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Borja Gamecho, Student Member, IEEE, Raúl Miñón, Amaia Aizpurua, Idoia Cearreta, Myriam Arrue,
Nestor Garay-Vitoria, and Julio Abascal, Member, IEEE

Abstract—Egoki is an automatic generator of accessible user
interfaces designed to allow people with disabilities to access sup-
portive ubiquitous services. Egoki follows a model-based approach
and selects suitable interaction resources and modalities depending
on users’ capabilities. A proof-of-concept prototype evaluation was
conducted with accessibility experts and participants in two differ-
ent scenarios: one devoted to blind people and the other to people
with cognitive impairments. Two services were developed for each
scenario: a service for selecting the menu for lunch and a bus sched-
ule service. The tailored user interfaces automatically generated
for both scenarios were evaluated by accessibility experts follow-
ing a barrier walkthrough method. In addition, a user evaluation
was performed with eleven participants (two blind participants
and nine participants with cognitive impairments). Observational
methods were employed during the evaluation sessions where par-
ticipants were asked to perform several tasks. The results revealed
that the tailored user interfaces automatically generated by Egoki
were operable and accessible and that all of the participants were
able to complete the proposed tasks.

Index Terms—Accessible user interfaces, adaptive systems, auto-
matic user interface generation, tailored user interfaces, ubiquitous
computing.

I. INTRODUCTION

THE INREDIS project [1] developed a ubiquitous architec-
ture devoted to supporting people with physical, sensory,

and cognitive disabilities. The project’s main goal was to grant
access to interactive machines to users with disabilities provided
with their own mobile device. Its operation was as follows: when
a person carrying a mobile device entered a ubiquitous intelli-
gent environment, information about the available local services
was displayed on the user’s device. If the user requested one of
these services, the system downloaded the appropriate user in-
terface (UI) to the mobile device to allow interaction with the
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selected service. The main outcome of this project was an archi-
tecture that provided users with accessible ubiquitous services
and a number of demonstrative prototypes [2].

Leveraging the INREDIS project, our Laboratory developed
Egoki, a system that automatically generates accessible UIs tai-
lored to people with disabilities, to grant access to ubiquitous
services. Ubiquitous computing environments usually provide a
single UI for each service. Therefore, people with some specific
disabilities can encounter accessibility barriers. To avoid this
issue, ubiquitous services’ providers ideally should implement
different UIs for each group of users who experience access
restrictions. However, this solution multiplies the design and
maintenance workload. Alternatively, a model-based automatic
generation approach has many potential benefits, especially for
ubiquitous architectures. Automatic interface generators require
a formal description of the service and interface, and the provi-
sion of required interaction resources, to generate automatically
different UIs tailored to users’ needs. In the next section, related
work is presented. In Section III, the Egoki system is described.
Section IV presents a case study based on evaluating the UIs
generated by the system, and Section V presents the conclusions.

II. RECENT WORK

A. Automatic Generation of User Interfaces

Improved methodologies and tools have been developed in
the field of automatic generation of UIs. However, a solution
has not yet been reached due to the vast heterogeneity of the
elements involved. For the sake of brevity, only a few of those
relevant to this work are mentioned here.

Limbourg et al. [3] propose the UsiXML language follow-
ing a paradigm of multipath UI developments. UsiXML al-
lows generating different UIs for different contexts of use. It
includes various models at different abstraction levels such as
a task model, an abstract UI model, a concrete UI model, and
a transformation model. Paternò et al. [4] present MARIA, a
model-based UI description language for providing support to
service-oriented applications, both at design time and at run
time. At run time, MARIA supports automatic generation of UIs
tailored to different devices. However, user interface markup
language (UIML) suits the requirements of Egoki better than
UsiXML and MARIA because it provides a mechanism to map
different types of resources to each specific interaction element.

UIML has been adopted by diverse UI adaptation approaches.
For instance, Feld et al. [5] present a UI generator based on it.
Similar to Egoki, this work intends to adapt the UI at run time to
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apply adaptations such as increasing the margins of the buttons
for elderly users.

Kaindl et al. [6] explore the semiautomatic generation of UIs
for recommendation processes in e-commerce. Egoki has some
similarities with this work. Both generate Web interfaces and
rely on ontologies. However, while Egoki uses the ontology
to store information about the models and separate files for
content resources, Kaindl et al. use the ontology to store the
content information obtained by Web crawling.

ODESeW [7] is an ontology-based application that automat-
ically generates knowledge portals for intranets and extranets.
It generates menus according to the user’s permissions, visu-
alizing differently the diverse types of information. Similar to
Egoki, it uses ontologies to generate UIs that consider involved
information. ODESeW focuses on what content should be pro-
vided to the users, while Egoki focuses on how to provide the
content in an accessible way.

ViMos [8] is a context-aware information visualization ser-
vice oriented toward providing users with adapted information
through devices embedded in the environment. ViMos includes
a library of widgets to display multiple types of data by using
different visualization procedures and providing adaptive tech-
niques to adjust the visual layout (bearing in mind the content
to be displayed and according to the area available in the UI).
The main difference is that ViMos generates the UI by means of
diverse design patterns, whereas Egoki follows a model-based
approach to generating the UI.

B. Adaptation Systems for People With Disabilities

Automated systems for supporting accessibility usually in-
clude functions for adapting the UI to the context of use as well
as to specific user characteristics stored in user profiles. For
instance, the GUIDE system [9] presents adapted UIs for in-
teractive TV oriented toward home services. The MyUI system
applies multimodal design patterns [10]; the appropriate design
pattern for a given user is selected from her or his user profile.
AALuis [11] considers users’ physical and cognitive capabili-
ties, their preferences, and their context models, and it applies
fuzzy logic to select the modality of the UI. This project is
focused on interacting with web services and OSGI services,
whereas Egoki interacts with ubiquitous services where the
interaction is more infrequent. The Supple system [12] auto-
matically generates standalone UIs adapted to a person’s de-
vice, tasks, preferences, and abilities. Interface generation is
presented as a discrete optimization problem, and a branch-
and-bound algorithm using constraint propagation is proposed
to solve the problem. Supple generates UIs while considering
content, navigation, and presentation adaptations, which are ex-
pressed as a cost function. In contrast with Supple, Egoki follows
an approach based on model-based UIs.

C. User Interface Adaptation in Other Domains

UI adaptation is a well-established methodology and has in-
fluenced the creation of Egoki. Bongartz et al. [13] present a
system for work environments that generates graphical, vocal, or
multimodal UIs adapted to the tasks the user is performing and

Fig. 1. Example environment for the Egoki system.

that considers the user’s preferences and expertise. Brusilovsky
and Peylo [14] describe several adaptation techniques for learn-
ing environments. Their objective is to provide students with
different content while considering their needs and taking into
account their goals, preferences, and previous knowledge. Some
of these techniques for content selection inspired the selection
of appropriate interaction resources when designing Egoki.

III. EGOKI SYSTEM

Egoki is an automated UI generator that creates user-tailored
interfaces for accessing services available in ubiquitous environ-
ments. Egoki creates UIs starting from models. This paradigm
differs from the traditional one consisting of designing a single
UI for each service and eventually tailoring it to different groups
of users. Egoki requires a logical description of the UI to specify
the functionality of that interface. It also requires the provision
of suitable multimodal interaction resources. This way, acces-
sible final interfaces can be automatically produced from these
formal descriptions, as proposed by the Cameleon Reference
Framework [15]. Accessibility features drive the UI generation
process to ensure the UI’s suitability for users with disabilities.

A. Egoki Ubiquitous Environment

The application scenario of the Egoki system is composed of
three types of elements: ubiquitous services provided by local
automated machines, such as ATMs, Information kiosks, and
vending machines; a middleware layer that manages low-level
interactions; and a number of mobile user devices. Fig. 1 shows
an example of a ubiquitous scenario for Egoki.

In this scenario, ubiquitous services are provided by appli-
cations running on local automated machines. This way, these
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Fig. 2. Architecture of the Egoki system.

services can be made available to mobile devices located within
the local wireless network range.

These machines are usually interconnected through heteroge-
neous wired and/or wireless networks. In addition, the services
provided are very diverse; they are designed by different man-
ufacturers, provided by different vendors and run on different
devices. Therefore, a middleware layer is required to ensure
interoperability among them.

The middleware layer interconnects the diverse networks us-
ing different protocols, manages communications between de-
vices, and integrates incoming mobile devices to the system by
means of “discovery” mechanisms. The middleware layer pro-
vides homogeneous methods to read and modify the state of the
ubiquitous services.

We adopted the Universal Control Hub (UCH) [16] to act as a
middleware layer. Its implementation is based on the Universal
Remote Console (URC) Standard [17]. This standard provides
every user device with a unified access point to machines and
services available in a network by means of a mechanism called
User Interface Socket (UIS). The UIS describes the functional-
ities of devices and services in terms of abstract UIs. Interfaces
generated by Egoki only use the UIS to manage the interaction
with ubiquitous services, as described in Section III-C5.

B. Architecture of the Egoki System

The Egoki system is composed of three modules: knowledge
base (KB), resource selector (RS), and adaptation engine (AE).
These interact with each other to process the inputs of the sys-
tem and generate the corresponding user-tailored interface (see
Fig. 2).

The KB module uses an ontology called Egonto to store,
update, and maintain the models regarding user abilities, access
device features, and interface adaptations.

The RS module queries the ontology to obtain the user’s
abilities and the device features so that it can select appropriate
resources for each user, mobile device, and service. It requires
as inputs a logical specification of the UI and different types of
interaction resources.

The AE module performs necessary transformations and ap-
plies required adaptation rules to generate the final accessible
and user-tailored interface. More details about Egoki’s architec-
ture can be found in [18].

C. Models

The Egoki system includes diverse models for the character-
ization of users, devices and types of adaptation, and a number
of reasoning rules. All have been defined in the Egonto ontol-
ogy. This information is accessed through the system’s KB. The
Protégé ontology editor has been used for the creation of these
models. The Pellet [19] reasoner has been used for accessing
the information from the KB, storing new data, and inferring
information about the required adaptations. In addition, a UI
model has been defined. It describes the functionalities of the
ubiquitous service to be adapted that are used by the Egoki
system.

1) User Model: The user model defined by the Egonto on-
tology is based on the interaction abilities of each user. Thus,
appropriate resources can be selected to generate a user-tailored
interface. In particular, four general interaction abilities and
several specific ones are included. Their corresponding ontol-
ogy classes are depicted in Fig. 3, and the general interaction
abilities are described below.

1) Cognitive: Skills involved in human communication and
in the interaction with technological devices: attention,
concentration, concept formation, language processing,
learning, memory, and perception [20].

2) Physical: Mobility and speech were modeled as physical
user abilities that influence interaction with UIs. Regard-
ing mobility, concepts such as brain motor area, precision,
strength, and tactile sensation [21] were included. In the
case of speech, context information about sound articula-
tion and voice features were added.

3) Sensory: Sight, hearing, and human touch senses were
included because they are directly related to interaction
abilities [22].

4) Affective: Both the transmission and the interpretation of
emotions are a key part of human communication. For
instance, people who have affective disorders, such as As-
perger syndrome, usually have communication problems
(both verbal and nonverbal) [23].

The affective interaction ability is only considered in the
representation of the user model, not in the application of the
adaptations. Ontologies can represent knowledge of real-world
domains using a large number of concepts, but it is difficult
and often not necessary to use the whole model for all users or
scenarios (for instance, in some cases, using the description of
cognitive processes in detail will not be necessary).

The “level” property (bottom right part of Fig. 3) indicates the
level of each ability within a specific scale. The scales for this
property are similar to the measures of the ontology proposed
by [24]: High (H), Medium (M), Low (L), and Not Applicable
(N/A). In some domains, it is sufficient to use general categories
and not complex metrics because the adaptation possibilities of
a system are limited; whereas, in other domains (for instance,
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Fig. 3. Screenshot of the Protégé browser of Egonto showing the user-model class hierarchy for an individual with tunnel vision.

vision or hearing impairments), specific scales and metrics could
be necessary. To this end, a field named “description” is in-
cluded. A specific metric can be added to this field (by means
of textual terms) to distinguish different abilities and better per-
sonalize them. For instance:

1) In addition to indicating that the value of the “level” prop-
erty is “L” in the sight sensory-related ability, the “tunnel
vision” description is included (see the representation of
this case in Fig. 3).

2) The “From birth” description is added in a user profile
with a “not applicable” level in the hearing sensory-related
ability.

3) More specific information is included for visual percep-
tion, such as “problems in color perception” or “problems
in distance perception” [24].

Users’ abilities can also be combined to establish a more spe-
cific user profile. Consequently, it is possible to model users
with combined disabilities. The combination of user abilities
is particularly useful for modeling characteristics of elderly
people because they usually experience more than one type
of restriction related to hearing, sight, motor skills, memory,
and reasoning [21]. People who have a combination of impair-
ments need specific adaptations. For instance, separating the el-
ements in the interface facilitates their selection for a user who
has mobility-related precision restrictions. In the case of a user
with tunnel vision, it may be more appropriate to concentrate
the objects in the center of the interface. However, a person who
has both movement precision problems and tunnel vision would
need a different adaptation. Multidisability cases are addressed
by means of reasoning rules included in the ontology. The use
of reasoning rules is explained in Section III-C4.

2) Device Model: Device characteristics are also modeled
in Egonto [see Fig. 4(a)] because required adaptations may
be different depending on device-related issues. For instance,
the adaptations required by a smartphone user may differ
from the adaptations required by a tablet user. In addition,

Fig. 4. Screenshot of the Protégé browser of Egonto. (a) Device model class
hierarchy. (b) Object properties for linking the user concept with the adaptation
concept. (c) Data properties to indicate the scope of the adaptations.

accessibility is strongly linked to the user’s preferred modal-
ity. Therefore, it is advisable to model the type of modalities
that can be used with a specific device.

There are two types of general ontology classes in the device
model [see Fig. 4(a)].

1) Hardware components: hardware-related features such
as input/output devices; peripheral features (such as dis-
play resolution); interaction modes allowed (e.g., touch
screen); battery autonomy; and wireless connectivity.

2) Software components: information about the applica-
tions installed on the device. This includes Web browser
features, such as whether JavaScript is supported, which
versions of markup languages can be interpreted, which
formats are supported, and which assistive technology
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applications are installed on the device (e.g., screen reader,
face detection, or voice recognition).

3) Adaptation Model: To represent the adaptations, Egonto
follows an adaptation taxonomy based on [25]. This taxon-
omy considers content, navigation, and presentation adapta-
tions. Egonto includes these concepts to match each user with
the required adaptations. Fig. 4(b) shows the properties for link-
ing a user with the adaptations set, and Fig. 4(c) depicts the
properties that the ontology uses for indicating the scope of the
adaptations.

Egoki performs content adaptations to select an alternative
resource when the user does not have the ability to use a specific
media type for a particular resource. For instance, simplified text
can be provided as an alternative to the usual text media type for
people with reading difficulties. Four generic media types are
described, and some alternative resources are indicated as a con-
tent adaptation for each of them. Some examples of alternative
resources for each generic media type are listed below.

1) Alternative for video media type: captions.
2) Alternative for audio media type: transcriptions.
3) Alternative for text media type: simplified text or pic-

tograms.
4) Alternative for image media type: pictograms or alterna-

tive text.
The interface presentation is adapted by varying parameters

such as the font color and size, the background color, the size
of images, or selecting high-contrast resources.

Regarding navigation adaptations, in some cases, the UI
should be divided to support comprehension of the current task.
When the task requires several steps, a possible navigation adap-
tation is to provide the user with a task sequence describing each
step in detail.

4) Reasoning Rules: Some generic rules were included to
cover the needs of specific groups of people with special needs
(such as vision, hearing, cognitive, and motor impairments).
These rules allow an initial profile to be assigned to each user
and were defined by means of ontology concepts: sight, hearing,
and touch for the sensory capability; cognitive capability; and
speech and motor skills for the physical ability. In addition, more
specific rules have also been included to allow more detailed
adaptation. Specific properties also allow multiple impairments
to be taken into account.

If a given user requires a different profile or more spe-
cific adaptations, this information is collected and included in
Egonto. This way, the ontology can learn the missing feature
and can include a new rule covering a profile with these charac-
teristics.

The above-mentioned reasoning rules were added into Egonto
using the Semantic Web Rule Language (SWRL) [26], and they
are applied from the KB module using the Pellet reasoner. Fig. 5
shows a generic rule for people with a high level of sensory and
physical abilities and a medium level of cognitive abilities. The
result of applying the reasoning rule is a set of interface adapta-
tions to be applied by the Egoki system. To this end, a study of
the needs of people with different abilities was performed. Based
on the analysis of required adaptations, we have constructed and
stored different SWRL rules in the ontology. Having these rules

Fig. 5. Screenshot of the Protégé Rule view showing a reasoning rule that
assigns a suitable adaptation set for specific communicative abilities and device
access features.

in the ontology, Egoki will apply the corresponding rule to the
specific features of a certain user. In this example, simplified
text is required as an alternative resource to the text content be-
cause the user’s reading level is low. This adaptation facilitates
comprehension of the UI functionalities as well as the content.
Regarding navigation, the UI is divided into several steps to
help the user perform the task. With respect to the presentation,
audio, simplified text, and image are added for each resource.
Providing multiple media for resources supports understand-
ing and abstraction of concepts. In addition, the audio output
provides additional verbal feedback to the user.

5) User Interface Model: As previously stated, Egoki re-
quires a logical description of the UI, describing the function-
ality of the ubiquitous services, to generate a final user-tailored
interface. A number of user-interface description languages such
as UsiXML [3] and MARIA [4] were analyzed. UIML was fi-
nally adopted, as it provides the necessary semantics to easily
include alternative types of resources. In addition, using UIML is
easier for service providers than UsiXML and MARIA. UIML
is an XML-based language that provides elements and attributes
for defining the structure, content, and behavior of the UI (see
Fig. 6). However, this language does not provide direct mech-
anisms for defining some necessary elements such as depen-
dences on functionalities and interaction elements. It also lacks
a way to set priorities for the different alternatives of types of
resources. It is flexible enough to be extended by means of a spe-
cific vocabulary. Therefore, we defined an extension of UIML
to enhance its expressiveness.

Next, the new features included in the UIML vocabulary are
introduced. We will use a ubiquitous service called “lunch menu
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Fig. 6. UIML metainterface model modified from [27].

Fig. 7. Segment of code showing the definition of different types of resources
for the “selecting a dessert” functionality.

selection” to illustrate them. For this purpose, excerpts of the
code for this service are presented in Figs. 7–9.

The UIML vocabulary extensions are as follows.
1) The class attribute of the part element in UIML is used

for defining the type of interaction element. Possible val-
ues for this attribute are section, select, item, button, out-
putData, boolean, inputData, and functionality. The first
value (section) is used to group related interaction ele-
ments so that they can be placed close to each other in the
final UI. The functionality type is used to define parts of
the interface as functionalities that are directly operated by
users. The other elements identify the type of interaction
elements included in the content. Fig. 7 shows the descrip-
tion of a ubiquitous service called “lunch menu selection.”
In this example, the service is composed of three section
type elements specified by means of the class attribute. In
the last section type element, a functionality type element
is provided with a single select type interaction element
with three options.

Fig. 8. Segment of code showing the definition of different types of resources
for the functionality of “selecting a dessert.”

2) Values to specify priorities for the different media types
for the resources have been added to the vocabulary to
allow service providers to define them. These values per-
mit the Egoki system to select appropriate media types for
resources according to user, device, and service features.
Priorities must be set for each interaction element rep-
resented in the UIML. They are specified by the element
content and value priority for the id attribute. In Fig. 7, the
service provider has specified priorities for four types of
media resources (text-priority 1, image-priority 2, audio-
priority 3, and video-priority 4).

3) Different values have been defined for the id attribute of
the constant element in UIML for providing information
about interaction resources: text, simplified text, video,
image, high contrast image, audio, simplified audio, text
transcription, and signed video. Fig. 8 shows examples of
different types of interaction resources.

4) The data exchange between the Egoki system and the
ubiquitous services is modeled in the behavior section
of UIML. The behavior of UIs is described through rule
elements. Some extensions have been made to the vo-
cabulary to accommodate event-driven code generation.
Init, change, and select are the events used for UI ele-
ments. Fig. 9 shows the behavior section of the select
type element for selecting the dessert in the “lunch menu
selection” service.

As previously indicated, service providers are responsible
for handling the UIML description as well as providing dif-
ferent types of resources for interaction elements. This can
require the use of a wizard tool, similar to the one presented
by Miñón et al. [28], with a twofold objective: to allow ser-
vice providers to create valid UIML documents with less effort;
and to assist in the selection of appropriate resources for the
abstract UI.
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Fig. 9. Segment of code showing the definition of different types of resources
for the functionality of “selecting a dessert.”

The middleware layer (URC/UCH) includes a type of UI
description language that, similarly to UIML, addresses de-
vice independence and multimodality of the UI [29]. However,
we found that UIML is better suited to our requirements for the
structure of the UI, which plays a key role in the UI generation
process. Therefore, we rely on the URC for the description of
the ubiquitous services and on the UIML for the UI description
necessary to operate the ubiquitous service, integrating the URC
description language in the UIML (see top of Fig. 6). The UIML
files in the current version of Egoki include information to call
URC/UCH to access the ubiquitous services. This approach al-
lows replacement of the middleware layer (e.g., following the
architecture of multimodal interfaces proposed by the World
Wide Consortium [30]) with only minor impact on the Egoki
system.

D. User-Tailored Interface Generation Process

In summary, the automated generation of user-tailored inter-
faces is based on the transformation of a logical specification
of the UI described in UIML into a final functional UI using
the information specified in the models. The process that Egoki
performs to generate automated user-tailored interfaces consists
of three main phases: querying models, selecting resources and
adaptations, and constructing the final UI (see Fig. 2).

1) Model Queries: The RS module parses the UIML docu-
ment and retrieves the information on functionalities, including
the media resource types for interaction elements and priorities.
The RS module gets each part element of the UIML that con-
tains a “functionality” value in the class attribute, as well as the
child elements inside it.

2) Media Resource and Adaptation Selection: The RS mod-
ule queries the KB to obtain a specific type(s) of interaction
resource to represent each functionality according to user and
device features. See Algorithm I, which selects the appropriate
resource(s).

As output from this phase, the RS module provides the
AE module with the list of specific resources as well as
possible adaptations to better accommodate the user’s needs.
The AE later uses this information to generate the final UI.

ALGORITHM I
RS MODULE ALGORITHM FOR SELECTING APPROPRIATE RESOURCE(S)

FOR A GIVEN USER

Fig. 10. Excerpt of the HTML 5 code generated by Egoki.

3) Final User Interface Generation: In this last step, the AE
module generates a functional final UI tailored to the needs
of the user and device. The AE module applies several XSL
transformations and CSS rules. There are three main types of
transformations for different generation purposes: content, be-
havior, and presentation.

a) Content: XSLT rules are used to transform logical UI
descriptions specified in UIML into specific interaction ele-
ments in the HTML language. HTML was selected for these UIs
because they interact with ubiquitous services operated by mo-
bile devices and HTML is the most common language for these
devices. Fig. 10 shows an excerpt of the HTML code generated
for the “lunch menu selection” service, where the interaction
element is composed of audio, text, and image resources.

b) Behavior: UCH middleware provides specific URLs
in order to set and get the state of the ubiquitous services used
for defining the behavior. This information is contained in the
Peers section of the UIML document (see Fig. 6). The Behavior
section identifies the functions triggered by each interaction
element and the supported events.

This way, specific XSLT rules were created to provide the
final UIs with behavior.

Step 1 (File generation): A javaScript file is generated for
each ubiquitous service.

Step 2 (Event registration): The events supported by each
interaction element are bounded to their correspondent HTML
elements. This allows generating non-intrusive javaScript code.
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Step 3 (Function generation): A javaScript function is gen-
erated for each rule defined in the Behavior section. These func-
tions get and set the states of the ubiquitous services. To this
end, the URLs provided by the middleware are included in the
function, which uses Ajax technology to communicate with the
services.

c) Presentation: CSS rules are used to implement some
style-related adaptations for accommodating user needs, for ex-
ample, setting foreground and background colors, font styles
and sizes, and space between UI elements.

By executing content, behavior, and presentation transforma-
tions, the AE module is able to generate a Web UI that is tailored
to the user’s needs. In addition, the UI allows the user to use the
requested ubiquitous service. The markup language used in the
final UI will mainly depend on the requirements of the access
device.

E. Implementation

The Egoki system was developed using the Eclipse version
for Java EE developers [31]. Egoki is a Java Web applica-
tion compliant with JDK 1.6. Additional libraries include the
following:

1) Pellet [19] and OWL API [32] for accessing ontology and
inferring information by applying SWRL rules;

2) Apache Xerces [33] for parsing, manipulating and creat-
ing different XML documents;

3) Apache Xalan [34], an XSLT processor for transforming
XML documents to XML, HTML, or text;

The Egonto ontology was developed using OWL [35], and
the rules included in Egonto are based on SWRL [26].

As mentioned, the final UIs are web interfaces based on
HTML, and their behaviors were generated using jQuery [36]
to manage UI events and Webclient Javascript library [37] to
provide necessary interaction with the ubiquitous service.

IV. CASE STUDY

To evaluate the operability and accessibility of the automat-
ically generated UIs, two services were implemented using the
Egoki system. These services support people with disabilities
in performing daily activities. The first (Service 1) was a lunch
menu selection service, and the second (Service 2) was a local
bus information service. Both were defined using UIML spec-
ifications, and a set of multimodal resources were created for
each interaction element.

The lunch menu selection service allows users to select a first
course, a second course, and a dessert. This service was based on
the paper-based menu currently used in a local shelter workshop
for people with cognitive disabilities. The local bus information
service allowed searching for urban bus routes and schedules.
The service is based on a nonaccessible online service provided
by the local public transport company.

Both UIML specifications and multimodal resources were in-
cluded in the Egoki system, and two scenarios were simulated
to evaluate the adaptation process of the system. The first sce-
nario (Scenario 1) was designed for blind users, while the

TABLE I
ADAPTATION TECHNIQUES APPLIED IN SCENARIO 1

Scope Adaptation

Content Image media type alternative “text”
Audio media type alternative “text”

Navigation Headings “heading inclusion”
Structure “interface partition”

Fig. 11. UI for selecting a dessert, created by the Egoki system in Scenario 1
[Translation to English: “Menú” is “Menu,” “Postre” is “Dessert,” “Selecciona el
postre” is “Select a dessert,” “Flan” is “Crème Caramel”; “Menú de Navegación”
is “Navigation Menu”; “Anterior” is “Back” and “Siguiente” is Next.].

Fig. 12. UI with the bus information obtained in Scenario 1 [Translation to
English: “Lı́nea 33 Berio” is “Line 33 Berio” “Horario de la lı́nea 33 dirección
Berio” is “Schedule of bus line 33 bound to Berio” “Próximo autobus. Hora
de llegada estimada 20:09.” is “Estimated arrival time of next bus 20:09”;
“Quedan 6 minutos para llegar” is “6 min to arrive”; “Imprimir horario” is
“Print Schedule”].

second (Scenario 2) was designed for people with cognitive
impairments.

The adaptation techniques applied for both scenarios differed.
In Scenario 1, “text” resources were included for each element
of the interface because text is the most suitable media type
for screen readers. Headings were also added to the interface
(using the “heading inclusion” technique). Instead of presenting
large amounts of information in just one UI, the information
was split into a number of simpler UIs (“interface partition”).
Table I shows the adaptation techniques applied in Scenario 1.

Fig. 11 shows a screenshot corresponding to Service 1 gener-
ated for Scenario 1. The UI only includes textual resources. Due
to the “interface partition” adaptation, two new link elements
were generated: “Anterior” (Spanish for “Back”) and “Sigu-
iente” (Spanish for “Next”), to allow for navigation between the
different steps.

Fig. 12 shows the UI corresponding to Service 2 created by
Egoki for Scenario 1. Figs. 13 and 14 show the UIs for Services
1 and 2 in Scenario 2.

Table II shows the adaptation techniques applied in Sce-
nario 2. In this case, “simplified text” resources are used for
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TABLE II
ADAPTATION TECHNIQUES APPLIED FOR SCENARIO 2

Scope Adaptation

Content Image media type alternative “info redundancy” (image, audio, simplified text)
Text media type alternative “info redundancy” (image, audio, simplified text)

Audio media type alternative “info redundancy” (image, audio, simplified text)
Navigation Orientation “task sequence”

Structure “interface partition”

Fig. 13. UI for selecting a dessert, created by the Egoki system in Scenario 2
[Translation to English: “Primer plato; Segundo Plato; Postre Confirmar” is
“First Course; Main Course; Dessert; Confirm”; “Postre” is “Dessert”; “Es-
coge lo que quieres comer de postre” is “Select a dessert”; “Flan” is “Crème
Caramel”; “Yogur” is “Yogurt”; “Manzana” is “Apple”; “Anterior” is “Back”
and “Siguiente” is “Next”].

Fig. 14. UI for local bus information service created by the Egoki system in
Scenario 2. [Translation to English: “Horario de la lı́nea 33 dirección UNIVER-
SIDADES” is “Schedule of bus line 33 bound to UNIVERSITIES”; “11:23:
Hora de llegada aproximada” is “Approximated arrival time 11:23”; “12 minu-
tos para que llegue” is “12 min to arrive”; “Imprime este horario” is “Print this
Schedule”].

representing each element of the interface instead of using or-
dinary textual resources. Two other types of resources were
added: audio and image resources. The adaptation called “info
redundancy” was specifically implemented for users with cog-
nitive restrictions who need redundant interaction modes to
reinforce their understanding. Another adaptation was the in-
clusion of a special component called “task sequence.” This
informative element shows the whole sequence of steps in a UI,
where the current step appears highlighted. Finally, the previ-
ously mentioned “interface partition” adaptation was also ap-
plied to simplify the interface. This adaptation was necessary
not only to simplify the interface but also to avoid accessibility

issues with regard to dynamic content, for instance, when the
requested information from a service has to be displayed on
the UI.

A. Evaluation

We performed two different types of evaluation of the auto-
matically generated service interfaces: expert-based evaluation
and user evaluation. Expert-based evaluations were carried out
to identify accessibility barriers for people with disabilities.
User evaluation sessions were performed with the objective of
evaluating the operability and accessibility of the automatically
generated UIs.

1) Expert-Based Evaluation: Expert evaluation was based
on the barrier walkthrough (BW) accessibility inspection
method [38]. Six accessibility experts performed this evalua-
tion. The interfaces for both services were evaluated for both
scenarios; three experts evaluated Services 1 and 2 for blind
users, and the other three evaluated both services for users with
cognitive disabilities. Two interfaces were evaluated for each
service: an option selection interface and the confirmation/print
interface.

Evaluators were provided with the documentation required
to perform the BW method, and each evaluator independently
checked all barriers detected in the interfaces of both services.
Then, they met and merged the detected barriers into a single
list by assigning a single severity score to each barrier. Table III
summarizes the results.

Results from the BW showed that all the barriers found
were minor for Scenario 1. Analyzing the barriers identified for
Scenario 1, we realized that all of them were side effects of the
application of the “interface-partition” adaptation. That particu-
lar adaptation was required for two reasons: first, to simplify the
interaction (as Service 1 involves several steps to select a specific
menu), and second, to address the dynamic content generated
by the selection of dishes. As the adaptation offers advantages
to the interaction with a screen reader, our hypothesis was that
the adaptation would be favorable and would benefit users even
if it introduced potential minor barriers.

With regard to Scenario 2, no critical barriers were identified.
We realized that the barrier “no page headings” was present
because the adaptation for including headings was not applied.
This knowledge would be added to the Egonto KB if the results
of the user evaluation showed that it was required. The bar-
riers of “generic links” and “ambiguous links” (in Service 1)
were due to the application of “interface partition” adapta-
tion. The barriers of “complex text” and “rich images lacking
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TABLE III
ACCESSIBILITY BARRIERS DETECTED IN BOTH SCENARIOS FOR SERVICE 1 AND SERVICE 2 AND THEIR SEVERITY SCORE

Scenario 1: Blind users

Severity Barriers in Service 1 Barriers in Service 2
Minor Page without titles -

Generic links
Non-separated links

Significant - -
Critical - -

Scenario 2: Users with cognitive disabilities
Severity Barriers in Service 1 Barriers in Service 2
Minor Complex text Rich images lacking equivalent text

No page headings Acronyms and abbreviations without expansions
Missing icons Complex text

Significant Rich images lacking equivalent text No page headings Missing icons
Generic links

Ambiguous links
Critical - -

equivalent text” are related to the provided resources, not to the
Egoki system itself. The same applies to the “missing icons”
barrier, which is related to the information requested from the
service. As the information comes in real time, Egoki displays
the information as provided by the service. If the service does
not provide the information in different modalities, Egoki can-
not create alternative resources dynamically. With regard to the
“acronyms and abbreviations without expansions” barrier, be-
cause we found no acronyms or abbreviations on the generated
UIs, we did not consider that a barrier.

2) User Evaluation: Eleven participants took part: two
legally blind participants (a 29-year-old female and a 39-year-
old male) and nine participants with cognitive disability (four
females and five males within an age range of 27–43 years).

With regard to the apparatus, blind participants were re-
quired to bring their personal laptop. Thus, the devices were
already configured according to their preferences and needs.
Both blind participants used the same model and version of
the screen reader (JAWS v.12) but with different Web browsers
(Mozilla Firefox 4 and Internet Explorer 9). The participants
with cognitive disabilities all used the same device, an off-the-
shelf tablet with the Android 4.0.3 operative system and the
Google Chrome Web browser. These touch-screen devices had
been recommended by their tutors.

We used the previously described two services as stimuli: a
lunch menu selection service (Service 1) and a local bus infor-
mation service (Service 2).

The user evaluation sessions were conducted on two differ-
ent days and in two different locations. On the first day, we
conducted the sessions with the blind participants in a lab at
the Computer Science School at the University of the Basque
Country. The sessions with the participants with cognitive dis-
abilities were carried out on a different day and in a room at the
GUREAK shelter workshop. We followed similar procedures in
both cases. Sessions were conducted one by one (one participant
at a time) and in Spanish, the first language of all participants.
Each session was started by providing the participant with the
information about the study. After that, they were asked for their

consent to record the session. They were asked some questions
to collect demographic data (e.g., age, experience with comput-
ers, and experience with touch screens or screen readers). In the
case of participants with cognitive disabilities who had never
used a touch screen device, some explanations were given and
they were allowed to try the tablet before starting the evaluation.

Following a “within subject” approach, all participants had
to use both services and complete two tasks in each; a fixed task
(Task 1) and a personal task (Task 2). The fixed task was the
same for all participants: in the case of the Service 1, to select
a menu composed of three particular dishes; and for Service 2,
to obtain information on a given bus line. The personal tasks
were the same as the fixed tasks, but they could choose different
options; for instance, the dishes from the menu in Service 1 and
the bus line in Service 2. The Service order was counterbalanced
to avoid order effects. Each evaluation started with the first
task of the corresponding service. When the first task had been
completed, the participant started on the second task. When
both tasks for a service had been completed, the participant was
interviewed. After that, the participant was allowed to start on
the other service.

In each session, the following data were collected: 1) Logs—
Every user interaction with the ubiquitous services was moni-
tored and stored in log files. 2) Video recordings—Two cameras
were used to record user interactions from different perspec-
tives. One camera was focused on the screen of the device and
the other was focused on the participants. 3) Experts’ notes—
Interaction-specific aspects that drew the attention of the in-
vestigator were noted. 4) Information about participants’ sat-
isfaction, their opinions, and problems identified was gathered
through short postinteraction interviews.

B. Results

The participants successfully completed Tasks 1 and 2
in both scenarios. Each participant applied different strate-
gies when completing the tasks. Participants with cognitive
disabilities required a varying amount of support from their
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TABLE IV
TASK COMPLETION TIMES FOR SCENARIO 1 (IN SECONDS)

Service 1 Service 2

Participant Task 1 Task 2 Task 1 Task 2
P01 93 62 53 45
P02 230 565 188 65

TABLE V
TASK COMPLETION TIMES FOR SCENARIO 2 (IN SECONDS)

Service 1 Service 2

Participant Task 1 Task 2 Task 1 Task 2
P03 370 375 360 85
P04 325 265 555 160
P05 120 135 110 30
P06 70 60 105 40
P07 260 32 270 75
P08 400 165 175 115
P09 610 240 315 40
P10 140 185 310 75
P11 245 140 60 95

tutors depending on their cognitive abilities and the tasks they
had to complete.

Tables IV and V show task completion times for blind partic-
ipants (Scenario 1) and participants with cognitive disabilities
(Scenario 2), respectively.

Most participants needed more time to finish Task 1 than to
finish Task 2 in both services (seven participants in Service 1
and ten participants in Service 2).

Regarding Service 1, we determined that, for two of the par-
ticipants (P03 and P05), the completion time was slightly longer
for Task 2 than for Task 1 (5 and 15 s, respectively). Partici-
pant P10 took longer to complete the second task (45 s). We
detected some difficulties when interacting with the tablet; for
example, tapping on the screen too gently or too hard. Partic-
ipant P02 voluntarily performed a sort of think-aloud protocol
(during Task 2, he was narrating his interaction with different
interface elements), and it took him longer to finish the task.

Regarding Service 2, only P11 required more time for Task
2 (35 s). By analyzing the recordings, we realized that she was
unsure about which bus to choose.

C. Discussion

From the results obtained, we concluded that the UIs gener-
ated by Egoki for both samples (blind participants and partici-
pants with cognitive disabilities) are operable because they allow
accessing all the services’ functionalities. Regarding their us-
ability, participants commented in the postinteraction interview
that the UIs were very easy to use. Nevertheless, the analysis of
video recordings revealed a number of issues to be considered.

1) Issues With the Egoki Models: A number of issues in the
models used to feed Egoki for the creation of the interfaces
were detected. In Scenario 1, blind participants found adequate
the provision of textual resources. The “heading inclusion”

adaptation technique was also appreciated, as it facilitated the
interaction with screen readers. However, they did not like the
“interface partition” adaptation technique. Specifically, partic-
ipant P02 suggested the creation of only one UI for selecting
all options in Service 1, as this would increase the efficiency
of interfaces. He also missed access keys, which in his opin-
ion would have improved his performance. This means that the
model used by the Egoki to produce UIs for blind people has to
be adjusted.

The “info redundancy” adaptation technique played a key role
for participants in Scenario 2. Participants initially paid attention
only to the pictures and icons. However, the associated audio
resources seemed to be the most helpful elements. Most of them
ignored textual resources. The “interface partition” adaptation
technique was essential for them. Due to their difficulties in
maintaining attention, it was important to keep interfaces as
simple and clear as possible. On the other hand, analysis of the
video recordings revealed that the “task sequence” adaptation
technique was not beneficial; some participants simply did not
pay any attention to it, while others found it confusing. Although
it was intended to inform them about their progression in task
completion, five of nine participants tried to press it, taking it
for a button. Therefore, this adaptation technique needs to be
analyzed and redesigned to be valuable for this type of user.

2) Issues With the Final User Interface Generation: The
analysis of participant interactions also revealed some issues re-
lated to the “presentation” adaptation rules applied by the Egoki
system. We observed that it was difficult for some participants
in Scenario 2 to find and press elements such as buttons. The
problem seems to be related to their position in the UI. In the
postinteraction interview, some participants suggested replacing
buttons with suitable icons and associated audio resources. Sev-
eral participants also commented that they would prefer bigger
buttons.

Similar issues can also be caused by a lack of quality or variety
of resources developed by the service provider. For instance,
some buttons contained too long texts that hindered reading,
especially for participants with low reading skills.

V. CONCLUSION

The development of supportive ubiquitous services requires
that the UI downloaded to the user’s mobile device be accessible.
In this paper, we presented the Egoki system, which is able
to automatically generate model-based UIs that meet a user’s
requirements.

The Egoki system created UIs for two different ubiquitous
services that were evaluated by accessibility experts. In addi-
tion, a proof-of-concept prototype evaluation was carried out
with blind participants and participants with cognitive disabil-
ities. The results revealed that UIs generated by Egoki were
accessible and operable. All participants were able to complete
the proposed tasks. Most participants spent less time perform-
ing the assigned second task than they did performing the first
one. This suggests that participants gained experience through
the process. Nevertheless, this point must be confirmed with
further analysis.
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Several minor issues were detected by expert and user eval-
uations. A number of issues are related to the models designed
for Egoki and others to the final UI generation process. These
issues must be considered in developing subsequent versions of
the Egoki system.
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