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Abstract. Applications being designed for disabled people so far are
showing three main issues: specific target user group, specialized user in-
terface (UI) and interdependence problem. In addition, three essential
criteria do also affect the application’s usability, namely time, efficiency
and costs. In order to overcome these problems, we propose a differ-
ent perspective of User-Centered Design (UCD) by dividing and analyz-
ing the UI architecture design process over three interdependent spaces:
User, Need and application. Finally we provide the reader with an algo-
rithmic guideline towards minimizing the interdependence issue between
interaction modalities.
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1 Introduction

With the improvement in hardware and software technologies over the past few
decades, interaction methods e.g. touch-, vision- and speech-based have become
popular ways to interact with electronic devices. Besides all of these, an evolu-
tionary approach called neuro-signal-based or the bio-signal-basedhas been tested
successfully as laboratory prototype [1]. One important issue of most of the exist-
ing user interfaces on the market is that, due to low commercial profit, disabled
people have been less attractive as target user group. In addition, the laboratory
interface prototypes are generally specialized on a single goal (need) like writing
and do not respond to other sub-goals such as reading, being mobile, communi-
cating or being entertained. Another issue,called interdependency problem arises
when two or more goals need to be performed at the same time with the same
interaction modality. This relevant issue decreases the usability of the interface
considerably. In this paper we propose a different perspective of User-Centered
Design. For this purpose, three interdependent spaces are introduced:

1. The User space defines the type and the variety of the target user group.
It can be categorized by different criteria like age, level of knowledge, gender,
culture and health condition.

2. The Need space: Once the target user groups have been categorized, user
needs should be identified by taking into account the objective behavior of
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the UI. This includes goals (needs) of the user that the software application
has to fulfill by providing a certain functionality.

3. The Application space consist of software solutions provided by differ-
ent domains such as Computer Vision, Natural Language Processing, Signal
Processing etc. that can provide fast and reliable responses to interaction
modalities.

In section three, an algorithmic approach is proposed for minimizing the inter-
dependency problem. Finally, the result of our algorithmic approach is discussed
by comparing it with appreciable multimodal HCIs that have been introduced
to fulfill multiple needs and limitations of disabled people.

2 Related Work

To fulfill the needs of disabled people, various interfaces were devised by experts
in the past, but these approaches were made to fulfill a particular need of a user
group with a specific disability. For instance, [2] used a special face detection
system for monitoring the physical activities of people who suffer from cere-
bral palsy. [3] devised a low cost eye tracking system for establishing a human-
computer Interface for people who show limited movement of their bodies. In
[4], gesture recognition is used as an interaction method for communication and
provided a face tracking-based system for people who suffer from cerebral palsy
to interact with a computer. In [5] speech and head tracking approaches are used
to enable a hands free control of a computer and other devices, and [6] extended
that approach by facial recognition. [1] introduced a similar approach, but in-
stead of head tracking, face and hand gestures were used. [7] used touch-based
and speech-based approaches in a mobile remote control unit to enable disabled
people to control domestic appliances.

Problem Formulation: By studying and analyzing the above mentioned ap-
proaches and several more, the following problems have been identified: Specific
target user group - In most of the cases, only one disability type is targeted by
the application. This could cause problems as soon as the targeted user group
is not able to make use of the application due to a secondary disability. For
instance, an application provided for frail elderly suffering from vision impair-
ment could probably not be used effectively because the usage of the application
involves the users hands or the upper limbs. Even if it would not require the
limbs but the auditory capability, this specific elder users could not make use
of the application with the expected performance. Specialized UI design - The
provided UIs target single specific tasks such as writing, speaking or mobility
(controlling a wheel chair). However, this is not efficient for preparing people with
multiple disabilities for higher education or professions because it would end up
in providing separate applications for each single activity. Interdependency prob-
lem - It occurs when the target user groups are too general. For example, using a
writing/reading system based on touch for people with visual impairment (braille)
is extremely difficult to use if the user is also paraplegic and at the same time
needs to control a wheelchair.
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3 Approach for UI Design

One of the most important criteria for developing an effective User Interface
(UI) is the user scalability factor. As discussed in the previous section, almost
all of those UIs were trying to compensate physiological limitations by adding
some special accessibility features. However, this approach drastically reduces
the scalability of the interface. Hence, in the following we are introducing a
novel user-centered approach for designing UI’s for disabled people. The basic
principle is to focus on the user and its needs by analyzing three interdependent
spaces:user,need and application space.

User Space: WHO [8] says, there are more than one billion people with various
disabilities all around the world, of whom approximately 150 million experience
significant difficulties. Around 285 million are visually-impaired and 360 million
are hearing-impaired. Different researchers provided distinct perspectives on the
classification of disabilities, as follows [9]: The Medical perspective defines dis-
abled people as people with a health problem, that is caused by disease, trauma,
congenital or an accident. The Socio-political perspective focuses on an inde-
pendent living philosophy rather than on a complex collection of conditions, no
matter how people lost their functionality. The Spectrum perspective refers to
the degree of functionality of certain senses such as the visual, the hearing or
the tactile sense.The Economic perspective defines disabled people in terms of
employability in the market. In the opinion of the World Health Organization
(WHO) disabilities should neither be viewed as purely medical nor as purely
social. A balanced approach is needed, providing appropriate weight to the dif-
ferent aspects of disability. Disability arises from the interaction of health con-
ditions with contextual, environmental and personal factors. The International
Classification of Functioning, Disability and health Association (ICF) adopts
neutral language and does not distinguish between the type and cause of dis-
ability [9]. They describe disability in an easy and understandable way, with
respect to human functioning and its limitations and structured the information
in a meaningful way. We believe that no matter what the cause is or from what
limitation disabled people suffer, they have to be seen as human individuals
with the same needs as others. The only difference is the way of fulfilling their
needs. In order to do so application and interaction designers need to study the
corresponding need space.

Need Space: In this paper, we propose a new definition of ”need” such as
”the basic goals and activities associated to human interaction modalities”. In
other words, to identify basic goals and activities for vision impaired people,
it is necessary to specify the data that the vision modality provides. They can
be listed as follows: object detection, object identification, distance between the
objects, distance to the objects. In order to complete the need analysis, it is
essential to identify the role of each need in different life areas. For example,
the object detection can be either detect words, sentences or a symbol for the
purpose of reading. Or it could deliver the detection of tables, doors or a corridor
for the purpose of moving. For the sake of completeness while identifying needs, a
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full range of activity and participation components was provided by the [9]. They
used performance and capacity qualifiers to describe the individual’s ability and
performance during the execution of a task.

Application Space: The previous sections have shown that disabilities can be
described as limitations of the degree of ability (DOA). In addition it showed
how to analyze basic goals and needs corresponding to limitations resulted by the
impairment in modalities. Now the question is, how to choose suitable substitutes
in order to resolve or decrease the effects of such limitations.

Table 1. Substitution table shows alternative replacement for human body senses and
actuators

Besides the phenomenon of natural substitution, the technological substitute
also has important impact on the improvement of life conditions of disabled indi-
viduals. Table 1 summarized a number of senses, actuators and technologies that
can be substituted by each other. On the other hand, there are situations that
limit the technological substitute to specific conditions. For example, eye gaze
tracking can be used as a mouse pointer unless the user is looking to a specific
area, and speech to text performs reasonably good unless the user is in a noisy
environment. In addition the mentioned disadvantages, the case has to be solved
in which the individual is suffering from more than one disability at the same
time since in such cases, apart from the adaptivity issue, the interdependency
problem arises as well.

Reducing Interdependencies: For overcoming the above mentioned problem
we propose a systematic approach in order to reduce interdependencies between
tasks (see figure 1): In order to categorize users, cluster them into groups based
on their limitation in DOA. It can be either binary (limited and not limited)
or a multiple level classifier (min, average and high). The important is to clus-
ter users into groups with the minimum amount of shared limitations. For the
need identification, the information provided by the limited modality must be
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Fig. 1. Systematic algorithm for the UI design approach

identified. For the task specification, it is highly recommended to follow the ac-
tivity and participation guideline by [9] for analyzing appropriate tasks in all
different life areas. From the substitution table select an appropriate technology
corresponding to the identified tasks. Finally, for specifying the shared modality,
compare all the selected technologies in order to identify their interdependency.
This will result in a clear map of the applicability of tasks in sequential or parallel
execution.

There are many factors that affect UI usability, but, the time, costs and effi-
ciency criteria definitively show the highest impact. For example, an application
for handicapped people that is controlled only by one event. In such application
it is highly challenging and time consuming to change the focus and select a
desired task such as typing a keyword to search in web browser. One solution
for such a case is an UI which is extremely adaptable and intelligent that can in-
crease the focus change and selection time by learning user preferences and adapt
itself in an intelligent manner. Here, intelligence means that the UI should not
represent the user preferences, but it considers the live events and also general
preferred event and tasks as well.

4 Conclusions and Future Work

This paper is a modest contribution to the ongoing discussions about UI design
for disabled people. Section two has shown that many applications that have
been devised are lacking in several aspects: Specific target user group, specialized
design and interdependency. The author’s attention was focused on these three
problems and as a result, section three proposed a comprehensive analytic UCD
approach to overcome the identified problems. It should be noted that the in-
terfaces of [10], [11] are the best examples of great designs and implementations
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so far, but in contrast to the proposed analytical UCD approach in this article,
they also lacked in analyzing the need space. They mainly focus on combining a
large number of interaction modalities for fulfilling specific need requirements,
such as communication or domestic life. From the research being undertaken,
it is possible to conclude that the depth analysis of user requirements and cor-
responding technologies has a special effect on scalability and usability of UIs.
The proposed method can be used practically, not just for UI design for disabled
people. It is an applicable mean for analyzing interdependencies for UI design
for other user groups as well. On the basis of our research being presented in
this paper, we have started to design and implement a user interface for people
that can control only one facial muscle and hence can trigger one event at a
time only. This work has been supported financially by the Institute of Visual
Computing at Bonn-Rhein-Sieg University of Applied Sciences.
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