Message length: mean, median, maximum and minimum number of words
of the messages generated by aphasics.

5. Attachments used: whether aphasics use attachments and how many?

6. Dropout rate: how many aphasics keep (abandon) using the application?

4.4.3 Log Results

4.4.3.1 Email Sending and Receiving by Aphasics

In total there were 326 users (146 aphasics and 180 non-aphasics) who gener-
ated email messages. 119 aphasic users sent email messages and out of them
6 aphasics never received an email. Out of 146 aphasics who receive email
messages, 33 of them never sent any email. A small number of the aphasics (6
out of 119) have sent messages without receiving them, while the majority (113
out of 146) both send and receive messages.

Of the 9996 email messages sent (from July 2007 to December 31, 2010),
80.1% (8010) email messages were sent by aphasics and 19.9% (1986) email
messages were sent by non-aphasics. It is a good sign that the majority of the
email messages were sent by aphasics as they are the primary users of the so-
cial network. Most emails (6777 out of 8010, or 84.6%) were however generated
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Figure 4.7: Number of emails sent and received by aphasics (N=112)

Table 4.3: Contingency table based on the total log data

Email receiver Total
Aphasics Non-aphasics

Email sender Aphasics (80.1%) 3321 4689 8010
Non-aphasics (19.9%) 1252 734 1986

Total 4573 5423 9996

by the top-4 IDs: ID 1: 5738, ID 2: 279, ID 65: 259, ID 179: 501. Later on
we excluded ID 1, who by himself generated 71.6% of the messages, from the
rest of the analyses. ID 1 who is an aphasic is removed as he generated many
messages (sent 5738 messages and received 130 messages) than anybody else
and is considered an outlier. After removing the outlier aphasics sent 2272
(53.4%) messages and non-aphasics sent 1986 (46.6%) email messages.

The mean length of aphasics sent messages (2272) of 119 users was 19.09
(SD=41.30) where minimum length was 1 word and maximum length was 279
words. On the other hand the mean length of aphasics received messages
(4426) of 145 users was 30.52 (SD=34.86) where minimum length was 2 words
and maximum length was 365 words. Out of 2272 messages generated by
aphasics 6% (124 messages) of them contained image attachments.
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Figure 4.8: Frequency of email messages sent by aphasics(N=118)
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Figure 4.9: Frequency of email messages received by aphasics (N=145)
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4.4.3.2 Use of the Language Support

From the query we also extracted the email messages that contain one or more
words/sentences that are part of the word book exclusively for message sub-
ject creation. From the second query we received 2424 (aphasics 1505, non-
aphasics 919) email messages that contain one or more words/sentences for
email subject creation. Therefore it is clear that at least half of the total email
messages (4265 where aphasics sent 2272 and non-aphasics sent 1986 mes-
sages) contain the 12 readymade words/sentences in table 4.4. However, it is
unclear whether they were typed or copied from the word book.

Table 4.4: The words/sentences provided to create email subject (n=12)

Words/sentences in Dutch Meaning in English
Afspraak Appointment
Bedankt Thanks
Beterschap Get well soon
Gefeliciteerd Congratulations
Hallo Hello
Hoe gaat het? How are you?
Hoi! Hi!
Kom je langs? Will you come along?
Morgen Morning
Vakantie Vacation
Verjaardag Birthday
Zomaar Summer

4.4.3.3 Dropout Over Years

Figure 4.10 shows number of users and dropout aphasic users over four years.
The 23 people who dropped out in 2008 from 2007 sent in total 53 email mes-
sages(minimum=1. Maximum=6) in 2007. The 27 people who dropped out in
2009 from 2008 sent in total 122 email messages (minimum=1, maximum=22).
Later on, 23 new aphasics joined in 2008, and after one year in 2009 156 people
dropped out. Those 16 people sent 75 emils ( minimum=1, maximum=13). Fi-
nally, in 2009, 21 new aphasics joined and after one year 9 people dropped out.
Those 9 people sent in total 29 emial messages( minimum=1, maximum=9).

4.5 Phase 2: Acquiring Subjective Response from Aphasics
and Therapists through Questionnaires

From the log data it is not clear how the target groups utilize AVN email and
to what extent they are satisfied with the program. We collected subjective
responses from aphasics and their therapists through two separate question-
naires in order to obtain more insight on aspects such as: a. how often do
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Figure 4.10: Number of aphasic users over four years (2007-2010)

people use the language support provided with the email application, b. which
actions are experienced as easy and complex c. how to improve the program in
order to make it a more useful tool for the target user group?

4.5.1 Design of the Questionnaires and Questionnaires
Dissemination

Both questionnaires contained three sections with a total of 16 separate ques-
tions for the aphasics and 13 questions for the therapists. In the first section
demographic information was collected, the second section contained ques-
tions regarding the use of the AVN email program, while the final section con-
tained questions about the overall user experience. This overall user experience
was measured using Jim Lewis’s ‘Computer System Usability Questionnaire’
(CSUQ) (Computer system usability questionnaire, 2011). A speech therapist
carefully checked both questionnaires and relevant icons were used to make
the contents more easily understandable for aphasics. Throughout the ques-
tionnaire participants were asked to provide qualitative remarks that could
clarify their ratings and to provide recommendations for improving the email
program. The questionnaire links were distributed through the AVN email pro-
gram (afasie.nl) so that only aphasics and their therapists who are registered
with the program could access them. Moreover reminders were sent to local
aphasia centers to remind participants and also to help persons with aphasia
to fill in the questionnaire. The questionnaires were also available to the email
partners who were registered in network. The questionnaire responses were
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anonymous and no incentives were given to the participants.

4.5.2 Results

4.5.2.1 Perspectives of People with Aphasia

We received responses from 41 aphasics (Male=27, Female=14, age range 50-
76). Most aphasics (18) live with their partners and finished high school edu-
cation. All respondents had used the AVN email program for at least one year.
Two respondents had been using the program for more than two years. 60%
of the respondents find the program easy to use while the remaining 40% of
the respondents think that the program is reasonably simple to complex. 50%
of the respondents use the email program 1-2 times a week. 40% of the re-
spondents receive emails containing attachments more than once a day. Only
20% of the participants send attachments with their own emails. All partic-
ipants send emails to other aphasics (25%=more than once a day, 25%=1-2
times a month, 50% less frequently). 25% of the participants send emails to
therapists at least once a day, while 50% of the respondents never sent email to
therapists. For aphasics the most important reason to use the email program
is to contact other people with aphasia (83.33%). Almost all the people with
aphasia use the ready-made sentences/phrases provided with the email appli-
cation, while 80% of the respondents also composed new messages using the
readymade sentences/words provided with the program. 47% aphasics also
try to create own sentences independently. The results indicate that receiving
email through the AVN email program is considered relatively easy, but that
composing new messages is perceived as being substantially more difficult. We
received several suggestions to improve the accessibility of the email program:
a. the option to add customized sentences to the application (30%) b. text-
to-speech conversion of both composed and incoming email messages (20%) c.
sending emails to people that are not registered with the AVN email program
(20%) d. possibility to copy one or more words from the incoming email to the
new message currently being composed (20%). Other options that may improve
the program as mentioned by aphasics are a) Option to change or bypass the
system password, and b) Attachment of an address book.

4.5.2.2 Perspectives of Therapists, Caregivers and Partners

In total we had 37 persons who filled in the questionnaire: 25 therapists, 4
coaches, and 8 family members (partners, daughters). All of the respondents
use the AVN email program (41% use it 1-2 times a week). The most impor-
tant reason to use the program is to maintain contact with people with aphasia.

54% of the therapists receive at least 1-2 emails per month and 27% receive
1-2 emails per week from aphasics. All the respondents use the AVN email
program to reply to such emails. The easiest actions with the email program
are a. receiving e-mail messages (40%) b. composing and sending new email
messages (32%) and c. answering the received e-mail messages (24%). The
most difficult actions with the email program are: a. adjusting the contact list,
b. finding the right button for example to navigate to the composing panel, c.
remembering the user name and password needed to log into the system, d. the
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Table 4.5: Demographic characteristics of survey participants (n=41)

Sex Male 67%(27)
Female 33%14)

Education Basis school 22%
VMBO 13%
Havo or VWO 9%
MBO or HBO 33%
University 11%
After university 2%
Others 9%

Living situation Partner 63%
Children 21%
Parents 8%
Others 8%

absence of a help function or guided support from the application for first time
users, e. limitations imposed when creating new messages due to fixed number
of readymade phrases/sentences. Additional functions that may improve the
email program are: a. text-to-speech conversion for incoming and composed
emails (24.32%), b. possibility to add additional sentences (24.32%), c. possi-
bility to copy words/sentences from incoming email when composing messages
(18.92%), d. possibility to send emails to people who are not registered with
the AVN email program (21.62%), e. other functions (13.51%) such as i) known
email address should appear from the system for example by typing the first
letter, ii) possibility to change the system password, iii) sometimes people do
not know each other but send emails just like spam (the fact that all users can
see all registered users is perceived as a breach of privacy). Other options that
may improve usability of the AVN email program mentioned by therapists are:
a) the option of creating a personal contact list, b) alternative (easier) access in
case one only wants to read email (circumvent the need to log into the website).

4.6 Discussion and Design Implications

4.6.1 Reflection on the Log Results

From the log data it was evident that few aphasics were very active in email ex-
change as compared to others. We found out that those aphasics joined at the
start of the SNS and were sending emails to all other aphasics. After consulta-
tion with the administrator of the AVN social networking site, we revealed that
those aphasics were voluntarily sending information relating to general interest
of other aphasics. Another trend that we found from the log results was that
there were three types of users utilizing the email program. Group 1, registered
to use the program but never used it; group 2 started using the program after
registration and after some time stopped using it. And finally group 3 is still
active in email exchange but the frequency is rather low. Overall, more people
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Figure 4.13: Subjective ratings (on a 7 point scale) of the questionnaire items
by aphasics and therapists

are registered (120 aphasics and 203 non-aphasics) however only a portion of
aphasics (40 aphasics till year 2010) are active in the email exchange process.
This may signal that either people are not motivated or the system is not at the
right level for the participants. These results demand additional investigation
to know the underlying reasons of different usage patterns.

The language support for email subject creation provided by the email pro-
gram is utilized as evident from the system log data. It was identified the email
messages generated by the aphasics (2272) contained one or more words that
were provided for email subject creation. However, we do not have any direct
evidence of which words and sentences are retrieved from the word book. This
led us to believe that appropriate word/sentences help people with aphasia in
email composition. However to create a more useful and useable vocabulary
more investigation is necessary. During data collection, we could not verify
how often all the given sentences/words provided with the mini dictionary for
email content creation were utilized. Our analysis is based on the words/sen-
tences provided to email subjection creation only.

It has been revealed from the data analysis that overall only 10% of the mes-
sages contain image attachments. Out of 2272 messages generated by aphasics
only 142 messages contain image attachments. Image attachments are more
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frequent in case of non-aphasics (305 out of 1986 messages). So for optimal
design of an email tool the option of image attachment can be considered less
important, although more experienced users might insist on such functionality.

Communication between aphasics was higher than between aphasics and
non-aphasics, which indicated that people with aphasia tried to use the net-
work to get in touch with each other. This is a positive sign as the objective of
the AVN social networking site is especially to enhance social communication
between aphasics. Though from the log data we found that few users were
sending most of the emails (ID 1: 5738 messages, ID 2: 279 messages, ID
65:259 messages, ID 179:501 messages) it was still clear that aphasics took
initiative and kept trying this application to fulfill their communication needs.

The log data also shows that the average length of the sent messages by
aphasics is rather short. However what is positive about the tool is that it
is helping people with aphasia to compose and sent text messages to keep in
touch with other people with aphasia. We speculate that individual training
and periodic assessment of the users through partner/therapists to use this
social networking site will enhance successful long-term participation and en-
gagement with this tool.

The log data that we analyzed was over four years and demonstrated the
dropout rates. On average 27 users dropped out per year (2007-2010). The
dropout rate is significant as compared to total aphasic users. At this mo-
ment we do not know the reasons for dropping out since this potentially useful
information is currently not in the analysis the log data. This could be due
to usability issues or other reasons. From questionnaire data we indentified
several usability issues with the AVN SNS. It has been reported that lack of
usability could lead to high dropout rates. Lack of usability is found to be the
third highest reason for social networking sites (SNS) abandonment (Brandtzæg
& Heim, 2008). Other reasons for abandonment or infrequent use of SNS are
people and contents of SNS; however those results were not reflected in our
findings. To get a clear picture of dropping out additional investigation is nec-
essary.

4.6.2 Reflection on the Responses from Aphasics and Therapists

The questionnaire results indicate that persons with aphasia demonstrate a
lower frequency use of the email program. Almost 60% of the respondents
reported that using the AVN program is either reasonably complex or very com-
plex. This may lead to the conclusion that improving the ease of use of the
program could possibly enhance its use. Replying to emails and sending new
emails are the two activities which were most challenging as identified by both
therapists and aphasics. We believe that this could be due to complex naviga-
tion within the program.

The writing support provided within the email program is both appreciated
and frequently used by aphasics. 79% of the aphasics reported that they use
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ready-made sentences provided with the email program and almost 50% of the
respondents use the ready-made sentences almost every time. These results
are in line with the log results where we found that the messages generated
by aphasics contain words provided to create email headers. These results
show the usefulness of the customized dictionary with ready-made words or
sentences.

Aphasic respondents and therapists both reported on the aspects that will
make the program more useful such as a reading function, customized sen-
tence creation etc. We believe that these aspects are equally useful for other
target groups who have problems in reading such as people with dyslexia. Fi-
nally, the reason for using the social networking site is very promising. Most
aphasics want to get or stay in contact with other people with aphasia (59%).
Our log results also confirm the claim that the email exchange between apha-
sics is more frequent than the exchange between aphasics and non-aphasics.

The main findings in this study seem to point to problems that any appli-
cation of this kind could have, whether for people with aphasia or not. In one
sense this seems true as our objective is to find barriers to use this program
and recommend possible improvements. One key aspect of the program is the
language support which is not common in programs designed for other people
with language disabilities. Moreover, the introduction of such a social network-
ing site where email is the medium of communication is unique.

The log data and the questionnaire data were not collected concurrently.
Questionnaire data were collected after the collection of log data. Since new
aphasics are joining each year, the opinion of the recent novice users might
vary from the users who are more familiar with the program. However, from
the overall results we found that the subjective responses were in agreement
with the log data.

4.6.3 Implications for Design

Here we summarize the main design aspects that need to be considered when
designing an accessible email communication system for people with aphasia.

• First, the email usage logs illustrate that many more aphasics and thera-
pists are registered than the ones that are actually using it, which leads
us to expect that ample assistance for first-time users is very important
and could influence actual adoption.

• Secondly, the questionnaire results show that the main problem with the
AVN email program is replying to emails. This is partly due to poor navi-
gation within the interface.

• Thirdly, language support is much appreciated by both aphasics and ther-
apists. Language support can help people with aphasia to compose bet-
ter emails and read-made sentences would be most helpful for aphasics.
Also copying words/sentences from incoming emails would be helpful as
well. However, current limitations such as the inability to add customized
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phrases/words need to be lifted. The option to customize and also the
ease of customization is a key factor to improve the program. One of
the most frequently requested functions is a text-to-speech conversion for
both incoming emails and the message currently being composed.

• Finally, issues that are related to privacy such as password protection,
visibility of other aphasics and their family members, and inability to email
other friends who are not registered with the AVN email program, are
perceived as critical when adopting the tool. It is useful if people with
aphasia can send emails to other people who are not registered with the
AVN email program.

4.7 Conclusion and Next Step

Overall we believe that aphasic individuals would like to keep in touch with
family and friends and therefore can greatly benefit from using email. The de-
sign of the networking site of AVN is a first step to support aphasic individuals
to socialize. Though several design aspects need to be considered to improve
the program, still the current design is a promising first step. The lessons
learned from the evaluation of the AVN email program can be helpful for de-
signing social networking sites for other people with disabilities. An important
extension to this research would be to understand the reasons of low usage
of the program by people with aphasia. Questions that are not adequately an-
swered yet by our investigation are: a) how aphasia influences the perception of
the tool? b) the impact of this tool on aphasics’ lives. For example, what types
of messages are aphasics generating (i.e., what are they corresponding about),
c) how did aphasics’ feelings about social isolation change over the year? d)
another interesting study would be to mine the email contents to find out the
high frequency words to create a useful word book. e) one of the aspects that
we can speculate about is to enhance the mechanisms to share information
such as personal stories through this site which can be inspired by the ex-
isting design such as patientslikemen.com/. Aphasics’ can share each-other’s
daily stories and can participate in online social talk through text and images.
However accessibility and need of such application should be verified with the
target user group. The answer to these questions would make the work more
interesting and valuable from a broader research perspective. We would like to
utilize some of these insights to design an accessible email tool that we describe
in chapter 5.
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CHAPTER 5

Amail: An Accessible Email Tool for
Persons with Aphasia

In this chapter1 we describe the iterative design and exploratory evaluation of
‘Amail’, an email tool designed for persons with aphasia. It is inspired by inter-
views with persons with aphasia and their partners and has been improved
through discussions with experienced speech therapists. Our user studies
show that aphasics find current email communication tools too challenging
to use. The most pronounced barrier is the lack of writing support. Based
on these findings we designed an email application with language support and
limited functionality that should be easier to use than existing solutions. The
email program has been evaluated in two complementary ways: a) by collecting
system logs as objective data, and b) by conducting questionnaires and inter-
views with aphasics to understand their subjective understanding and prefer-
ence. Our evaluation confirms that aphasics find the email tool easy to use and
that the language support is indeed a substantial help when composing emails.
Participants moreover demonstrated an increased confidence when composing
messages using Amail. Suggestions for adaptations that could further improve
the support for the target group were also collected.

5.1 Introduction

As mentioned before, Aphasia is an acquired communication disorder that is
caused by brain injury or trauma. Aphasia affects language comprehension
and generationto a degree that people’s ability to express themselves verbally
suffers (Hillis, 2007). Most aphasics need to rely on some form of image-based
communication (Thorburn et al., 1995). People with expressive (Broca’s) apha-
sia usually can understand or read what other people say or write but they have
problems in expressing themselves verbally and in writing. The consequence is
that they have problems maintaining contacts with friends and cannot partic-
ipate in social exchange, which results in them becoming passive and socially

1This chapter is partially based on: Al Mahmud, A and Martens, J.-B. 2010. Re-connect:
designing accessible email communication support for persons with aphasia. In Proceedings of the
28th of the international conference extended abstracts on human factors in computing systems
(CHI EA ’10). ACM, New York, NY, USA, 3505-3510.
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isolated, and eventually depressed (Vickers, 2010). Approximately one million
people in the USA suffer from aphasia. In an ageing population, an increasing
percentage of people suffer from strokes, and approximately thirty percent of
them are diagnosed as being aphasic. Aphasia is a chronic condition that can-
not be cured, although it can improve to some extent through therapy. People
with aphasia hence need to learn how to cope with their disability. Solutions
that can accomplish a more effective communication in people with aphasia
will not only empower these patients themselves, but can also help to reduce
the burden on partners and caregivers.

Much of our social life consists of sharing daily stories with other people.
However, sharing personal stories can be extremely difficult for people with
limited verbal ability, such as those suffering from (expressive) aphasia. The
inability to perform ample storytelling has a large impact on aphasics, and too
often leads to the interpretation by those unfamiliar to them that they must be
retarded. Storytelling is an example of evaluative language (Armstrong & Ula-
towska, 2007), i.e. it helps to express feelings and opinions and is an important
means of demonstrating one’s ability to other people to act as a dedicated dis-
cussion partner. Enabling aphasics to better share their daily experiences is
likely to help them to become more socially active and to re-engage in their
preferred life style. This in turn is expected to increase greater self-esteem and
confidence, decrease social isolation and depression among aphasics as well as
more understanding and awareness among non-aphasics.

There has been a growing interest in improving the quality of life for people
with aphasia through technology intervention (Allen et al., 2008; Daemen et al.,
2007; Egan et al., 2004; Elman, 2001; Spaniol et al., 2004). Up to now aug-
mentative and alternative communication (AAC) devices have focused mainly
on helping aphasics with basic communication needs. New tools are emerging
for specific purposes such as helping aphasics while cooking (Tee et al., 2005),
managing their schedule (Moffatt et al., 2004), etc. These applications only
support higher-level communication needs of aphasics in a limited way (Light,
1988). Especially social closeness, i.e., maintaining relationships through com-
munication, is an aspect that is often forgotten or underestimated. We propose
that email may be very suitable to help bridging this gap, as aphasics can
spend a substantial amount of time to compose stories off-line. We believe that
email can be an ideal medium for aphasics to communicate what they can-
not accomplish in face-to-face communication. This may not only prove useful
for maintaining social contacts but may also prove a valuable tool for therapy
(Feng et al., 2008).

The notion of universal design advocates making technology accessible for
all (Newell & Gregor, 2000). The present state is however that many individuals
with disabilities, who could benefit from computers and related technologies,
in practice have only limited access (Behrns, 2009). It has been suggested that
technology should better serve the needs of the individual consumers and that
a way to accomplish this is that the design and assessment of assistive tech-
nology should more extensively involve feedback from intended users (Reimer-
Reiss et al., 1999).
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This chapter reports the design and short-term user evaluation of an assis-
tive email tool for persons with aphasia. In the first design iteration, a pro-
totype was developed with the help of existing Augmentative and Alternative
communication software called MindExpress (MindExpress, 2011). The final
software prototype, called Amail, was created (in visual C sharp) using stan-
dard software components. Amail provides vocabulary support from both in-
coming email messages and a customized dictionary when composing emails.
We used a user-centered iterative design process throughout the design phases
of Amail. Finally, we evaluated Amail with persons with aphasia to identify re-
maining usability issues.

The original contributions in this chapter are a) the design of an accessi-
ble email communication tool: Amail, b) a short-term user evaluation to un-
derstand preferences for alternative options for word copying while composing
email messages, and c) a short-term usability study with persons with aphasia
into the usefulness and usability of Amail for email communication.
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Figure 5.1: Distinguishable phases in the design process of Amail.
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5.2 Related Work

5.2.1 Email and Aphasia

A survey of web use conducted by Morrell et al. Morrell et al. (2000) revealed
that middle-aged and older adults were primarily interested in utilizing emails
(95%), window shopping online (92%), checking weather reports (70%) etc.
These activities require typing and reading skills and persons lacking these
skills due to disability may find them difficult or even impossible. Another
research study showed that email remains the most popular internet activity
for older adults (Pew Internet & American Life Project, 2011). Therefore to bet-
ter support older adults, specific email tools have been developed Dickinson
et al. (2005); Hawthorn (2003); Arnott et al. (2004). The main contribution
of these tools is a simplification of the user interface in order to address age-
related problems. Such user-interface adjustments are however not necessar-
ily relevant for persons with aphasia who have specific language difficulties.
Several Augmentative and Alternative Communication (AAC) devices such as
Jabbla (MindExpress, 2011) Tobii Tobii assistive technology (2011), TouchS-
peak (TouchSpeak, 2011) and ‘Sentence shaper’ (Linebarger et al., 2008) have
started to include email support. It has been observed that acceptance of such
devices by people with aphasia is slowed down by at least two factors: 1) they
stigmatize their users, and 2) many of them are too complex to use. The email-
related support within most AACs is very limited, so that the issue of making
email accessible for persons with aphasia is still far from being resolved. We
are not aware of any literature specifically exploring how email support can be
improved for aphasics. The CogLink program (Sohlberg et al., 2005) seems to
be the most closely related by demonstrating an improvement in email commu-
nication for people with cognitive disabilities. However, the focus of this latter
study was not on aphasics, who have unique problems in reading, writing and
speaking. Therefore, we propose a specific email application that may help
aphasics to compose and distribute short stories containing text and pictures.

Since most persons with aphasia have a problem with writing, providing
them with access to email is not straightforward. Computerized writing aids
have already proven to be useful for persons with aphasia (Behrns, 2009).
Three types of writing aids have been used in rehabilitation up to now: a)
synthesized speech (King & Hux, 1995) b) voice recognition (Bruce et al., 2003)
and c) word prediction (Mortley et al., 2001). These three kinds of aids are
mostly made available through dedicated Augmentative and Alternative com-
munication devices. Word prediction plays an important role in many (espe-
cially hand-held) text production systems. The users who can benefit most
from word prediction are a) physically disabled persons with typing difficulties,
b) persons with dyslexia or other impaired language skills (Carlberger, 1997).
The main benefit of word predictor systems is that they reduce the time and
effort required to produce text, which can imply that users can write for a
substantially longer time (Klund & Novak, 1997). However, a word predictor
increases the perceptual and cognitive load for its user as this user needs to
shift attention from text in progress to the predicted suggestions. As this is
expected to be too challenging for people with aphasia, we have introduced
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another kind of writing support in our email tool that is a mix of ready-made
words and sentences. We believe that a specialized, customized and activity-
related vocabulary is an alternative, and potentially very useful, way to reduce
the burden of composing written messages for persons with aphasia.

5.2.2 Recent Technological Development and Aphasia

Several low-tech and high-tech applications have been designed to assist per-
sons with aphasia in needs-based interaction (Sandt-Koenderman, 2004). Re-
cent research on aphasia includes the ESI planner (Moffatt et al., 2004), an en-
hanced sound and image planner that helps aphasics to manage their sched-
ule independently. Another recent system is a desktop-PDA (Boyd-Graber et
al., 2006) that supports communication through sounds and images collected
inside or outside the home. The visual recipe book (Tee et al., 2005) is a specific
application that assists people with aphasia while cooking. These applications
demonstrate that there is a growing interest in the design research community
to create systems that can assist aphasics in their needs for daily communica-
tion and activity.

Augmentative and Alternative Communication (AAC) devices such as Touch-
Speak (TouchSpeak, 2011) are widely used in aphasia therapy as well as during
the post-therapy period, despite the fact that these devices have some obvious
limitations. First, they need to be operated by means of buttons with sym-
bols whose meanings need to be learned. Second, AAC devices mostly support
need-based interaction for functional communication. Need-based interaction
is very important but obviously only a first step. After the initial period in
which people learn how to cope with their disability, other kinds of communi-
cation become increasingly important for them. Such kinds of communication,
as mentioned in (Light, 1988), are information sharing, social closeness and
social etiquette. It is apparent that AACs are not intended for such commu-
nication needs. There is for instance hardly any functionality for aphasics in
current AACs to capture and share day-to-day experiences. It might therefore
not come as a big surprise that many aphasics refuse to depend on such an
AAC for social communication, which might explain why their adoption has
been slow. Therefore, designing new technology for supporting richer forms of
communication is an urgent need for the target user group. This is in line with
a more general trend towards inclusive design (Newell & Gregor, 2000) which
promotes defining and understanding your target users, making sure that all
of them are catered for and not excluded because of their particular motor or
sensory capabilities.

In the following sections we describe the requirements gathering process
through interviews with which we started this project as well as the design
iterations and the evaluations with aphasics and speech therapists.

5.3 Requirements Gathering

Several methods have been used before to design assistive technology for people
with cognitive disabilities, including participatory design (Moffatt et al., 2004)
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and design by proxies (Boyd-Graber et al., 2006). Although it is very difficult
to explain a new concept to aphasics, it is possible to let them test working
prototypes. We conducted in depth interviews with persons with aphasia and
their family members. The objectives of the interview sessions were: a) to
comprehend the potential role of email for the aphasics’ communication, b) to
understand current barriers to using email, c) to discover what type of support
would be most helpful while using email. The fact that aphasia varies signifi-
cantly from person to person makes it difficult to design for all. Therefore, the
intended user group needs to be specified. We decided to focus on people with
expressive aphasia, i.e., those being able to understand language, but having
difficulty with verbal and written communication. This means that they of-
ten use gestures, eye contact, emotions, and facial mime to support or replace
their communication. A complicating factor is that eighty percent of expressive
aphasics also have weakness of the right arm and leg (Hillis, 2007).

5.3.1 Participants and Procedure

As a first step we visited a local rehabilitation centre to understand the user
group and their abilities. There we observed two groups of people having apha-
sia (one communication group with 5 male aphasics, and one writing group
with 3 male and 2 female aphasics). Finally, we conducted more in-depth in-
terviews with 12 people with aphasia (10 M, 2 F, age range 52-76) and their
family members. All of the participants had weakness of the right arm and leg.
The interviews were held at people’s homes and their family members were also
present. The participants were recruited through a local rehabilitation center
with the help of a speech therapist. We send invitations to participate in an
interview session. The requirements were a) to be able to give feedback with
the help of their partners, b) to be familiar with computers and to be interested
in using them, c) to have used email prior to becoming aphasic, and to have
stopped since. The participants were either mild, moderate or severe aphasics
according to the assessments (Huber et al., 1984; Greenwald et al., 2003), con-
ducted by the therapists. Participants were unemployed and frequently visit a
local aphasia center for social gatherings.

All the participants were native Dutch speakers, and the interviews were
conducted in Dutch. A research assistant who was a native Dutch speaker
helped with the interviews. Each interview session lasted for one hour. The
interview sessions were video-recorded for further analysis, and field notes
were taken for review. Aphasia participants, together with their partners, first
filled in a questionnaire about computer use and subsequently answered semi-
structured questions. The planned questions that we used for the interview
were: a) what is your experience with computers? b) do you currently use
email? c) what are possible barriers for you to use email and computers? d)
which features are potentially most useful to support you in emailing? The
questions were designed to get detailed feedback from the participants about
computer and email use and possible barriers to using them. A question was
introduced by the researchers and the partner helped to explain the question
to the person with aphasia. Both the partner and the person with aphasia
expressed their opinion and in case of disagreement it was resolved through
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detailed discussion. We also received tips beforehand from the speech thera-
pist on how to converse with persons with aphasia such as a) to speak slowly
b) not to utter too long sentences and c) to be patient in the discussion. After-
wards we also interviewed two experienced speech therapists and one computer
trainer to verify some of our findings.

5.3.2 Data Analysis

We analyzed the data qualitatively using some procedures introduced with the
Grounded Theory (Strauss & Corbin, 1990). Interviews were fully transcribed
in English and printed. Later on, statements were jointly coded by two re-
searchers. One student assistant helped with the transcription and coding of
the data. Coded concepts were iteratively reviewed and related concepts were
combined. Disagreements were resolved by discussing during the analysis. The
key themes are presented in the results section.

5.3.3 Results

5.3.3.1 Requirements from Aphasics and their Partners

During the interview sessions it was reported by the partners and aphasics
that reading email is not a big problem for aphasics if the messages are short.
The wife of a severe aphasia person mentioned,‘he has no troubles reading the
emails, but he cannot respond to them’. Another partner of a mild aphasia
person mentioned, ‘reading is not difficult, but after 15 minutes he gets tired’.
Respondents also reported that menus of traditional email programs are con-
fusing. Therefore simplicity of the email program is sought by all respondents.
One mild aphasic person mentioned ‘My suggestion is to have as few options
as possible. That makes current programs very complex. I personally only want
to read, write and send messages’. Another person mentioned, ‘The only thing
that I ask for is a method with which I can easily type and send messages. Nar-
ration of the messages could help understanding emails. And short sentences
are mostly necessary’.

Most of the interviewed participants regularly receive email messages through
Outlook, Hotmail or Gmail. However, they have difficulties responding to those
emails. One mild aphasic mentioned, ‘The ‘send a message’-menu in Outlook is
easy to use, however it is hard to find specific options in these programs. There-
fore I need the ‘help’-section to find the name of a specific option’. One aphasia
person who receives email via Hotmail mentioned, ‘nothing is easy about the
program, but writing the messages is very hard’. Another aphasia person’s wife
mentioned, ‘He now has troubles using email because writing the messages is
hard.’. Aphasic individuals are afraid of making gross mistakes while writing. It
is also cumbersome for them to formulate words or sentences. Existing email
programs such as Outlook, Hotmail and Gmail offer no support to compose
messages.

The participants whom we interviewed stopped using the web-based email
application offered by the ‘Aphasia Union Netherlands’ (www.afasie.nl) because
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they cannot download the email application and use it to send email to friends
and relatives that are non-aphasic. They only can email to other aphasics who
are registered with the aphasia union. Participants also reported privacy issues
such as the fact that all persons are included in a global contact list. Partners
of aphasics also mentioned their frustration as sometimes they were too busy
with their own jobs and overburdened to help the person with aphasia. We
summarize the main requirements distilled from these interviews:

• An email application for aphasics should be easily and quickly config-
urable so that it requires less time from the partner.

• The interface should be simple and easy to use so that aphasics can use
it independently.

• Few categories should be presented in the interface at one time; too many
options confuse aphasics.

• Aphasics have severe difficulties composing words, therefore support at
phrase level or word level in combination with pictures/icons is potentially
helpful for them.

5.3.3.2 Requirements from the Speech Therapist

The therapists mentioned that people with aphasia have limited contacts and
as a consequence their social environment becomes smaller. Therefore, email
is an important way of getting in contact again with people aphasics do not
see frequently. The therapists mentioned that many aphasics who visit them
want to learn again how to use email. They also prefer their patients to keep
in contact with them through email, which could provide a long-term benefit
for rehabilitation. They also mentioned that email applications would need to
be configured in a simple way by the partners of aphasics. The basic problems
while using current email tools observed by the therapists and computer trainer
were: a) what to put where in an email template, b) where to find the button
for composing a new email, c) where to select the recipient or how to enter his
email address. We summarize the requirements collected from the therapists:

• An email application should be configurable for individual aphasic needs.

• Standard readymade sentences to fill in while writing would be most help-
ful for aphasics.

• Guidance would be helpful for persons with aphasia while writing.

• Reading the incoming messages out loud would be helpful for some apha-
sics.

• Providing support to find the address of the contact persons would be
helpful.
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5.4 Iterative Design Process

5.4.1 First Design Iteration

The design requirements from the interviews were reviewed in a brainstorming
session with a user interface expert who also was knowledgeable about aphasia
and Augmentative and Alternative Communication software. The objective of
the session was to identify possible solutions to support the obtained design
requirements from the interview results. We perceived that some of the de-
sign requirements could be fulfilled by extending Augmentative and Alternative
Communication (AAC) software with an email functionality. Therefore, we de-
signed an email template with the help of MindExpress (MindExpress, 2011), an
AAC software that has a grid-based layout of multi-modal buttons and a built-
in speech engine. We designed an application that could provide support such
as: a) menu items/buttons for email related functions, b) vocabulary support:
word-based, phrase-based and template-based support for email composition,
c) support to structure email content.

Figure 5.2: The initial email template that came along with the MindExpress
software. The interface had only one layer.

5.4.2 Evaluation

The first version of the email prototype designed with the MindExpress software
was evaluated through three different means: a) demonstration of the proto-
type at the annual meeting of the Dutch aphasia union, and collecting informal
feedback, b) evaluation with 2 speech therapists, and c) evaluation with indi-
vidual aphasics. First, we demonstrated the prototype at the yearly meeting
of ‘Aphasia Union Netherlands’ where aphasics, their partners and therapists
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Figure 5.3: Main menu of the adapted email interface designed using the Min-
dExpress software (“MindExpress”, 2011)

gathered. The objective was to get diverse feedback on the prototype and also
to find potentially interested candidates to use the prototype when it would
be more developed. The yearly meeting lasted around 3 hours and we gave a
detailed demonstration of the prototype to 6 pairs of aphasics and their part-
ners. The prototype was installed on a laptop computer and we demonstrated
in a step-by-step fashion how to compose and read emails. We received several
suggestions such as:

a. provide an opportunity to select words or sentences from the received
messages,

b. reduce the number of buttons in the interface, and

c. reduce the number of steps required to compose an email.

Subsequently, we reduced the menu buttons from twelve to seven. The refined
application is shown in Figure 5.3. The major buttons are ‘read letter’, ‘stop
reading’, ‘clear’ to clear the writing window and ‘last messages’ to see the sent
or received messages. Two other buttons ‘previous messages’ and ‘next mes-
sages’ are used to navigate to different messages. The incoming messages are
displayed on the left side and the contact persons are displayed on the right
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Figure 5.4: The composition menu (left) and the option for choosing personal
pictures (right)

side (see Figure 5.3). The ‘compose’ button directs the user to the page shown
in Figure 5.4 where writing support is provided and pictures can be attached.
The menu contains ‘subject’, ‘to’, ‘content’ and ‘end’ buttons where each of the
buttons gives access to additional information. For example, the ‘subject’ but-
ton contains several possible phrases or words such as, hello, invitation, how
are you, etc. The ‘to’ button helps to select a person to address and the ‘con-
tent’ button allows choosing personalized words or phrases. When writing is
finished the ‘go back’ button returns to the main menu (Figure 5.3). Selecting
a person from the ‘send message to’ list in the main menu means the message
has been sent.

5.4.2.1 Feedback from the Speech Therapists

A cognitive walk-through (Wharton et al., 1994) with two speech therapists and
a user interface expert was conducted in two different sessions. Our objective
was to understand how realistic it would be to use the application with apha-
sics. The email application was demonstrated to the speech therapists and they
were asked to compose an email message to invite someone to a birthday party.
Both therapists liked the structure that was provided to compose emails and
also the possibility to add vocabularies according to individual needs. How-
ever, they expressed that switching back and forth while composing an email
was likely to be confusing for aphasics. Their suggestion was to keep the writ-
ing support as part of the main page of the interface and to create an email
program that looks more familiar and similar to existing email programs. For
example, the button ‘send message to’ was in their view not consistent with
traditional email applications. Moreover, they mentioned that aphasics would
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need a system that was more flexible and intelligent than the current proto-
type. Their remarks were that the system should be more easily configurable
and needs to be intelligent enough to guide people while composing messages.

5.4.2.2 Evaluation with Persons with Aphasia

The feedback from the speech therapists helped to identify some positive as-
pects and some aspects that need improvement. Before going ahead with the
redesign we decided to also evaluate the prototype with a few persons with
aphasia, and to try out some alternatives. More specifically, the email interface
was evaluated with the same five aphasic individuals who also participated in
the interview sessions. During the evaluation, partners were also present. This
was an exploratory evaluation to identify likes and dislikes of the participants
concerning the email application. Participants were demonstrated how to com-
pose, send and read emails with the help of the designed email application.
Later on, participants were given a task to compose an email to invite a friend
to their birthday party. Three composition options were tested: 1) free format,
i.e. no language support, 2) composing a message using available phrases and
3) composing a message using a readymade template. Finally, participants
were asked to express their opinions about the functionalities in the email pro-
gram.

Results. Participants preferred the email application over Outlook and Hot-
mail. One partner mentioned ‘I think it is much easier for aphasics. The program
from the aphasia union has little features (referring to an email program that her
husband had tried but decided not to use). But this offers a lot of possibilities’.
One aphasic participant mentioned, ‘It is good that the program reads messages
out loud. The pictures are good and that makes it easy to understand the buttons’

The most preferred way of composing messages was using ready-made phrases.
Word support in combination with standard phrases was appreciated best by
aphasics. Participants who tried the ‘Wordbar’ (Wordbar, 2011) writing software
in the rehabilitation center found our approach better as it was particularly tai-
lored to writing emails whereas Wordbar could be used for all sorts of writing.
Partners felt the need for buttons that more clearly reflected the email func-
tionalities. Aphasics had mixed preferences to re-arrange the menu options.
The composition mechanism and the vocabulary support were greatly appreci-
ated. A severe aphasia person was overwhelmed with the composing part of the
interface, appreciating the easy method. He was kissing the computer screen
where the application was running and pointed out that the composing part
was ‘super’.

We also received criticism and suggestions on the menu-bar, functional but-
tons on the interface, and vocabulary representation. One criticism was that
the program did not look like a traditional email program, therefore giving the
participants a feeling of learning email in a new way. Most of them had email
experience before having aphasia and therefore were not satisfied with the look
and feel of the program as this application looked a bit childish to them. Par-
ticipants pointed to the buttons and noticed that most of them only had text
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labels. They thought that it would be easier when each of them had a picture
included indicating its purpose. People who have severe difficulty reading need
an icon on every button, just to keep track of the different functions available.
Moreover, they noticed that the menu-bar at the top of the text window does not
match the bigger buttons offered to compose and read emails and that should
be changed. All of the provided phrases consist of only words, while pictures
that could help identity different categories were considered useful. Moreover,
partners expressed that there are also people who are unable to use the mouse,
and wondered how they would be able to use the program.

5.4.3 Summary of the Findings and Design Implications from the
1st Design Iteration

Based on the feedback from the speech therapist, persons with aphasia and
their partners, we could identify several opportunities and challenges. First of
all, the prototype did a good job in serving some of the initial design require-
ments, such as: a) text-to-speech conversion, b) possibility to customize the
vocabulary, and c) easy to find peoples’ email addresses. The prototype pro-
vided support for large vocabularies, which was perceived as a very positive
element. However, the vocabularies are disjoint and distributed over too many
categories with deeper menu structure and therefore formulating sentences us-
ing phrases in the vocabularies is still challenging. Since most aphasics suffer
from writing difficulties, enhanced support such as customized sentences is
considered essential, especially while composing emails. This assumption was
confirmed in the user evaluation with persons with aphasia. The composition
of a new message in the current AAC prototype takes several steps and requires
the user to navigate away from the main window, which, according to the ther-
apist, is likely to severely distract persons with aphasia. Therefore, this aspect
needs to be changed so that the writing support stays within the main window.
Persons with aphasia and also their partners mentioned that the possibility
to choose words from incoming email would be highly appreciated when com-
posing new messages. They also mentioned that the number of buttons in the
interface and the number of steps required to compose a message should be re-
duced. Therefore, we summarize the additional requirements that we adopted
in the next design cycle of an accessible email tool for persons with aphasia:

a. Writing support: possibility to copy words from incoming email messages,
next to including words from a customized dictionary.

b. Reduce the number of steps required to compose email messages to avoid
distraction: it is required to keep all actions on the main screen and to
avoid navigation actions.

c. Make the dictionary accessible from the main screen.

d. Make it easy (for the partner) to customize the interface, the dictionary
and the address book.
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5.5 Second Design Iteration

Our first email prototype was built by using the MindExpress software, which
requires an expensive software license. Moreover, as MindExpress is commer-
cial software for which we do not have access to the SDK (software developer
kit), and it was not possible to redesign the template such that all new design
requirements would be taken into account. Last but not least, support for ad-
ditional email functions which more advanced users might require over time,
such as email attachment handling, email list viewing, saved email items han-
dling, etc, could not be guaranteed. Therefore, we decided to build the email
application on a different platform (Dot net C#) so that we were not limited by
existing software, and could also distribute the prototype freely to people with
aphasia without requiring them to buy an AAC software license.

Based on the feedback from the 1st design iteration we sketched the layout
of the new email interface (Figure 5.5) and the intended message composition
mechanism (Figure 5.6). The new interface only contains essential functional
buttons, i.e., ‘compose’, ‘send’ and ‘read’. The incoming mails are displayed
alongside the picture of the sender. While composing a response, the incoming
email is shown in the top panel and can be used to select words or sentences
from it. Selected words or phrases are imported into the writing window by
clicking the ‘insert’ arrow in the middle of the screen. Additional vocabulary
support is provided by the ‘Text Box’ item which is accessed through the ’Other’
button in the bottom-left corner.

Starting from the visual layout in Figure 5.5 we implemented a medium-
fidelity prototype which we used in discussion with an experienced speech ther-
apist. She appreciated the design as it adhered to traditional email tools that
people were familiar with. However, she suggested a few things to amend in
the interface. She reflected that sequential browsing of the incoming messages
could be better understandable by aphasics if appropriate senders’ images are
shown. The ‘Read’ button is supportive; however she suggested that the system
should read messages sentence by sentence, not the whole message at a time.
The vocabulary support should be implemented on the same page with different
colors to distinguish between several options. Moreover, the speech therapist
checked the understandability of the icons used in the interface and confirmed
that those might indeed be easy to understand by persons with aphasia.

We also demonstrated the medium fidelity prototype to a few aphasics (two
mild and one severe) in the local aphasia center to obtain quick feedback. We
demonstrated how to compose a message by using the prototype. The objec-
tive was to understand the viewpoints of aphasics on the prototype and also
to confirm that we were on the right track. Aphasics were fascinated with the
concept and also expressed that they would like to use the application when it
became available. Aphasics appreciated the design as it is in-line with existing
email applications, while at the same time making it much simpler to create
messages. One aphasic person’s wife mentioned that other aphasics like her
husband might profit from this program as well. However, we also received
some criticism. One mild aphasic who wants to customize his menu options
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Here an incoming e-mail is 
displayed on the top panel which is 
also highlighted together with the 
sender. The composing panel is 
shown in the bottom. Users can 
select word(s) or phrase(s) from the 
top panel and press the ‘insert’ 
button to import them in the desired 
position. In this Figure an incoming 
e-mail from Peter is shown. When 
Jan composes a reply message, he 
can use the words such as hi, 
birthday, party, greetings or the 
phrase ‘I would like to’ just by 
selecting and pressing the insert 
button marked red. Additional 
vocabulary support is given by the 
‘other’ button shown below. 

Phrases  Words  Photos 

I would 
like to 

How 
are you  

birthday 
party 

Figure 5.5: The initial sketch of the email interface designed in the second
iteration

 

  Hi Jan,  
How are you? I would like to 
invite you to my birthday party. 
Hope to see you. 

 

Hi Peter,  
I will join the .birthday party.  

Phrases  Words  Photos 

I would 
like to 

How 
are 

birthday 
party 

Incoming 
email 

Composing 
panel 

Customized dictionary 

Figure 5.6: Message composition mechanism: here the words ‘birthday’ &
‘party’ are selected from the top panel (incoming message) by mouse clicking
and copied at the current cursor position in the writing window by using the
‘insert’ button.

mentioned, ‘The program looks good. But remember that you need to use appro-
priate icons’.

Another mild aphasic mentioned, ‘The options are not really clear to me (refer-
ring to the menu items). I would want to alter the arrangement of the menu-parts.
Everybody would prefer or need a different arrangement’. The use of images to
clarify key functionalities was greatly appreciated. One aphasic person men-
tioned, ‘..for me the pictures are not very important. However, I can understand
that others would need these images’. From the viewpoints of the speech thera-
pist and the aphasics we gained confidence and proceeded with the prototype.
However, we also incorporated the received feedback and created a first version
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of the hi-fidelity fully-functional prototype called Amail.

5.5.1 Prototype Description and Implementation

The Amail prototype (see Figure 5.7) is created in C#, while incoming and out-
going mails are managed by means of a Gmail server. The email tool supports
the following functions:

• Read and view emails, either from the Inbox, the Sent Email or the Saved
Email account. Emails are distinguished by the email address, the subject
line, the date and time, and the number of attachments. The email that is
currently being viewed can either be deleted or replied to.

• Composing a new email is accomplished by using the address book. After
opening the address book, names and pictures of the email partners are
shown which needs to be configured in advance. If a picture is clicked, a
composing panel appears and the user can compose an email in the same
way that he/she replies to an incoming email.

• Attached images are visible within the main window and can be magnified
into a separate window using the “zoom” button. Separate buttons allow
images to be added to or removed from the message currently being com-
posed. Vocabulary support is provided by word selection from the email
that is currently being viewed or from ready-made sentences stored (by
therapists/partners) in the Text Box.

• The Image Box and Text Box behave in a very similar way as the email
boxes. Instead of using the text box at the top for displaying a list of
email messages, they display a tree structure of available image or word
categories (see right part of Figure 5.6).

The icons used in the prototype were influenced by icons that are currently
used in existing AAC software. Menu buttons were large-sized, and both visual
and textual labels were included to maximize their understandability.

5.5.2 Feedback Session with Speech Therapists

Several intermediate versions of the Amail prototype were discussed with the
speech therapists, as we wanted to make sure that the prototype could pass her
criticism before embarking on a more longitudinal test with aphasic users. The
objective was to get detailed feedback on the overall interface, functionalities
and the language support. We also asked the speech therapists to comment on
the icons used in the interface: whether icons would be understandable to the
aphasics. The therapists appreciated that the prototype utilizes both text and
images to indicate the functions of the buttons. Standard readymade sentences
provided in the ‘Text Box’ were greatly appreciated as most aphasics cannot
independently formulate sentences. The address book and associated pictures
were also considered very helpful as they reduce the burden to remember the
email addresses of contact persons. When clicking the picture of a person, the
associated email address is transferred to the address panel. The therapists
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Figure 5.7: The Amail interface in case the “Inbox” is selected (top), together
with a screen shot illustrating the interface change when the “Reply” button is
selected (bottom).

mentioned that there was probably too much functionality for a person with
severe aphasia, and that an option for tailoring the functionality to individual
users would be useful. In their opinion, more functionality should only be
added over time after people had gotten familiar with the basic features of the
email tool. The other feedback from the therapists regarding the interface were:

a. Use larger icons in the interface that are even easier to understand.

b. Highlight buttons when a corresponding action has been selected.

c. Add color to the Text Box items. Each category could have a specific color
to strengthen the association between text and category.

d. Keep all the images of persons, like those in the composing and reading
panel, on the left side of the screen.

e. An explicit way to add sentences to the mini dictionary needs to be pro-
vided, as this was not part of the presented prototype.
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Figure 5.8: The “Text Box” (Mini dictionary) interface displaying the following
categories and sentences: Onderwerpen=Subjects, Zinnen=Sentences, Posi-
tief=Positive, Algemeen=Overall, Hallo=Hello, Hoe gaat het= How are you, Met
mij gaat het goed= I am fine, Bedankt=Thanks.

5.6 Third Design Iteration: Redesigning Amail

Based on the feedback of the therapists, we decided to minimize the initial
functionalities in the email interface to the Inbox, Saved Items, and Text Box
(mini dictionary) in the main menu, and with only the reply button available
in the email viewing panel (see Figure 5.9). Some small changes were made
to accommodate the advice of the therapist, such as a) the possibility to add
words to the dictionary, and b) color coding of the categories in the dictionary
(see Figure 5.10). This version of the prototype was converted into Dutch and
the corresponding menu button names were also discussed with the speech
therapists.

We also decided to add a few features based on our own analysis of the pre-
vious prototype. Specifically, we added a word deletion function to the compos-
ing panel. Since the email interface provides word level support it seemed very
logical to also be able to delete words. Furthermore, we added one additional
word selection technique from the incoming email. A single click of the middle
mouse button allowed selecting a word which could subsequently be copied to
the composing panel by means of the ‘insert’ button. Our assumption was that
people with aphasia might benefit from single click selection as most of them
have weakness of the right arm and leg. All these features were discussed with
two speech therapists and one therapy student in a local rehabilitation center.
One speech therapist also composed a sample email by utilizing the different
word selection techniques and word sources during the session. The additions
were appreciated and we also received few suggestions such as a) highlighting
the panels (incoming email and composing email) while composing email based
on which panel is currently in use and b) changing some icons such as label-
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ing the one for deleting a single word by a trash can. In this session we also
discussed strategies to conduct end-user evaluations and possible challenges
that aphasics might experience with the Amail application.

Figure 5.9: The redesigned interface in Dutch. Ontvangen berichten= received
messages (Inbox), Woordenboek=Dictionary, Opgeslagen berichten=saved
messages, Verzonden berichten=sent messages, Plaatsen=insert, Verwi-
jderen=remove, Verzenden=send, Annuleren=cancel, Verzender= sender, On-
derwerp=subject, Datum=date, Bijlage=attachment, Bericht=message, Antwo-
ord=reply.

5.7 End User Evaluation

We performed an evaluation of Amail with several persons with aphasia in order
to resolve the following issues:

RQ1 Is writing support useful for aphasics when composing email messages,
and how?

RQ2 Which word selection technique is preferred while composing email mes-
sages?

RQ3 Are participants (equally) interested in the word/sentence selection from
incoming emails and from the dictionary?

RQ4 When using the simplified email interface for composing and sending
emails, what type of problems are exhibited by the participants?

We hypothesized that improved language support (word selection and word
sources) would help aphasics to compose better emails with less effort.
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Figure 5.10: Categories and related words/sentences in the Dictionary (Wo-
ordenboek). Here one category called Aanhef (salutation) is selected and the
associated words are displayed in the right column (Hallo=Hello, Beste=dear
etc.)

5.7.1 Participants

In total we had 8 voluntary native Dutch participants for this test. Aphasia
participants were recruited through the speech therapist from a local apha-
sia centre and had varying degrees of aphasia (mild, moderate and severe).
Inclusion criteria for the participants were a) ability to read and comprehend
incoming messages, b) ability to write sentences minimally at the single word
level, and c) ability to handle a computer mouse. An invitation was sent to the
local aphasia centre where people participate in group activities such as learn-
ing computer skills. Ten participants showed interest to participate, however
one of them got sick and the other had difficulties operating the mouse (she
could only use the touch pad). The speech therapist hence selected 8 partici-
pants that met the test requirements.

Some of the participants had limited experience with email (see Table 5.1).
They occasionally receive emails however cannot reply to them independently.
Sometimes their partners help to reply to such emails. All the participants had
problems in formulating sentences and they all had weakness of their right
arms and legs. The speech therapist provided the severity rating according to
the Aachen aphasia test (Huber et al., 1984) and a semantic association test
(Greenwald et al., 2003). The severity score is represented in percentile ranks.
The corresponding percentages are: severe impairment 1-25, moderate impair-
ment= 26-61, mild impairment= 62-89, and no impairment= 90-100. Due to
privacy reasons we could not get the actual score of AAT. Participants agreed
to the fact that the outcome of their assessment would be communicated to us.
All participants visit the aphasia centre once or twice a week to participate in
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social activities.

Table 5.1: Overview of relevant characteristics of the test participants.

Participant Age/gender Years post Severity Computer/email use
P1 39/male 2 Severe Yes(Yahoo)
P2 52/male 3 Severe Yes
P3 37/female 4.5 Mild Yes(Hotmail)
P4 71/female 8 Mild Yes
P5 61/male 9 Mild Yes(Yahoo, Hotmail)
P6 51/female 2.5 Moderate Yes
P7 65/male 3 Moderate Yes(Outlook)
P8 51/male 2 Severe Yes

5.7.2 Procedure

People with aphasia are usually more passive than healthy subjects. This im-
plies that they may need extra triggers in order to prompt them to accomplish
tasks. We prepared a test booklet containing the task list, test procedure, sat-
isfaction questionnaire etc. that we discussed with the therapist in order to
better anticipate potential problems.

5.7.2.1 Configuring Amail

The Amail application was personalized beforehand for each aphasia partici-
pant. One Gmail ID was used as sender; however the name was changed to be
familiar to the participant. Email partners’ pictures were included in the email
application. Three emails were sent beforehand to the Gmail account of the
participant (e.g., the first email was to invite someone to a birthday party, the
second email was to announce a computer lesson and to ask the email recipi-
ent to join and the third email was an invitation to share information on what
the email sender had done during the past weekend or to tell about a film that
the sender has seen). The numbers of emails were three so that participants
could try the tree writing conditions. These emails varied in terms of complex-
ity. The first two emails contained one question each to answer by the recipient
whereas the third email contained two questions. The contents of these emails
were discussed with the speech therapist. The speech therapist also helped
to prepare words/phrases that were supposed to be useful for replying to the
three emails. The email interface, the test emails and also the words/phrases
were in Dutch since all the participants spoke only Dutch.

5.7.2.2 Word Selection Conditions

The version of the email tool that we used for the test contained three word
selection techniques:

1. Word selection condition 1: Place the mouse cursor on a word in the text
box containing either an incoming email or a Text Box item –>apply left
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mouse button double click (selection of a word) –>use the ‘insert’ button
–>the selected word goes to the composing panel.

2. Word selection condition 2: Place the mouse cursor on a word in the text
box containing incoming email/Text Box item–>apply middle mouse but-
ton single click (selection of word) –>use the ’insert’ button –>the selected
word goes to the composing panel.

3. Word selection condition 3: Place the mouse cursor on a word in the
text box with the incoming email/Text Box item –>apply left mouse but-
ton double click/or middle mouse button single click (selection of word)
–>right mouse button press (a floating menu with a ‘copy’ item appears)
–>mouse cursor to the copy item (highlight selection) –>or left mouse but-
ton single click –>the selected word goes to the composing panel. This
condition reflects a technique used in many current Windows programs.

5.7.2.3 Training the Participants

Each of the participants was given training on how to compose emails in each of
the writing conditions mentioned above. Both the partners and the participants
were informed about the purpose of the study. The experimental session was
conducted at the home of the participant or at the therapy centre, depending
on the preference of the participant. The cooperative evaluation method (Monk
et al., 1993) was followed. During each email composing session the researcher
helped the participant to recover from any kind of difficulties, while a research
assistant recorded the participant’s behavior. Participants were encouraged to
select words by mouse clicking in the incoming email box. Alternatively, they
could use words/sentences from the mini dictionary.

5.7.2.4 Test Sessions

The test session started with some pre-test questions, aimed at collecting de-
mographic information and information regarding computer use and barriers
to using email, mouse and keyboard. Next, we demonstrated how to work with
the email program and asked the participants to compose a few sample emails.
When participants were confident enough with the different writing conditions
they started composing emails. Each participant was given three email tasks,
and a different word selection condition was assigned to each task. The email
recipients were either a therapist/partner or a researcher. To control for order
effects, the sequence of tasks was varied between participants and the assign-
ment of conditions to tasks was balanced across subjects.

After each email task was accomplished by the participants they were asked
to fill in a satisfaction questionnaire (7 point Likert scale labeled with smilies).
The questionnaire contained 6 items (overall preference, ease of use, natural-
ness, completeness, pleasantness and ease of remembering). Finally, when all
tasks were finished, participants also expressed, on the same 7-point scale,
their opinion on the writing assistance being offered: how helpful did they find
choosing words from incoming emails and from the mini dictionary. Finally,
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in the post-test session, a semi-structured interview was held with the par-
ticipants and their partners. In this session the researchers asked questions
to elicit overall preference, likes and dislikes regarding the email program, the
different writing conditions and the language support in general. Last but not
least, participants were asked to rank each of the writing support conditions
(1=best preferred to 3=least preferred). The different conditions were reviewed
on the screen and clarified by the researcher in order to ensure reliable re-
sponses.

5.7.3 Data Collection and Analysis

Data sources for quantitative analysis included a) user interaction logs, and b)
user interface satisfaction questionnaires. Qualitative data included c) recorded
test sessions, d) field notes and e) pre and post-test interviews. The email
composition sessions were recorded for each participant using the ‘CamStudio’
software. We also logged user interactions within the Amail application, i.e.,
the time, buttons clicked, number of words copied from incoming email or mini
dictionary, word length of each of the messages composed, etc. Based on two
time stamps (hitting the reply button and send button) the average composition
time was calculated. Pre and post sessions were audio recorded and observa-
tion notes were taken. Qualitative data were analyzed thematically by us and
one external researcher who also helped to transcribe the data (interviews, field
notes) in English.

5.7.4 Measurements

The objective measurements that were collected for all users were a) message
length, b) time required to compose a message, c) number of words inserted/-
copied from incoming emails and from the mini dictionary. Moreover, subjective
responses were collected from each participant. Aphasics ranked each of the
word selection conditions after finishing an email task. The items used were as
follows.
Word selection techniques:

1. Overall preference: How much do you like the word selection technique?

2. Ease of use: How easy is it to compose email using the selection technique
that you used?

3. Naturalness: How natural is it for you to use the word selection tech-
nique?

4. Completeness: How complete can you compose an email using the selec-
tion techniques?

5. Pleasantness: How pleasant is the word selection technique?

6. Ease of remembering: How easy it is to remember the word selection tech-
nique while composing a message?

Email interface:
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1. Overall likeability of the email interface: How much do you like the email
interface?

2. Icon understandability: Are the icons in the email program understand-
able?

5.7.5 Evaluation Results

5.7.5.1 Word Selection Technique

All the participants were able to finish the 3 email tasks. Each test session was
60-70 minutes long. From the subjective responses it became clear that users
liked the selection condition 1 best (selecting a word by double clicking with the
left mouse button and placing the word in the composing panel by using the
‘insert’ button). Figure 5.11 shows the mean rating (with Standard Error of the
Means) in different writing conditions. We also asked the participants to rank
the selection conditions at the end of the test session. Most participants (6 out
of 8) ranked selection condition 1 as their overall preference to select words
from the incoming emails and mini dictionary. We have observed that people
who have more computer experience prefer double clicking for word selection.
However, aphasics who have less experience with computer related activities
and also have problems with mouse movement and assessing the cursor loca-
tion prefer condition 2 (selecting words by single clicking of the middle mouse
button). We have observed that most participants (5 out of 8) try to select mul-
tiple words by mouse dragging. P1 tried to drag words several times despite the
fact that this function was not available in the current Amail program. Some
participants (3 out of 5) also tried to select the name of the sender from the
address menu which was not supported, though the name was available in the
incoming message and also in the mini dictionary under the category ‘Name’.

The insert button that triggered the copying of words to the composing panel
(selection condition 1) was most preferred. Selection condition 1 was easier to
remember than selection conditions 2 and 3. Word selection with the middle
mouse button is relatively new to the participants; overall it was not preferred
by them.

5.7.5.2 Email Composition

During the email composition, participants mostly were copying words from the
incoming email and some from the mini dictionary. However, some participants
having mild aphasia also tried to type few words. P3, P5 and P7 are more ex-
pert users: they are mild aphasics and also they have more experience with the
computer and email-related activities than the other aphasics. Therefore, the
average composition time is lower for them than for other participants. How-
ever, it is interesting to see that there is no big difference in the lengths of the
composed emails and in the number of words copied from the incoming email
or mini dictionary (See Table 5.2).

We also checked the composed messages in order to establish that the mes-
sages were understandable and reasonable answers to the incoming emails. All
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Figure 5.11: Mean ratings (with SEM) from the questionnaire items for all the
participants.

participants answered reasonably well. Some participants were more elaborate
in answering the questions. For example: to answer the 1st email which was a
birthday invitation, P1 wrote (OK, I will..) and P7 wrote (OK I will join your birth-
day party). Some participants also added additional information such as while
replying to the 2nd email P6 also invited the email sender to join for coffee.
Though there were variations in replies, all the emails were understandable.
Moreover, we observed few errors in hyphenation and punctuation. P2 inserted
one sentence from the incoming email; however, he did not edit or remove the
sentence which did not provide any extra information. The extra sentence did
not obscure the meaning of the message that he composed, however.

5.7.5.3 Questionnaire Results

All the participants liked the email interface. The overall satisfaction was
(M=5.62, SD=1.40). Moreover the interface quality of the system was rated in
terms of pleasantness (M= 5.62, SD=.91), functionalities (M=6.12, SD=.64), in-
formation clarity (M=6.12, SD=1.35), icon understandability (M=5.86, SD=.64).

During the post test interview session all the participants mentioned that
the email program would be suitable for people with aphasia. They mentioned
that it would suit severe aphasics as well as people with mild aphasia. Moreover
when asked whether they would like to use the program all of them except P7
showed interest to use the program in the future. However, we also received
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Table 5.2: Composition statistics of the participants. P=Participant,
LMW=Longest message (words), SMW=Smallest message (words),
AWPM=Average words per message, AWCIE=Average words copied from
the incoming email, AWCMD=Average words copied from the mini dictionary,
ACT=Average Composition Time(minute)

Message length Message composition Time
P LMW SMW AWPM AWCIE AWCMD ACT
P1 20 8 13 6 7 14
P2 16 9 12 4 7 16
P3 12 8 10 5 4 9
P4 15 9 11 6 7 16
P5 19 16 12 8 6 8
P6 21 7 12 4 5 17
P7 17 13 14 6 7 7
P8 18 6 11 4 6 18

some criticism (see Table 5.3). These were considered important to improve in
the next version of the prototype for the target user group.

5.7.5.4 Writing Support

Writing support was greatly appreciated as it was feasible to personalize the
application. Therefore it was possible to create categories and related sen-
tences according to the need of the person with aphasia. P6 mentioned: “it
offers a place to start” (referring to the incoming email panel where words can
be selected while composing email). Moreover, participants mentioned that the
way of composing email was faster and fewer mistakes occurred as they did
not have to type most of the words/sentences. P2 was excited by this writ-
ing support, and he showed his appreciation by kissing the computer screen
while expressing that this was definitely what he wanted. Participants also
mentioned that they would not need to remember spelling of the chosen words.
From the questionnaire ratings we have found that satisfaction with word se-
lection from incoming email was (M=5.50, SD=1.30) and word selection from
the mini dictionary was (M=6.0, SD= 1.06). The evaluation results indicate
that the vocabulary support is considered most helpful in composing messages
(research question 1: RQ1). We used a vocabulary that was suggested by the
speech therapist and the words were tailored to accomplishing specific email
tasks. This led us to believe that providing a relevant and customized vocab-
ulary to the aphasics can greatly help them to compose meaningful messages
successfully. Though it has been observed that persons with aphasia can ben-
efit from other writing support such as word prediction (Carlberger, 1997), this
is not without risk as it increases the perceptual and cognitive load due to
the shift of attention between text in progress and the prediction suggestions.
It is well accepted that computer based AAC devices provide flexible language
support, however the creation of standard message is very time consuming
(McCoy, 1998). Our results confirm that our chosen approach of vocabulary
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Figure 5.12: Ratings from all participants (7 point scale) on the selection con-
ditions.

support does not create such problems for persons with aphasia while writing.
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Figure 5.13: Interface quality and overall user experience: ratings from indi-
vidual participants on a 7-point scale.

5.8 Discussion

5.8.1 Summary of the Main Results

In traditional AACs, words or phrases are arranged in a hierarchical fashion,
and this implies a cognitive/physical/visual load in remembering and access-
ing the individual words and phrases (McCoy, 1998). The vocabulary in our
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5.8. Discussion

application was based on some categories that are possible to customize. Un-
der each category, few sentences were provided and the most used phrases
were positioned first as suggested by the speech therapist. However, we also
received feedback from the partner and test participants that more structure is
required to navigate to the incoming email and also within the mini dictionary.
Though in most cases the order was right, some test participants took more
time to scan and find a suitable phrase and scrolled to the bottom of a category
in this process. So suggestions were given to improve the word finding pro-
cess from the mini dictionary quickly. One suggestion was to keep the words
chronologically in the category, while another was to have adaptive dictionary
support that would reveal the dictionary depending on the incoming email con-
tents. Therefore, we see these as possible improvements of Amail in the next
iteration.

From the three word selection techniques we came to know that selection
condition 1 (word selection by double clicking and paste the word by using the
‘insert’ button) was most preferred by the participants as they found it very
simple and easy. Though our assumption was that people with weakness of
the right arm and leg would prefer a single mouse click selection instead, this
turned out not to be true. As most participants were computer literate be-
fore becoming aphasic; they were more accustomed to double-click selection.
Single-click selection was new to them and overall they did not appreciate it.
However, we still want to keep the option open that people with severe aphasia
could benefit from the single-mouse-click word selection (research question 2:
RQ2) once they had time to adjust to it, but this needs to be investigated fur-
ther. It has been reported that selection tasks using a computer mouse such as
clicking, double-clicking or dragging are potentially problematic for people with
physical disabilities (Hutchins et al., 1985). Since persons with aphasia are
usually older they potentially also suffer from age-related problems while using
a computer mouse. As mentioned in (Hollinworth & Hwang, 2008) older adults
create more double-click errors than average due to an increased number of
small mouse slips. In our experiment we observed that some users showed
the same behavior while double clicking for single word selection however after
several tries they were able to correct their double-clicking actions. For se-
lecting a whole sentence, dragging was the preferred method as this required
less time than double clicking. For example if a sentence has four words users
have to select each of the words by double clicking and have to press the insert
button 4 times to place those words in the composing panel. However dragging
allows selecting the whole sentence all at once and pressing the insert button
once will copy the entire selected sentence to the composing panel. Though
various methods of word/sentence selections were provided in Amail, the most
important factor to the user was the success rate (i.e. whether or not they
can actually select a word and place it in the composing panel) not the time
required to fulfill that task.

Next to our proposed selection techniques, we also observed some partic-
ipants tried to copy words from the email header which could be due to for-
getting the instruction. Few participants also tried to use short-cut keys to
copy (ctrl+c) and paste (ctrl+v) while composing messages which were not im-
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plemented in our application. This tells us that we need to be aware that
persons with aphasia have various degrees of computer skills and that they are
a heterogeneous group. Therefore, customization of functions depending on
individual capabilities would help them to better accomplish the desired tasks.
Kates and Terwin (2005) also noticed that out of four groups: young adults,
adults, older adults and adults with Parkinson’s disease, older adults were the
most likely to perform button presses in which the intended target was not
activated. Therefore while designing Amail, ample attention was given to mini-
mizing the number of functional buttons, to making them sufficiently big and
with sufficient distance in between.

All the participants liked the vocabulary support offered by the email tool,
as this helped them to create better emails (research question 3: RQ3). Partici-
pants had few problems selecting words from the incoming email and from the
mini dictionary in order to compose successful and meaningful replies. This is
considered positive evidence that the design requirements acquired at the start
of the design phase were properly understood and implemented.

Last but not least, we still observed some usability issues during the evalu-
ation sessions (research question 4: RQ4). The problem areas identified by the
participants as mentioned in Table 5.3 are discussed below:

1. Participants expressed an interest in extending the offered categories and
sentences. This option is actually implemented in the prototype but was
not revealed to the participants as this was judged a priori to be too much
information for them. Next time, we plan to train participants and their
partners in how to update the mini dictionary.

2. Navigating away from the selected email while the participant is browsing
the mini dictionary was perceived as a problem: we did not notice this
until the evaluation session. We accept this as a valid remark and an
aspect that needs to be improved. Therefore we plan to modify the layout
of the interface so that the email can be viewed while the mini dictionary
is consulted.

3. Smaller letters on the interface: We used 14 points Arial font as sug-
gested by the speech therapists and according to guidelines as mentioned
in Singh (2000). However, it seems that this font was perceived as too
small on the laptop computer that we used during testing. This was less
of a problem when the prototype was installed on a regular desktop com-
puter (with a larger screen).

Regarding the suggested features, we explain them one by one:

1. Text to speech conversion: This feature is most sought by the test partici-
pants. Though we found from the interviews with aphasics, their partners
and speech therapists that reading email is not a problem if the sentences
are short. Though none of our participants had severe reading or compre-
hension problems, still they thought that a text-to-speech function would
be a plus for this email tool.
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2. Step by step guide to compose email messages: We aim to create a visual
manual of Amail and we hope this might solve this issue.

3. Be able to initiate and send email messages: In our usability test we
started to use Amail as a reply tool. However, it is possible to initiate
conversations by composing a new email independently, another feature
that was not made available to the participants. This can be done via the
address book: clicking on a picture in the address book will make the
compose panel appear. Our target is to test this function in a longitudinal
field trial.

5.8.2 Methodological Notes

5.8.2.1 Selection of Email Tasks

Aphasia participants were passive, so it helped that the email tasks were de-
signed in such as way that the incoming message required a response. We
learned from the speech therapist that many aphasics need to be asked ex-
plicit questions in order to prompt answers. Therefore, to make them engaged
in email communication it is necessary to ask questions in addition to shar-
ing information in the message. This is obviously mostly a requirement for
people communicating with aphasics through email. The experiments were ex-
ploratory in nature as we did assist the users when they got stuck. The fact
that all users were able to successfully accomplish all tasks during this first
encounter with the Amail application is however very promising.

5.8.2.2 Design and Evaluation with Aphasics and Therapists

We evaluated the email prototype with speech therapists in design iteration 2
and 3. It is a common practice in assistive technology design to involve prox-
ies and also to test the initial version of a prototype with therapists (Moffatt et
al., 2004; Boyd & Ellison, 2008). Speech therapists are experienced in knowing
the capabilities of persons with aphasia. Moreover, they can give reliable advice
about which technology might be optimal for different kinds of patients. From
a design perspective it is also important that technology is only tested when it
is sufficiently mature. This reduces the burden on aphasic persons and mini-
mizes the risk of technology rejection after first use. At the start of the second
design iteration we did not engage persons with aphasia to evalaute Amail, but
rather validated the Amail prototype with speech therapists. Later on, when a
more matured prototype was created, we evaluated the Amail prototype with
persons with aphasia.

5.8.2.3 Iterative Design Methodology

From the very beginning of the design process we followed an iterative design
method. We not only depended on the existing literature, but also interviewed
persons with aphasia, their partners and speech therapists. We experimented
with existing solutions and were inspired by new design opportunities and
challenges. These activities sharpened our understanding of the underlying
problem domain. Moreover, we verified this understanding and created several

125



5. AMAIL: AN ACCESSIBLE EMAIL TOOL FOR PERSONS WITH APHASIA

prototypes of different fidelities and performed iterative steps to improve the de-
sign. Eventually a research through design Zimmerman et al. (2007) approach
was executed. The overall objective was to find a useable design solution that
could enable people with aphasia to successfully execute email related activi-
ties.

5.9 Conclusion and Next Step

The evaluation informed us about which word selection techniques are suitable
for aphasics to compose email messages. Moreover, we learned the effective-
ness of the language support that we implemented with the email program.
The feedback from the therapist as well as the feedback from aphasics and
their partners increased our confidence that the design is useful and can help
some people with aphasia to compose emails. Amail will be able to help people
with aphasia to communicate easily because of its key features: a) it provides
improved language support through word selection from incoming emails and
a mini dictionary with ready-made words/sentences, b) customized language
support can be implemented to meet individual user needs, and c) existing
email servers (such as the freely available Gmail) can be utilized so that users
do not need to change email addresses, d) the interface is less complex as com-
pared to traditional email clients such as Outlook and Hotmail, e) the position
of the incoming email view panel and the composing panel help to focus and
also to copy desired words quickly, f) it is easy to copy words by using the
‘insert’ button, and f) overall Amail helps to independently compose and send
emails.

Due to the exploratory nature of the experiment, we still do not know how
people with aphasia will integrate this tool in daily life to communicate with
other people. The ongoing adoption of assistive technology is a very important
issue (Scherer, 2002). Though during the usability evaluation we saw Amail
as a promising tool to augment email communication, it is not clear yet at
this stage how people with aphasia will use this application in everyday set-
ting. Therefore our next study will investigate the longitudinal effect of Amail
on aphasics. Before we deploy it in a longitudinal test, some design improve-
ments that we consider most helpful will be incorporated in the next design
iteration such as a) adding a Dutch text-to-speech functionality, b) placement
of the mini dictionary next to the composing panel, and c) Designing a more
useful (and adaptive) dictionary.
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CHAPTER 6

Field Trial of Amail

In this chapter we describe the field trial of Amail. Our objective was to un-
derstand how people with aphasia integrate Amail in their daily life. We con-
ducted a 3-month long field trial with eight aphasic individuals. Subjective data
(questionnaires, interviews, and diaries) and objective data (usage logs) were
collected to gain understanding of the usage patterns. Our findings suggest
that aphasics were able to independently teach themselves the tool for email-
ing. The usage patterns, especially the frequency and length of the composed
email messages, indicate that, over time, aphasics were able to conduct ade-
quate e-mail communication. Aphasics’ email partners also showed increased
confidence that their aphasic email partners were improving gradually. Last
but not least, the use of Amail has positively influenced the social contacts of
aphasia participants. We also report some of the challenges encountered while
conducting field trials with persons with aphasia.

6.1 Introduction and Background

Email is a way of communication that helps people to get in touch with one
another and share information. Email is a medium of communication that can
be processed offline and that does not require immediate reaction, as opposed
to messenger chat service, for instance. We have found in earlier investigations
(chapter 3 and chapter 4) that distant relationships, i.e., with friends and fam-
ily who live at a distance, are difficult to maintain for aphasics. We argued
before (chapter 3) that communication technology that does not require an
immediate response is especially suited for aphasics. Therefore, email is a po-
tential medium of communication for persons with aphasia who have problems
in either or all of the language modalities such as reading writing, speaking or
understanding problems. Based on the initial theoretical and practical findings
we have designed Amail: an aphasia friendly email tool for persons with apha-
sia. In chapter 5 we have reported the exploratory field evaluation of Amail.
Based on the feedback in the reported usability study, we improved Amail and
used the improved version to conduct a three-month log field trial. In the fol-
lowing sections we first describe the motivation of the study followed by the
proposed evaluation methods. Later on, we describe the approach adopted in
the field trial and quantitative and qualitative results that were obtained.
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6.1.1 Motivation and Existing Methods of the Field Trial

In chapter 5, we executed an exploratory field evaluation with the Amail pro-
totype, with quite encouraging results. This is however not considered a suffi-
cient argument for claiming a successful design outcome. It is well known that
the adoption process of assistive technology after the initial training period
(Wolf, 1978; Calculator, 1998) is often disappointing. It is generally recognized
that a novelty effect can (positively or negatively) influence the first responses
to a new technology (Rogers, 1995; Shove & Southerton, 2000). There is also
ample evidence that many assistive technologies are abandoned after an ini-
tial period of use (Dawe, 2006). Patterns of usage that persist over time are of
course what matter most, but are seldom collected due to the practical prob-
lems involved in conducting longitudinal studies. Nevertheless, such studies
have the potential to enrich our understanding of how new technology can be
incorporated in an everyday setting, and on what drives people to do so. There-
fore we decided to conduct a field trail of Amail with persons with aphasia in
order to study usage patterns beyond the first stage of adoption.

Several methods have been developed for effective and efficient evaluations
in field trials. Data logging is an automated evaluation method. Data logging is
a suitable method in Human-Computer Interaction (HCI) research Guzdial et
al. (1994). There are a few known studies that have utilized log data to support
usability evaluation such as Ivory & Hearst (2001); Hilbert & Redmiles (2000);
Lecerof & Paternò (1998). Data logging as a method has been used in software
evaluation, web services and ubiquitous systems such as described in Burton
& Walther (2001). Since persons with aphasia cannot express themselves very
well verbally, automated data collection was considered even more important in
our case to guarantee reliable results. Another frequently-used data collection
method in long-term studies is the diary method Sohn et al. (2008); Bolger et al.
(2003); Czerwinski et al. (2004), in which participants are requested to capture
daily activities, needs and context information using different media. We chose
to complement the data logging method with a diary in which participants could
log usability issues encountered during the course of the prototype use. Since
people with aphasia cannot express themselves very well verbally or in writing,
their partners were asked to assist in filling in the diary occasionally or in email
the diary to the researcher involved.

6.2 Related Work

We start by describing some relevant literature on email communication and
on field evaluations of Augmentative and Alternative Communication devices
(AAC) with persons with aphasia. As we have already elaborately described the
literature related to email communication in chapter 5 we can suffice here with
a brief overview.

6.2.1 Email Communication and Aphasia

Augmentative and Alternative Communication (AAC) devices provide basic com-
munication support to people with aphasia. These devices are mostly used dur-
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ing the therapy period. Examples of such applications are TouchSpeak (Touch-
Speak, 2011), Jabbla (MindExpress, 2011), TalksBck (Waller et al., 1998). Next
to the commercial AACs there are several dedicated applications designed to
help people with aphasia in browsing photos (Allen et al., 2008), practicing
names and words (Benjamin et al., 2008), etc. These applications have ob-
vious merits, but current practice reveals that people with aphasia get bored
with them over time. Recently, AACs have started to incorporate additional and
more advanced functionalities, such as SMS, photo browsing and email. Little
is known about the actual usage of these additional functionalities.

In chapter 5 we argue that the potential of email communication for persons
with aphasia has not yet been explored in depth. Only few AAC applications
have email communication support; some examples are sentence shaper email
(Linebarger et al., 2008) and Jabbla (MindExpress, 2011). We have identified
several shortcomings of these applications, such as, the restriction to a visual
vocabulary, a look and feel that differs significantly from email applications that
users are familiar with, a complex configuration, etc. (Al Mahmud & Martens,
2010). Email applications for people with cognitive disabilities have been ex-
plored (Sohlberg et al., 2005), although persons with aphasia were not (explic-
itly) part of earlier target groups. Since people with other cognitive disabilities
such as Down syndrome and Cerebral Palsy can benefit from simplified e-mail
support, it is reasonable to expect that Amail can play a similar role for people
with aphasia.Email has been recognized as a very important communication
medium for older adults, as evidenced in several studies, which is relevant as
the majority of people with aphasia are also older adults. Dedicated email ap-
plications, such as senior mail (Dickinson et al., 2005), have arisen because of
this interest.

6.2.2 Field Evaluation and People with Aphasia

It is not very common to conduct field studies with people with cognitive dis-
abilities. The main reason is probably that conducting field studies is in itself
already very time consuming and resource intensive. In field tests, more logis-
tic and other practical issues typically need to be considered and resolved than
in case of laboratory experiments. Another argument against field tests is that
the internal and construct validity, i.e., the degree of control over confounding
factors and the ease of extensive data collection, are more easily guaranteed in
laboratory tests. The major argument in favor of field tests is obviously their
external validity, as they are conducted in the natural environment of the user
and can reveal effects that only appear after prolonged use. We believe that
conducting field trial with assistive technology is hence crucial in order to con-
vincingly argue the effectiveness of AACs.

Only few applications designed for persons with aphasia have actually been
field-tested. Reported studies only involve a limited number of participants,
from 1 to 7, while the observed field study duration ranges from 1 to 9 months.
For example, PhotoTalk (Allen et al., 2008), an image-based communication
system for people with aphasia, was tested in a one-month field trial. EasyS-
peaker (Rostron et al., 1996), a computerized communication aid for people
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with dysphasia, was evaluated with one participant in a four-week field study.
The ‘ESI Planner II’ system was evaluated with seven participants for one
month. One application for persons with aphasia, called TalksBac (Waller
et al., 1998), was tested with four participants for 9 months. Another study
which reported a 9-month field trial with people with diverse cognitive disabil-
ities (Sohlberg et al., 2005) analyzed the effectiveness of an email program for
communication. However, in this latter study the focus was not on aphasics.

6.3 Amail: An Aphasia Friendly Email Tool

Amail is an aphasia-friendly email client. Amail provides language support in
the form of copying words from incoming emails and from a mini dictionary.
The objective of Amail is to help people with aphasia in email communication.
Most aphasics cannot use commercial email tools due to their disability but our
designed email client Amail especially assists in composing email messages.
At this moment, Amail provides only limited functionalities such as reading
emails, replying to emails and composing new email messages. However it is
possible to customize functionalities such as updating the address book and
the mini dictionary associated with the email client.

6.3.1 Conceptual Design and Implementation of Amail

While designing Amail our objective was to provide a) a simple interface that
overcomes the complexity of more traditional email tools, b) customization:
customized functionalities and related buttons, customized dictionary, cus-
tomized look and feel such as color of the interface; c) writing support for people
with aphasia: from incoming email and from a mini dictionary especially de-
signed for aphasics with the help of speech therapists. There are diverse forms
of writing support available, such as word predictor. However, none of them
are helpful for diverse group of aphasics (Behrns, 2009). We have designed
vocabularies with words/sentences that are specific to email-related activities.
The vocabularies are easily customizable to accommodate the variable needs of
aphasics. Below we describe how emails can be composed with the help Amail.
Two major actions are possible: replying to an incoming email message and
composing a new email message.

Replying to an email message: Click on the Inbox button –>all messages
are displayed –>select one message –>the selected message is opened –>reply
message –>select reply button –>compose panel opens –>[use the 3 available
word/sentence selection techniques to compose a message] –>send message/-
cancel message –>confirmation of message sent (the composing panel disap-
pears).

Composing a new email message: Click on the Address book button –
>select a person –>click on the person’s picture –>compose panel appears
–>[use 3 available word/sentence selection techniques] –>send message/can-
cel message –>confirmation of message sent (the composing panel disappears).
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 Figure 6.1: Inbox selection: the inbox messages are shown (the blue colored
messages are new and black colored messages are old)

Figure 6.6 shows the general architecture of Amail. The Amail proto-
type was designed iteratively and implemented in visual C#. Amail utilizes the
Gmail server to handle email messages. Amail is suitable to be installed in
desktop or laptop computers having a windows operating system. The word
book and address book of Amail are stored locally in the computer as text files
that can be edited through standard means.

6.3.2 Design Adaptation from the Previous Design Iterations

Based on our previous usability study of Amail (see chapter 5), we updated
Amail according to the obtained results. The main concerns were to add the
following functionalities:

1. a Text-to-Speech function for Dutch;

2. changing the layout of the interface in the sense of moving the mini dic-
tionary next to the composing panel so that both the incoming message
and the word book can be viewed simultaneously;

3. making an improved (adaptive) dictionary and creating a possibility to
extend the offered categories and sentences;

4. offering a step-by step user guide to composing email messages;
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 Figure 6.2: One message has been selected and the content of that message is
revealed.

5. ability to initiate and send email messages, rather than only allowing to
reply to incoming messages.

We observed in our earlier usability study that a (word) copy function operated
by the insert button in our interface is considered to be the easiest option by the
aphasics. Though we tried several alternatives for selecting words/sentences
to be copied to the composing message, we retained only one option since a) it
is appreciated and liked by most aphasics, and b) more options are potentially
confusing and distracting. We improved Amail by adding the suggested features
mentioned above. The improved version of Amail is shown in Figures 6.1 to
6.5. However, we could not add a Dutch text-to-speech engine (TTS) to the
software distribution package containing Amail. The reason was that advanced
TTSs with good speech quality are commercial applications and require a rather
expensive license. In the mean time we also discovered that one Dutch provider
offers TTS called Spika (Spika, 2011) and their free basic version worked well
with Amail. Therefore we installed the free version of Spika with Amail for the
test participants.

6.4 Research Questions

The research questions that we intended to investigate through the field trial
are given below:
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 Figure 6.3: The reader has chosen to answer the selected message (by pressing
the button labeled “beantwoorden” in Figure 6.2) and the reply panel appears.

RQ1: Can people with aphasia learn to use Amail independently?

RQ2: Are there any long term effects of Amail on aphasics’ communication?

RQ3: Which types of supports are required to maintain extended use of Amail?

RQ4: How is the usability of Amail appreciated over time?

RQ5: What role can Amail play in the correspondence between people with
aphasia?

RQ6: How do the patterns of Amail usage change over time, including length of
the messages, frequency of messages, number of email partners, use of
the mini dictionary, number of conversations?

6.5 Method of the Field Trial

We adopted a combined methodology (qualitative and quantitative) to investi-
gate the research questions. The tests period extended over 12 weeks. After
12 weeks the prototype was kept in the participant’s computer if they wished
to continue using it. Interviews, questionnaires, diaries and log data were col-
lected over 12 weeks. In the following section we describe the experiment and
data collection procedure in detail.
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 Figure 6.4: The different categories in the word book are displayed in response
to pressing the “Woordenboek” button. One category of the word book has been
selected and all the sentences under that category appear in the viewing panel.
Selected words or sentences can be copied to the reply panel.

6.5.1 Participants

Eight participants took part in the field trial. Participants were recruited through
a local rehabilitation center. Criteria for participating in this study were, a)
having aphasia in varying degrees of severity (moderate to severe aphasia),
b) inability to use commercially available email applications, c) interest in
(re)learning how to use email, d) sufficient motor skills to operate keyboard and
mouse. Out of the 8 participants, 3 (P1, P2 and P8) participated in an earlier
usability test (see chapter 5) of Amail and had expressed interest in using Amail
for a longer period. Three other participants also showed interest during this
usability evaluation; however we did not include them in the current field trial
as our objective was to only include aphasics who are in the range of moderate
to severe. All participants were living with their partners and had computer
experience before becoming aphasic. All participants worked full time before
they were affected with aphasia, but only one participant has continued work-
ing full time (in his own company). The rest of the participants were forced to
abandon their previous job. Table 6.1 displays some characteristics of the par-
ticipants. The aphasia severity data of the participants were gathered from the
speech therapist based on her assessment of aphasia using the Aachen aphasia
test (Huber et al., 1984), and the semantic association test (Greenwald et al.,
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Figure 6.5: Composing a new message from the address book. If the button
address book (‘Adresboek’) is selected the names of the people in it appear. After
selecting a name the corresponding picture of the person is displayed on the
right. In response to clicking the person’s picture the composition (‘Opstellen’)
panel appears.

Table 6.1: Field test participants’ characteristics. P=Participant, R=Reading,
W=Writing, S=Speaking, C=Comprehension

P Age Gender Post aphasia Severity
R W S C

P1 52 Female 2.5 years Mild Severe Mild Mild
P2 37 Male 2.5 years Severe Moderate Moderate Mild
P3 62 Male 1 year Moderate Moderate Moderate Mild
P4 71 Male 1.5 years Moderate Severe Moderate Moderate
P5 58 Male 6 months Mild Moderate Moderate Moderate
P6 57 Male 2 years Severe Severe Severe Moderate
P7 64 Male 3.5 years Moderate Moderate Mild Mild
P8 50 Male 4 years Severe Severe Severe Moderate

2003). The severity score is represented in percentile ranks. The corresponding
percentages are: severe impairment 1-25, moderate impairment= 26-61, mild
impairment= 62-89, and no impairment= 90-100. Due to privacy reasons we
could not get the actual score of AAT. The speech therapist informed us the
severity of the tests participants. All 8 participants had weakness of their right
arms and legs.
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Figure 6.6: General architecture of Amail.

6.5.2 Procedure

The final version of Amail was demonstrated and test procedures were dis-
cussed with two speech therapists before we started the field trial. Speech
therapists gave feedback on the test strategy such as first introducing very
basic functions of Amail to aphasics and gradually adding new functionali-
ties based on the aphasics’ needs and capabilities. Moreover, we received tips
on how to train aphasics with Amail such as describing the different steps
of Amail usage by means of visual snapshots printed on paper, writing visual
and textual instruction on paper and introducing Amail to partners first before
demonstrating it to aphasia participants.

6.5.2.1 Prototype Setup

Each participant was provided an Amail program installed on their laptop or
desktop computer. The program was installed in the participants’ computers
at home. Gmail accounts were created for each participant based on their full
names. Moreover, names and photographs of potential email partners were
provided to us in advance to create a personalized address book in Amail. We
asked for the names and pictures of at least 3 email partners. In cases where
there was no picture available we used an anonymous avatar instead. At the
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start of the field test there were five people in the address book (3 email part-
ners, and the 2 researchers involved in the study). It was possible at any stage
to extend the address book by editing the information stored on the local com-
puter. We trained the partners and also showed the test participants how they
could update their address book.

The mini dictionary of a participant could be configured according to his/her
needs. Some readymade sentences/words were provided by the speech thera-
pist and were included by default in the dictionary (Table 6.2). It is however
possible to modify the mini dictionary at any stage. We first demonstrated the
partners how to update the dictionary. Later on, relevant folders and text files
were created in each of the participants’ computer for keeping the pictures of
the email partners, saving email attachments and saving email usage logs. We
created an executable file of Amail in advance for each participant. The installa-
tion procedure in each participant’s computer took approximately five minutes.

The technical requirements to set up the prototype are as follows. The pro-
totype is suitable for any Windows XP/Vista machine supporting the Dot Net
framework (Microsoft .NET Framework). An internet connection is obviously
required to run and use the prototype. Moreover, keyboard and mouse are
required. A printed user manual with a step-by-step demonstration of the op-
erating procedure of Amail was provided to partners and test participants.

Table 6.2: The initial categories of words/sentences provided with Amail

Major categories in Dutch Meaning in English
Afspraak Appointment
Aanhef Salutation
Namen Names
Start Start
Uitnodiging Invitation
Gelegenheden Opportunities
Emoties Emotions
Afsluiting Closing
Dagen Days
Maanden Months

6.5.2.2 Training and Monitoring the Participants

The partners were trained first to use Amail while the aphasic participants
were present. Later on with the help of the partners the test participants were
given training on how to use Amail. Each participant was given some sam-
ple email tasks to complete (for example, composing an email message from
incoming email and copying words from the mini dictionary). The test incom-
ing email was sent from the partner’s account. One of the test emails used in
the usability test (chapter 5) was used, such as inviting someone to a birthday
party. Email partners, friends/family members were informed in advance and
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encouraged to send introductory emails. Initially email partners were urged to
send at least 2-3 emails per week so that the participants had enough emails to
work on. Email partners were supposed to ask the aphasia recipients to write
about interesting events, to send invitations for a visit, to share a story, etc.
Email partners were advised to take care about the length and wording used
in the email messages. A guideline for email partners was sent in advance to
them, stressing aspects such as, a) write simple sentences and do not to use
too many words in a sentence, b) start each sentence on a new line, c) ask
explicit questions in order to trigger responses, etc.

One of the challenges during any longitudinal study is to keep people moti-
vated and to remove barriers that may prevent users from using the tool during
the testing period. In our case, this meant that we wanted to keep the partic-
ipants motivated towards using the email tool. One way to keep the aphasics
active and motivated was to send occasional email (or phone) reminders to
them and their partners. It is well-known that some aphasics tend to behave
passively and need regular stimulation to trigger them towards accomplishing
tasks. Occasionally, during our visit, we also gave them extra training if re-
quired. We did keep track of the total number and duration of the different
training sessions.

A diary was maintained to remind the person with aphasia about the test
objective and to collect usability issues encountered during the testing weeks
by both partners of aphasia and participants. The dairy was used a) to demon-
strate how to use the email program: the steps required to run the program,
and to read and send emails were illustrated in it, b) to keep track of any us-
ability issues encountered during the use of Amail.

After one month we collected log data and verified whether or not a partic-
ipant was still using the program. During the interviews that were conducted
as part of the visit we also asked participants whether or not they wished to
keep using Amail, even after the end of the trial period. Participants were asked
such questions because they might be influenced by the test requirements and
visits and we stopped intervening after 8 weeks. At the end of the 3rd month,
we visited the participants to collect the log data and to thank them for their
cooperation. Moreover, in the exit interview, we asked them why they were (not)
using the program. After 12 weeks, no more interventions (visit/contact) were
made towards the participants from our side.

6.5.2.3 Visits to the Participants

Three planned visits were set for each participant. Family members were
present during these visits. The first visit was on the day the prototype was
installed on the participants’ computer. Informed consent was collected at this
occasion for each participant regarding the study and privacy issues. Partici-
pants were assessed concerning their email use and computer-related activities
through a questionnaire. The questionnaire contained questions addressing
current and previous computer use; difficulty in using a computer mouse, cur-
rent use of computer, internet, and email. Each participant was also given
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training with the Amail prototype during the first visit. After the training, a
short interview session was conducted in the presence of the partners of the
aphasia persons. During the interviews session partners filled in a short ques-
tionnaire and participated in a semi-structured interview.

The second visit was conducted after one month, while the third visit was
at the end of the trial period (after three months). During the second visit the
focus was on identifying and resolving reported usability issues. Usage log
data was also collected at this occasion. During the third visit (at the end of
third month) we conducted an exit interview with the aphasia participants and
their partners. The objective was to understand overall user experience of the
participants with the Amail prototype. Participants also filled in a questionnaire
where several statements were rated on a 7-point Likert scale. In between
we also sent emails or phoned to the partners of the participants to make
sure that everything was in order. At each subsequent meeting, we asked
the participants and their partners how they had been using Amail since the
previous meeting. We also reviewed the dairy to see if they had noted any
problems since our last visit.

Week 1: 1st visit Week 4: 2nd visit Week 12: 3rd visit

Introducing Amail. 
Questionnaire +
interview

Week 16

Week
1

Week 
4

Week
12

Week
16

Questionnaire + 
log + Interview+ 

Questionnaire + 
log + Interview+ 
Introducing new 
functions

Contact with test 
participants & 
partners

Visit

Time

Data 
collection

Figure 6.7: Timeline of the field trial

6.5.3 Data Collection

After Amail was delivered to participants qualitative and quantitative data were
gathered. We checked the users periodically to calibrate their goals, and other
needs related to using Amail. Quantitative data were collected by the email
client itself and through rating items included in a satisfaction questionnaire.
Qualitative data were collected through questionnaire, interviews, and diaries
conducted with persons with aphasia and their partners. Below we provide
detailed information about the collected data. The following quantitative data
were gathered.

Amail usage log: Detailed measurements on the user interaction with Amail
were provided by a logging functionality that was part of Amail. Metrics were
collected on specific email aspects such as a) number of sent email messages,
b) number of received email messages c) composed/sent message length, d)
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Table 6.3: Example log data of Amail documenting that the reply button of
Amail has been clicked to reply to a message, and that words have been copied
from both the incoming email and the word book.

Date Time button
clicked

Word/words copied Selected
word(s)length
(character)

Message
length
(character)

14-12-2010 9:40:38 Reply - - -
14-12-2010 9:41:02 Insert XX/from incoming email 2 -
4-12-2010 9:41:12 Insert X XXX X XXXXX XXXXXXX/from word book 17 -
14-12-2010 9:44:25 Send - - 25

number of words copied from the mini dictionary and incoming emails, f) time
to compose a message, g) functional buttons clicked. An example of a collected
log is provided in Table 6.3. We collected log data for the entire duration of
the test period. Our objective was to study the changes in the observed metrics
as a function of the time that Amail was used. In order to preserve privacy of
the participants no private data such as actual email messages were collected.
Moreover, participants and partners were informed in advance that interaction
log data would be collected and all of them agreed with this. The logs were
stored as plain text files in a local directory of the users’ computer.

Questionnaire: Two ratings scales were used, one for aphasics and the
other one for their email partners. The first questionnaire was a user satisfac-
tion survey. Users rated the satisfaction questions after first use of Amail and
again after 12 weeks of use. The questionnaire for aphasics contained ques-
tions that needed to be answered on a 7-point Likert scale (1=not at all sat-
isfied/independent until 7= fully satisfied/independent). The questions mea-
sured several aspects such as, a) overall satisfaction with Amail, b) pleasant-
ness of Amail interface c) functionality of Amail, d) information clarity within
the Amail interface e) ease of use and f) ease of remembering the necessary
steps to compose email with Amail and g) perceived independence while using
Amail. The second questionnaire was sent to the email partners of the apha-
sic person at the end of the third month and enquired into how satisfied they
were with the emails they received, and how they perceived (rated) the email
skills of the aphasic persons. These questionnaire items were a) overall un-
derstandability of the composed messages and b) overall satisfaction with the
email exchanges on a 7 point Likert scale. The following qualitative data were
gathered:

Longitudinal interviews:Interviews were conducted to gather more detailed
insight into the experience with Amail. The objective was to identify usability
problems faced while using Amail and to collect suggestions for additional func-
tionalities that participants wished for. All the interviews were audio recorded.
Each interview session was approximately one hour. Each of the meetings
where persons with aphasia and their partners were present was semi-structured.
The initial questions were fixed, a) share with us your experience of using Amail
since our last visit, b) are there any positive effects of Amail in your social com-
munication, c) would you like to update the wordbook and address book used
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by Amail?, d) would you like to continue using Amail and if so, why?, e) what
would you miss the most if you did not have Amail available anymore? Positive
and negative aspects of Amail usage, as well as suggestions for improvements
were collected during the interviews. Depending on the suggestions, Amail was
tuned for each participant such as updating the word book and address book.

Diaries: Diaries were a means to keep aphasics focused and active while
using Amail, and to register the usability problems encountered during the
course of the testing period. We were inspired by the fact that aphasics visit-
ing local aphasia centers maintain diaries where speech therapists document
weekly/daily activities and assignments for them. Partners were urged to email
us in case technical problem arose during Amail use. Moreover, partners and
participants could alternatively use the dairy to note down difficulties that they
considered less urgent. The diaries were reviewed during a visit and necessary
actions were taken to resolve problems, whenever possible. Reported problems
with Amail were hence collected from various sources such as: a) reported
problems through emails sent to us: by whom and how many times, b) re-
ported problems during interviews and c) reported problems through diaries.

Email messages & field notes: Email messages sent/received by the par-
ticipants were reviewed after the consent was given and with the assistance of
the partner and participants. This helped us to know the patterns of social
communication through emails by aphasics. Fields notes were collected during
the visits such as number of visits, training or technological support provided.

6.5.4 Data Analysis

Step 1: Log data: From the log data collected over the test period, we calcu-
lated the parameters such as, a) average characters typed per minute: indicat-
ing composition speed, b) average characters per message: indicating message
length, c) ratio of email received versus email sent: indicating relative frequency
of exchanges, d) number of emails where words/sentences were used from the
mini dictionary or incoming emails.

Step 2: Coding email messages: Qualitative coding of the email messages
sent/received by the participants: emails of each participant were coded in
terms of a) topic, b) purpose and c) communication partner. This information
was used to investigate issues such as a) changes in the role of email function
over time and b) changes in the relationship with email partners.

Step 3: Questionnaire data (Likert scale): Questionnaire data from apha-
sics and their email partners, collected at different stages in the process, were
compared in order to observe temporal changes.

Step 4: Interview and diary data: The information collected through the
interview sessions and from the diaries were analyzed qualitatively using con-
tent analysis (Hsieh & Shannon, 2005) to understand major usability and adop-
tion issues. The initial themes that were adopted when searching the qualita-
tive data were: a) motivation for Amail use b) usage patterns (independent and
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self initiated communication) c) changed perception toward emailing d) reported
problems with Amail, e) overall experience (positive and negative) and usability
of Amail, and f) desirable functions. Emails were coded by a research assistant
and by the principal researcher, and subsequently compared and discussed in
order to verify the reliability of the coding.

6.6 Results

Since the test participants varied in terms of severity of aphasia and computer
skills it is important to note individual variability. We first present the general
findings followed by a discussion of the obtained results.

Drop out over time. Out of 8 participants only one (participant P5) discon-
tinued using Amail after one month. The rest of the participants (7) continued
using Amail for the whole test period. On average there were 3 visits for each
participant. However, participants P3, P4 and P6 asked for additional visits
for training. Learning time of Amail was estimated based on the duration and
frequencies of the training sessions. The wives of participants P3 and P7 had
full-time jobs and were therefore not available at home to support them in case
they struggled with using Amail. Moreover P3 had problems in remembering
the steps needed to operate Amail, which agrees with the fact that he is also
suffering from memory problems. P4 also had problems in remembering the
functions of some buttons in the Amail program. P6 had the least experience
with computers, as compared to the other participants. Moreover, he had prob-
lems with understanding texts and required Text-to-Speech (TTS) software to
read messages.

P5 appreciated Amail and asked us to install a copy of Amail in both his
computers. His wife and he were both fascinated by the simplicity of Amail.
His wife mentioned, ‘Now P5 is aphasic but he also runs his own business. He
has many emails from his clients; however I have to find time to reply on behalf
of him. I think you program now can help him to try independent emailing’.

P5 uses email professionally and has different accounts. He believed that
the use of a Gmail account would lower his professional appearance though he
had a Gmail account and we linked that to Amail. He mentioned that Amail
lacks functionality for professional use. However he was fascinated with the
wordbook and simplicity of Amail and wanted to use Amail to regain his confi-
dence in email communication. After one month P5 indicated that he no longer
wanted to participate in the study. P5 was still rehabilitating. His rehabilita-
tion focuses on enabling him to run his business; this rehabilitation process
demands all of his attention and efforts.

Amail has inspired him to look into other options that could help him with
creating e-mail content. He indicated that creating a text file similar to the
built-in wordbook of Amail would be most helpful for him. However, the word-
book should be specified for his work. It was not possible for us to design a
vocabulary support application for his Outlook express. However we created
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the categories and the related words/sentences in a text file. P5 has taught
himself to use shortcut keys he can enter with just his left hand; in Amail he
could not use key combinations such as Ctrl+C and Ctrl+V. The urgency of his
situation and the fact that he has learned to run his business and handle busi-
ness emails with MS outlook meant that P5 desired to quit from the study. The
views of P5 triggered us that it might be helpful to design a vocabulary support
plug-in that could be used with traditional email programs.

Usability of Amail over time. All the participants found the copy func-
tion of Amail easy to use and agreed that it helped them to compose better
messages. Several usability issues were reported over time. Participants had
mixed reactions on several aspects of the interface. Some participants expe-
rienced difficulty with selecting more than one words or longer sentences by
mouse dragging (P1, P2). P1 also complained about the reading and composi-
tion panels being too small. It is important to note that P1 was using a laptop
computer with a screen size of 14 inch while the rest of the users were using
regular desktop computers (with at least 17 inch screens). The major cate-
gories and the words provided in the dictionary of Amail were considered useful.
However, participants wanted additional categories and associated words/sen-
tences, mostly related to their hobbies. Over the weeks most participants (5 out
of 8) asked for an address book, 6 participants asked for adding new categories
and words to the mini dictionary, while one participant asked for attachment
support.Requests to update the wordbook were mostly received after the first
month, at which time participants had become familiar with Amail by replying
to messages from their email partners. The most frequently used word cat-
egories from the mini dictionary were invitation, name, start, salutation and
opportunities.

Despite some reported usability problems, overall participants were satisfied
with the Amail support for composing messages. Amail helped them to regain
their ability to communicate with family and friends. P1 mentioned, “No, with-
out this program I wouldn’t have e-mailed so often. Without it (referring to
Amail) it would be very difficult. Before using Amail I did not email at all and
now I am trying it out”. The subject ratings for overall experience after 1 and 3
months are provided in Figure 6.8. The mean experience with Amail after the
first month was (M=5.0, SD=0.926, Median=5) and after twelve weeks (M=6.13,
SD=0.641, Median=6). A Wilcoxon Signed Ranks Test showed that this is a
statistically significant change in experience (Z = -2.251, P = 0.024). The inter-
esting thing was that all participants reported positive experiences with Amail,
and that their overall assessment either remained constant or increased over
time.

The most interesting thing was that Amail helped aphasics to compose
emails independently, which we interpreted as a sign of regained confidence.
The mean rating for judged independence in email composition before using
Amail was (M=1.50, SD=0.76), while after twelve weeks of using Amail it was
(M=5.38, SD=0.52). The individual ratings are reported in Figure 6.9. A
Wilcoxon Signed Ranks Test showed that use of Amail 12 weeks did elicit a
statistically significant change in how independently they could accomplish
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Figure 6.8: Overall experience of the test participants after the 1st month of
use, and after 12 weeks of using Amail.

email composition (Z = -1.807, P = 0.007). Indeed, median email composition
rating was 1.0 before using Amail and 5.0 after using Amail. All the partici-
pants utilized the email composition functions supported by Amail and learned
to operate Amail independently.

Purposes and motivation of Amail use. Participants reported numerous
reasons for using Amail. The major topics were scheduling a meeting, making
an appointment, sharing information, sending an invitation, asking questions,
and sharing mundane things that were going on. After few weeks the social
network of the participants expanded. Initially participants had 3 friends or
family members in their address books who communicated with them. Par-
ticipants also wished to communicate with more people and expanded their
address book. Some of the participants (P1 and P2, P2 and P3) who also met
weekly in a local aphasia center also started a mutual email exchange. All
the participants showed motivation to use Amail and expressed that their in-
ability to engage in phone conversation could be partly overcome by the use
of Amail. P1 mentioned, “Before I would phone them (referring to her daughter)
once per week and always on Friday. And now I send them an email on Monday
about the weekend. And it’s really nice. You don’t forget as much as when you
only speak to them once. Not that it’s important stuff. It is just things that they
would like to hear”. P3’s partner mentioned, “while on the phone P3 gets over-
whelmed by questions, he forgets things so he needs to write them down; writing
is very difficult. The telephone demands immediate actions. Email allows you
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Figure 6.9: Ratings (on a 7 point Likert scale) of the test participants before
and after use of Amail on perceived independence of emailing.

to read a message over ten times if you need that”. After the 3rd month all the
participants except P5 mentioned that they would like to keep Amail in their
computers and continue using it. These seven participants also expressed that
they would miss Amail, if they could not use it anymore. P3’s partner also
mentioned, “communication completely stopped for P3. Nobody would send P3
an email. Because they expected that he would not be able to reply. Thanks to
the program (referring to Amail) this has received a new impulse. We now have
a reason to inform friends and acquaintances that P3 is actively trying to reply
to email. People now send emails for things they used to telephones us for. I
think that in principle that is a good thing”. Participants also mentioned that
Amail not only helps them to keep in touch with friends and family members
but also helps to practice their writing skills which are also affected by aphasia.

Patterns of use and interaction with Amail over time. The collected log
data demonstrate that all participants utilized all available functions of Amail
such as Inbox, Sent items, Word book, Address book, Insert button, Send but-
ton, Cancel button, incoming email to copy words/sentences. Not surprisingly,
there were also individual variations in how Amail was used. Some users were
utilizing mostly the basic functions while others also tried more advanced func-
tions. For example, participant P2 was the only one utilizing the standard ‘cut
& paste’ function offered in Amail however the onscreen menu was limited only
for the ‘cut & paste’ function. Most of the participants were utilizing the sent
items functionality. Users P3 and P4 were very keen on this function as they
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Table 6.4: Composition statistics of the test participants over 12 weeks ex-
cluding the emails generated in the training period. P=Participant, TMS=Total
messages sent, TMR=Total messages received, AWSM=Average words in sent
messages, ACT=Average composition time (minute)

P TMS TMR AWSM ACT
P1 8 15 24 8
P2 12 27 11 12
P3 32 48 12 9
P4 18 21 11 10
P5 11 13 16 6
P6 14 24 10 11
P7 23 27 13 9
P8 16 19 14 16

even asked us to change the way the information was presented. At the start of
the field test, the sent item list displayed the sent emails together with the date
but not the time. Moreover, there was a bug in our original code and the sent
items were displayed with the sender’s name instead of the receiver’s name.
In response to the collected suggestions we modified the rendering of the sent
items list. On average participants spent 10 minutes to compose a message and
the average message length of a composed message was 14 words. From the log
data we observed that some users used unnecessary mouse clicks on the func-
tional buttons of Amail (selecting the wordbook, inbox and sent items) which
indicated some problems with understanding the optimal workflow for accom-
plishing certain tasks. However, the frequency of these unnecessary clicks
decreased over time indicating that users were mastering the steps needed to
accomplish email tasks with Amail.

6.7 Discussion

Here we discuss the obtained results with respect to the research questions.
Moreover we also discuss commonalities and differences in the results observed
across participants.

RQ1: Can people with aphasia learn to use Amail independently?
From the log data where quantitative usage results are stored and also from
interview results we can conclude that all participants achieved a fair level of
independence in emailing with the help of Amail. It became apparent that most
of the composed messages contained words/sentences provided by the Amail
program. The log data showed that most sentences were created with the help
of words and sentences from the mini dictionary. The use of words selected
from incoming emails was less frequent. Aphasics also created personalized
ways to use the language support in Amail. For example, some aphasics (P1,
P2) copied entire sentences from the mini dictionary and deleted the parts that
were not required. Some other aphasics chose a word or part of a sentence
from a mini dictionary and remove the parts necessary to compose specific
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messages. We did not instruct the test participants to use the dictionary in this
way; rather they came up with this strategy and found that this was helpful for
composing a certain message. Furthermore, most aphasics asked for an exten-
sion of the word book with new categories, in addition to the initial categories
provided to them. This indicates an adequate understanding and appreciation
of the provided Amail functionalities by the aphasics. The basic functionalities
of Amail were quickly learned and mastered by all aphasics. Their confidence
level increased gradually in the course of operating Amail. It is a positive sign
that the participants who were not able to compose email without the help of
a partner before are now able to reply and compose messages independently.
We believe that the individual training that we provided to the participants was
an important contributing factor. Existing research demonstrates that it is
possible for people with aphasia to learn to use new technology such as the
internet in cases where they are given training in one-to-one situation (Egan
et al., 2004). We have also found that support to learn new technology has a
positive impact on the successful use of the technology.

RQ2: Are there any long term effects of Amail on aphasics’ communication?
From the interview results it is clear that Amail is supporting aphasics to stay
in touch with friends and family members. The study reveals that many of
them have serious problems with conducting phone conversations and that
Amail is an adequate substitute. On average, test participants were engaged
with 4 email partners, mostly family members, friends or former colleagues,
by the end of the trial period. In the interviews, participants and their part-
ners spontaneously mentioned positive changes in the communication pattern
of the participant. Several partners mentioned an added benefit of Amail was
that it provided extra stimulus for the participant to try emailing. Practicing
email composition was at the same time a good exercise for improving writing
skills. Initially all participants set as a major goal to keep in touch with family
and friends and after 12 weeks of use, all participants except one or two (P5,
and to a lesser extent P8) fulfilled their initial goals. Consequently, most apha-
sics were able to better manage their schedule, to share relevant information
and to gain independence in email communication.

RQ3: What types of support are required to maintain long-term use of Amail?
We have identified several issues that may support extended use and reduce re-
jection of Amail. First of all, ample support for training is required so that apha-
sics can indeed learn the key functions provided by a specific technology. This
agrees with documented evidence that people with cognitive impairments can
indeed benefit from technology when appropriate support is provided (Evans et
al., 2003). This support should be maintained until aphasics achieve a certain
level of independence and confidence with the technology. We believe that this
kind of support could be provided through aphasia centers, and that some peo-
ple (such as P8) will benefit from practicing and learning in a group. This can
also help to reduce the burden on partners and trainers.

Secondly, the role of the emails partners who communicate with the per-
sons with aphasia is extremely important. We adopted a test strategy in which
the persons with aphasia received emails first and therefore were stimulated
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to reply. As aphasics are known to sometimes behave passively, we assumed
that this kind of stimulation could be crucial for success. Our assumption was
verified up to the point that people with aphasia indeed started by replying to
the received emails and only gradually became more active in emailing, up to
the point where they initiated emails themselves. Even after we introduced the
address book (on the request of the aphasic participant) the frequency of self-
initiated email messages stayed substantially below that of replied messages.

Thirdly, it is important to provide technology that can support aphasics at
a level that agrees with their capabilities and goals. At the start, we only intro-
duced the basic functionalities of Amail to the aphasia participants gradually
introduced additional functionalities, based on the explicit request of the apha-
sics. This strategy helped persons with aphasia to learn gradually and to stay
motivated to use Amail.

RQ4: How is the usability of Amail perceived over time?
Several usability issues were identified over time. Some were technical and
some indicated a lack of understanding on how specific functions actually
worked. Despite those issues, most participants (except P5) embraced Amail
as they found it useful for supporting their email communication. Already at
initial use, the users were enthusiastic about Amail and their level of enthusi-
asm did not decrease towards the end of the study. Moreover, they were using
Amail after the test period and most of the participants (except P5) wanted to
keep Amail in their computer for future use.

RQ5: Which purpose did the email correspondence serve for people with apha-
sia?
Amail served numerous communication purposes for aphasics such as making
appointments and sharing social talk, such as what happened in the week-
end. Sharing such simple events was considered of great importance by the
aphasics. Most people with aphasia were interested to get in touch with remote
family members such as a daughter or son living abroad. Providing a medium
of communication with such remote family members who could otherwise not
be contacted easily, is not only a strong motivator, but very likely an important
factor in the long-term well being of aphasics.

RQ6: How does the usage change over time, expressed in terms such as
length of the messages, frequency of the messages, number of email partners,
use of the mini dictionary, number of conversations?
Except for an increase in the number of email partners, no significant patterns
could be observed in the other measures mentioned. Some external factors
also played a role such as personal and family situations. During the field trial
computers broke down for two participants, two relatives of one participant
died; one participant got ill, one participant restarted his own electronics busi-
ness signifying that he was too busy to use Amail, one participant went for a
short vacation. Despite all these issues we observed an increasingly positive
towards Amail over time. One point worth noting is that at the beginning we
thought that participants who had lower frequency of email exchange might not
be satisfied with the program or might have some other issues. Later on, we
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discovered during interviews that the achievement of successful embracement
of Amail could not be judged solely by the frequency of email exchange. Rather
we have to accept that the personal drive and need for email communication
differ from person to person. For some aphasics sending one email per week is
sufficient.

6.7.1 Design & Usability Issues

Firstly, no critical usability issues were detected during the field trial that actu-
ally hampered the email communication. Some cosmetic usability issues were
reported along with some technical issues. Some of the technical issues that
were revealed during the field test were not identified earlier in the formal and
informal laboratory evaluation. We did not wait till the end of the study to re-
solve the raised issues, but we remedied them as soon as possible. This had a
positive influence on participant’s positive perception towards Amail and hence
their engagement in email communication. Secondly, Amail was created with
the intention to distribute it freely to interested aphasia patients. However,
we had difficulty to find a free Dutch text-to-speech (TTS) engine that could
be used in combination with Amail. Most up-to-date TTSs are commercial ap-
plications and require an expensive license. Moreover, software developer kits
(SDK) are not open to external parties. We used a trial version of Spika in our
field trial, but for future development it would be worthwhile to have a Dutch
TTS integrated.

We observed that some people with aphasia who are more confident with
technology and that can improve over time are able to handle more traditional
email interfaces. However, since most aphasics profit significantly from vo-
cabulary support, providing such vocabulary support with traditional email
application would be most helpful. All the patients unanimously liked the vo-
cabulary support of Amail. One participant (P5) who runs his own business
and who uses the email client Outlook express for business purposes stated
that the Gmail account to which Amail was coupled was not suited for pro-
fessional use. He asked us to create vocabulary support for Outlook express.
The speech therapists frequently briefed us that the participants who also vis-
ited the aphasia center frequently mentioned their appreciation of Amail and
of the wordbook included in it. These observations led us to conjecture that
the vocabulary support in Amail is probably its most useful feature. For some
aphasics, especially those with memory problems, the simplified email interface
is another crucial factor.

6.7.2 Individual Differences and Adoption Issues

The participants P1, P2, P3 and P4 who were most active in email communica-
tion also had more computer experience than the other participants. Moreover,
P1 and P2 and P3 also signaled deviating communication needs. Individual
differences were hence observed that reflected diverse communication needs,
prior experience with computers and personal goals. Two issues that we would
like to comment on are the following. First, the frequency of self-initiated email
conversations was low for all participants, but this function was also intro-
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duced later (in most cases, after one month). We can only speculate on what
would be needed to trigger more self-initiated emails. One approach could be to
assign tasks to aphasic participants that require them to initiate emails (from
the address book of Amail) and to follow up such tasks with email reminders.
However, the pros and cons of such an approach remain to be investigated.
A second aspect worth commenting on is the fact that most of the composed
messages are fairly short. There is still the possibility that this length might in-
crease with practice, and that significant improvements in the writing process
might take more time than provided for in the study. Also, despite the fact that
the test period was 12 weeks, most participants could not utilize all weeks to
be active with Amail.

Given the short testing period and the variability of the test participants
it is not possible to draw conclusions about the acceptance of Amail by the
aphasia participants in the long run. For the short-term we found several
issues that helped participants to adopt Amail. First of all, the initial goal of
the participants was to establish contact with family and friends. Goal setting is
very important for aphasics. Many aphasics need explicit goal setting, which is
also an important factor in therapy (Sandt-Koenderman et al., 2008). Aphasics
easily forget things or do not feel interested to accomplish the assigned tasks.
Amail was designed to allow quick realization of a basic email communication
goal (replying to email), and aspects that required more motivation (such as
initiating an email) were only introduced later, in response to an explicit request
of the participant. Secondly, the Amail interface could be customized to the
individual aphasic’s needs. The customization of the word book was especially
considered useful as this allowed to include words/sentences that reflected
individual interests (such as hobbies). Thirdly, the guided training to aphasics
to (re)learn Amail was probably essential for its success, in the sense that all
participants succeeded in learning to operate the tool and the majority of them
continued using it throughout the testing period (and beyond). The step-by-
step training, i.e., introducing basic functionalities of Amail first and gradually
increasing complexity over time, was an element that contributed to learning
Amail. Fourthly, triggering is crucial for aphasics to engage them in predefined
tasks. Aphasia participants can be passive, but the incoming messages that
required a response provided implicit tasks and stimulated them to compose
replies. Finally, introducing new technology in the learning/training group of
the aphasia center also stimulated participants to learn and use the provided
technology. Most likely triggered by the positive comments of our participants
in the field trial, we received several requests from the therapists to also set up
Amail in the therapy center. Some aphasia participants who used Amail also
took the initiative to start communicating with each other. We interpret this
as a positive sign that Amail does appeal to the aphasic community and can
indeed play a role in improving their email communication.

6.7.3 Methodological Issues

Recruiting participants for field trials for extended period of time is always chal-
lenging and time consuming. All the participants who took part in the study
were enthusiastic however to make follow-up appointments was difficult. These
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follow-up meetings were much more labor intensive than anticipated. Some-
times a planned meeting with a participant was canceled due to illness. At
other times, the partners of the aphasic participants did not respond to phone
or email, so that follow-up (feedback) meetings had to be delayed, implying de-
viations from the anticipated timeline for the field trial. Another issue is the
choice of study method which involved simultaneously training participants
and conducting interviews with them. The initial training period was very cru-
cial for the successful adoption, but in some cases required substantial inter-
vention from the researchers involved. Moreover, as the training was one to one
for each participant, the total time investment required from the researchers
was substantial. However, the benefits became evident as a successful em-
bracement of Amail by the participants in daily life, which was one of the key
objectives of designing the email client in the first place, came within reach. It is
obviously very important to consider how the intervention from the researchers
could be minimized. One alternative solution could be arranging the training
of the participants in the aphasia centers where persons with aphasia meet for
socialization, and (re)learn new technologies. As the local aphasia center has
already expressed interest to install copies of Amail on their computers, this
might be feasible in the near future. Three months for field trial is relatively
short for persons with aphasia. Since it takes time for them to learn new tech-
nology, ample time need to be available to observe the after effects of learning
that technology. Moreover, to understand how reconnecting and reengagement
happens with email partners also takes time. Furthermore, personal and ex-
ternal circumstances also play a role in the test process. Therefore, we believe
that to identify the actual patterns of technology use for aphasics enough time
with support should be given to learn and use that technology.

Though after one month most of the participants wanted to have an address
book with Amail, the use of self-initiated communication was still very much
below the number of replied messages. Therefore, it is speculated that people
with aphasia need to receive extra triggers to make them more engaged in email
communication. If aphasics receive emails they are likely to become more mo-
tivated to reply to those emails and, over time, they might gain confidence and
become pro-active in email communication, given of course that an accessible
reply tool such as Amail is available to them.

The data logging method was very useful to obtain detailed interaction in-
formation. However, analyzing the information was quite time consuming and
could be optimized further. A more structured way of extracting summary in-
formation from the collected log data is therefore advised. Using questionnaires
to elicit subject responses was not a problem as we did not use many question-
naire items and scales with appropriate visual support were used. In the course
of the final interview we asked participants to rate the same questions as the
ones posed in the first session, which helped us to identify trends. Finally, we
found the longitudinal interviews most rewarding as they helped us a lot to re-
veal the viewpoints of our participants. The field test protocol that we checked
with the speech therapist beforehand was also very helpful. As mentioned be-
fore, some technical problems could probably have been avoided by conducting
a pilot field trial with 1-2 participants. Overall we did not encounter any major
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fault in our test protocol, except for the unanticipated time to run the field trial.

6.7.4 Limitation of the Study

One of the limitations of this study was the selection of the participants. We
did not have strict criteria to choose study participants, such as only severe
or only moderate aphasics. Rather the selection was based on the participants
who displayed interest to communicate through email and therefore functional
limitations varied across participants. Another limitation is the number of par-
ticipants. We obviously do not know how the findings in the individual case
studies are representative for a larger population of aphasics. Moreover, al-
though all participants had partners to support them, the level of this support
varied across participants. During the initial training period, the required sup-
port from the researchers also varied. Furthermore, the email partners with
whom the aphasics communicated also displayed varying email behavior. Es-
pecially the initial email behavior of the email partners is likely to have influ-
enced the aphasia participants in their willingness to reply. Our visits to the
participants obviously also constitute an external influence. Nevertheless, the
test participants were primarily motivated by their personal goal to communi-
cate via email with significant others. In order to assess the bias introduced
by our visits, we also contacted the participants (through their partners) after
16 weeks ( i.e. 4 weeks after the end of the field trial). We found out that P1,
P2, P3 and P7 were still using Amail at that stage. After the 12th week we
also received an email from the personal trainer of P2. She asked us to help
her to reinstall Amail as during a software update she had mistakenly removed
the word book of Amail. In the 4th month, P4, P6, and P8 were not regular in
using Amail. We came to know from their partners that aphasia participants
were busy with other things such as travelling to other countries and partners
confirmed that they have not given up using Amail. Furthermore, the speech
therapist from the local aphasia center also mentioned that all the participants
requested her to create opportunity to use Amail in the aphasia center during
the computer class and also asked for additional functions of Amail.

6.8 Conclusions and Further Research

The most interesting result from this study was that all participants displayed a
fair level of independence in email composition with Amail. During use of Amail
some technical issues arose that could be successfully resolved quickly. Par-
ticipants willingly kept Amail in their computers after the test period and some
of them are still using it for email communication. Overall, the results from the
field test of Amail are very encouraging. First of all, the primary goal of enabling
people with aphasia to respond to email to initiate new mails was reached to a
significant degree. Secondly, all participants expressed that the opportunity to
get in touch with friends and family members through Amail increased their in-
dependence and confidence in communication. Moreover, their social relations
were strengthened and they reported re-engagement through email communi-
cation. The comments from the speech therapists, as well as from the aphasics
and partners, lead us to believe that Amail could prove useful for a substantial
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number of aphasics and possibly even to people with similar disabilities such
as dysgraphia.

Several avenues of further research emerge in light of our current field
study. Firstly, conducting a longer field trial with more diverse participants
and less researchers’ intervention would obviously be advised. Secondly we
received requests from speech therapists in the local aphasia center to install
customized versions of Amail. The therapists mentioned that they received re-
quests from several patients. Around 70% of the patients who visit the aphasia
center want to try out the email program. This is a positive sign that the pro-
gram appeals to the aphasic community and is being promoted by its first-time
users. More extensive use will help to create alternative versions of Amail,
based on user profiles, as suggested by the speech therapists. At this moment,
not all available functionalities of Amail were tested in the field trial. Therefore
it is also important to investigate how to support aphasics who are becoming
proficient with the basic version of Amail. It is expected that when aphasics
become expert with Amail they will gradually look for advanced functionalities.
The issue of how to support such varying demands (also beyond the end of this
research project) is very important for the long term adoption of Amail.

Thirdly, at this moment Amail supports people who are in the post-rehabilitation
stage of aphasia. The tool has not yet been tested with people who are in the
early stages of aphasia. It would be interesting to create Amail versions for
aphasics with different levels of severity and experience. One interesting op-
tion would be to link Amail to more traditional Augmentative and Alternative
Communication (AAC) applications. Since people at an early stage rely more on
a visual vocabulary, integration of Amail with an AAC could be very beneficial
for them. Fourthly, email is mainly useful for people with aphasia because it
is an asynchronous communication medium. It may also be suitable for peo-
ple with other development disabilities such as cerebral palsy, as technology
that does not require immediate response may help people with cognitive dis-
abilities to regain confidence. Though we observe a trend in current AACs to
introduce email functions (MindExpress, 2011), no reports on actual use seem
to be available. Therefore, we can only speculate at this stage that Amail might
assist in improving the quality of life for these user groups.

Finally, it is possible to access many services through email such as per-
sonal stories to share as a form of text, image or combination of both, blogging
and other advanced services such as Facebook, Twitter etc. Therefore, it would
be interesting to see how Amail can be used as an interface for people with
aphasia to help them to participate in these activities.
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CHAPTER 7

Conclusion

In this chapter we describe general reflections on the findings and contribu-
tions of this thesis. We also describe limitations and further research possi-
bilities. The presented research reports on our experience in understanding
technology needs and barriers for persons with aphasia. Moreover, this re-
search is a first step in uncovering needs and supporting technologies that go
beyond need-based communication. Our work unveils the limitations of exist-
ing research and identifies opportunities for assistive technology design aimed
at persons with aphasia. During the research we also faced several challenges
such as conducting usability studies and field test, recruiting participants and
we summarized some relevant findings. We hope that these suggestions that
we provide will improve the understanding of designers who want to design and
test with people with disabilities, specifically people with aphasia.

7.1 Contribution of this Thesis

This thesis presents a research inquiry in assistive technology design for per-
sons with aphasia. Rather than using a predetermined technology we inves-
tigated what kind of technology could help this population. The thesis con-
tributes in three areas: a) understanding technology needs of aphasics, b) de-
signing technology to support those needs and c) methods to test technologies
for persons with aphasia. The major contributions of this thesis are:

• Identifying technology needs and barriers to use technologies in case of
persons with aphasia.

• Indentifying current trends in social communication by persons with apha-
sia.

• Designing and evaluating story capturing and sharing tools intended to
help aphasics to share experiences in a face-to-face setting.

• Design and field evaluation of an accessible tool called Amail to share daily
stories through email.

• Design methods aimed at people with aphasia.
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We have designed several story capturing and sharing applications for per-
sons with aphasia which are suitable for life logging in different contexts. We
also investigated how people with aphasia use computers and related assistive
technologies. We identified that similar to face to face communication, remote
communication is also a problem for aphasics. It is expected that as most
people with aphasia suffer from verbal expression they cannot participate in
phone conversation. In general, any communication medium that is too inter-
active and demands immediate response poses a severe challenge for persons
with aphasia. Furthermore, we investigated a social networking program that
has been developed by the Aphasia Union Netherlands (AVN) to enhance com-
munication between aphasics mutually and with their therapists. Our results
indicate that both aphasics and therapists find the email program useful, de-
spite the fact that they expressed several criticisms about its usability. The
results helped us to design an improved email client called Amail. Finally, we
have conducted a field trial of Amail with persons with aphasia. The field test
of Amail was interpreted as very encouraging. All people with aphasia success-
fully utilized Amail during the testing period and post-test period as well. In
our research we have found that Amail is indeed suitable for some aphasics.
From the comments of the speech therapists, aphasics and partners we are
also confident that Amail can help more aphasics and people with similar dis-
abilities. Considering all these we believe that the goals of this thesis have been
fulfilled.

7.2 Contribution to Design & Evaluation Methodology

7.2.0.1 Expressing in a Foreign Language

In traditional design practice, designers use brainstorming, bodystorming, sce-
narios and related other techniques to come up with new ideas. In all these
cases, designers have to imagine what and how it would be if the product would
exist. Therefore, the imagination process truly depends on the knowledge and
experience of the people involved in the process. While designing for people
with aphasia we practiced a unique way to come up with new ideas that was
trying to understand and experience the communication barriers of an aphasic
person. We tried to mimic the condition of an aphasic person by a. not talking
to any other persons for a whole day and only using gesture and limited verbal
expression to communicate b. trying to tell feelings/stories in a foreign and
native language and c. trying to express only using photos and icons and later
on shared what was missing in the earlier ways of expression. Overall, we tried
to identify feelings, frustrations and lack of expression of aphasics that could
be supported through appropriate design solutions. Therefore, if we need to de-
sign applications for people who have problems in expressing verbally we can
follow this method (see chapter 2 for detailed explanation).

It is also very common to use proxy users to generate and validate design
concepts. Existing studies used older adults, speech therapists as a proxy of
aphasic users (see chapter 2) to evaluate intermediate prototypes. It might be
the case that due to the condition of the aphasic person it is not possible to
follow participatory design practice. Moreover, during initial design process ei-
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ther target group is not always easily accessible or the early design ideas are
not easy to communicate with the target group due to their disability. Very
often speech therapists are also very busy with their daily tight schedule and
patients. Therefore, by mimicking the situation of an aphasic person it is easy
to validate early design concepts that deal with design solutions for alternative
verbal expression. This technique will help designers to quickly get feedback
on their early design ideas.

We conducted experiments with able-bodied participants to design applica-
tions for persons with aphasia (see chapter 2). We were inspired by the fact that
aphasia is like a foreign language as mentioned by Gary (Gary, 2005). He men-
tioned, ‘aphasia is like a foreign language for which there is no translation’. He
also brought up a detailed scenario where an aphasic speaker and the partner
become frustrated due to their inability to understand each other like talking
in different languages. Stroke victims’ words are suddenly incomprehensible
and in our experiment we wanted to mimic this situation. Moreover, from our
conducted experiment the objective was to experience the situation and to uti-
lize the gained insights to improve our design. Since people with aphasia are
not able to express their opinion in a detailed way, it is obviously quite difficult
to engage them in a design process. Our experiments augmented our under-
standing of the design opportunities as we could compare the same story by
the same person being told in his native language and in a foreign language.
The experiment helped a lot to reveal the language elements which are vital for
effective communication during story sharing with digital photos. We believe
that this method could be inspiring for designers whenever involving end-users
in the design process is very cumbersome.

7.2.0.2 From Inquiry to Empathic Design

To understand about aphasia we not only depended on the literature rather
we conducted field visits, observed persons with aphasia and also interviewed
them and their therapists. We observed that during interviews with apha-
sics repetitive question asking worked well for the aphasics as we observed
in both the pre and post test interviews. Since aphasics tend to remain pas-
sive and quiet, repetitive questioning is most suitable to extract opinions. Such
an approach followed from requirements gathering with Alzheimer’s patients
(Hawkey et al., 2005).

Standard HCI evaluation methods can be used for evaluating assistive tech-
nologies for aphasics, provided that some simple adaptations are made. We
used technology probes (Hutchinson et al., 2003) with mild and severe apha-
sics. We have observed that standard HCI methods such as technology probes
and interviewing can be applied after modification in case of aphasics to elicit
their viewpoints and also to evaluate working prototypes. For example, in the
technology probes that we used we had to made adjustments, so that we could
monitor them constantly and provide reminders when necessary. Moreover,
we conducted early evaluation of prototypes with persons with mild aphasia.
The objective was first to identify whether the proposed technological solution
would be feasible for the target group. Later on when representative ideas/con-
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cepts are ready as working prototypes it is easy to test with specific user group.

Mild aphasics are capable of giving their opinions and they have empathy
for other severe aphasics since they can better understand and express their
experience having been affected by aphasia themselves. Therefore, our selec-
tion of mild aphasics to test earlier concepts is quite deliberate. We also believe
that deploying prototypes with mild aphasics could be helpful in early evalua-
tions to understand interaction possibilities and potential pitfalls. Therefore, to
design accessible technology for aphasics our suggestion is to combine several
methods: from inquiry to emphatic design depending on purposes (Emphatic
design, 2011).

While evaluating products in a field trial, it is recommended to start with
very basic functionalities and gradually add advanced functionalities. This
helped people with aphasia to learn the basic functions and kept them inter-
ested to use the intended product. Finding contacts with multiple channels to
recruit participants such as local aphasia center, aphasia society and aphasia
gathering etc. is very helpful. Furthermore, making partnership with persons
with aphasia helps in the design and research process. This research project
was for four years and from the start of the project we got in touch with apha-
sics with various degrees of severity. We also found some mild aphasics who
were very enthusiastic about the ongoing development of the project. There-
fore, they became an active partner in giving feedback on several prototypes
built over the years. Those aphasics were also trying to find out which solu-
tions could be helpful in certain cases such as people with severe aphasia. The
aspect of partnership with aphasia helped us to get richer feedback on the pro-
totypes developed.

A combination of subjective and objective (such as logging) data collection
methods to evaluate systems with aphasics is very helpful. We used both meth-
ods to understand the viewpoints of aphasics. Since aphasics have problems in
expressing opinions verbally it is important to check the validity of their opin-
ions. This can be augmented by asking their partners/therapists. Moreover,
evaluation data can also be complemented by collecting objective data.

7.2.0.3 Learn from Speech Therapists and Therapy Tools

It has been observed that involving domain experts (Allen et al., 2008) can
assist in the design process, despite the fact that these experts are not apha-
sic themselves. We also deployed domain experts in the design process in a
semi-participatory manner which we believe was very crucial for the design of a
useable technology for the target group. We however observed that the feelings
and enthusiasm of aphasics could not be understood just by asking experts.
Experts can serve as a complementary source of information but never as a
substitute for working with aphasics. Especially during the design stage, con-
cept validation through expert feedback is very helpful. However, to understand
specific usability problems we must deploy the system with real aphasics.
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Early testing with user interface experts and speech therapists is helpful
in the design process and in order to identify pitfalls with prototypes early on.
Handing over immature prototypes to persons with aphasia for testing might
have a negative impact on potential acceptance and future use. We evaluated
Amail with speech therapists in design iteration 2 and 3. Later on, when a
more mature prototype was created we evaluated Amail with several persons
with aphasia. Speech therapists are experienced about the capabilities of per-
sons with aphasia. Moreover, they can provide reliable advice about which
technology might be optimal for different kinds of aphasics. From a design per-
spective it is also important that technology is only tested when it is sufficiently
matured. This reduces the burden on aphasic persons and minimizes the risk
of technology rejection after first use.

During several stages of this PhD project we got valuable feedback from
speech therapists. Those feedback were from validating early concepts to prepar-
ing field trial materials for persons with aphasia. For example, we received feed-
back from speech therapists on how to structure email messages for optimal
readability for aphasic individuals. During our cooperation with speech thera-
pists we came to know therapy techniques and tools that obviously helped us
to adapt our data collection techniques. For example, we tried to understand
the viewpoints of aphasic individuals using a specialized rating scale as well as
semi-structured interviews as followed in aphasia therapy centers.

7.3 General Reflections and Limitations

Here we describe the limitations of the studies that were conducted throughout
the design and evaluation process mentioned in the thesis. As we have men-
tioned in chapter 6 that one should be very careful not to generalize the results
to all people with aphasia. We used rather strong selection criteria to include
patients and sometime it was not feasible to find representative participants
such as in chapter 2 we used two aphasic persons (one mild and one severe).
In most studies (for example chapter 2, 5 and 6) all persons with aphasia had
a partner who assisted him/her with communication or there was a strong in-
volvement of a speech therapist. However, in chapter 3, only patients who were
checking the AVN social networking program and visiting aphasia centres were
invited. Due to privacy reasons we could not collect severity and types of apha-
sia of the participants and moreover we could not collect any information about
why people did or did not participate in the study. This may seem as a potential
selection bias. Our overall objective was to find out why and how people use
the AVN social networking program and provide suggestions for improvement
and possible redesign. Therefore, we believe that we were successful with that
goal and what we learned that people with severe to moderate aphasia might
benefit from the tool if appropriate adaptations are done.

Our understanding also helped us to find out what are the barriers to use
email for aphasics and we have designed and developed an improved program
called Amail. We believe that people with expressive aphasia can benefit from
Amail. Similarly people with other aphasia types and similar other disabilities
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who have problems in writing/formulating sentences can use Amail for guid-
ance and writing help especially short messages for social emailing. As we have
observed from the evaluation study that (chapter 6) Amail can be used for ex-
pressive aphasics with mild to moderate severity, however more expert users of
any severity can greatly benefit from it. One obvious thing is the partner sup-
port for updating the word book. Therefore, at this moment aphasics who have
a partner support or support from a speech therapist can benefit from Amail.
As it is possible to add new functionalities and additional vocabularies, we can
speculate that Amail can serve as a short-term or long-term email practicing
tool for person with aphasia.

In the thesis all the applications that we created were working prototypes
and they were robust enough for field test. In the first phase we wanted to
have suitable capturing devices for logging daily events for aphasics. There-
fore, our attention was both on the appropriate hardware for capturing device
and representation of the captured materials itself. While designing the cap-
turing hardware we focused on the form factors of them. It is noteworthy to
mention that the explorations that we did revealed several key solutions and
also the design outcomes were very promising for aphasics. Microsoft Sense-
cam is commonly used for research for Dementia patients and we believe that
the logging tools that we develop can be helpful for Dementia patients as well.

For designing an improved email client, as we mentioned before our objec-
tive was to simplify the client in terms of functionalities and also to provide
language support. While designing Amail, we also used menus and icons and
our initial inspiration came from the existing software tools available for per-
sons with aphasia and related other disorders. For example, we studied all
major language practicing software available in the market as we described in
chapter 2. We had to choose between the existing design principle and practice
in AACs and traditional interface design. This was a bit tough choice however;
we utilized the knowledge from early explorations as described in chapter 5
where we found that aphasics prefer not to use an AAC based email program
since they had to learn how to email in a new way which was not preferred by
them. Therefore, for an assistive technology designer it is challenging to find a
common ground to mitigate these kinds of issues.

Moreover, as we learned from our earlier investigation that visual and cat-
egorization support is very important for aphasics. We used visual support in
our applications such as CoCreation (see chapter 2) and Amail (see chapter 5).
The icons we used were based on the existing pictograms used in common Aug-
mentative and Alternative Communication (AAC) software. It might seem that
the outlook of Amail might not be very attractive though we tested each icon
and designed the layout with aphasia participants in several design iterations.
To make Amail as a fully working research prototype we spent time to make it
robust, easy to install and operate. We admit that the outlook of Amail might
be more attractive however due to limitations of the software used (visual C#)
we had to stick to that. Overall, the design choices that we made were always
either based on evidence from our own investigations or existing research and
or based on assumptions that were validated beforehand by speech therapists.
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7.4. Avenues for Further Research

Since there are several boundary conditions to design for and with the target
group it is not always an easy task to make things more visually appealing or
getting the right functionalities in the proposed design.

 

 

 
Figure 7.1: The envisioned storytelling tool for persons with aphasia

7.4 Avenues for Further Research

Lifelogging tools play a vital role to improve quality of life for people with dis-
abilities such as Dementia. We have designed several lifelogging tools however
those were tested with aphasics only. We believe that people with other dis-
abilities such as Dementia, Alzheimer can benefit from the lifelogging tools
designed for aphasics. However, this assumption needs to be tested with those
target groups. Conducting a longer field trial of Amail is necessary with diverse
participants. Based on our experience with the field trial of Amail we found
that methods for automated data collection and training participants are very
important. Therefore, future longitudinal field trial not only should include di-
verse user groups but also to apply automated data collection and summariza-
tion method through Amail. We have observed that some people with aphasia,
who are more confident with technology and improved much over time, might
be able to handle traditional email interface. However, since most aphasics
suffer from vocabulary support, a well designed vocabulary support applica-
tion attached with traditional email application might help some aphasics. We
believe that a customized vocabulary plug-in can be created and additional re-
search can be conducted to see whether this vocabulary support has an effect
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7. CONCLUSION

on the email sent/compose behavior of aphasic persons. It would be interest-
ing to create Amail versions for aphasics with different levels of severity. One
such option is to extend the possibility of Amail to traditional Augmentative
and Alternative Communication (AAC) applications.

In this PhD project we had an aim to design a tool that may help people
with aphasia to share daily stories. We have completed several steps to fulfill
this vision (Figure 7.1). It is possible to access many services through email
such as personal stories to share as a form of text, image or combination of
both, blogging and lot other advanced services such Facebook, Twitter. More-
over, blogs/narratives which are medium to reflect on personal experiences and
those should be accessible by Amail as we have seen recent initiatives by people
with aphasia to reflect life experience online (Aphasia Help, 2011). Therefore,
it would be interesting to see how Amail can support such activities. In future
development, focus should be to build a complete story authoring and sharing
tool where all parts will be integrated.

162



References

Aac. (2011). (Accessed on August 28, 2011 from
http://www.asha.org/NJC/faqs-aac-basics.htm)

Allen, M., Leung, R., McGrenere, J., & Purves, B. (2008). Involving domain
experts in assistive technology research. Universal Access in the Information
Society, 7(3), 145–154.

Al Mahmud, A., Aliakseyeu, D., & Martens, J. (2008). Enabling storytelling
by aphasics in an augmented home environment. In Proceedings of the 22nd
british hci group annual conference on people and computers: Culture, creativ-
ity, interaction-volume 2 (pp. 3–6).

Al Mahmud, A., Limpens, Y., & Martens, J. (2010). Expressing through digital
photographs: An assistive tool for persons with aphasia. Designing Inclusive
Interactions, 157–166.

Al Mahmud, A., & Martens, J. (2009). I have something to say: Supporting
aphasics for organizing and sharing personal experiences by photos. Human-
Computer Interaction–INTERACT 2009, 81–84.

Al Mahmud, A., & Martens, J. (2010). Re-connect: designing accessible email
communication support for persons with aphasia. In Proceedings of the 28th
of the international conference extended abstracts on human factors in com-
puting systems (pp. 3505–3510).

Al Mahmud, A., & Martens, J. (2011). Understanding email communication of
persons with aphasia. In Proceedings of the 2011 annual conference extended
abstracts on human factors in computing systems (pp. 1195–1200).

American speech-language-hearing association. (2011).
(http://www.asha.org/public/speech/disorders/AAC.htm)

Ames, M., & Naaman, M. (2007). Why we tag: motivations for annotation in
mobile and online media. In Proceedings of the sigchi conference on human
factors in computing systems (pp. 971–980).

Aphasia help. (2011). (Accessed on August 28, 2011 from aphasiahelp.org)

163



REFERENCES

Aphasia statistics. (2011). (Accessed on August 23, 2011 from
http://www.aphasia.com/wordpdf/1.BasicStatistics.pdf3)

Apted, T., Kay, J., & Quigley, A. (2006). Tabletop sharing of digital photographs
for the elderly. In Proceedings of the sigchi conference on human factors in
computing systems (pp. 781–790).

Armstrong, E., & Ulatowska, H. (2007). Making stories: Evaluative language
and the aphasia experience. Aphasiology, 21, 6(8), 763–774.

Arnott, J., Khairulla, Z., Dickinson, A., Syme, A., Alm, N., Eisma, R., et al.
(2004). E-mail interfaces for older people. In Systems, man and cybernetics,
2004 ieee international conference on (Vol. 1, pp. 111–117).

Ash, S., Moore, P., Antani, S., McCawley, G., Work, M., & Grossman, M. (2006).
Trying to tell a tale. Neurology, 66(9), 1405.

Aye, N., Ito, T., Hattori, F., Kuwabara, K., & Yasuda, K. (2010). Remote con-
versation support for people with aphasia. International Journal of Software
Science and Computational Intelligence (IJSSCI), 2(1), 72–85.
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APPENDIX A

CoCreation Figures

 

Figure A.1: Early low-fi prototype of CoCreation. The startup screen (left) wel-
comes the user and asks him/her how much time between the pictures (5, 10,
or 15 minutes) is allowed to cluster them. In the cluster main screen (right)
four bright and basic colours were used to highlight the different clusters. In-
stead of timeline that shows every hour, a day has been represented by four
separate pieces of clocks.
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A. COCREATION FIGURES

 Figure A.2: The startup screen of CoCreation application provides a small in-
troduction, and informs about the options that are currently selected. In the
lower right corner discussion partners and speech therapists can click on ’In-
stellingen’ which will redirect to the set-up screen (Figure A.3)

 

Figure A.3: The setup screen allows selecting the optional functions (drawing
and typing). By (un)checking the boxes is possible to (de)activate additional
functions. By clicking the cross in the upper left corner it is possible to go back
to the start-up screen (Figure A.2).
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A.1. AAT Test Results of a Participant

 
Figure A.4: The cluster screen allows navigating through the identified clusters
of photos. When the ‘start’ button is clicked (Figure A.3), CoCreation clusters
the pictures on the calculated amount of time. The content of the first four
clusters are loaded into four groups, the rest of the clusters can be found on
the timeline. For each cluster the date of creation is shown.

A.1 AAT Test Results of a Participant

Here are the AAT test results of a participant who took part in a study men-
tioned in chapter 2.
Spontane taalproduktie: Onderverdeeld in onderstaand rijtje. Score van 0-5
mogelijk 0 is niet te beoordelen, 5 = maximale score
Communicatief gedrag: 4
Articulatie en prosodie: 4
Geautomatiseerde taal: 5
Gemantische structuur: 4
Fonematische structuur: 5
Syntactische structuur: 5
Tokentest: 0 fout van de 50 = score 0 = maximale score (bij de tokentest wordt
namelijk de foutscore gerekend, bij de overige subtest de goedscore. Erg onlo-
gisch, maar goed)
Tokentest: percentiel:100 Tau-waarde: 78, minimale stoornis
Naspreken: score 149(150 = maximale score), percentiel:99, Tau-waarde: 74,
lichte-minimale stoornis
Schrijftaal: score 86(90 = maximale score), percentiel:94, Tau-waarde: 66,
lichte-minimale stoornis
Benoemen: score 111(120 = maximale score), percentiel:97, Tau-waarde: 69,
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A. COCREATION FIGURES

 Figure A.5: The specific picture screen of CoCreation allows editing an indi-
vidual image. If a picture is selected from one of the groups (Figure A.4)
CoCreation redirects the user to the specific picture screen.

lichte-minimale stoornis
Taalbegrip: score 117(120 = maximale score), percentiel:99, Tau-waarde:73,
lichte-minimale stoornis
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APPENDIX C

Summary

Iterative design to improve aphasic communication

An important part of our personal life is being able to share with others
different stories. In a regular family gathering, when meeting friends, during
coffee break at work, people share all kinds of stories and events that have
happened to them or to others. In other words storytelling enables people to
share and reflect on their own or other people’s life experience. When a per-
son, due to injury or disease, looses or becomes limited in his/her ability to
use language (for example because of aphasia) or has difficulties with recalling
past events (for example because of Alzheimer disease) she or he also looses the
ability to share stories, which can in turn lead to increased social isolation. A
variety of assistive tools has been developed in order to improve the communi-
cation abilities of disabled persons. So far, most of the existing systems focus
on supporting elementary communication needs such as the ability to tell very
simple and short stories (words or sentences). Even creating such short sto-
ries may already require a lot of effort from a disabled person and/or caretaker.

In this project we aim at developing a storytelling supporting system for in-
dividuals with (expressive) aphasia or other related communication disorder.
The main research question that inspires this thesis is whether or not technol-
ogy can help to break (reduce) the social isolation of people with aphasia and
other kinds of communication disorder by supporting story collecting, building
and expressing. At the first phase of the project we interviewed persons with
aphasia, their partners and therapists. Our objective was to identify what tech-
nologies they use and what they see as barriers to technology adoption. Later
on, several devices were built for capturing daily stories. Since most aphasics
have weakness of the right arm and leg attention was given on the ergonomics
and form factor of the capturing devices. In the later stage for sharing sto-
ries email was chosen. However, current email programs are not suitable for
aphasics. Therefore, to understand the suitability of email for aphasics, an
email template was redesigned. This email template came along with an Aug-
mentative and Alternative Communication (AAC) software. The application was
tested with aphasics and therapists. However, we also observed that the AAC
software requires an expensive license which would prevent widespread distri-

181



C. SUMMARY

bution. Next to our initial designs we also investigated how people with aphasia
communicate over email.

Aphasia Union Netherlands (AVN) has a web-based social networking pro-
gram designed to enhance communication between aphasics and therapists.
We investigated how aphasics utilize the program. Therefore we extracted
server logs and also collected subjective responses through two questionnaires.
We found several issues such as poor navigation within the interface and pri-
vacy issues that hinder long-term adoption of this tool. This phase also helped
us to gain new design insights for our own email client: Amail. In the next
design phase we designed a new email client for aphasics. The new email client
simplifies the complexity of traditional email clients such as Outlook, Hotmail
etc. Moreover, our client provides twofold language support to compose email
messages. The client provides opportunity to select words from incoming email
and also from a mini dictionary designed with the help of the speech therapist.
Moreover, we have designed three word selection techniques to support people
with aphasia who also have weakness of the right arm and leg. Our usability
evaluation results indicate that Amail is suitable for some aphasics. Moreover,
aphasics find the word selection techniques and the language support very use-
ful.

As a final evaluation of Amail we conducted a 3-month long field trial with
eight aphasic individuals. Subjective data (questionnaires,interviews, and di-
aries) and objective data (usage logs) were collected to gain understanding of
the usage patterns. Our findings suggest that aphasics were able to indepen-
dently teach themselves the tool for emailing. The usage patterns, especially
the frequency and length of the composed email messages, indicate that, over
time, aphasics were able to conduct adequate e-mail communication. Aphasics
email partners also showed increased confidence that their aphasic email part-
ners were improving gradually. Last but not least, use of Amail has positively
influenced the social contacts of aphasia participants.
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